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8.1. BBEAJEHME

CrepeoXxuMus M3ydaeT BIMSIHUE IMPOCTPAHCTBEHHOTO CTPOCHMS
MOJIEKYJI Ha XUMMUYECKHe U (PU3UKO-XMMUUECKHE CBOMCTBA COEMMHE-
Huit. CTepeoXuMMsI — 3TO «XMMHUS B TIPOCTPAHCTBE»; OHA MMEET CBOM
COOCTBEHHBIN IMOAXOM K M3YYECHUIO MOJIEKYJ, COOCTBEHHYIO TEOpPETH-
YyecKkylo 0a3zy, CIelMalbHYI0 TePMUHOJOTHIO IS OMUCAHUS CTEpPeo-
XUMUYECKUX SIBJICHUI, U €€ MEeTOAbl MPUMEHUMBI KO BCeM 0e3 HC-
KJTIOYEHUST MOJIEKYJIIPHBIM OOBEKTaM: OpraHMYeCKUM, HeOpraHuvec-
KUM, METaJUIOOPTaHUYECKUM.

ITox TEpMUHOM <«IIPOCTPAHCTBEHHOE CTPOEHHE» IOJpasyMeBalOT
MOJIOKEHUE SIIepP aTOMOB, COCTABISIONIMX NAHHYIO MOJIEKYIy, B IIpO-
ctpaHcTBe. [lomoxkeHue e 2IeKTPOHOB (T.€. pacIpeneieHue 3J1eKTPOH-
HOI TUIOTHOCTU B MOJIEKYyJie) Ha3bIBalOT 3JEKTPOHHBIM CTPOCHUEM.
O4YeBUOAHO, YTO TPOCTPAHCTBEHHOE M IJIEKTPOHHOE CTPOCHUE MOJie-
KyJIbI TECHO B3aMMOCBSI3aHBI: TIPU MU3MEHEHUM TIOJIOXKECHUS SIIEp Me-
HSETCSl BJIEKTPOHHOE CTPOEHHWEe, a MPU M3MEHEHUM DIIEKTPOHHOTO
CTPOECHUS MEHSIETCS MOJIOXKEeHNUeE saep. SIpKuM IMpUMepoM SIBJISIETCS pac-
CMOTpeHHOe B Il. 2 (4. 1) pe3Kkoe M3MEHEHUE 3JIEKTPOHHOIO CTpOE-
HMSI METaHa TIpU TIepeXo/ie STOM MOJIEKYJIbl M3 OOBIYHOM TeTpasnpu-
YeCKOI B «HENPUPOIHYIO» IJIOCKYIO hopmy. B cTrepeoxmmuu, Kak Ipa-
BWIO, BHUMaHNUE KOHIICHTPUPYETCS Ha MOJIOXEHUU sIIep, a 2JIEKTPOHBI
B SIBHOM BHUIE PacCMaTpPUBAIOTCS PENKO, T.e. OOBIYHO JOMYCKaeTCs,
YTO BJIEKTPOHBI ONTHUMAJIbHO (T.€. C HAMOOJIBILIMM CBSI3bIBAIOLIUM 3(-
¢dexToM) pacmpenelieHbl B IIPOCTPaHCTBE BOKpPYT siaep. Hampumep,
Mojiekyia NH3 umeer npuOIM3UTeNbHO TETPAdAPUUECKOE DJIEKTPOH-
HOe CcTpoeHue (C y4eTOM HEMNOMEJIEHHOM I1aphbl), HO IO MOJOXEHUIO
sep SBISIETCS TPUTOHAJIbHOM NMupaMuaoi (MHBepTupyloieics). Ilo-
JIABJISIONIEE OOJIBILIMHCTBO OPraHUYECKUX MOJIEKYJT UMEET TPEXMEPHYIO
CTPYKTYpPY, XOTsS M3BECTHBI U JIMHEHHBIE (OTHOMEpPHBIE) M ITLIOCKHE
(nByxMepHbIe) MOeKyabl. IIpruMepoM JMHEMHON MOJIEKYJIbl SIBJISICTCS
alleTUJIEH, IIPUMEPOM IIJIOCKOM MOJIEKYJIbl — 0eH30Jl. B ToUHOM CcMbIC-
JIe CJIoBa U aleTWwIeH M OEH30J1 — TpeXMEpPHble MOJIEKYJbl, 10O OHU
UMEIOT «TOJILIMHY», CPABHUMYIO IO BEJIMUMHE C «IJIMHOW» (U «IIUpU-
Hoil»). Hampumep, auaMeTp MoeKyibl GeH3071a OKOJo 7 A, a «Tom-
Ha» — 0KoJ10 3,5 A. «TosuHa» 6EH30bHOTO KOJIbLa 00YCIOBIEHA UC-
KJIIOUMTENIBHO pa3MepaMu 3JIEKTPOHHON OOOJIOUKM, HO €r0 JuaMeTp —
Ha 70% paccTOsSIHUEM MEXIy siIpaMu aTOMOB. SIOepHBI OCTOB IIpaK-
TUYECKHU HE MMEET «TOJNIIUHBI», U TIOTOMY, €CJIM HE YUYUTHIBATH DJIEKT-
POHBI, MOJIEKYJTy O€H30JIa MOKHO CUMTATh TIOCKOM.

B TeopeTnyecKkoii CTepeoXMMHUM aTOMBI pacCMaTPUBAIOTCS KakK 0e3-
pa3MepHBbIE TOYKH, M CTPYKTypa MOJIEKYJ OMMUCHIBACTCSI TPOCTPaH-
CTBEHHOI TPYMIION TaKWX TOYEK, KOTOPBIE 00pa3yloT IIECTUYTOJbHUK
B ciyyae OeH3oJja, TpsIMYIO JIMHUIO B Cydae alleTUeHa, TeTpaslp B
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clayJyae MeTaHa W T.0. braromapsi TakoMmy YIPOIIEHWIO MOXHO JIETKO
MPOBECTU KJIACCU(PUKALIUIO MOJIEKYT IO TOIMOJOTUA M CUMMETPUU U
HaWTH aHAJIOTHIO MEXMY, Ka3aJoCh Obl, COBEPILIEHHO pa3HBIMU CTPYK-
TypaMM, HaIllpyMep MeXIy MeTaHOM M agamMaHTaHoM (cM. 8.2.2.T).

B TpexmMepHOM TIPOCTpaHCTBE BO3HUKAET SIBJICHME, KOTOpOE Ha-
3pIBacTCS cmepeouzomepus. Cmepeouzomepbl — 3TO COCOIUHEHUS, TI0-
CTPOCHHBIC M3 OIMHAKOBOTO Habopa aTOMOB C OAMHAKOBON Mocie-
JIOBAaTEIbHOCTBIO XMMMYECKHMX CBS3el, HO OTIMYAIOIIMECS PacIiojio-
JKEHHMEM aTOMOB B TPEXMEPHOM IIpOCTpaHCTBe. [1omoOGHbBIE M30MEpPHI
JUTST TJTOCKUX MOJICKYJ, HallpUMep yuc- U mpaHc-u30Mepbl aJKeHOB,
OOBIYHO Ha3bIBAIOT F€OMETPUUYECKUM M3oMepamu (T 5, 4. 1).

OCHOBHBIMU CTEPEOXUMUIYCCKUMU TTOHITUSIMU SIBISIOTCS XUPALb-
Hocmb, KOHGueypayus M KoHgopmayus, CMBICT KOTOPBIX OyIeT pac-
CMOTpPEH B CJIEAYIOIINX pasiesax.

8.2. OIITUYECKAA AKTUBHOCTb U XUPAJIIbBHOCTD

IMTonsatue o xupajabHbIX 00beKTax ObLIO BBeAeHO B KoHle XIX B.
KensBunom. CorjlacHO ompeaejieHuIo, Jo0asi reoMeTpuueckast pu-
rypa WM rpymmna TouyeK Ha3bIBaeTCsl XWUPaJIbHOM, €ciu ee OToOpa-
JKEHME B UJEaIbHOM TIJIOCKOM 3€pKajie HE MOXET ObITb COBMEILLEHO
¢ Hell camoii. B XxuMuio TepMUH «XUPaIbHOCTb» IIPOYHO BOILIE JIUIIb
B 1970-x rogax B pe3ysbTaTe TEOPETUUYECKOTO M3YYEHUS] ONMTUUYECKU
AKTUBHBIX BellEeCTB. fABJIeHHWE ONTUYECKOU aKTMBHOCTU M3BECTHO C
Havana XIX B.; B ero m3ydyeHue Ha paHHEM dTalle IJIaBHBIM BKJal
BHecau ¢paHuy3ckue yuyeHbie 1. Aparo, 2K. buo, JI. ITactep, 3. Kot-
ToH, O. ®peHenb.

8.2.1. OIITUYECKAAA AKTUBHOCTD

OnTryeckass akKTUBHOCTb — 3TO CIIOCOOHOCTb Cpefbl (KPUCTAJUIOB,
pacTBOpPOB, MAapOB BEIIECTBA) BBI3BIBATH BpAlllEHME TUIOCKOCTU ITOJISI-
pU3alM IPOXOISIIEro Yepe3 Hee ONTUYECKOro M3IydeHUs (CBeTa).

BniepBble onTuyeckass aKTMBHOCTh ObLla oOHapyxeHa B 1811r.
. Aparo B kpucrtaiax kBapua. B 1815 r. 2K.bro oTKpbU1 ONITUYECKYIO
aKTUBHOCTb UYMCTBIX XUAKOCTEU (CKuIMaapa), a 3aTeM pacTBOPOB U
napoB MHOTMX BELIECTB, INIAaBHBIM O0Opa3oM opraHuveckux. K.buo
YCTAHOBWJI, YTO TOBOPOT TUIOCKOCTH TOJISIPU3ALIUM TIPOVCXOIUT OO
10 YacOBOI CTpeJKe, MO0 TIPOTUB HEe, ECIIM CMOTPETh HABCTPEUY XOIy
JIy4yeil cBeTa, U B COOTBETCTBUU C BTUM pa3le/il ONTHUYECKU aKTUB-
HBIE BEIECTBA Ha npasospawaiouue (Bpalllaloliye MoJ0XKUTENbHO, T.€.
10 YaCOBOI CTPENKe) U sesospaujaioujie (OTpULIATEILHO BpalLlAIOLINe)
pasHoBUAHOCTU. HabmomaemMoe 3HaYeHUE yIia IIOBOPOTA MJIOCKOCTH T10-
JIIpU3alM B cllydae pacTBOpa CBSI3aHO C TOJIIMHONM obpasua (/) u
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KOHIIEHTpallMeil ONmTUYeCcKM akKTuBHOro BelectBa (C) ciemyromieit
dopmyiioii:

¢o=1[o] I C (8.1)

KoadduimeHnt [o] Ha3bIBaeTCsl yaeabHOW ONTUYECKOM aKTMBHOCTHIO,
WIM yIeJIbHbIM BpalllCHUEM.

Onmuuecku akmugHbiMU BElIECTBAMU Ha3bIBAIOT JIMILbL TE BElIE-
CTBa, KOTOpbIE TPOSIBJISIIOT €CTECTBEHHYIO OINTUYECKYI0 aKTHUBHOCTD.
CylIecTBYEeT TakKXKe M MCKYCCTBEHHasl, WIM HaBeAeHHas, ONTUYecKas
AKTUBHOCTb. Ee MpOSBASIOT ONTHYECKM HEAKTUBHbBIE BEIIECTBA TPU
noMelleHN B MarHuTHoe Tose (a¢dekt Dapanes). Paznuuutk ecre-
CTBEHHYIO M HaBEJEHHYIO OMNTHUYECKYI0 aKTUBHOCTb IOBOJIbHO IIPO-
CTO: €CJIM JIMHEMHO MOJSIPU30BaHHBIN cBeT (cM. 8.2.1.0), mpollenimii
4yepes CJIOU BEIIECTBA C €CTECTBEHHOM OMNTUYECKOW aKTUBHOCTBIO OT-
paxaeTcss U MPOXOAMUT uyepe3 BelIeCTBO B OOpaTHOM HaIpaBJIeHUHU,
TO MCXOJHAasl TOJIIpU3alMsl CBETA BOCCTAHABIMBAETCH (CyMMapHbIU
yrosa BpaueHus ¢ = 0). B cpene e ¢ HaBeA€HHON ONTUYECKOW aK-
TUBHOCTBIO B aHAJIOTMYHOM OIIbITE YTOJ1 TOBOPOTA yABarMBaeTcs. B gaib-
HelileM Mbl OyJAeM paccMaTpuBaTh JIMIIb BEIIECTBA C €CTECTBEHHOM
OINTUYECKOU aKTUBHOCTBIO U [IJI1 KPAaTKOCTU OyJIeM MX Ha3blBaTh IMPO-
CTO «ONTUYECKU aKTMBHBIMU BELIECTBAMU».

8.2.1.a. OIITUYECKHN AKTUBHBLIE BEIIECTBA

OnTryecky akTUBHbBIE BELIECTBA MOApa3aesoTcs Ha ABa Tuna. K
TepBOMY THUITYy OTHOCSITCSI BEIIECTBA, KOTOPbHIE ONTUYECKH aKTHUBHBI
JIMIIb B KpUcCTaJIMueckoi aze (kBapll, KuHoBaphb). Ko BTopomy TuUmny
OTHOCSITCSI BEIIECTBA, KOTOPbIE ONTUYECKM aKTHBHBI B JIIOOOM arpe-
raTHOM COCTOSIHMM (HaIrlpuMep, caxapa, Kamdopa, BUHHasl KHUCJIOTA).
Y coemuHEHMI TIepBOTrO TUTIA ONTUYECKAS aKTUBHOCTD SIBIISICTCSI CBOM-
CTBOM KpHCTaJlJla KakK IIeJIOr0, HO CaMM MOJIEKYJIbl WJIM HOHBI, CO-
CTaBJISTIONINE KPUCTAIIJI, ONITUYECKN HeaKTUBHBI. KpHcTaiibsl ontryec-
KM aKTHMBHBIX BEIIECTB BCETIa CYIIECTBYIOT B ABYX (hopMax — IpaBoit
¥ JIEBOI; TIPY 3TOM pelleTKa MPpaBoro Kpucrauia 3¢pKabHO-CUMMET-
pUYHA pelieTKe JeBOT0 KPUCTaUla, M HUKAKUMHU TTOBOPOTAMM M TIe-
peMelIeHUSIMU JIEBbI M MpaBblii KPUCTALIBI HE MOIYT ObITb COBME-
LIEHBI APYT ¢ ApyroM. OnTudyeckas akTUBHOCTb MIPABOM U JIeBO (hopm
KPHUCTAJUIOB MMEET pa3Hble 3HAKM M ONMHAKOBA IO aOCOTIOTHON BeJU-
yrHe (MpU OJAMHAKOBBIX BHEILIHUX YyciaoBusx). [IpaByio u jeByto (op-
MBI KPUCTAJIJIOB HA3bIBAIOT ONMUYECKUMU AHMUNOOAMU.

Y coemnHEHMI BTOPOTO THUIIA ONTHYECKass aKTUBHOCTb OOYCIIOB-
JIeHa AUCCUMMETPUUYECKUM CTPOEHUEM caMuX MoJjieKy. Eciu 3epkaib-
HOe OTOOpakeHHe MOJIEKYJIbl HUKAKMMM BpallleHUSIMUA U TIepeMellie-
HUSIMU HE MOXET OBITh HAJIOXKEHO Ha OPUTHUHAJ, MOJIEKYJla ONTHUECKH
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aKTUBHA; €CJIM TaKOe HaJOXEHHUE OCYIIeCTBUTb YyIAeTCsI, TO MOJIEKY-
nma onTtmyeckn HeakTwuBHA. ([Tom 3epKasoM ITOHMMAIOT OTpaKaTeib,
Jiexkaluii BHe MOJIEKYJbl, U OTpaKeHUE AaeT OTOOpakeHHe BCeil Mo-
Jekynbl.) Crneayer oco00 MOAYEPKHYTh, YTO HEOOXOIAMMO YMOTpeO-
JIATh BbIPAXXKEHUE «IUCCUMMETPUUYECKOE CTPOEHMUE», a HE «aCUMMET-
pUYECKOe CTpOeHUE». ACUMMETPUUYECKUE MOJIEKYJIbl He MMEIOT HUKa-
KHUX 3JIEMEHTOB CHMMMETpPUM (KpoMe OIlepallii HACHTUIHOCTH;
cM. 8.2.2.B), Torma Kak B JUCCUMMETPUUYECKMX MOJIEKYJaX HEKOTOpPbIe
3JIEMEHTHI CUMMETPUH OCTaloTCs. JIMCCUMETpHsT ecTh HapyllleHe MaK-
CUMaJIbHOW CUMMETPUM OOBEKTa.

MBI MHTYUTUBHO YYBCTBYEM, YTO MOJIEKYJa MOHO3aMEIIeHHOTO
metaHa CH;X fofkHa BBIIJISIIETh «MEHEe CUMMETPUYHO», YeM MO-
JieKyna He3amellleHHoro MetaHa CH,, a Mosekyna TpuzaMeleHHOTro
metaHa CHXYZ (X #Y # Z) — ellle MeHee cCUMMeTpU4HO. B 3TOM psiny
BO3pacTaeT CTereHb AUCCUMMMETPUYHOCTHA, HO MOJHOCTHIO aCUMMeET-
PUYHBIM MOXHO Ha3BaTh JIUIIb TPU3AMEIICHHBIN METaH.

Mounekyna opomxiopgropmeraHa (I) acumMmeTpuyHa, a MOJIEKY-
Ja mpawuc-1,2-auxXJI0pLUMKIONPOIIaHa JIUIIb TUCCUMMETPUYHA, TaK KakK
MMEEeT OCb CUMMeTpHUM BTOoporo mopsnka (C,), Ho o0a BelecTBa OM-
TUYECKU aKTUBHBI, MOCKOJIbKY HE MACHTUUYHBI CBOUM 3€PKaJIbHBIM OTO-
OpaxkKeHUsIM.

3epKajio
Cl
H H
)\ H H H
\ ~Cl1 ] Cl-" -
Br 8 F Br H H H
Cl
3epKalbHOe
oTobpakeHre
| 11
ACUMMETPUYHA; JMCCUMMETPUUHA,;
ONTUYECKU OIITUYECKU
AKTHRHA AKTUBHA

ONTUYECKYI0 aKTUBHOCTH TIPOSBIISIIOT BCE aCUMMETPUYECKIE MOJICKY-
JIbl, HO JQJIEKO HE BCe AMCCUMMeETpUYeCKUe MOJeKybl. Tak, auccum-
MeTpuueckass Mojekyna yuc-1,2-guxnopuukionponana (III), nmero-
1ast TJIOCKOCTh CUMMETPUU G, TIPOXOJISIIIYIO uepe3 atoM yriepona CH,-
rpynmbl U cepenuny cBsi3u C(1)—C(2) nepneHIUKyJISIPHO TJIOCKOCTU
KOJIbIIa (M TI0O3TOMY HE acMMMeTpudecKas), TUCCUMETpUYHa, HO
OINTUYECKU HEaKTUMBHA. 3epKaJbHOE OTOOpaXeHuEe B ATOM clydae
COBMECTUMO C OPUTHHAJIIOM:
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JUCCUMMETPpHUYHA, 3€PKaAJIbHOC OT06pa)KeHI/Ie;
OIITNYECKN HEaKTUBHa COBMECTUMO C OpI/Il‘I/IHaJTOM

CrnenoBaTesIbHO, ONTHYECKass aKTUBHOCTb CBSI3aHa JIMILL C OIpe-
JEeJIEHHBIM BUIOM JIUCCUMMeTpum (cMm. 8.2.2), a UMEHHO C JUCCUM-
MeTpuelt, o0yC/lIOBIMBaOIIeil HECOBMECTUMOCTh OOBEKTAa C €ro 3ep-
KaJbHBIM OTOOpaxkeHueM. Takoll BUI JMCCUMMETPUM, KaK CKa3aHO
BbIlLIe, TMOJYYUT HA3BaHUE XUPAAbHOCMb. XupanbHbie 008eKmbl OTHO-
CITCS IPYr K NPYry Kak TpaBast v JieBasl pyKa, WU BUHT C TIPABONA U
JIeBOM pe3b0oii, T.6. OHU HECOBMECTUMBI B IPOCTPAHCTBE U IIPEaCTaB-
JITIOTCSl KaK 3epKajlbHble OTOOpakeHUs Apyr apyra. ONTHYECKU aK-
THBHasl MOJIeKyJla XUpaJibHa, a ONTMYECKM HEaKTHMBHas — axXupajib-
Ha, OJHAKO €CJIM MOJIEKYJY HeJb3sl COBMECTUTD C €€ 3epKaJlbHbIM OTO-
OpaxkeHreM, TO 3epKaJlbHOEe OTOOpaKeHHE COOTBETCTBYET IPYroii,
OTJIMYHOM MOJIEKYyJIe, KOTOPYIO B TMPUHILUIE MOXHO CHHTE3MPOBATh.
CuHTe3MpOBaHHOE 3epKaJlbHOE OTOOpaKeHUE XUPAIbHON MOJIEKYJIbI
OynmeT ee pealbHbIM ONTUYECKUM M30MEpPOM (HE PEKOMEHAYETCS yIOT-
peOISITh TEPMUH «ONTUYECKUI aHTUIIOA», KaK B ClIydyae KPUCTaJIOB).
Yucroe onTUYeCKM aKTMBHOE COEAMHEHUE MMEET IBa M TOJbKO IBa
ONTUYECKUX M30Mepa (TaK KaK KaxXIoMy OObEeKTY COOTBETCTBYET JIMIIIb
OIIHO 3epKaJibHOEe OToOpaxkeHue). ONTUYecKre U30Mephbl Ha3bIBAIOTCS
sHanmuomepamu (UM MHOTAA SHAHTUOMOpdaMmu). YaenbHoe Bpalle-
Hue ([o] B (popmyne (1)) sSHAHTMOMEPOB OJMHAKOBO IO aOCOMIOTHOM
BeJMYMHE M TPOTUBOIMOJIOXKHO MO 3HAKy: ONUH DHAHTHOMEp — Jie-
BOBpalllalolInii, a BTOpoil — mpaBoBpaliaiomii. Kpome 3Haka Bpa-
LIeHUs, Bce Npyrue usnyeckre U XMMHUYECKHE CBOMCTBA SHAHTUO-
MEpOB B ra3oBoii (hase, a TaKKe B aXUPAJIbHBIX XUAKHUX Cpelax OIu-
HakoBbl. OnHAaKO, ecluv XKUaKas cpela XvpaabHa (HarpuMep, B pacTBOP
no0aB/ieH XUpaJbHBI peareHT WM KaTajlu3aTop, WIM caM pacTBO-
pUTenb XMpajeH), CBOMCTBA YHAHTMOMEPOB HAUMHAIOT Pa3iMyaThbCsl.
IIpu B3auMonmedcTBUM € APYTMMU XUPAJbHBIMU COEIUHECHUAMU,
OT3bIBAIOIIMMUCS Ha 3epKaJbHYI0 M30MEpPHUI0 MOJIEKYJ, DHAHTHUO-
Mepbl pearupyioT ¢ pa3auyHbIMU CKOPOCTAMU. OCOOEHHO OLIYTH-
MO pasjinyue B (PU3MOTOTMUYECKOM M OMOXMMUYECKOM NECHCTBUM
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SHAHTUOMEPOB, YTO CBS3aHO C SHAHTHOMEpPHEH OMOJIOTMYECKUX pe-
areHTOB M KaTaau3aTopoB. Tak, MpUpPONHBbIE OETKU COCTOST M3 JEBBIX
ONTUYECKNX M30MEPOB aMMHOKMCIIOT, U TTOSTOMY MCKYCCTBEHHO CHH-
TE3MpOBaHHbBIC TIPaBble aMUHOKHUCIOTHI OPraHW3MOM HE YCBaMBAIOTCS;
JIPOSKOKKM COPaKMBAIOT JIMIIb TIpaBble M30MEPHI caXxapoB, HE 3aTparvBasi
JeBble, 1 T.a. OOlee MpaBUIO COCTOMT B TOM, YTO SHAHTUOMEPHI TIPO-
SIBJISTIOT MACHTUYHBIE CBOMCTBA B CUMMETPUYHOM (aXupaJbHOM) OKpPY-
KeHUM, a B HECUMMETPUUYHOM (XHUPaJTbHOM) OKPYXKEHMHU HX CBOM-
CTBa MOTYT M3MEHSTBLCSI. DTO CBOMCTBO MCIIOJB3YEeTCSI B aCUMMETPH-
YeCKOM CHHTe3€e U KaTtanuse (cMm. 8.6).

CMech paBHBIX KOJMYECTB SHAHTUOMEPOB, XOTSI M COCTOUT U3 XU-
paJbHBIX MOJIEKYJ, ONTUYECKM HEaKTMBHA, TaK KaK OXMHAKOBBHIE I10
BEJIMYMHE M TIPOTUBOIIOJIIOXKHEIE 1O 3HAKY BpAIllEHUS B3aUMHO KOM-
MeHcupytorcs. Takue cMecu Ha3bIBAIOT pauemMutecKumu cmecamu, VI
pauemamamu. B 1a3000pa3sHOM COCTOSIHMM, B XMAKOK daze u B pa-
CTBOpPAX CBOIMCTBA palleMaToOB OOBIYHO COBMANAOT CO CBOMCTBAMU YHC-
TBIX SHAHTUOMEPOB, OMHAKO B TBEPIAOM COCTOSIHMM TaKHe CBOMCTBA,
Kak TemIiepaTypa IIaBJIeHUs, TEIUIOTa IUIABICHUs, PacTBOPUMOCTD,
00BIYHO OoTIMYatoTcs. Hampumep, palieMuyeckas BAUHHAsE KMCJIOTa Tula-
Butca npu 204-206 °C, a (+)- unu (-)-sHaHnTuomepnl — mpu 170 °C.
PacTBopuMOCTh palieMrUyecKoil BUHHOW KHMCJIOTHI B Boje B 6,7 pasa
HIKE PACTBOPUMOCTH YMCTHIX SHAHTHMOMEPOB.

8.2.1.6. ®USMYECKUE MMPUYUHBI ONITUYECKOM AKTUBHOCTHU

B axupanbHOil cpene nBa SHAHTHOMEpPA UMEIOT OJMHAKOBBIE XU-
Muyeckue M (pU3MYECKUe CBOMCTBA, HO WX JIETKO OTJIMYMUThL APYT OT
JIpyra 1o crneuuduueckoMy B3auMoOJeUcTBUIO co cBeToM. OOuMH U3
SHAHTMOMEPOB BpAIAET IJIOCKOCTb MOJSPU3ALMUA JIMHEHHO TONSpU-
30BaHHOTO (ILUIOCKOIOJISIPM30BAHHOIO) CBETAa BIIPABO, a APYroil SHAH-
TUOMEpP — Ha TOYHO TaKOW e yroJ BieBo. Bo3HMKaeT Bompoc: moue-
MY TOJIBKO XMpaJbHbIE MOJIEKYJIbl BPALLAIOT MJIOCKOCTb MoJigpu3aiun?

DeHOMEHOIOTHYECKYIO MOJIEb ONTUYECKOW aKTUBHOCTHU TIPEIJIO-
xu @peHens eile B 1823 r. OHa ocHOBaHA Ha BOJITHOBOI TEOPUM CBETa
U C TO3ULIMIA COBPEMEHHOM HAayKW HE SBJISETCS NOCTAaTOYHO CTPOTOM.
Tem He MeHee 3Ta MOJE/b JaeT OYEHb HAIJISAHOE IPEeACTaBIEHUE O
NpUYMHAX ONTUYECKON aKTMBHOCTU U NPYTUX SIBJICHUSX, CBSI3aHHBIX
C TIOIJIOUIEHWEM CBeTa XMPaJIbHBIM BEILECTBOM, B paMKax KjacCu-
YeCKOW 3JEKTPOJMHAMUKHY, U MO3TOMY €€ YacTO MCIOJb3YIOT U B Ha-
cTosilliee BpeMs.

CorjacHO KJIacCUYEeCKUM IPEACTaBIEHUSM, JIMHEWHO MOJSpPU30-
BaHHBIK (MJIOCKOTOJSIPU30BAHHbIN) CBET XapaKTepU3yeTcsl TEM, UTO
BEKTOPbI COCTABJISIIOIIMX €0, 3aBUCUMBIX OT BPEMEHMU, dJIeKTpUYeC-
koro (£) u maruutHoro (H) mojeil ocUMUIMPYIOT BO B3aUMHO IIep-
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MNEHAUKYJISIPHBIX TIJIOCKOCTSIX, U
WX U3MEHEHUS] HOCST CMHYCOU-
JaJIbHBIN XapakTep BO BpeMEHU
U B mpocTpaHcTBe (puc. 8.1, a).
ITnockononsapru3oBaHHBINA CBET
MOXHO paccMaTpuBaTh Kak KOM-
OMHaAUMIO JIEBOIO U IMPaBOro
LIMPKYJISIPHO TOJISIPU30BaHHBIX
Jlydel, IBuXKylmxcs B ¢aze no
OTHOLICHWIO Jpyr K npyry. Ha
puc. 8.1, 6 — ¢ MarHUTHBIE CO-
CTaBJISIIOIIME HE TOoKa3aHbl, a
MOKa3aHbl JIMIIb JIEKTPUUYECKIE
BEKTOPbl B MOMEHTBI BpEMEHU
1, 2, 3, 4 u 5 (aTOrO BHOJIHE
JIOCTAaTOYHO, TaK KaK MarHuT- -4
Hble BEKTOPbI BCErla OPUEHTU- / 2
pOBaHbl OPTOTOHAJIbHO BJIEKT-
pI/I‘{eCKI/IM). Ecnu B HAuadbHOI Pnci. 8.1. HJ‘IOUCKO (JIMHEHO) TOJISIPU30BAH~
HBIII CBETOBOI JIyu (a), MpaBblil (0) U Je-
TOYKC BpeMeHI/Il SJIEKTPUHYEC- 5o (6) TMPKYISIPHO TOJSIPU30BAHHBIE
KM€ BEKTOPBI JIEBOTO U IIPABOIO  jyun (IOKa3aHBI TONLKO BEKTOPBI 3IEKTPU-
LHUAPKYJISPHO ITOJSIPU30BAHHBIX YECKOro mojist). ¢ — Pesynbrar B3aumoneii-
ﬂyqeﬁ OPUEHTHPOBAHBI BBEPX, CTBUSI DJIEKTPUUECKUX BEKTOPOB Jiyueil (6)
u (6), Haxomsuxcs B hasze
TO B TOYKE 2 BEKTPO IIPaBOIO
Jlyya OPUEHTUPOBAH BIpPaBO, a BEKTOP JIEBOTO Jiyua — BJIEBO (€C/u
CMOTPETH B HAIPABJICHUM JBUXEHUS CBeTa MO OCH z). B Touke 3 Bek-
TOpbl 000MX JIyueid OpUEHTUPOBAHBI BHU3, B TOUKE 4 BEKTODP IMPaBOTO
Jlyya OpPUEHTUPOBAH BJIEBO, a BEKTOpP JIEBOTO Jiydya — BIPaBO U T...
Takum obpa3oMm, mpaBblii U JIEBbIA LIMPKYJSIPHO TOJSIPU30BAHHbBIE
JIyur 00J1a4al0T COOTBETCTBEHHO IIPABOI U JIEBOI CIIMPaJIbHOCTBIO Bpa-
LLIEHUST BEKTOpaA dJIeKTpruueckoro mojst. Cymma 3TuX Jiydei gaeT rjioc-
KOMOJISIpU30BaHHbIN J1yd (puc. 8.1, 2), mpuyeM B MPOCTPAHCTBEHHO-
BPEMEHHBIX TOYKax 1, 3 1 5 BEKTOpPHl CYMMUPYIOTCSI, a B TOYKax 2 U
4 — B3auMHO yHMYTOXaloTcs. PaccrosiHue mexay Toukamu 1 u 5 co-
OTBETCTBYET OJIHOMY BUTKY IMPaBOW WJM JIEBOW CIMpaM WU JJIUHE
ma0cKoil BoJHEL (puc. 8.1, o).

IIpu nonagaHuM cBeTa Ha JIIOOYIO MOJIEKYNy B IPO3pavyHoOil cpene
CKOPOCTb €ro 3amemisieTcss (yMEeHbIIEHUE CKOPOCTH MPOMOPLMOHANb-
HO T0Ka3aTeso MpeJoMIEHUsT Cpellbl), TaK KaK CBET B3aUMOJEUCTBY-
€T C 2JIEKTPOHHBIMU 000JI0ouKamMu MoJiekysa. CTeneHb Takoro B3au-
MOJIEMCTBUS 3aBUCUT OT TOJSIPU3YEMOCTHA MOJIEKYJIbI.

Eciu cpena axupajibHa, ABe LUUPKYJISIPHO MOJISIPU30BaHHbBIE CO-
CTaBJISIOLIME TPOXOAAT ¢ OAMHAKOBOW CKOPOCThIO (T.€. C OJAMHAKO-
BbIMU TlOKa3aTeJsIMUA TIPEJIOMJIEHUS JJIS TIPABOTO W JIEBOTO JIyYeid).
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Puc. 8.2. a — B3aumoneiicTBre CIBUHYTHIX 1O (ha3e KOMITIOHETOB PABHOIN aMILIUTY/IbI;
0 — B3aMMoeiicTBIE HaXOmsUMXCsl B (hase KOMITOHEHTOB Pa3HOil aMIUTUTYIbI;, 8 —
CYMMapHbIi pesdyibrar caura mo dase. Touku 1, 2, 3, 4 COOTBETCTBYIOT TOUKaM Ha
puc. 8.1, 6 1 6. 3HaK «IUTIOC» [UIST TIPABOTO JIyda, 3HAK «MUHYC» IUISI JIEBOTO «OTCTAlO-
1iero» M Gosiee CHIBHO IOTJIOIAEMOTO JIy4a

OnHako XMpaJbHbIE MOJEKYJIbl TTPOSIBISIIOT aHU30TPOIUIO TIONISIpU3Ye-
MOCTH, KOTOpasl 3aBUCUT OT TOTO, JIEBYIO MJIM MPaBYIO CIUPATbHOCTh
MMeeT LUPKYISIPHO MOJSIPU30BaHHBIN Jyd. Hampumep, JeBbIil Lmp-
KYJISIPHO TIOJIIPU30BAHHBIN JIyd MOXKET 3aMEIUThCS CHJIbHEE IPaBo-
ro. Torma npousoiiger caBur 1o ¢ase. Tak Kak JIeBblil JIyd OTCTaeT OT
MPaBOro, BEKTOPHI PaBHOM aMIUIATYAbl HE OYyOyT HAXOOUTHCS B OIM-
HakoBbIX (pazax. B pesynbTaTe IJIOCKOCTH IIPOLLIEAIIEro Yepe3 Xupasb-
HBII pacTBOP Jiyda OyIeT BpalllaTbcsi Ha HEKOTOPBIM YIOJl OTHOCUTETHHO
IUIOCKOCTU Hazgatouiero jgyda (puc. 8.2, a). Ilpu IpoxoxaeHun depes
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XUPAJIbHYIO Cpely B O0IlleM Cllydyae He OJMHAKOBBI HE TOJBKO CKOPO-
CTH, HO M KO3(POUIMEHTHI TOTJOIMICHUS JIEBOTO M IPABOTO ILIUPKY-
JISPHO TOJIIPU30BAHHBIX KOMITOHEHT TUIOCKOTIOISIPU30BAHHOTO CBETA.
B pesynabraTe BEKTOPHI IJIs1 TIPABOTO M JIEBOTO IPOIIEAIINX Yepe3 00-
paselr Jyyeld OymyT MMeThb Pa3HYIO aMIUIUTYLy, a pe3yJIbTUPYIOLINI
BEKTOp OyIeT OIMChIBATh JUIMITUYECKYIO TpaeKTopuio (puc. 8.2, 6). B
o011IeM, TIPU TIPOXOXIECHUN TUIOCKOTOISIPU30BAHHOTO CBeTa 4epe3
XUPAIbHYIO CpPeAy BEKTOp DJEKTPUUYECKOIO TOJIS HAUYMHAET OIUCHI-
BaTh BJUTUIIC (3JUTMNITUYECKAs TOJSIpU3anvs) C MOBEPHYTOM TJIaB-
HoM ocblo (puc. 8.2, 6).

IMonyuyenHoe PpeHeseM BbIpaxkeHUEe IS yIia TTOBOPOTA TIOCKO-
CTU TIOJIAPU3ALIMY UMEET BHII;

o=mn (/) (n.—n), (8.2)

rae / — JUTMHA KIOBETHI, A — JIJTMHA BOJIHBI CBETa, #, U N_ — IIOKa3a-
TEJW TIPEJIOMJICHUST TIPABOTO U JIEBOTO LIMPKYJISIPHO TOJISIPU30BaAHHBIX
KOMIOHeHTOB. Kak BMIHO, yroj BpallleHUs] YMEHBIIAETCS C YBEJIU-
YeHMeM [JTMHBI BOJHBI Mamafoliero cBeta. OQHAKO 3TO CIIPaBEITUBO
JIMILb AJIS CBeTa, AJMHA BOJHBI KOTOPOTO OOJbIle JIMHBI BOJHBI MaK-
CHUMyMa TIOTJIOIIEHUS B 2JIEKTPOHHOM CITEKTpe JAHHOTO BEIleCTBa.
M3MeHeHMe ONTMYECKOro BpallleHUs MPU U3MEHEHUM UTMHBI BOJHBI
HasbIBaeTcsl ducnepcueti onmuueckoeo epaujerus (JOB).

PasHocTh TIOTJIONIEHNST TIPAaBOi M JIEBO KOMIIOHEHT HAa3bIBAeTCS
kpyeosvim duxpousmom (K/). KonmuectBeHHo# xapakTtepuctukoin KJI
CIIYXKUT YTOJI SJUTMITAYHOCTU Y (puc. §.2), BEJIMYMHA KOTOPOTo 00-
paTHO MPOIMOPLUMOHANbHA UTMHE BOJHBI:

v =n (/M) (e — &),

rae €, U €. — KoadduuneHTbl 3kcTUHKUMU. KJI oTkphIT O.KoTTOHOM
B 1911 r., u ero yacrto HasbBalOT aghpexmom Kommona. JJOB n K]
BMeCTe Ha3bIBAIOTCST Xuponmuveckumu sIBICHUSIMU; B CBOE OCHOBE OHU
CBSI3aHBI C 2JIEKTPOHHBIMU TIEPEXOJAaMU B XUPAJTbHOM OKPYKEHUH.
Oddext KorroHa, T.e. TIpeBpallleHe TUIOCKOITOISIPU30BAHHOTO CBETa
B BJUIMNTUYECKH TTOJSIPU30BAHHBIN, 3aMETHO IIPOSIBIISIETCS TJIABHBIM
00pa3oM BOJIM3M TOJIOC COOCTBEHHOIO (PE30HAHCHOIO) TOIJIOLIEHUS
BelllecTBa.

KBaHTOBYIO TEOpHMIO ONTUYECKOM aKTUBHOCTH TTOCTPOWI B 1928 T.
oenpruiickuii ¢pusuk JI.Posendenba. Hasg oObsICHEHUS ONTUYECKON
AKTUBHOCTH OKa3aJIoCh HEOOXOAWMBIM YUMTHLIBATH B3aMMOJIEICTBHE
BJICKTPUYECKIUX W MarHUTHBIX JAUITOJHHBIX MOMEHTOB, HaBEIEHHBIX B
MOJIEKYJIe TIOJIEM TTPOXOMISINeil CBETOBOM BOJIHBI.

B Hacrosiiee BpeMs BO3poXKIaeTcss MHTEpeC K KOPIYCKYISIPHOM
TEOpUM CBeTa, KOTOpOI MpuaepkuBaics eie HoiotoH. YacTuiieit cBera
aBIsgeTcsT GOTOH — pealibHas 2JIeMeHTapHas yactuia. B ¢oToHHOI
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TEOPUM TMOJISIPU3ALIMIO CBETa CBI3BIBAIOT C ToJisipU3aliueil (hoTOHOB,
KOTOpasi 00YCJIOBJIEHA HaJWYMEM Yy DTUX YaCTHIl CIIMHA U €Tr0o oIlpe-
JIeJIEHHOW HamnpaBJIeHHOCTbIO B MpocTpaHcTBe. CIMHOBbIE KBAHTOBbLIE
Yyycjia — 3TO Kak Obl IOMOJHUTEIbHbIE BHYTPEHHUE CTENEeHU CBOOO-
JIbI YacTUIIBL. B oT/iMuMe oT 271eKTpOHOB, MMEOIIMX CruH /= 1/2, ciuH
¢orona /=1. (D10 03HAUYaeT, YTO BJIEKTPOHBI MPUHAIJIEKAT K KJIacCy
¢epMUOHOB, IS KOTOPBIX cIipaBemiuB 3amper Ilaynu, a ¢oToHBI —
K KJilaccy OO030HOB, [Jid KOTOPBbIX HE JEMCTBYET MPUHLMN 3ampeTa.)
CorjjacHO KBaHTOBOW Me€XaHMKE, YacThlla CO CIIMHOM [ U HEHYyJeBOM
Maccoil mokoss umeeT (2/+ 1) BHyTpeHHMX KBAHTOBBLIX COCTOSIHMI,
ONPEAENSIONIMX €€ MOJIPU3alNIO, T.€. CTENeHb ACUMMETPUN YaCTHUILIbI
B mpocTtpaHcTtBe. Ho Macca 1mokosi (hoToHa paBHA HYJIO, U IIO3TOMY
YUCJIO CIOMHOBBIX COCTOSSHMI Ha €AWHUIYy MEHbIE, T.e. paBHO JIBYM
(+1 u —1). DTO O3HAYAET, YTO BO3MOXHDI JIUIIb ABE OPUEHTALMU IIPO-
eKlIMKM crnuHa (OTOHA Ha HampaB/ieHHWE €ro ABUXKEHMS: Tapaljiesib-
Has U aHTUNapajie/bHas. B TakoM cilyyae BO3HUKAET MOHSTHE «CIU-
paTbHOCTh YacTHIIbI». ECM mpoeKuusl CriMHa Ha HallpaBleHHE TBH-
JKEeHUSI TI0JI0KUTEIbHA, TO TOBOPSIT, UTO YaCTHIIA UMEET MPABOBUHTOBYIO
(rpaBy10) CIIUPaAJIbLHOCTDb, & €CJIM OTPULIATEJIbHA — JIEBOBUHTOBYIO (Jie-
BYIO) CIMpajabHOCTh. CrupajibHble OOBEKThl XUpaJabHbI, I103TOMY (O-
TOHBI SIBJISIIOTCSI KaK Obl XMPaJbHbIMU YACTULIAMMU.

ITockonbKy (poTOHBI 007adaIOT LIEIOYMCICHHBIM CIIMHOM, B Of-
HOM U TOM K€ COCTOSTHUM MOXET HaXOAUTbhCS JIt000e Yrciio (DOTOHOB.
D10 00yCNOBIMBAET BO3MOXKXHOCTb OMUCAHUS 3JIEKTPOMarHUTHBIX B3au-
MOJIEMCTBUI C ydacTheM OOJbILIOro uucia (pOTOHOB B paMKax KJIacCH-
YyecKkoii (a He TOJIbKO KBAHTOBOI) MeXxaHMKU. LIMpKyasspHO moasipu3o-
BaHHbBIM CBET MOXHO paccMaTpuBaTh Kak IMOTOK (DOTOHOB, MMEIOIIMX
TOJILKO MPaBYyIO WJIM TOJIBKO JIEBYIO CIIMPaIbHOCTD. [I10CcKomoas1pu3o-
BaHHBI CBET COCTOMUT M3 OJMHAKOBOIO KOJMYECTBA «JIEBBIX» U «ITpa-
BbIX» (hOTOHOB. B3amMopaeiicTBue mo-pa3HOMY MHOJISIPU30BAHHBIX (hO-
TOHOB C XMPAJIbHOW aHU3OTPOITHON Cpenoii MPOUCXOAUT HEOAMHAKO-
BO, UTO MPUBOIUT K XUPONTUUYECKUM 3PdeKTam.

Crenyer NMoJYepKHYTb, UTO axupajbHas MOJIEKyJa He BpallaeT
TUIOCKOCTb TOJISIpU3allMU CBETa TOJBKO MPU OINpeaeSIeHHON ee Opu-
€HTallMK 10 OTHOIIEHUIO K magatuieMy jaydy. Hanpumep, axupaib-
Hasi MOJIeKyJia, MMelollasl MIOCKOCTb CUMMETPUM, HE BpalllaeT IJ1oc-
KOCTb TOJISIpU3aliMyi JUIIb B TOM Cllydyae, €CJIM IJIOCKOCTb MOJspu-
3allMd COBIAa€T C IUIOCKOCTbIO CUMMETpUU. Bce Xe ocTalibHblie
MOJIEKYJIbl, HE OPUEHTUPOBAHHbIE TaKMUM OOpa3zoM, BpalllaloT ILJIOC-
KOCTb TOJISIpU3allMM Jaxe He Oyaydd XupajdbHbIMU. OJHAKO B 1I€JIOM
o0Opasell He BpalllaeT, TaK KaK B Macce MOJIEKYJIbl OpUEeHTUPOBAaHbI Oec-
MOPSIIOYHO, W OJHM MOJIEKYJIbl BpallaloT TUIOCKOCTb MOJsipU3aliuv B
OIHOM HAIIPaBJIEHUM, a APYTME MOJIEKYJbI, BCTPEYAIOLIMECH Ha IIYTU
CBETOBOI'O Jlyya, BpallaloT €e¢ B MPOTHMBOMOJOXHYIO CTOPOHY. Takum
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00pa3oM, COBOKYITHOCTh axMpaJbHBIX MOJIEKYJT MMEeT CyMMapHOe
BpalllecHWe, paBHOE HYJI0, XOTs KaxXaas MOJIEKyJla MOXKET BpalllaTh
TUTOCKOCTh TOJIIpU3aliui. B ciaydyae XupanbHBIX MOJIEKY TTPOTUBOIIO-
JIOXKHOM OpHUEeHTAllMM MOJIEKYa (€CIM 3TO He paleMuyecKas CMeECh)
MPOCTO HE MOXET CYIIECTBOBaTh, M BpalllcHWe HaOJIomaeTcs.

8.2.1.s. 3BABUCUMOCTD VIJIA BPAIIEHUA
OT YCJIOBU DKCITEPUMEHTA

CornacHo ypaBHeHusIM (8.1) u (8.2), misg Kaxmoro AaHHOTO
SHAaTMOMEpA BEJIMUYMHA BpAILEHUS O 3aBUCUT OT TOJIIMHBI 0Opas-
11a, KOHLIEHTpallM1 W IJIMHbI BOJHbBI CBETA.
Kpome aTux (hakTtopoB o 3aBUCUT OT TeM-
neparypnl, AaBjeHus (B cilydyae ra3oB) U
npupoabl pactBoputesis. [ToaTomy BMecTe ¢
yIEJbHBIM BpallleHUEM YKa3blBalOT TeMIIe-
parypy u miuHy BoaHbl ([a],’). O6o3Haue-
HUe [o], O3HauaeT, 4TO BpalUCHUE U3ME-
pEHO TpU IJIMHE BOJHBI, COOTBETCTBYIOIIEM
D-nvHUM HaTPUEBOU JaMIlbl, T.e. mpu 589
HM (KenTbiid cBeT). YacTo MCIIONB3YIOT Be-
JMYMHY MOJISIpHOTO BpaiueHusi [M],', Ko-
Topasi paBHa yAeJbHOMY BpalleHuio [o],’,
YMHOXXEHHOMY Ha MOJIEKYJSIDHBIU BeC U
neneHHomy Ha 100.

WM3BecTHBI ciaydyau oOpallleHus 3HaKa
BpallleHUs] NMpU M3MEHEHUM [JIMHBI BOJIHBI,
pacTBOpUTEJISL U KOHLEHTpauuu. Teopetuyec-
KU YAeJbHOE BpallleHUe He OJKHO 3aBUCETh
OT KOHLIEHTpallMK, TaK KaK KOHLEHTpalus
yXe yuuThiBaeTcs B ypaBHeHuH (8.1). Tem He
MEHee BO3MOXHbI OTKJIIOHEHUSI OT JIMHEHHON b 03 Coommommenie Mex-
3aBucuMOCTU [o] or C 3a cYeT accoUMauuu, ny Vd-cmexrpom, KJ u
JIUCCOLIMALIMM U B3aMMOACUCTBUS MexXny pa- OB (B ciyyae MHANBHIY-
CTBOPHUTENIEM ¥ PACTBOPEHHBIM BEIECTBOM. &/1bHOM mojock Y®-mo-
Hanpumep, xupanbHble KapOOHOBBIE KMCJIO- rIoUIeHHs)

Thl MOTYT MEHSITh 3HaK W BEJIMUYMHY BpallleHus B 3aBucumocTtu oT pH
1 OCHOBHOCTU PACTBOPHUTEJNISI, MOCKOJIbKY HEIUCCOLIMMPOBAHHAS KUC-
JIoTa U €e aHWOH 00J1a/J1al0T pa3HbIM BpallleHUEM.

Kpussie OB u K]l TecHO CBsI3aHBI C 3JIEKTPOHHBIMM CIIEKT-
paMu XupajbHBIX MoOJeKysl (puc. 8.3). B ciyyae mHAMBUIYaJIbHOIO
3JIEKTPOHHOTO Tepexona MakcuMyMbl Ha Y®- n K]I-KpUBBIX U TOU-
Ka, B KoTopoit kpuBas OB meHsieT 3HaK, mo4yTu coBmnanatoT. I1pu-
Mep Ha puc. 8.3 oTBeuaeT IoJioxureabHoMy 3¢ ety KorroHa. Eciu
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Ke MakcumMyM KpuBoit K]l ¥ JJIMHHOBOJHOBBIM 3KCTpPEeMYM KpPUBOM
OB otpuuaTeabHbl (HampapieHbl BHU3), TO 3 dekT KoTToHa Ha3bl-
BaeTCs OTPULATEIbHBIM. DHAHTUOMEPHI NAIOT 3€pPKaJbHO-CUMMET-
puunblie kpusbie JIOB u K]I.

Ecnu umeeTcst HecKOJbKO MakCUMyMOB B Y®-criektpe, 3pdekT
KoTrTtoHa MoXeT ObITb JOBOJILHO CJIOXHBIM. XUPOINTUYECKUE METOJbI
LIUPOKO MCMOJIb3YIOTCS Il YCTAHOBJIEHUS OTHOCUTEIbHBIX KOH(MU-
rypauuii Mojiekya (cMm. 8.4).

8.2.2. XUPAJIBHBIE MOJIEKYJIbI

Tenepb HE0OXOAMMO PacCMOTPETh BOIIPOC: KaK OIPEAeUTh, Oy-
JIeT JU JaHHas MoJjeKyna xupaiabHa? OO0g3aTeIbHBIM YCIOBUEM XH-
PaJbHOCTH SIBJISIETCSI HECOBMECTUMOCTb OOBEKTa C 3epPKaJbHBIM OTO-
OpaxxeHueM. B ciydae MpOCTBIX MOJIEKYJ JIETKO MPOBOIUTCS 3PUTEIIb-
HOE pacro3HaBaHWe HECOBMECTUMOCTH C 3epKaJbHBIM OTOOpPasKEHUEM.
OmHako MHOTHE OpPraHMYeCKMe MOJIEKYJbl HACTOJBKO CJIOXHBI, UTO
TakKoil cnoco0 TpedyeT O4YeHb Pa3BUTOIO IPOCTPAHCTBEHHOI'O BOOO-
paxkeHus, KOTOPbIM 00JIafaloT JajJieko He Bce.

CrnengoBaTeibHO, HEOOXOAMMO YCTAaHOBUTh KaKHWE-TO OOLIMEe KpH-
Tepuu, oOJeryarollye pacro3HaBaHUE XMpaJbHbIX MoJjekyi. Ilpexne
BCEro o0paTuMCsl K TEOPUU CMMMETPUM M KPaTKO PacCMOTPUM dJie-
MEHTBI, OTepaly W TPYMIIbl CUMMETPHUU.

8.2.2.a. TOYEYHBLIE I'PYIIIBI CUMMETPUUA

IIIap — camblii CUMMETPUYHBII OOBEKT, MOCKOJBKY KakK Obl MBI
€ro HU MOBEPHYJIM, HA MEPEMECTWIM B MPOCTPAHCTBE, HU OTPA3UIU
B 3€pKajie, OH BCeraa BbINISIAMT OJMHAKOBO. TeTpasap MeHee CUM-
METPUYEH, YeM 1Iap, MOCKOJbKY BOKPYT BBICOTBHI €r0 HY>KHO TOBEp-
HYTb JINIIb Ha onpeaenaeHHbIi yroia (120 °), uToObl OH BHITJISAAET TaK
Ke, Kak J1o oBopoTa. BpaleHue BOKpYr ocu SBJsIETCS OJHOW U3 one-
payuii cummempuuy. Onepalieit CAMMETPUM Ha3biBaeTCsl AeHCTBUE Hal
00BEKTOM, KOTOPOE MPUBOIUT K €r0 HOBOM OpHUEHTAllMU, HEOTIMYU-
MOW OT UCXOIHOW U COBMEIIAEMON C HEH.

Onepaluuy CUMMETPUHU, KOTOpPbIE MBI OyIeM paccMaTpuBaTh, Ta-
KOBBI, UTO IO KpaliHE Mepe omHa TOYKa OObeKTa OCTAeTCs HEIlO[-
BUKHOM. Takue omnepanuy CUMMETPUM Ha3bIBAIOTCS TOUYEUHBIMM, a
HETOJBMXHAs TOYKa, KOTOpas He MEHsSIET MOJIOKEHUS TPU BCEX TO-
YEUHBbIX OMEpalUsIX CUMMETPUU ITOTO OObEKTa, — ITO LEHTP TIXKEC-
T 00BEKTa, B KOTOPOM II€PECEKAIOTCS BCE OCU W IJIOCKOCTU CHUM-
MeTpun. Takoil TOUKOM SIBJISIOTCS LIEHTPHI 1Iapa WA TeTpasapa.

Kaxnoit onepaliu CMMMETPUM COOTBETCTBYET OMNPENEICHHBIN 21e-
MeHm cummempuy. DJIEMEHTOM CHUMMETPUM Ha3bIBACTCSl TEOMETPUYECKOe
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MECTO TOUEK, OCTAIOIIMXCS HEMOIBVXKHBIMM TIPU TaHHOM OIeparuu
cumMMeTpuu. OCHOBHBIMU 3JIEMEHTAMU CUMMETPUM SIBJSIOTCS COO-
CTBEHHBIC OCH BpallleHUsI, KOTOpbIe B cHcTeMe obo3HaueHUit [lleH-
(mmca umeror cumson C,, Tae n — TMOPANOK OCH, O3HAYAIOLIWM,
YTO MOBOPOT MOJEKYJbl Ha yroa 2m/n MPUBOAUT K CTPYKType, Heo-
TAWYUMOM OT TepBOHAYABHON; HeCOOCTBEHHBIE OCH BpallleHUs, WU
3€pKaJIbHO-TIOBOPOTHBIE OCH (.S,); 3€pKaJIbHBIE TUIOCKOCTH CUMMET-
puu (o), Aensiirde MOJIEKYay IOIojaM, TaK YTO OJHa IOJOBMHA SIB-
JIIeTCs 3epKaTbHO-CUMMETPUYHOM APYTOil MOJIOBUHE; LIEHTP MHBEP-
cun (i) m ToxaecTBeHHOe mpeodOpazoBaHue (F). B coorBercTBUM C
9TUM OIlepallid CUMMETPUM [EJIST Ha IMOBOPOT BOKPYI OCHU CHM-
metpuu C,, TTOBOPOT BOKPYI OCH C TOCJEAYIOIIUM OTPaXXEHUEM B
TUIOCKOCTH, TEPNEHAUKYISAPHON 3TOW ocu §,, OTpaxeHHWe B IUIOC-
KOCTH CHUMMETPUM G, MHBEPCUIO B LIEHTPE CUMMETPUU i U oTmepa-
nuto uaeHTHYHOCcTH E. Tlpm omepalmy MIEHTMYHOCTH C MOJICKYJION
HUYEro He AeNaloT, HO 3Ta omepauus He OecCMBbICIIEHHa, TaK Kak
MO3BOJISIET BKJIIOYMTH B €AMHYIO KJacCU(UKalMo KaK CUMMETpUY-
HBbIe, TaK M aCUMMETPUYHBIE OOBEKTHI.

PaccMoTpuM HeCcKOJbKO TOIpoOHee ABa TJaBHBIX BUOA DJEMEH-
TOB CUMMETPUU U CBSI3aHHBIX C HUMH OMNepaluii CUMMETPUU: COO-
CTBEHHYI0O M HECOOCTBEHHYIO OCh BpAIllEHUS.

CoOcTBennasi och cummeTpun. Bce MOJEKylIbl MMEIOT TPUBHUAb-
Hyio och C;, TIOCKOJIbKY B JTI0OOM ciiyyae BpaiieHue Ha 360° Bo3Bpa-
1aeT MOJIEKYJy B MCXOomHoe cocTossHue. ClenoBaTebHO, OIeparius
C| sKBUBaJIEHTHa onepauuu uneHTuyHoctu (C;=FE'). JduxiopMmeran
umeetr ocb C,, ammuak — ocb (3, MeTaH — 4yeTbipe ocu C;, TeTpa-
xjopriaTuHat — ocb Cy:

2n/2 O /3 /4 C O

|
H H H Cl
\ \\é _p2e
H H
/ \ / \ H/ \H\?Q I
(o) G, G, G C,

Hecoo6cTBennas ocb cuvmmerpun. [IpocTeiiiias 3epKajabHO-TTOBOPOT-
Has OCb S; 9KBUBAJIEGHTHA MEPNEHAUKYISIPHON €l TJIOCKOCTU CHM-
MeTpuu (S; = o). [Ipumepom siBsieTcs: MoJieKyna xiaopdTopMeTaHa. 3ep-
KaJIbHO-TIOBOPOTHBIE OCU 0o0Jiee BBICOKOTO Topsinka (S,) MOXHO pac-
CMaTpUBaTh KaK KOMOWHAIIMIO BpallleHNsT Ha YTOJ 27t/ C TOCIEAYIOIINM
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OTpaXkeHNeM B TUIOCKOCTH, TIEPIIEHIUKYISIPHON ocu BpalieHus. Tak,
aJuleH UM U300pakeHHbIH Huke uzomep 1,2,3,4-TeTpaMeTUILNKIONY-
TaHa UMEIOT 3ePKaTbHO-TIOBOPOTHYIO OCh S

- 2n/4

H CH,

CH; o / H
CH,

1,2-Muxnop-1,2-gudropatan ob1agaeT ocblo S,, KOTopas COBMa-
naet co cesasblo C—C. Kak BugHO, omnepauus S, 5KBUBAJIECHTHA WH-
BEpCUM B LIEHTPE CUMMETPUU, KOTOPBIM B JaHHOM CJIydyae HaXOMUTCS
nocpeaue cBasu C—C (5, = i):

F F
Cl\§ o clL =% o H
Rt =
||IIII ”_a i \\\~\ \LI'|||I
2n/2 Cl 7 - el
/2 H F H \F

Touyeunbie rpynnbl cumMmeTpud. [1O0CKOJIBKY Y MOJIEKYTT MOXET ObITh
HE OJIMH, a HECKOJIbKO 2JIEMEHTOB CUMMETPUM, UX yHoOHee Kiaccu-
¢uuMpoBaTh MO TOYEYHOU rpyrne cummMmeTpun. HabGop Bcex omepaimii
CUMMeETPUU 00BbeKTa 00pa3yeT ero Irpymiy cuMmeTpuu. Eciu mpu atux
Mpeo0pa3oBaHUSIX OCTAETCS HEIMOABMXKHBIM LIEHTP TIKECTU (DUTYDHI,
TO TpyIa CUMMETPUM Ha3bIBaeTCs TOUEYHOMW. M3BECTHBI UEThIpE TUIA
TOUEUHBIX TPYIIIl CUMMETPUU, KOTOpble MHpeAcTaBlieHbl B TaOa. 8.1.

K tuny 1 otHocatca toueunslie rpynmsl C;, Cg, C;, KOTOpBIE HE
UMEIOT HETPUBUAIbHBIX TTOBOPOTHBIX OCEN, TO3ITOMY MX Ha3bIBAIOT He-
akcuarvhbimu. K TUMy 2 OTHOCSTCS TPYIIbl C €IMHCTBEHHOU MOBO-
POTHOI OCBIO.

B rpynne C, npyrux 3j€MEHTOB CUMMETpUM HeT, B rpymnne C,,
HUMEETCsl 1 BEPTUKAJbHBIX TUIOCKOCTEN G, TpoXoasilux yepe3 ocb C,,
a B rpynne C,, — oJHA TOPU3OHTAJbHAsl TUIOCKOCTb G, MEPIEHAM-
kynsapHas ocu C,. Crofa ke BXOIUT rpymma S, MOCKOJbKY NIPA HaIu-
YUU 3€pKaJIbHO-TIOBOPOTHOW OCH TIOpsiiKa 7 00s3aTelbHO UMEETCS U
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Tadbnuma 8.1

ToveyHble Tpynmbl CUMMETPUH

Tum | O6o3HaueHNE DJIeMeHTbl CUMMETPUN [Tpumepnr
1 C E=C coenuHeHus: IV u V
CS S] =0
Q LIUKJIOTEINTEH
G Sy=i F H
/
Cl»/C_C"\'"'CI
H F
2 C, C, coequHenust VI u VII
npu RzH (C3)
Sy Sy + Cupa coenuHenue VIII (Sy)
Cu» Sy + n o, H,0 (G;,) NH3(C3,), Konyc
(C.p), 1ukiorekcat (Cs,)
coenuHenue VI nmpu R = H (Cs,)
Cun C, + loy, coenqunenue VII npu R = H
3 D, C,+nC1C, coequHenust IX u X (D)
Dya C,+ nCLC, + no,
Dppy Cy+nCyLCy, + no, + o, |06enson (Dgp); 1,3,5-Tpuxsop-
6en301 (Dsp); ummuuap (D..;)
4 Ty 4C3+3C) + 654 + 60 TeTpasap (MeTaH, agaMaHTaH)
Oy 3C4+4C3+6C, + i+ 90 |okTasap
1 HMKOCasIp, J0AEKadIP

coOcTBeHHas och nopsanka n/2 (G, y Sy, C3y Sg v T.4.). Ilpn HeyeTHOM
n ocu S, MOTYT OBITh MPEACTaBICHbI KaK KOMOMHAIIMM APYTUX Ofepa-
unit. g Hu3mmx nopsakos S; = 6 u S, = i. TodeuHsle rpynmnel Tmna 3
MMEIOT ofiHy och C, U n Oceil BTOPOTO MOPsIAKa, MePHeHINKYISPHBIX
ocu C,. Takve rpynmnbl Ha3bIBAIOTCS duddpasvHuimu. ECIM HET TIoC-
KOCT€li CUMMETpHUH, Tpyria obo3HauyaeTcsi Kak [,, eciu umeeTcs
HECKOJIBKO TIJIOCKOCTEN G, (BEPTUKAIBbHBIX) — D,,;, a €clu eue u
TOPU30HTAJIbHAA TUIOCKOCTb Gy, TO Tpynma obo3Havyaercsa D,,. K tumy 4
OTHOCSTCSI TOYEUHBIE TPYIMITBI, UMEoIIe 0ojee 4eM OTHY OCh IIO-
psIIKa BBINIE OBYX. Takue TpyIIThl Ha3bIBAIOTCI Kyouyeckumu. K HUM
OTHOCHTCSI TOYEYHBIE TPYMIBI MPABUIBHBIX TeTpasnapa (7,), okrasapa u
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kyoa (0,), nukocasnpa u poaekasapa (/). MakcuMalbHYIO CUMMETPUIO
MMeeT 1lap, KOTOPbliA MPUHAUIEXUT NpeaebHol rpynne K, BKIO-
yalolleid Bce BO3MOXHbBIE ONepaliu CUMMETPUU.

ne et X ‘
H, CH3 \

H 7 R CyRzH) R

IV (C)) () SRy

CH, /H R
CH CH3 CH, R\_ _/R R

TN
- :

H
V(€ (€ Cy(RAH) VI
Csp(R=H)
H CH; ¢
Yo X A
2
¢ T
R O
H CH4 H,C C{-Iz
VIII (S,) (Sy) /=< C,
H R F/CQ
R H,C CH
cu CH 2 \O/ 2
N 3| CH; —/\
R X (D,)
R

IX (Dz)

OTMETHUM, YTO TEPMUHBI «T€TPAdAPUUYECKOE CTPOSCHHUE» U «CHUM-
Mmetpus T, He naeHTnyHbl. Hampumep, monekyna xnopodopma CHCl,
UMEET TEeTpadApUUYECKOe CTPOECHUE, OHAKO €€ CUMMETPUSI HE SIBJIsI-
eTcsl TeTPasIpUYECKOl; OHa MpUHALIEXUT K rpynme C;, (Kak aMMH-
aK), a He K rpynne 7.
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8.2.2.6. CHMMETPUMHOE OIIPEIEJIEHUE XWPAJIBHOCTU

Tenepb paccMOTpUM: K KaKMM TOYEYHBIM TpYIIaM CUMMETPUU
JIOJDKHA TIPUHAIJIeXXaTh MOJIEKYJIa, YTOOBI OHa ObLTa XupanbHO? JIpy-
TMMM CJIOBaMU, KaKOB JOJDKEH ObITh XapaKTep AMCCUMMMETPUU MOJie-
KyJIbl M KaKue BJIEMEHTbl CUMMETpUM 00sI3aTeJIbHO JOJIKHBI OTCYT-
crBoBaTh? Ilpexkae Bcero BCSIKOMY OYEBMIHO, YTO XMpajibHa Jro0as
WCTUHHO acMMMETpUYecKash MOJeKyJa, oTHocdlascsa K rpymme C,
He MMeEIolIasi HUKAKUX 3JIEMEHTOB CUMMETPUM, KPOME WMIASHTUYHOC-
™ (M ocu (), Tak Kak C;=E). O4eBUIHO TaKXke, YTO MOJEKYIHI,
HUMEIOIIIME TIJIOCKOCTh CUMMETPUH (G) WX LEHTp cuMMeTpuu (i), axu-
paJibHbI, TTOCKOJBKY OHM COCTOSIT U3 ABYX OJMHAKOBBIX «ITOJIOBUHOK»,
¥ B 3epKaJIbHOM OTOOpakKeHWH JieBash M TIpaBas ITOJIOBUHKH TIpeodpa-
3YIOTCSl APYT B Apyra wiu 0e3 MOBOPOTOB (MPU HAJIUMYUU ILJIOCKOCTH),
Wi ¢ nmoBoporoM Ha 180 ° (mpu HaIMYMU LIEeHTpa MHBepcUM). MoJe-
KYJbl, UMEIOLINE 3epKAIBHO-MTOBOPOTHBIE OCH (S,), TaKXKe COBMeEIla-
I0TCSI CO CBOMM 3€pKaJlbHbIM OTOOpaXKEHUEM, U MO3TOMY aXUpaJibHBbI.
CrnenoBaTebHO, XUpaJbHbI TOJBKO MOJIEKYJbI, OTHOCSIIMECS K aK-
CUaJbHBIM TOYeYHbIM Tpynmnam C, u D,.

Takum 0o06pa3oM, MOXHO C(HOPMYIUPOBATh CACAYIOLIMIA CUMMET-
PUMHBIA KPUTEPUN XUPATBbHOCTU:

A00as MoneKyaa, Komopas He umeem HecoOCMBeHHOI 0cU epauje-

Hua S,, XUpaivHa.

Crapoe ornpeeieHre ONTUYECKON M30MEepUr, a UMEHHO «y MO-
JIEKYJTbl He JOJDKHO OBITh HU TUIOCKOCTH, HU IIEHTPAa CUMMETPHU»,
HEAO0CTaTOYHO TOYHO. [lockoibKy S;=0c u S,=i, ecnu y MOJEKysbl
HET HeCOOCTBEHHOI OCM BpallleHUsl, TO Y Hee He JOJKHO ObITh HU O,
HU I. CyIIecTBYIOT MOJIEKYJIBI, Y KOTOPBIX HET HM i, HU G, HO €CTh
och S, U KOTOpbIE MO3TOMY axvpaibHbl. [IprMepom siBisieTcss mode-
kyna 1,3,5,7-trerpamerunuukiiooktateTrpacHa (XI), y KoTopoil HET HU
TUTOCKOCTH, HU ILIEHTpa CUMMETPHUH, HO €CTh 3epKaJbHO-TTIOBOPOTHAS
och S;. OHa ONTUYECKU HEAKTUBHA.

CH,
CH,4 CH, —
OTpaXkeHUe \ CHs / [\;
B IUVIOCKOCTU G \\ — /) \/
CH
BpalleHUe CH; (upentnyHa XI)

BOKPYT OCU Ha 90°
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BriepBbie moKa3aTeabCTBO CIPABETMBOCTU JTAHHOTO BBILIE OIpe-
JeeHYsT XUPaTbHbIX MOJIEKYJ MOJYYeHO TIPU MCCIeI0BAHUU U30MEpP-
HBIX YETBEPTUYHBIX AMMOHUIHBIX COJIEH CO CITMPAHOBBIM aTOMOM a30Ta
IV, V, VIII u IX. U3omepsl IV u V acummerpuunsl (rpynma C,),
nzomep VII npuccummerpuuen (rpynmna D,). [Toatomy 5TH Tpu uU3ome-
pa OOKHBI ObITh XUpaJbHbIMUA. W meiCTBUTENbHO, OHU OBLUIM ITOJTY-
YeHbl B ONTUYECKM aKTUBHOMN dopMe. OnHako uszomep VIII orHoCUT-
cs K rpynne Sy, T.e. axupajeH, U MOJYYUTh €ro B ONTUYECKU aKTUB-
HOM (opMe HeJb3sl.

8.2.2.8. [IPABUJIA KIACCUDUKALINNM MOJIEKYJ]I 10 CUMMETPUU

CTpyKTypa MOJIEKYJI OpraHUYeCKUX COeAMHEHUI ObIBAaeT HACTONb-
KO CJIOXKHOM, YTO TMOMUCK BO3MOXKHBIX 3JIEMEHTOB CUMMETPUU 4YacTO
npeacTaBiisieT co0oif oyeHb TpynHYyIo 3agady. Iloatomy Heobxoaum
KaKoOM-11M00 pa3yMHbII MPaKTUUECKUM METO/ TTOC/IeI0BaTeIbHbIX Ieii-
CTBMI MpHW KIacCU(UKAIUU MOJEKYT MO TOYEYHBIM TpYIIaM CUM-
meTpun. Huxke ommcaHa cxema Meroja, npeminoxkeHHoro @ .Korro-
HoM B 1971 1.

1. CHavana HeoOXOIMMO ONpPEAEIUTh, IIPUHAMICKUT JIU MOJIEKY-
Ja K ogHo# u3 cienyrowux rpynm: C., (cummeTpust Konyca), D,
(cummetpust uunuuapa), I,, O,, T, (tun 4, tabda. §.1). DTU rpymnmsl
YCJIOBHO Ha3oBeM «oco0ble». OtmeruM, yto K rpynme C., wi D,
OpUHAIIeXaT TOJbKO JIMHEHHbIe MoJjekynbl, Hanmpumep H-C=C-Cl
(C.,), H-C=C-H, CI-C=C-Cl (D) ¥ T.Il

2. Ecnu mosekylia He NPUHAIIEKUT K OJHOM M3 OCOOBIX I'PYIIM,
HEoOXO0IMMO TMOMCKaTh COOCTBEHHYIO ochb BpalleHust C,. OOHapyXuB
TaKylo och, Iepexoaum K orepauuu (3). Ecam coOGcTBeHHOI MOBO-
POTHOI OCU HET, HEOOXOAMMO MCKAaTh LEHTP CUMMETPUM i WU 3ep-
KaJbHYIO TIJIOCKOCTh 6. EClM y MOJIEKy/Ibl OKaxeTcsl LIEHTP UHBEPCHUH,
OHa MPUHAMJIEXUT K ToueuHoil rpynme C,, a eclii OKaxXeTcsl 3epKasib-
Hasl TI0CKOCTh — K ToyeyHol rpynne Cg Eciu y MosiekyJibl HeT aie-
MEHTOB cuMMmeTpuu (kpome E), oHa oTHocutcst K rpynne C.

3. Nanee HaxonuM riaBHyto ocb C,, T.€. OCb C HAUOOJBILUUM 3Ha-
yeHueM n. OmnpenesisieM, ecTb JIM 36pKaJIbHO-ITI0BOPOTHAsI OCb S,,,, COB-
najmamplas ¢ IJaBHOM ochblo. EcM oHa CyllecTByeT, a APYrux 3Jje-
MEHTOB, 32 MCKJIIOYEHWEM, BO3MOXHO, i, HET, MOJEKyJia MpuHaIe-
>KUT K OHO# U3 rpynn S, rae n — yetHoe uucio. Ecau och S,, ecTb,
HO UMEIOTCS U JPYTUE BJIEMEHTHI, WIN €CIU 3JIEMEHT .S,, OTCYTCTBY-
€T, HEOOXOAUMO MepeiTH K omepauuu (4).

4. Niem HaOOp U3 1 OCEli BTOPOIO IMOpsiAKa, JIeXKAIUX B ILJIOC-
koctu, niepneHaukyasipaoit C,. Eciau takoit Habop oOHapyXeH, MO-
JIeKyJIa MPUHAMIEXUT K ogHol u3 rpynn D,, D,, wi D,, n toraa
nepexoauM K orepauuu (5). Eciu Xe Takux oceil HeT, MoJieKynia
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npuHaiexut K rpynme C,, uim C,
XoauM K omnepauuu (6).

5. Ecnu y MoJieKkysibl ecTb MJIOCKOCTb CUMMETPUM Gy, MEpHeHIu-
KyJISIpHAs [J1aBHOM OCH, OHa MpuHaLiexut K rpynne D,,. Eciau tako-
ro dJeMeHTa HeT, HeoOXOAMMO HCKaTh HabOp M3 # MUArOHAIBHBIX
MJI0CKOCTEN G, (T.€. MJIOCKOCTEH CUMMETPUU, B KOTOPBIX HAXOLMUTCS
IJIaBHAs OCh, HO HE JIEXKUT HU OJHA U3 MEePIeHANKYISIPHBIX OCei BTO-
poro nopsaka). Ecim oTCyTCTBYIOT M G,; U G, MOJIEKYJIa TPUHAIJIE-
KUT K rpynne D,

6. Eciu Monexyna uMeeT G, OHa PUHAJIEKUT K TOUSYHOH TpyIITe
C,,- Ecnu o), OTCYyTCTBYET, HY>XXHO MCKaThb HAaOOp U3 # IJIOCKOCTEN O,
(mpoxonsiux 4yepe3 INIaBHYI0 Ocbhb). Hammuue Takux IJIOCKOCTE MO-
3BOJISIET OTHECTU MOJIEKyJy K rpynne C,. Ecam y MoJeKyssl HET HU
G,, HU G,, OHa OTHOCUTCS K Touye4yHoil rpymnre C,.

M3noxXeHHBI METON WILTIOCTPUPYETCS AuarpaMMoil, MpUBeIeH-
Hoit Ha cxeme 8.1.

p A C,.

B stom ciyuae mepe-

v

Cxema 8.1
Oco0ble TPyIIbl CUMMETPUU

Her ‘ Ha

K R R
Coo,u Doob Td Oy Ih

Her Ectb
S,,, (i S5, ¥ TONBKO i),
6 KOJUIMHEApHAas
Her | Ectb C €IVMHCTBEHHO! OChIO
. ¢ Wi ¢ riaaBHoi ocpio C,
i
Her | EcTs Cg Her | Ectb
nG,1C,
o C Her Ecte S
Op Oh
Her | Ectb Her | Ectb
nGw ¢ no d ¢
Her | Ectb Con Her | Ectb Dy
Cn Cnfu Dn D nd
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8.2.2.r. TUIIbl XUPAJIBHOCTHU

Mongnexynbl, coaepxaliue TeTpadApUYeCcKUil aToM, Halpumep yr-
Jiepoia, C YEeThIpbMSI Pa3HbIMM 3aMECTUTENISIMU, TPUHAAJIEeXAT K TO-
yeyHoii rpymnme C;. OHM acCUMMETPUYHBI, U LEHTPAJbHBI aTOM Ha-
3bIBACTCS ACUMMEMPUYECKUM AmMOMOM, KaK B MIPUBEICHHOM HUXE TpU-
mepe o-OpoMmpornuoHoBoi kKucaotsl (XII):

CH,
I
.-C H<
H~/ COOH COOH
Br
Br
(X1) (X11D)

AJlaMaHTaHbl, Y TPETUYHBIX aTOMOB YIJIepoAa KOTOPBIX MMEITCS
YeThIpe pasHbIX 3aMECTUTENSsI, XUPAIbHbI U ONTUYECKU aKTUBHbBI; Ha-
npumep, coenuHeHue XIII ObuUto pasgesnieHo Ha 3HaHTUOMEpbl. [Ipu
cpaBHeHuu dopmyn XII u XIII HeTpyaHO BMIEThb, UTO CUMMETPUS
000X coemMHEeHUI Oo4yeHb IToxoxa. OCTOB agaMaHTaHa MOXHO TIpe.-
CTaBUTh KaK TETpasJip C «MU3JIOMaHHBIMU pedpamMu», OH UMEET CUM-
metputo T, KoTtopad nepexonuT B C), KOrma BCE YETHIPE 3aMECTUTENS
Yy TPETUYHBIX aTOMOB YIJiepoja pa3Hble. ¥ MPOM3BOJHOIO ajamMaHTa-
Ha XIII HeT acMmMMeTpHrYecKOro atomMa yrjepoja, Kak B O-OpOMITpO-
MUOHOBOM KMCJIOTE, HO €CTb LIEHTP, HaXOASIIUIKCS BHYTPU MOJIEKY-
JIbl (LIEHTP TSIKECTH He3aMElIEHHOIro ajaMaHTaHa).

Acummempuueckuil yenmp — 3TO YACTHBIN clydaii Gosiee oOlIe-
o TOHSITUSI XUPAAbHbIU UYeHmp. XUPAJIbHBIM LIEHTP MOTYT UMETb He
TOJIBKO aCHMMETPUYECKUE MOJIEKYJIbI, HO U MOJIEKYJIbl cumMMmeTpuu C,
vnu D,. B mpuBeneHHBIX HUXE MPUMEpax XUPAJTbHBIA LEHTP MOMe-
YEeH 3BE€300YKOM:

t G
*

Y

I \=S
K >

G

BUJI CBEpXY:
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XUpaJbHbI LEHTP SBJISETCS JUIIb OIHUM U3 BO3MOXHBIX 3Jie-
MEHTOB XMpPaJbHOCTU. MoJIeKyJibl, XUPaTbHOCTb KOTOPBIX O0YyCJIOBJIe-
Ha HaJWyMeM LIeHTpa XUpaJbHOCTU, OE3yCIIOBHO, caMble BaxKHbI€ B
opraHuyeckoi xumuu. OnHaAKO KpoMe LIEHTPAJIbHOIO CYILECTBYET ellie
U aKCUaabHbll, NAGHAPHLIU W CHUPAAbHBIU TUTIBI XAPAUTBHOCTU.

Axcuanvroll xuparvHocmbvlo 001aNaI0T MOJIEKYJIbl, UMEIOLIUE XU-
paJibHYI0 OChb. XHUPaJbHYIO OCh JIETKO MOJYYUTh, MBICJIEHHO «PaCTsITH-
Basl» LIEHTP XMPaJbHOCTHU:

XUPAJTBHBIA LIEHTP XHMpaTbHas OCh

XUpajbHYIO OCb UMEIOT TaKMe KJacChl MOJIEKYJ, KaK aJlJleHbl U aude-
HUbl. B ajuieHax LieHTpajbHBI aTOM yrjepoja sp-TUIla UMEEeT JBe
B3aMMHOMNEPNEHAUKYJISIPHbIE p-OpOUTaIr, Kaxaas M3 KOTOPBIX Iepe-
KPBIBACTCS C p-OPOUTANIBIO COCEAHEr0 aToMa YIJiepona, B pe3yjibTare
YEro OCTAalOLIMECs CBSI3M KOHLIEBBIX aTOMOB YIJIEPOAA PACIOJIAratoTCs
B MEPIEHAUKYISIPHBIX TUIocKoCcTsX. CaM ajuleH axupajieH, TaK Kak
MMEET 3epKajbHO-TIOBOPOTHYIO OChb 53, HO HECUMMETPUUHO 3aMellleH-
Hble ajieHbl Tura abC=C=Cab XxupajbHbl:

H H

xupaieH (C,)

AJLIeHbI XHUpaJlbHbI TOJIBKO B TOM CJydyac, €CJIM 00a KOHILIEBBIX aToMa
yrjaepoia 3aMeII€Hbl HECCMMMCTPUYHO:

H,C _H HC _H HC _H
>C=C=C/\ >C=C=C/\ >C=C=C/\
H,C H H H H CH;,
axypayieH axupaneH XUpajaeH
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IIpu 1060M HEYETHOM YHUCIIE KyMYIMPOBAHHBIX IBOMHBIX CBSI3EN Ue-
ThIPEe KOHIIEBBIE TPYIIINBI PACIIOIATAIOTCS YK€ HE B Pa3HBIX, 4 B OJHOM
IJIOCKOCTH, Hanpumep i 1,2,3-OyrarpueHa:

Takue MoJeKyabl aXupajibHbl, HO IJIsI HUX HAOMIONAeTCsl yuc-mpanc-
HU30Mepusl.

IIpu n0O0M YEeTHOM YMCIIe KYyMYJUPOBAHHBIX ABOMHBIX CBSI3EH
XUpaJIbHOCTh Bo3MoOxHa. Tak, coenuHeHue XIV ObLIO pasaeieHo Ha
ONTUYECKUE HU30MEPDI:

(CH;);C

Ar/ Ar

C(CH;),

(XIV) (Ar = n-CICH,)

Ecnmm omHy wim 0o6e MBOIMHBIC CBSI3M CUMMETPUYHO 3aMEIEHHOTO
aJJIeHa 3aMEHMTb Ha IUKJIMYECKYIO CUCTEMY, TO ITOJIydeHHBIE MOJIe-
KyJIbl OyIyT TOXe 00JIamaTh aKCHUAJIbHOM XUPaJbHOCTBIO, HAIIPUMED:

H_ CH, NH, H
I

H H H NH,

axupaieH XVpaeH

B mudenunax, comepxalyx 4eTbipe 00bEMUCThIC TPYIIIBI B OPTO-
MOJIOKECHUSAX, CBOOOMHOE BpallleHHWEe BOKPYI ILIEHTPAJIbHON CBSI3M 3a-
TPYIHEHO M3-3a CTePUYECKMX MPEISITCTBUIA, 1 IIO3TOMY J1Ba OEH30JIHBIX
KOJIbLIa He JieKaT B OMHOM IIocKocTU. 1o aHajoruu ¢ ajjieHaMu, eciiu
OITHO WJX 00a OGEH30JIPHBIX KOJIbIIA 3aMEIIeHbl CUMMETPUYHO, MOJIe-
KyJIa axMpajbHa; XUPAJIbHbBI e MOJIEKYJbl TOJbKO C IBYMS HECHM-
METPUYHO 3aMEIIeHHBIMU KOJIblIAMU, HaIlpUMED:
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NO, COOH COOH  COOH

) S

NO, COOH NO, ON
axmupajicH XUpaJICH

M3oMepnl, KOTOpbIEe MOXKHO pa3aeNWTh TOJILKO Onaromapsli TOMY, UTO
BpallleHle BOKPYT IIPOCTOI CBS3M 3aTPYAHEHO, HA3bIBAIOTCSI ampono-
uzoMepami.

Wnornga mis npeaoTBpalleHus] CBOOOTHOrO BpallleHUSI B OUMEHM-
JlaX JIOCTaTOYHO TPeX M Jaxke IBYX OOBEMHUCTBHIX 3aMECTUTENIel B OpPTO-
noyioxkeHusx. Tak, ymajloch pa3ieivdTh Ha SHAHTMOMEPbI IUMEeHMI-2,
2’-nucynbpoHoBy0 KucaoTy (XV). B coenunenuu XVI cBobogHoe Bpa-
IIEHWEe TIOJTHOCTBIO HE 3aTOPMOXKEHO, M, XOTS €ro0 MOXKHO TOJYYUTH B
OINTUYECKN aKTUBHOI (pOpMe, MPU pacTBOPEHUHU B 3TAHOJIE OHO OBICT-
po paueMusupyercs (HamoJaoBuHy — 3a 9 muH npu 25 °C):

SO3H, NO,
SO3H COOH  OCH,
(XV) (XVI)

JIJ1s1 HEKOTOPBIX XUPATbHBIX MOJIEKYJT OMPEAeIsIOIIUM CTPYKTYpP-
HbIM BJIEMEHTOM SIBJISIETCSI HE LIEHTp, HE OChb, a IIOCKOCTb. [Ipo-
CTeily0 Mojeb TJaHApHON XUPaJIbHOCTHU JIETKO CKOHCTPYMPOBATh
n3 Mo00# MI0CKON (UTyphbl, HE MMEIOIIE OCM CUMMMETPUM, JIexKa-
1€l B BTOM MJIOCKOCTU, U OTAECJIbHON TOYKU BHE IIocKocTu. Hau-
0oJiee M3yuyeHbl TJIaHApPHO-XUpaJbHble TMPOU3BOAHBIE (eppoleHa
(XVII). IpyrumMu npuMepamu sIBJISIFOTCS apeHOBble KOMILJIEKCHI XPOM-
tpukapooHuna (XVIII), a takxke coenuHeHus XIX u XX:

X 3epKajio X

Fe I Fe
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COOH o

oC HOOC
AN
OC7Cr (CHy)g (CHy)yg
oC CH, B
(0]

XVIII XIX XX

CrupaiibHast XMpaJbHOCTh O0YCJIOBJIEHA CIIMPaIbHOI (POpMOiT MO-
Jiekynbl. Criipallb MOXeT OBITh 3aKpy4YeHa BJICBO WJIM BIIPABO, IaBast
SHAHTMOMEpPHbIe crupaiu. Hampumep, B rexcarejuiieHe OIHA 4acTb
MOJIEKYJIbl M3-3a IPOCTPAHCTBEHHBIX MPEISITCTBHII BBIHYXKIEHA pac-
rmoJiarathCsl Haj JPYTOi:

C 0 rexcarcJimiucH
SO

CHI/IpaI[b rexcarcjamucHa u apyrux MOIOOHBIX MOJIEKYJI UMECT HEIOJI-
HBIIA IIOBOPOT, HO COXpaHACT JICBYIO WM IIPAaBYIO OPUCHTALIMIO.

8.2.2.0. XUPAJIbBHOCTb MAKPOLIMKJIMYECKUX MOJIEKYJI

MaKpOLII/IKHbI, coaepxKamme HECKOJIbKO ACCATKOB aTOMOB, CO-
CAMHECHHbIX B KOJIbLIO, CHOCO6HBI 06paBOBI>IBaTb YAUBUTCIbHBIC THUIIbI
MOJIEKYJISIPHBIX CTPYKTYp, 00JIafaroInX JEBOW WU MPaBOii CrIMpasib-
HOCTBIO.

HaHpI/IMep, B COCAMHCHUUN XXI rJIaBHas LEIIb UMEECT BUI JICHTHI
Me6I/cha, KOTOpasd gOJIKHa CYHIECTBOBATbL B BUAC ABYX SHAHTHMOMEDP-
HbIX popM. CoeanHenne XXI 6GbUIO CUHTE3UPOBAHO U A€iICTBUTEIBHO
OKas3aJIoCb XMpPaJbHbIM.

CH,~CHy-O_

CH,~CHy—C—0—CH,~CH,-0

CH,~CH,~O
O\/ > 7% "NCH,-CH,—C—0—CH,~CH,-0O ~ CH,
RS X7 oo

C—CHy——CHy— 0—CH,—CH,~O—C—CHy” CH,

C—CH,——CH,— O—CH,—CH,— O—C—CH2/
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Hwukiel, cocTosgime n3 66 mim Goiee WIEHOB, MOTYT CYIIIECTBO-
BaTh B Buae y3j0B (XXII), 3aBsi3aHHBIX clieBa HaIlpaBO WJIM CIIpaBa
HaJIeBO, M II03TOMY JOJIKHBI OBITh XMpPaJIbHBIMMU.

3epKajo

XupajJbHBIMU MOTYT OBITh TaKXke COOTBETCTBYIOLIMM OOpa3oM 3a-
MELUEHHbIC KameHaHvl U pOMAaKcansvl. DTU COCAUHEHUST COCTOSIT U3 ABYX
WA HECKOJIbKMX CaMOCTOSITEJIbHBIX YacTeil, KOTOpble HEe CBSI3aHbI MEX-
Jly cO0OIi BaJIEHTHBIMM CBSI3SIMU, HO T€M HE MEeHee YAepXKUBAITCS
BMmecTe. KareHaHbl MOCTPOEHBI U3 ABYX WJIM HECKOJIbKUX LIUKJIOB, CO-
eIMHEHHBIX KaK 3BeHbsI 1IeM1; B poTaKcaHaX JUHEeWHash MoJieKyJsa Mpo-
JIeTa CKBO3b LIMKIIMYECKYIO MOJIEKYJY U HE MOXET U3 HEE BBICKOJb3-
HYTb OJlarofapsi HAUIMYUIO OOBEMHBIX KOHLEBBIX TPYIII.

3epKajo
iy
NI R <
[2] xareHan [3] xareHan
? 3epKajo
X ®
poTakcaH

KareHaHbl 1 poTakcaHbl MOXXHO TOJYYUTb WIU CHAMUCMUYECKUM
CUHME30M, VA HANpaéaeHHvim cunme3om. TTpUHIMN CTaTUCTUYECKOTO
CUHTE3a TOSICHEH CJEAYIOLIEN CXEeMOIM:

’7X+X—X+X4’+Q—>‘7©—‘+ 1+
B A b B r n E



CoenuHeHue A CBS3BIBACTCS MO ABYM KOHIIAM ¢ coeavHeHueMm b B
MPUCYTCTBUU OTPOMHOTO M30bITKa MAaKPOLIMKIMYECKOTo coearuHeHus B.
Ho peakuuu ¢ mojekynramMu b Kakas-To 4yacTb MOJEKyJad A I0JKHA
CJIyJyaiiHO OKa3aThCsl MPOIETON CKBO3b LIMKI B, M moatomy Hapsimy c
npoaykramu I u E oOpa3syercsi HEKOTOpoe KojJM4yecTBa poTrakcaHa I
IIpumepsl TTpUBEAEHBI HIKE:

H*(2-nadbramuHcyabdoHoBast

KUCJ10Ta,
(@ + Ar;C—O—(CH,) ;;—O—CAr; = ) ~

—‘(C@ + HO—(CH2)13—OH —

Ar,COH

HO~(————(CH,),;—OH
((:}{2)32

(CH,);, (BbIxon 1%)

o= ey~
OH ¢ “»YO(CH,CH,0);
HO(CH,CH,0)s ;H + @: =
OH O(CH,CH,0); 1

MHOJINATWIEHTUKONTB-400

MMAPOKATEXUH
KpayH-nonuadup (B)

H+

B + ArPh,C—O—(CH,CH,0); /—CPh,Ar

(Ar = Br—CHfQ)
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Ph Ph

Ph— C 0 C—Ph
\\ O(CH,CH,0)5 7 /
— (CH,CH,0)g ;7—— poTakcaH
(Bbixon 18,5%)
CH2 O(CH,CH,0); 5 CH,
I_ _____________________ ‘\’ 1
| Br Br |
L - _

7
O(CH,CH,0)y ;

k O(CH,CH,0); ; j Careran
— (CH,CH,0); (BbIxon 14%)
XupabHble KaTeHaHBI M POTAKCAHBI B HACTOSIIEE BPEMS €Il He
MOJTYYEHBI.

8.3. KOHOUTYPALIUA U KOHO®OPMALINA

Kongopmayus Monekyibl onpeaensieTcs Kak Jiloboe OTHOCUTEIb-
HO€ pacIlojioXeHWEe aTOMOB MOJIEKYJIbl B IMPOCTPAHCTBE, KOTOPOE
MOXET OBbITb JOCTUTHYTO 0€3 HapylleHUs] LeJOCTHOCTA MOJEKYJbI.
KondopmaiumoHHbie Tepexojbl BO3HMKAIOT BCIEACTBUE CTEPEOXU-
MMYECKON HEXECTKOCTU OOJIBIIMHCTBA MOJIEKYJI, KOTJa ITPOWCXOIUT
CBOOOJIHOE BpallleHHWe BOKPYT IMPOCTbIX G-CBsI3eM wiu nedopmaiius
BaJICHTHBIX yIJIOB. BaxkHO, 4TO ofHa KOH(hOpMalus MpeBpallaeTcs B
IpyTyIo 0e3 pa3pbiBa CYIIECTBYIOIINX B MOJIEKYJE BaJIECHTHBIX CBS3EH.
Kak yxe rosopusoch B 1. 4 (4. 1) mpu o0CyX1eHUU CBOOOTHOTO Bpa-
LIEHHWsI, B ajJikaHax pa3Hble KOH(OpMallM¥ UMEIOT Pa3HYyl0 3HEPTruio.
OObIYHO TIpYU CBOOOAHOM BpallleHUM BOKPYT G-CBSI3U DHEPIrusi U3Me-
HSIETCS BOJIHOOOPA3HO: MaKCUMYMBI YE€peayloTcss ¢ MUHUMYMaMU.
MuHUMYMBbI Ha 3HEPreTUYECKON KPUBOW COOTBETCTBYIOT M30MEPHBIM
KOHdopMepam.
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HzydyeHne cBOOOTHOTO BpallleHUS WM XUMHUYECKUX CBONCTB KOH-
(opMepoB HasbIBaeTCsl KoHGpopmayuoHHbiM anaiu3zom. OCHOBBI KOH-
(opMallMOHHOTO aHaIM3a LUKIMYECKUX YIJEPOMHBIX CUCTEM OYyIyT
JaHbl B TJ1. 24 (4. 3); KoH(GOpMaLIMK alKaHOB yXe paccMaTpUBAJIUCh
BT 4 (4. 1).

Kongpueypayus Momnexynbl — TOHSTUE 00Jiee KaueCTBEHHOE, Je-
TaJM3UPYIOIee TMOJOXEHNE aTOMOB B TIPOCTPAHCTBE B MEHBIIIECH CTe-
neHu, yeM KoHdpopmanmst. KoHdurypamss — 3To cTepeoxuMmdecKast
OCOOEHHOCTb JIaHHOI'O PACIMOJIOXEHUsI aTOMOB B MPOCTPAHCTBE JaH-
Hoil MoJiekynbl. OHa 1 Ta Xe cTepeoXuMuIecKas KOHUTypaluus Mo-
JKeT BKJTIOYATh B ceOsl MHOKECTBO KOH(MOPMAIINiA, OTINYAIONINXCS IPYT
OT Jpyra BEeJIMYMHAMU COOTBETCTBYIOIIMX BaJEHTHBIX MM TOPCUOH-
HBIX (IBYIpaHHBIX) YIJIOB BHYTpeHHero BpaileHusi. KoHdopmalinoH-
HBbIE TIepeXOabl MOTYT M3MEHHUTh, a MOTYT M HE M3MEHHUTHh CTEPEOXH-
MMYECKYI0 KOHGMUTYpaLUIO MOJEKYJIbI.

B xauectBe mpuMepa paccMOTpuM AehOopMaldIo XMPaJbHOU TEeT-
pasIpUYEeCcKOil MOJIEKYJIbI OpoMxJoppTOpMeTaHa B IIOCKYIO (OpMy
(3HepreTUyecKy OYeHb HEBLITOAHYI0). Takyio nehopMainio MOKHO OCY-
IIECTBUTH IByMS criocobaMu. Bo-miepBBIX, MOKHO BpalllaTh TUIOCKOCTh
CICF otHocurenbHo miockoctu HCBr. Ilpu ymeHblieHuu yria o,
KOTOPBII B UCXOAHOM TeTpasape paBeH 90°, no ¢ = 0 mojayyaem mioc-
KOKBaJpaTHbI OGpoMxyiopdTOpMeTaH, KOTOPbI Ha MPUBEICHHON cXe-
Me nokasaH cripaBa. [1pu BpalieHuu B 06paTHyI0 cTopoHy npu ¢ = 180°
nojyyaeM M30MEpPHBIN IUIOCKUI TpurajomeraH. IIpogoikass moBopot
TUIOCKOCTUM B TOM € HarlpaBjieHuu, npu ¢ =270° BHOBb IOJydyaem
TETpasap, HO SHAHTUOMEPHBIN TePBOHAYATHHOMY.

B obnactu 0° < ¢ < 180° cyliecTByeT MHOXECTBO UCKAXKEHHbBIX TET-
pPas’npoB, KOTOPbIM COOTBETCTBYIOT SHAHTMOMEPHbIE WCKAKEHHbIE TET-
pasapsl B obmactu 180° < ¢ < 360°. BHyTpr Kaxkmoro u3 3THX JBYX WH-
TEpBAJIOB U3MEHEHUS @ CTepeoXxuMuyeckas KOH(GUTrypalus TeTpasnapa He
MeHseTcs. MaMeHeHne KOHMWIrypaldu, T.e. TMepexoi JICBOIO 3HAHTHO-
Mepa B TpaBblid, poucxoauT npu ¢ = 0° u ¢ = 180°, rme mosekyna
umeeT GhopMy Apyroit (purypbl — ILIOCKOIO KBajapaTa, a He TeTpasjpa.

0=90°
H F H Cl
¢®— 180° ¢—0°
- —_—
Br Cl Br Br F
i(p—) 270°
HY F
Br Cl
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Bropoii nyTh Iepexoma XMpaJbHOIO TeTpasapa B IUIOCKHMII KBa-
paT 3akjoyaeTcsl B U3MEHEHUM BajieHTHbIX yrioB ot 109,5° mo 90°,
Kak IT0Ka3aHO HILKE:

.a

ITpu Takoit nepopmanim oOpasyercsi TpeTUid U30MeEpP TUIOCKOKBaIpaT-
Horo Opomxjop¢TopMeTaHa, U CHOBa CTepeoXMMHUUYecKas KOH(PUry-
panusl coxpaHsieTCs BIUIOTH IO JOCTHXXEHUS TIJIaHApHOM (hOPMHEL.
ITpononxkasi ykazaHHOE IBUXEHUE Jajblie, MPUIEeM K 3HAHTUOMEP-
HOI1 (popMe MCXOTHOTO TeTpaspa.

XupanabHbIll TeTpasap MOXKHO IePEeBECTU B S3HAHTUOMEDP U Oe3 IIpo-
MEXYTOUHOIO axupajibHOrO MHTEepMeauaTa, KakKOBbIM SIBJISUICS ILIOC-
KW KBampaT Ha TMIPUBEACHHBIX BBIIIIE CXeMaxX. DTO MOKHO OCYIIIECTBUTD
CIeayIOIIUM 00pa3oM:

H HY
H><Cl \‘ o Q
F
&

Cl
Br_j Br )

Br F
¥ Ql
'H H
/ C1\7<
E— E—
F B
oo '

3mech Bce GuTYpHl XHUpanbHBL. ClemoBaTeIbHO, TTPOXOXICHHUE dYepe3
axXMpajbHBII MHTEpPMEIUaT — He 00s3aTeIbHOe YCIOBHE W3MEHEHUS
CTepEeOXMHMYECKON KOH(MUTYpalin. YCIoBUEM M3MEHEHUST KOHMUTY-
paluy SIBJISIETCS TOJBKO M3MEHEHWE MOJIEKY/ISIPHON TOMOJIOrMYECKOR
(GOopMBI.

XoTg 3HaHTHOMepHU3alnsd GpoMxiiopdTopMeTaHa Ha MPAaKTUKEe He
MPOUCXOMUT, TaK KaK yKaszaHHbIE BbIlIe aedopMalii TPeOYIOT SHep-
MW aKTUBAaIlMK OOJbINEi, YeM SHEpPIusl pa3pbiBa CBSI3cii B MOJIEKY-
Jie, TIpOBEICHHBIN TEOPETUIYECKUI aHAJIN3 JOKAa3bIBAeT, YTO KOH(pU-
Typaumsl XapaKTepu3yeT CBOMCTBA IIEJIOM COBOKYITHOCTM KOH(OpMa-
LM W OocTaeTcs HeM3MEHHOU MpU KOH(MOPMAIIMOHHBIX Mepexomax 10
TeX TOp, MOKa He MEHSIETCS MOJIEKYJISIpHas TOToJIorMYecKasi hopma.
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I'paHuYHBIE COCTOSIHUS MEXKAy ABYMSI CTEPECOXMMMYECKMMU KOH(DU-
TypalusIMU MOTYT OBITh XMPaJIbHBIMUA W axXUpaJTbHBIMM, HO 00sI3a-
TEJIbHO JAPYroii TOMOJOTUYECKOi (OpMBI.

8.3.1. ABCOJIIOTHAS 1 OTHOCUTE/IbHAS KOHOUT'YPAIINU

TeTpasmpuuecKyo MOAENb CTPOCHUs] OPTaHWYECKUX COSTMHEHUN
npennoxuan Bant-T'odpd u Jle benb B 1874 r. OHU npULLUIM K BBIBO-
Iy, 4TO €CJI IBe MOJICKYJIbI SBJISIIOTCS CTEPeOM30MepaMu, TO UX MOXK-
HO OIHMCaTh 3epKATBbHBIMU (POPMYJIaMU, W €CJTM OIWH M30Mep Bpallia-
€T TUTOCKOCTb TIOJIIpU3Alliy BJIEBO, TO BTOPOI JIOJDKEH BpalllaTh BIIPABO.
ITo 3HaKky BpallleHUSI MOXHO OIPEACITUTh OMHOCUMENbHYI0 KOH(PUTY-
paumio crepeouzoMepoB. OMHAKO MeXIy abcoaromuol KOHMUTYpalu-
eif, T.e. ICTUHHBIM PACTIOJIOXKEHUEM TPYIMIT BOKPYT TAHHOTO XWPallb-
HOTO 1LIEHTpa, U 3HAKOM BpAllEHUSI MPSIMOTO COOTBETCTBUS HeT. Omn-
peneauTh abCOMIOTHYIO KOH(PUTYPALIMIO XUMUUECKUMH METOIAMU, €CITU
He M3BECTHa abCOJIOTHAss KOH(UTYpalMsl XOTs Obl OXHOTO XHMpPallb-
HOro peareHTa (a Tak W OBLJIO BHayaje), HEBO3MOXHO. CIieKTpasb-
HbIE METOIBI MOTYT JaTh MH(POPMAIINIO TOJTHKO 00 OTHOCUTEIHLHON KOH-
(urypanuu. B Hacrosiee BpeMsl CyllIeCTBYIOT JMIIb ABa METOIa He3a-
BHCHUMOTO OTIpeleIeHs] aOCOMIOTHON KOH(MDUTYpALIMU: TeOPETUIECKUI
pacyeT U MccleqoBaHUe aHOMaJIbHON AUMPAKIIMKM PEHTIEHOBCKUX JIy-
Yyell Ha sapax TSKeJbIX 3JeMEHTOB.

Ho B xoHue XIX — Hauvame XX B. 9TUX METOHIOB HE CyIIECTBOBA-
JIO, ¥ TIOATOMY XMMUKHU TIPUAYMAIM CIeayIoIunil Beixod. Peivim mpo-
CTO B34Th B KadyeCTBE CTaHIApPTa KaKOe-HUOYIbh OTHO COCOIWHEHUE W
MPOU3BOJILHO MPUIKCATh €EMY OJHY U3 BO3MOXKHBIX aOCOTIOTHBIX KOH-
(purypauuii. Beroop nan Ha MIMUEPUHOBBIM aabAeTul MO TOW MpUYU-
HE, YTO OH CTPYKTYpHO CBSI3aH C caxapaMmu, KOTOpbleé B TO BpeMs
nzydan Omuiab Ouiep. (+)-M3omepy Obuta TpumnucaHa abCOIIOTHAS
koHpurypauusi XXIII, u oH 6bu1 0603HaueH OykBoit D (dextrogyrus —
MpaBoOBpalllalolnii), a cCOOTBeTCTBYIOIIUI (—)-u3omep XXIV — Oyk-
Boit L (laevogyrus — neBOBpalllatoOlINii).

CHO CHO
HOCH-z’H OH HO H‘CHQOH
(XXIII) (XXIV)
D-rvuepruHOBBIN alTbIET U L-TnviepuHOBBIN ajlbJIerul
+al —[a]
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Kak Toipko ObL1 BbIOpaH CTaHAAPT, CTAJI0O BO3MOXKHBIM COOTHOCHUTH C
HMM KOH(UTYpalMIo APYTMX coemmHeHuil. Harmpumep, mpu oKuciaeHUn
¢ nomoupio HgO (+)-rmuueprHOBBIA albaerua AaeT (—)-TJIULepUHO-
BYIO KHUCJIOTy. JlaHHas peaklMs He 3aTparuBaeT acMMMETPUUYECKMIt
aToM, TO3TOMY OYEHb Majo BEPOSTHO, YTOOBI €ro KOH(PUTYpALUs U3-
MEHUJIach, M, CJIEI0BATEIbHO, (—)-TIMLEPUHOBAS KUCIOTa OTHOCHUT-
cs1 K D-psny:

CHO COOH
HgO
K E—— awy
HOCH3™", HOCH»""
H OH H OH
(+)- D-rnuueprHOBbBIA aJlbAeruil (-)- D-rnuiiepuHOBas KUCIOTA

ITogoGHBIM 00pa3oM MOXKHO NIPOBECTHM OTHECEHUE APYIMX COEIMHE-
HUI K TOH WIM UHOK KOH(MUIypallu TIULEPUHOBOTO ajbAeruaa, uyTo
OBIJIO COeJTaHO JJIsI MHOTUX ThIcsIY coenuHeHuit. K D- unu L-psimy Obuin
OTHECEHBI Jaxe TaKue COCAMHEHMSI, KOTOPble HE MMEIOT acUMMETpU-
YeCKHUX aTOMOB, HANpUMep ajleHbl U AUMEHUIIBIL.

8.3.2. ITIPOEKIINN ®UIIIEPA

M3o06pa3uth Ha Oymare IPOCTPAHCTBEHHYIO (DOPMYJY CIIOKHOTO
OpPraHUYECKOro COeAMHEHUsI J0BOJIbHO TpyAdHo. [loatomy B 1891 .
D.Ouirep MpeUTOKUI TIPEACTABIATh ITPOCTPAHCTBEHHOE CTPOEHUE B
BHJIe TIPOCKIINI, Ha3BaHHBIX €T0 MMEHEM.

st TocTpoeHUsT npoexyuonnsix gopmys Duuiepa TeTpasap MMOBO-
payMBalOT TakK, YTOOBI JABE CBSI3M, JieXKallllie B TOPU3OHTAIBHON TIIOC-
KOCTH, OBUIM HampaBJeHBl K HaOJOJATENIO, a IBe CBS3M, JieXKalllne
B BEPTUKAJBHOM TUIOCKOCTH, — OT Habomaresiss. DTO pacIiooXeHne
MepeHocdaT Ha OyMmary:

CHO

HOH,C OH

(W §
L-rIMuepuHOBBINA abIeTul
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ITockonbky Ha TeTpasAp MOXHO CMOTPETb C Pa3HBIX CTOPOH, OIHA
MOJIe/Ib MOXET JaTh 12 BHellIHe Hermoxoxux ¢opmyn @uinepa. YToObl
MOJYYUTh TNpPaBUIbHBIE PEe3yJbTaThl, HEOOXOAMMO IOMHMTH, UYTO
bopmyabl Puiiiepa SBISIOTCS MPOSKIIMSIMU Ha TUIOCKOCTb, M UX HYX-
HO paccMaTpuBaTh MHave, YeM IMPOCTPAHCTBeHHbIe Mojaenau. [ToaTtomy
BBOIUTCS psif orpaHndeHuii. ®opmyiy Hellb3s1 BHIBOIUTH U3 TUIOCKOC-
TU YepTexa W Hesb3sl moBopauuBaTh Ha 90°, xorss moBopor Ha 180°
JOITYCTUM:

CHO

OH
HOCH2+OH = HO~\~CH20H % OHC H

CHO CH,OH

MoxxHO npu (UKCUPOBAHHOM ITOJIOKCHUU OIHOM TPYIMIIbI OCTaJbHBIE
TPU BpallaTh IO YaCOBOM CTPEJIKE WM MPOTUB YaCOBOM CTPEIKU. DTO
PaBHO3HAYHO BPAILEHUIO G-CBSI3U B IPOCTPAHCTBEHHBIX MOMIECISIX:

CHO CHO CHO CHO
HOCH24’—OH = OH*)—H = H+CH20H = H+CH20H
H CH,OH OH OH

OnHako B3aMMHasl IepecTaHOBKa JIFOOBIX ABYX TPYMIT B IMPOEKIIASIX
Duirepa MPUBOIUT K MpPEBpallcHUIO SHAHTUOMEPA B €ro 3epKajibHOE
OTOOpaKeHue.

CHO CHO CHO CHO
HO+H H4’~OH HO+CH20H HOCH2+H
CH,OH CH,OH H OH
N J
Y
L-Tmiie puHOBBIIN D-TLiepyHOBBII aTbIeTH
ATBIETUL

IMpoexnuu @uirepa Heab3sT MPUMEHSATh K MOJEKYJIaM, XUpalb-
HOCTh KOTOPBIX CBsI3aHa HE C XMPAJIBbHBIM LIEHTPOM, a C IPYTUMU 3JIe-
MeHTaMU (OChIO, TJIOCKOCTHIO). B Takmx ciaydasix HeoOXOOUMBI Tpex-
MepHBIe M300paxkeHWs.

8.3.3. CUCTEMA KAHA-MHIOJIbJA—-IIPEJIOTA

Cucrema CDmHepa B CBOC BpEMs IMO3BOJIMJIA CO30aThb JIOTUYHYIO 1
HCITPOTUBOPCUYNBYIO CTCPCOXMMUNYCCKYIO CUCTEMATUKY 0OJIBLLIOTO YKCIIa
NPUPOOHBIX COEAMHEHUMN, BEAYIIUX CBOE MPOUCXOXIAEHUE OT aMUHO-
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KUCIOT U caxapoB. OTHocuTebHAsA KOHMUTrypalusi 3JHAaHTUOMEPOB B
9TOM CHUCTEME OIpeaesiaach MyTeM XUMUUYECKOW KOppesLnu, T.e. Ty-
TeM Iepexoja OT JaHHOU MoJieKyJibl K D- win L-IIMuepruHOBOMY ajib-
JIleTuay 4epe3 MocjeloBaTeIbHOCTh XMMMYECKUX peakivii, He 3aTpa-
TrMBaIOLIMX aCUMMETPUUYECKUIA aToM yriepoaa. Bmecre ¢ tem, ecau
MoOJIeKyJ1a, KOH(UTYpaL1io KOTOPOid TpeOdOoBaIOCh YCTAHOBUTD, IO CBO-
el CTPYKType OY€Hb CWJIbHO OTJIMYajach OT IJIMLUEPUHOBOTO aJIbJIeTH-
Jla, CKOppEIMpOBaTh €6 KOH(MUIYypallMio ¢ KOH(Urypaluuei rinuepu-
HOBOT'O aJIbJErUia XMMUYECKMM TyTeM ObLJIO OUYEHb OOPEMEHUTENILHO.
Kpome Toro, otHeceHue koHdurypauuu K D- win L-psny He Bceraa
ObU10 OomHO3Ha4YHO. Hampumep, D-TIMLEepUHOBBIN ajabAerua B MPUH-
1IMIe MOXHO TPEeBPaTUTh B TJIMLEPUHOBYIO KUCJIOTY, 3aTeM JEHCTBU-
€M JMa3zoMeTaHa B METWJIOBbIA A(Up U Jajiee CEIEKTUBHBIM OKHUCJIe-
HYEM MNEepPBUYHOIM CIMPTOBON (DYHKLUMU U 3TepuduUKaLMeil Aua3o3Ta-
HOM B METWIOBOSTUJIOBBIN 3(pUP TUAPOKCUMATIOHOBOM KUCIOTHI (XXV).
Bce oTu peakiimu He 3aTparMBaloOT XUPAJIbHBIN LIEHTP, U TO3TOMY MOX-
HO cKazaTb, 4yTo auacup XXV orHocutcs K D-psay.

CHO o COOH COOCH;

Hg | CH,N, | [O]
H OH —H | OH > H | OH >
CH,OH CH,OH CH,OH
COOCH; COOCH;
CH;CHN,
—>H OH ——H OH
COOH COOGC,H;¢
(XXV)
CH5CHN, COOGC,H;5 (0] COOGC,H; CH,N,
—> H OH —H OH ——
CH,OH COOH
COOC,H;
—>H4’—OH
COOCH; (XXVI)

Eciu xe mepBylo aTepuduKalui0 IIPOBOAUTH OIMAa303TaHOM, a
BTOPYI0 — AMa30MeTaHOM, TO mojyuuTcs auapup XXVI, KoTophblil
0 TOH e IpUYMHE TakKe cieayeTr oTHecTu K D-psamy. Ha camom xe
ngene coeguHeHust XXV u XXVI mpencraBisiioT co00il 9HAHTUOMEPHI,
T.e. OOMH OTHOcUTCA K D-, a apyroil — K L-psamy. Takum ob6pasom,
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OTHECEHME 3aBUCUT OT TOTO, KaKyl M3 CIOXHO3(MUPHBIX TPYITH —
CO,Et uniu CO,Me — npusHaTh «IJIABHOM».

VYkazanHble orpaHuyeHus1 (pUIIEPOBCKOM CUCTEMBI, a TakKxKe TOT
(akt, yto B 1951 1. MOsIBUJICSI PEHTTEHOCTPYKTYPHBI METOM OIpese-
JIEHUSI MCTUHHOTO PACITOJIOKEHUST TPYII BOKPYT XUPAJbHOTO IIEHT-
pa, MpuBeIU K co3gaHuio B 1966 r. HOBOii, 6ojice CTPOroil U HEIpo-
TUBOPEUMUBOI CHCTEMBI OINMMCAHMSI CTEPEOM30MEpPOB, M3BECTHOMN MOM
HazBaHueM R, S-HoMenHkinatypbl Kana—-WMuronwma—IlIpenora (KWIT),
WA 1pasun nocaedo8amenbHo20 cmapuuHcmeda. Dta cucTeMa B HaCTO-
sliee BpeMsl IpakThuecku BbiTecHwiaa D, L-cucremy ®uiepa (rmoc-
JIeHSS, OMHAKO, BCE ellle YIOTPeOssIeTcs IS YIJIEBOAOB U aMUHO-
kucinor). B cucreme KUII Kk 0OBIYHOMY XMMHUYECKOMY Ha3BaHUIO
NpuOaBISIOTCS CHEUMaTIbHbIE NeCKPUNTOPH R wWiu S, CTpOro u of-
HO3HAYHO OIpeaesiiolre adCoMIOTHYI0 KOH(UIypaluio.

Bosbmem coegmnHenue tura Xabced, comepxkaliliee OOMH aCHUMMET-
puyeckuii HeHTp X. YTOOBI yCTaHOBUTH €ro KOH(UIYypaluio, YeThipe
3aMECTUTENIST Yy aToMa X CJeayeT MPOHYMepoBaTh M PacIlOJOXUTh B
psiA B OPSIAKE YMEHbIIEHUST CTapIIMHCTBA (CM. HILKE), T.e. 1 >2>3 >4,
3amMecTuTead paccMaTpUBaIOTCS HaOII0JaTelIeM CO CTOPOHBI, Hambo-
Jiee yJaJeHHOW OT caMoro MJafillero 3aMecTuTensl (0003HAaYeHHOTO
HoMmepoM 4). Ecau mpu 3TOM HallpaBjieHUE YObIBaHMSI CTapILMHCTBA
1 — 2 — 3 coBmagaer ¢ OBMKEHMEM II0 YaCOBOM CTpejKe, TO KOH-
¢urypalumo IaHHOIO aCMMMETPMYECKOro ILIeHTpa O0003HAYaloT CHUM-
BoJiIoM R (OT JatT. rectus — TIpaBblii), a €CJM IIPOTUB YAaCOBOM CTpeJI-
KM — CHUMBOJIOM S (sinister — JI€BBIiA).

(D /@

e e <— HabmoaaTe b °
~N

)
(3) \_/

(R) (S)

HpI/IBGI[eM HCCKOJIbKO ITpaBMWJI ITOCJICA0OBATCJIbHOI0 CTapuimMHCTBA,
JOCTATOYHBIX IJIsI PACCMOTPEHUSA ITOAABJIAIOIICTO OOJIBILIMHCTBA XM-
PAIbHBIX COEAUHEHUM.

1. HpeZ[HO‘{TCHI/IG O CTapIIMHCTBY OTHACTCA aTOMaM C 0osiee BbI-
COKMMHM aTOMHBbBIMHM HOME€paMMH. Ecim HOMEpa OAMHAKOBbI (B cjyyae
I/I3OTOHOB), TO OoJiee CTaplIMMM CHHUTACTCA aTOM C HauOOoJIbLLICH aTOM-
Hoit Maccoii. CaMblii MITQIINN «3aMECTUTENIb> — HEMNoIeJIeHHAsT SJIeKT-
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poHHas mapa. Takum oOpa3oM, CTapIIMHCTBO BO3pacTaeT B psMLY: He-
nogeneHHas mapa < H< D <T<Li<B<C<N<O<F<Si<
<P< S < Cl < Br < 1. Hannpumep:

OH I®
@ C/ ® /

pA NTORINE) <5 @ (B
o )

2. Ecniu ¢ acMMMeTpUYECKUM aTOMOM HEMOCPEICTBEHHO CBSI3aHbI
IBa, TpU WJIM BCE YeThIpe OAMHAKOBBIX aTOMa, MOPSIIOK YCTaHaBIM-
BaeTcs IO aToMaM BTOPOTO Mosica, KOTOPbIE CBSI3aHBI YK€ He C XU-
paJbHBIM LIEHTPOM, a C TeMU aTOMaMM, KOTOpbIe MMEIU OJMHAKO-
Boe crapiuuHcTBo. Hampumep, B mosekyie XXVII mo nepBomy aromy
rpynn CH,OH u (CH;),CH ycTaHOBUTBH CTaplLIMHCTBO HE yaaeTcs,
onHako mpenmnouteHue otnaercs CH,OH, Tak kak aTOMHBII HOMep
Kuciopoaa oonbliie, yeM yriepona. I'pynna CH,OH crapiie, HecMoTpst
Ha TO YTO B HEil ¢ aTOMOM yIJIepo/ia CBSI3aH JIMIIb OAUH aTOM KHUCJIO-
pona, a B rpynne CH(CH;), — nBa atoma yriepona. Eciu u BTOpble
aTOMBI B IPYMIe OAMHAKOBBI, MOPSIOK OIpeaesseTcs Mo aToMaM Tpe-
TbEro rmosica M T.J.:

O,

Br

H@C\ @ (R)
“~CH,0H

® /
(CH3)2CU
(XXVII)

Ecmu m Takast mpolenypa He TpUBesa K ITOCTPOCHUIO OTHO3HAYHOM
Hepapxvu, ee IMPOIO/DKAIOT Ha Bce Oosiee BO3PACTAIOIIMX PACCTOSTHU-
SIX OT IIEHTPaJbHOIO aTOMa, IT0Ka, HAKOHEIl, He BCTPETSITCS pPa3JIiv-
YUsI, U BCE YEThIPE 3aMECTUTEIIS MOJTydaT CBOe CTapIIMHCTBO. [1pr 3TOM
J000e MpearouTeHre, MpruodpeTaeMoe TeM WIM MHBIM 3aMeCTUTEIeM
Ha OIHOW M3 CTaIWii COIIACOBAHMUS CTAapIIMHCTBA, CUYUTAETCS
OKOHYATEeJIbHBIM M Ha MOCICAYIOIINX CTAAMIX IepeolleHKe He MOmie-
xuT. Ecaim B MojieKysie BCTpevaroTcsi TOUYKKM Pa3BETBICHUSI, TIPOLIEAYPY
YCTAHOBJICHUSI CTapIIMHCTBA aTOMOB CJIEIyeT IPOIOJIKATh BIOJb
MOJIEKYJISIPHOI 1IeTTM HAauOOJIBIIETO cTapiiuHeTBa. [Ipr 3TOM I1s1 TOTO
WM WHOTO IIEHTPAJbHOIO aToOMa pelllaiolliee 3HAYCHUE MMEET YUCIIO
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CBSI3aHHBIX ¢ HUM JIPYTMIX aTOMOB BBICIIIETO cTapinvHcTBa. Hampumep,
CCl; > CHCI, > CH,CIL

3. dopMabHO MPUHUMAETCS, YTO BaJIEHTHOCTh BCEX aTOMOB, KPO-
Me Bomopona, paBHa 4. Ecau MCTMHHAS BaJIEHTHOCTh aTOMa MEHbIIE
(HampuMep, y KHUCJIOpoaa, a30Ta, CEpbl), TO CUMTAETCS, YTO y 3TOro
aroMa umeetcsi 4—n (rae n — HacTosllasl BaJIGHTHOCTb) TaK Ha3bl-
BaeMbIX @hanmom-3amecmumeneli, KOTOPbIM TPUITUCHIBAETCS HYJEBOU
MOPSIAKOBBIA HOMEpP M OTBOJAUTCSI MOCJEIHEe MECTO B IepevyHe 3ame-
crutesieil. B COOTBETCTBUM C 3TUM TPYIIbI C IBOMHBIMUA U TPOMHBIMU
CBSI3SIMU TIPEJICTABJISIIOT TaK, KaK €CJlU Obl OHU ObLIM paclleIIeHbI
Ha JIB€ WJIU TPU MOpocCThie CBsA3W. Hampumep, mpu mnpeactaBieHUN
nBoriHOI cBs3u C=C KaXablii aTOM paccMaTpMBAaeTCsl KaK CBSI3aH-
HBII ¢ ABYMS aTOMaMM yTJepona, MpUYeM CUYUTAETCsI, YTO BTOPOIt
M3 9TUX aTOMOB yIjiepoJa MMeeT Tpu (paHTOM-3aMmecTuTessl. B kaue-
CTBe mpuMepa paccMoTpuM npeacraieHus: rpynn —CH=CH,, —-CHO,
—-COOH, -C=CH u —C¢Hs. O1u npencrasieHus BBIJISIIAT CIAELYIO-
LM 0Opa3oMm:

Irpynia npeacraBjacHUC

H H

|

OH O—H

Cooo Cooo
H C
N2
C———C—
7 |
— Gl —N |
Cood C—|C—
H  Cyy
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IlepBble aTOMBI BO BCEX 3TUX TPYMIIaX CBSI3aHBI COOTBETCTBEHHO C
(H,C, C), (H, 0, 0), (0, 0, 0), (C, C, C) u (C, C, C). Droit uH-
¢opmanmu goctarouHo, uroosl rpynmny COOH mocTaBuTh Ha mepBOM
MmecTe (camasi ctapuiasi), rpynny CHO — Ha BTOpoM, a Tpymniy
CH=CH, — nHa mocienHeM (TISITOM) MeCTe, MOCKOJIbKY HAJIWYUE TPEX
onuHakoBbIX aToMOB 0 miau C mpenrnoyTuTebHee HATUUMS IBYX TaKUX
aTOMOB, a HajiMyue XOTs Obl OJHOrO aroMa KHUCJIOpoJa MpeArnoyTH-
TeJbHEee HaJuuusl Aaxe Tpex aToMOB yriepojaa. YToObl cieaTh BbIBO
00 otHOocuTenbHOM cTapuimHeTBe rpynmn C=CH u C¢Hs, HyXXHO noiitn
nanbiie no uenu. I'pynna CqHs umeer nBa aroma yriepona tuna
(C, C, C), cBszannbie ¢ (C, C, H) , a Tpetuii aTOM OTHOCHUTCS K
tuny (0, 0, 0). I'pynma C=CH umeeT TOJbKO OAHY TPYNIUPOBKY
(C, C, H), no aBse rpynnuposku (0, 0, 0). CrnenosarenbHo, C¢Hj;
crapire, yem C=CH, T.e. Mo MopsAAKy CTaplIMHCTBA TSATh YKa3aHHBIX
rpynm 3aiimyT psag COOH > CHO > C¢Hs > C=CH > CH=CH,.
CrapliMHCTBO HauOoJiee 4acTO BCTpEUAlOIIMXCS 3aMeCTUTesIei
MOXHO OIpeAeJuTh Mo Tabj. 8.2, B KOTOPOI YCJIOBHbIM HOMEP O3Ha-
YyaeT CTapLUIMHCTBO.
Tabnuuma 8.2

CrapummncTBo HekoTopsix rpynn no Kany — Uuroanay — Ilpenory

Venos- Veros-
I'pynma HbIi I'pymma HbIi
HOMep HOMep
1 2 3 4
Amnmun, —CH,CH=CH, 10 mpem-bByTokcukapOOHMII, 42
—COOC(CH3)3
Amuno, —NH, 43 Bunun, —CH=CH, 15
Ammonuo, —NHj3" 44 Bopopon, —H 1
Auerni, —COCH; 36  n-Tekcun, —CgH 3 7
Auetunamuao, —NHCOCH; 48  TI'mopokcu, —OH 57
Auetoken, —OCOCHj3 64  I'nukosuaokcu 62
bensun, —CH,CgHs 13 Humerunamuno, —N(CHj3), 51
Bensunoken, —OCH,CgHs 60  2,4-IururpodeHum 34
Benszowmn, —COCgHj 37 3,5-JAuHutpodeHmI 28
benzounamuno, ~NHCOCgHj5 49  Juoatunamuno, —N(C,Hs), 52
Benzounokcu, —OCOCgHj5 65  uzo-byrun, —CH,CH(CH3), 9
BeH3omnokcnkapObOHMIAMUHO, 50  uzo-Ilentwn, —CH,CH,CH(CH3), 8
~NHCOOCH;CéHs wso-Tiporienn, —C(CH3)=CH, 20
bpom, —Br 75  uzo-Tlponun, —CH(CH3), 14
emop-Bytun,—CH(CH3;)CH,CH; 16  Mox, —I 76
H-Bytun, —CH,CH,CH,CHj3 5 Kap6okcun, —COOH 38
mpem-bytun, —C(CHj3)3 19 2,6-Kcunun 31



IIlpomonxenue T7abdbn. 8.2

I [ 2 | 3 4
3,5-Kenmmn, 26 TIpomnaprun, —CH,C=CH 12
Mepkanrto, —SH 69  Cynbho, —SOsH 73
Metun, —CHj 2 m-Tomun 25
Metmnamuuo, —NHCH3 45  o-Tonun 30
Mertuncynbbunuia, —SOCH;3 71  n-Tonun N 23
Meruncynbpununaokcu, —OSOCH 3 66  Tpumernnammonno, —N(CH3); 53
Mertuncynbbonmnn, —SO,CHj 72 Tputun, —C(CgHs)s 32
Meruncynbponunoken, —OSO,CH; 67  ®ennn, —CgHs 22
Metuntno, —SCH3 70  ®denunazo, —N=NC¢Hj; 54
Metokeu, —OCH3 58  ®enunamuHo, —NHCgHj; 47
Metokcukapooums, —COOCH; 39  ®enokcu, —OCg¢Hj; 61
neo-Tlentn, —CH,C(CH3)3 11 ®opmun, —CHO 35
Hurpo, —NO, 56  ®opmminokcu, —OCHO 63
Hwurposzo, —NO 55  ®top, —F 68
m-Hurtpodenun 27 Xinop, —Cl 74
o-Hutpodennn 33 Hwuknorekcun, —CgHy 17
n-Hutpodenun 24 Otun, —CH,—CHj3 3
IMentun, —CsHy 6 Otunamubo, ~NHC,Hj; 46
IMponenun, —CH=CHCHj3 18 Brunmin, —C=CH 21
IMponun, —CH,CH,CHj3; 4 Otokeu, —OC,Hs 59
IMponuuun, —C=CCHj 29  Brokcukapoonun, —COOC,Hs 40

IIpaBuiia nmocienoBaTeJbHOrO CTAPIIMHCTBA ObLUIM CIELMATIbHO 3a-
JlyMaHbl TakK, 4TOObl OKa3aTbCsl B MaKCUMaJbHO OJIM3KOM COOTBET-
CTBUM C paHHel cucremaTtukoin duilepa, TaKk KakK IO CYACTIUBOK
CIYyYailHOCTU 0Ka3ajaoCh, UYTO D-IIIMLIEPUHOBBINA aJbAECTUA UMEET Neii-
CTBUTEJIbHO Ty KOH(UTypaLuio, KOTopasi eMy MpOU3BOJbHO Obla MpU-
nucaHa BHavaje. B pesyabrare 00J1bIIMHCTBO D-1IEHTPOB U, YTO OUEHb
BaXKHO, caM IJIMLEPUHOBBLINA anbaerua umeroT (R)-KoHdurypauuioo, a
L-ctepeonzoMepbl OOBIMHO IIpHHAmIeXaT K (S5)-psmoy:

c CHD COOH (3
OH = H \ H2N+H =H

CH20H CH OH CH,SH

D -pan (R )-psin L-uucreuH
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OaHUM U3 WUCKIIOUYEHMI SIBSieTCS L-1IMCTEWH, KOTOPbIM MpUHAJJIe-
KuT K (R)-psmy, Tak KakK cepa Mo MHpaBwiaM CTaplIMHCTBA IIPEAIio-
ytutenbHee kuciaopona. B cucreme KMII reHeTnyeckoe poacTBO MeEX-
Iy MOJIEKyJlaM{d BO BHMMaHHWE HE MPUHUMAETCS. DTa CUCTeMa MOXET
MPUMEHSTBCS TOJIBKO K COEMHEHUSIM C U3BECTHOI abCOIOTHON KOH-
¢urypanueii. Ecin KoHgurypauusi HeM3BeCcTHa, TO COEAUHEHUE MPH-
XOJUTCS 00513aTeJIbHO XapaKTeprM30BaTh 3HAKOM €ro BpalleHUs.

ITpaBuna mocieaoBaTeIbHOTO CTAPLUIMHCTBA NMPUMEHUMBbI TaKXKe
U K ONKCAHUIO TEOMETPUUYECKUX U30MEPOB HEIpeae/bHbIX COeAUHE-
HUM. 3aMecTUTENM y KaXI0ro KOHIA KpaTHOM CBSI3U MpPU YCTAHOB-
JIEHUU CTapLIMHCTBA IOJIKHBI paccMaTpuBaTbhes OTAeabHO. Eciu 3a-
MECTUTENN, UMelollue 00jee BbICOKOE CTapLIMHCTBO, pacnojioxe-
Hbl C OJHOM M TOH XK€ CTOPOHBI JBOWMHOW CBSI3U, COCIMHEHUIO
npucBauBaioT npepuxkc Z (0T HEMELKOro Zusammen — BMECTe), a
€CJIM IO pa3Hble CTOPOHbI, TO npedukc E (enfgegen — HANpPOTUB).
(Z, E)-HomMmeHknaTypa ajJKeHOB paccMaTpuBaach B IJ1. 5 (4. 1). Huxe
MPUBEAEHBbl MPUMEPHI OTHECEHUS CTPYKTYP C MCHOJIb30BAHUEM
(Z, E)-o0o3HaueHMii.

®\X PO, O O

=Y X=Y
e ™~ e ™~
@ @ @ ®
2 (E)
@ O
H H @ H\ CH3
\C:C CH3\ /C—C\
chy” CH =[O Ju
’ : 016 Ha @
(Z)-0yTteH-2 2,(3F).,4,5(F)-2-xnoprekcanueH-2,4
H
CHy_ OH Z) \3 CHZOH
/CZN@
H
C655 ©, N /
Cl/ (E) \H
(E)-okcuM aineropeHoHa 5-x70p-3 [2(E)-XI0pBUHU|

neHranueH-2(2)-4(Z)-on-1
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IMocneqnmii mpuMep TOKAa3bIBAaeT, UTO IPEUMYIIECTBEHHOE IIPaBO
BKJIIOUEHMSI B IJIABHYIO LIellb MMEET 3BeHO ¢ Z-KoHdurypauueii. O0o-
3HayeHus1 R, S MOryT ObITb MPUMEHEHBI W IJISI COCAUHEHUI C aKCU-
aJIbHOI XUpaJIbHOCThIO. J11 OoTHeceHus] KOHMUTrypaluu M300paxaroT
npoexkunio HeloMeHa Ha TIJIOCKOCTh, MEPHEHANKYJISIPHYIO XUPaIbHOMN
OCH, U Jajiee TMPUMEHSIOT TOIMOJHUTENIBHOE TPaBUJIO, COMJIACHO KO-
TOpPOMY 3aMECTUTE/IM Ha KOHIIE OCH, OjrKaiilieil K HaOaomaTelo,
paccMaTpuBalOTCSI KaK MMeoIlre 0ojee BBICOKOE CTapIIMHCTBO, YeM
3aMECTUTENI Ha JajJbHeM KOHIe ocu. Torma KOH(pUTypaluio MOJEKY-
JIBI OMpEAeIITIOT HaIlpaBJIeHUEM 00Xola 3aMeCTUTENIeH 10 WJIM MPOTUB
YacOBOM CTpPEJKNW B OOBIYHOM MOPSIAKE YOBIBAHWSI CTapIIMHCTBA OT
TepBOro KO BTOPOMY M 3aTeM TpeTbeMy JMraHay. Hike 310 mponsuto-
cTpupoBaHo mias 1,3-amrenaukap6oHoBoit u 2,2-mogandeHun-6,6-
JIUKApOOHOBOI KHCJIOT:

H
N
HOOC 1 @ 5
=— HOOC
| COOH
4
H
(R)-pan (S5)-psin

IIpaBuia mociaenoBaTeIbHOIO CTApPIIMHCTBA pa3pabOTaHbl TaKxkKe
JUTSL TUTAaHApPHO- M CIIMPAJIbHO- XHUPaIbHBIX MOJIEKYII.

I1pu n300pakeHUn COeNMHEHUN C IMTOMOILbIO (QUILIEPOBCKUX IPO-
KLU MOXHO JIETKO OIpPeAeJUTh KOH(MUTYypalnuio 0e3 MOCTPOeHUS
MPOCTPAHCTBEHHBIX Mopaeneil. PopMmyay Hamo 3amucarb TakK, YTOOBI
MJIQAIINI 3aMECTUTENIh HAXOAWJICS BHU3Y; €CIU MPU 3TOM OCTaJIbHbIE
3aMECTUTEIM B TIOPSAAKE YMEHBIIEHMSI CTapIIMHCTBA PaCIiojiaraloTcs
10 YacOBO#l CTpejiKe, coeAMHeHUe OTHOCAT K (R)-psimy, a eciu IIpo-
TMB 4acCOBOM CTpeiku, To K (.5)-psimy, Hampumep:

OH OH
HOCH, CHO HOC CH,OH
H H
(R) - NIMLIEPUHOBBIN aTbIeTH], (S) - ML PUHOBBIN aIbIETU]

Ecnu mumamiiast rpyrma He HaXOAMTCS BHM3Y, TO CIIEAYeT ITOMEHSTh ee
MeCTaMHU C HIDKHEH TPYIIoi, HO CIeAyeT IMOMHUTH, YTO IPH ITOM
MPOUCXOAUT obpalleHue KoHpurypauuu (cMm. 8.3.2).
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8.3.4. COEJMHEHUSA C HECKOJBKUMMU XUPAJIBHBIMU HEHTPAMU

Ecau B Mosiekysie MMEIOTCSI 1Ba XUPATbHbIX LIEHTPA, TO, MOCKOJIbKY
KaxAbli LIEeHTp MoxeT UMeTh (R)- uin (S)-KoH(urypauuio, BO3MOXHO
CyLIeCTBOBaHME 4YeThIpeX M3oMepoB — RR, SS, RS u SR:

U U U U
RT——V () V——T (R T——V (S)V——T1
RX——2z2  ()z——X (S)Z——X (R)X——7Z
Y Y Y Y
(RR)- (S55)- (RS)- (SR)-

ITockonbKy MoJieKyna MMeeT TOJIbKO OJHO 3epKaJbHOE OTOOpakeHHe,
SHAHTHUOMEPOM coenuHeHUs: (RR) MOXeT ObITh TOJNBKO uzomep (SS).
AHAJIOTUYHO APYTYIO Mapy 3HAHTMOMEPOB 00pa3yloT u3oMephl (RS) u
(SR). Ecnu MeHsieTcst KOHGUTypalys JUIb OMHOTO aCUMMETPUYECKO-
ro LIEHTpa, TO TaKue M30Mepbl Ha3bIBAIOTCSI duacmepeomepamu. Hua-
CTepeoMepbl — BTO CTEPEOM30MEphl, HE SIBJSIOIIMECS] dHAHTHUOMEpa-
mu. Tak, nuacrepeomepnsl mapsl (RR)/(RS), (RR)/(SR), (SS)/(RS) n
(S55)/(SR). Nzomephl (RR) un (SS), a takxke (RS) u (SR), Oyayuu sHaH-
THOMEpaMu, IOJDKHBI MMETh OAMHAKOBBIE CBOMCTBA (32 MCKIIIOYEHM-
€M 3Haka BpalleHMs1). OgHaKo CBOMCTBA AMACTEPEOMEPOB HEe MACHTUY-
Hbl: OHM UMEIOT pa3Hble TeMIIepaTyphbl TUTABJICHUS U KUIIEHUsS, pacTBO-
PUMOCTb, PEaKIMOHHYIO CIOCOOHOCTb M CIIEKTpasibHble CBOICTBa. B
YaCTHOCTH, JUAcTepeoMepbl UMEIOT pasiMyHOe yAeJbHOe BpallleHUe.
OnuH auactepeoMep MOXET ObITb XMpaJeH M BpallaTh TUIOCKOCTh IMO-
JSIpU3alMU CBETa, a IPYroii MOXET OBbIThb aXWMpajeH M HE BPALLATh.

XoTg B 00llleM ciyyae MpU COYETaHMU NBYX XUPAJIbHBIX LIEHTPOB
00pa3yloTcsl YeThipe M30Mepa, COYeTaHHWEe LIEHTPOB OJAMHAKOBOIO XM-
MUWYECKOro CTpoeHust maet auiub Tpu nzomepa: (RR) u (SS), sBisio-
muecs sHaHTUoMepaMu, U (RS), HaXomSILIMICA B IUACTEPEOMEPHOM
OTHOLLIEHUU K 00ouM sHaHTHoMepaM (RR) u (SS). TunuyHelM mpu-
MEpOM SIBJISIETCSI BUHHAs KMCJIOTa, KOTOpasi MMeeT TOJbKO TPU HM30-
Mepa: mapy dHaHTHOMEPOB U Me30-(hopMy.

Hooc_ H H, COOH HooCc_ OH
\ L, N / \ 7
C—=0H HO=—C C—=H
e - 7
@ | © 17
H” /C NcooH  Hooc F\H H” /C cooH
HO OH HO
(S, S)-BuHHas (R, R)-BuHHasK (R, S)-BuHHag KuCIO0TA
KHCJI0Ta KMCJI0Ta (mMe30-BMHHAS KUCIOTA)
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me30-BuHHasg kucnora siBasietcs (R, S)-u3oMepoM, KOTOPBIN axupa-
JIEH, TTOCKOJIBKY OOBbEAMHEHUE ABYX 3€PKAJIbHO-CUMMETPUYHBIX (hpar-
MEHTOB IIPUBOIMUT K MOSIBJICHUIO IUIOCKOCTH CHUMMETpUM (G). Me30-
BunHast kucnora mpencTaBiisieT COOOM IpUMeEp axMpajbHOIO COCIM-
HEHUS Me30-KOH(MUTYpalu, KOTOpoe ITOCTPOSHO M3 PaBHOIO 4Yucia
OIIMHAKOBBIX MO CTPYKType, HO Pa3HBIX MO aOCOJIOTHON KOH(UTIypa-
LIMY XUPAJIbHBIX 3JIEMEHTOB. Bce alMkinueckue me3o-CTpyKTyphl UMe-
10T cummerpuio C, T.€. axupajibHBbl.

Ecim B MoJieKyne MMeeTcs n XUPaJIbHBIX LIEHTPOB, MaKCUMAaJlb-
HO€ YHUCJIO CTePEOM30MEPOB MOXKHO paccuuTarh 1no ¢Gopmylie 2";
npaBga, MHOIIA YMCJIO M30MEpPOB OydeT MeHble Oyaromaps Halv-
yuio me30-hopM. YUucao XupanabHbIX LEHTPOB MOXET ObITh OYeHb Be-
JIMKO, HaIlpUMep, B MOJIEKYJaxX PeryJspHBIX MoauMepoB. OcoOblil
UHTEpeC MPeACTaBISIOT MOJIEKYJIbI, B KOTOPBIX OJMHAKOBBIE IO CTPO-
€HUIO KOHIIEBbIE I'PYIIIUPOBKU CBSI3aHBI MEXIY COOOM LIeTbl0, CO-
CTOsIIIE M3 OJMHAKOBBIX (parMeHTOB. [IpocTediimM mpuMepoM
SABISTIOTCS 2,3,4-TIGHTAHTPUOJI U CXOJIHBIE MOJIEKYIbl. Eciim aTombl yr-
Jiepoaa B mnojioxeHusix 2 u 4 oba (R) wiu oba (5), To cpenHuit aToM
yrjiepoja HeacCMMMETPUYEH:

CH, CH, CH,4 CH,4
(S) HH+OH (S) HH—OH (S) H-—OH (R HO—H
H—+OH HO—H HO——H H——OH
(R HH—OH (R H—H—OH (S) HO——H (R) HH—OH
CH, CH, CH,4 CH,
JABC axXypaJIbHbIC TMAaCTCPCOMCPHBLIC Imapa 9HaHTUOMEPOB

(3nuMepHbIe) Me30-(POopMbI

[Ba nuactepeoMepa, UMEIOLIME Pa3TUYHYIO KOH(MUIYpALUUIO TOJbKO
MpU OJTHOM XHUPAJbHOM LIEHTpPEe, Ha3bIBAIOTCS dnumepamu. DIIMEPHbIE
Me30-(popMbl B 1I€JIOM axupajibHbl, TaK KakK MMEIT IMJIO0CKOCTb
CUMMETPUU, HO (hOPMAJIbHO LIEHTPAJIbHBI aTOM BCE XK€ aCUMMETpU-
YECKHUi, MOCKOJbKY OH CBSI3aH C YEThIPbMSI PA3HbIMU TpyMIlamMu, U
MepecTaHOBKa JIIOOBIX IBYX M3 HUX IOJDKHA MPUBECTH K 00Opa30BaHUIO
JIpyroro crepeousomepa. jisi TOro 4ytoObl BBIACIUTbL aCUMMETpUYEC-
KUE LICHTPbl TAKOTO TUIIA, UX HA3bIBAIOT UEHMpPAMU NCceeioacumMmen-
puu. VI3BECTHBI TaKKe COCOUHEHUSI C HCeBAOXUPAAbHOU OCbI0 U NCcesio-
XUPAABLHOU NAOCKOCHIBIO.

[ HaMEHOBaHUI CTePEeOU30MEPOB MOJIEKYJI, COIepXKalluX JBa
aCUMMETPMUYECKUX aToMa yIJiepolia, [Ba 3aMECTUTEJIsSI TIPU KaXKIoM U3
KOTOPBIX OJMHAKOBBI, @ TPETbM OTJIMYAIOTCS, YaCTO MCITOJNB3YIOT Ipe-
(buKcH spumpo- M mpeo-TpON3BOIHBIE OT HAa3BaHUII caxapoB DPUT-
pO3bl U TPeo3bl. DTU TpeUKChl XapaKTepU3yrT CUCTEMY B LIEJIOM, a
He KaXIbIii XUpaJIbHbIN LEeHTP B oTaeabHOCTU. [Tpu nzobpakeHun Ta-
KUX COGOWMHEHMWI ¢ ToMmolnblo mpoekumii duitepa B mape spumpo-
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M30MEpPOB OIMHAKOBBIC TPYIIILI PACIIOaraloTcs ¢ OTHOM CTOPOHHI,
u ecnu Obl pasHbie rpynmbl (Cl u Br B npuBeneHHOM HIKE MpUMeE-
pe) ObLIM OAMHAKOBHBI, IIOJlyumjach Obl Mmeso-popma. B mape mpeo-
M30MEPOB OJMHAKOBBIC TPYIIIBLI PACIIONaraloTcs ¢ pa3HBIX CTOPOH, U
ecay Obl pa3Hble TPYMIBl OBLIM OAWHAKOBBI, HOBAsl Tapa OcCTajllach
Obl PHAHTUOMEPHOI MapOI.

CH, | CH, CH, | CH,
C—+H | H-C CQ-H | H-C
Br——H : H—Br H—Br [ Br——H
|
CH, | CH, CH, | CH,
ospumpo- | spumpo- mpeo- | mpeo-
CH,4 CH, CH,
Cl—|—H Cl——H H—Cl
Cl—|—H H—Cl Cl—|—H
CH, CH, CH,
Mme30- DL-napa

8.3.5. DHAHTUOMEPHBIE KOH®OPMALIUN

IIpu BpalieHNM BOKPYT MPOCTBIX CBSI3€M B alMKJIMYECKUX MOJIE-
KyJIax MOTYT BO3HMKHYTb KOH(OpMAllMU, HaXOIsIIecs B SHAHTUO-
MEPHBIX OTHOLIEHUSAX APYr K Apyry. Hampumep, st MoyieKyJibl OyTa-
Ha MUHMMYMaM M MakKCUMyMaM Ha KPMBOI 3aBUCUMOCTH CBOOOIHOI
SHEPIUU OT BEJIWUYMHBI IBYTPAHHOTO YIJIa MEXIY IUIOCKOCTSIMM, B KO-
TOPBIX JIEKaT aTOMBI YIJIepoaa, COOTBETCTBYIOT CIICAYIOIINE 1IECTh KOH-
opmaumii (ri1. 4):

CHy; ™\ CH, CH,
H CH, H H CH; H
(b) () (E)
H H H H H H
H 4 CH, ap H —sc
CH,4 CHj; CH,
CH,4 H H
(4) (B) e o)
H
H H
H i H CH, H
sp +ac —ac
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CornacHo npaBuiiam IUPAC, xoHdopmauuu ciaeayeT Ha3blBaTb TakK:
A— cunnepuruiaHapHas (sp); b u EF — cuHKIMHaNbHBIE (sc); Bu ] —
aHTUKJIMHAJIbHBIE (ac); I’ — aHTUIlepMIIaHapHas (IepuIUIlaHapHas —
Jlexaliasi B OIHOM IUIOCKOCTU; KJIIMHAJbHBINA OT Iped. clino — THY).
HbiomenoBckue ¢opmyiabl b, I' 1 E COOTBETCTBYIOT OTHOCUTEJILHO
YCTOMYMBLIM KOH(OpMaLUsM, T.e. KoHpopmepaM. MoXHO BUIETh, YTO
CUHKJIMHaJAbHbIe KOoHMOopMepnl (H) u (F) sHaHTHUOMEpPHBI. YTOOBI
pasnuuath UX, KoHgopMepy (bH) mpucBaMBalOT 3HAK <«IUIIOC» (+sc), a
koH(popMmepy (F) — 3HaK (—). AHAJIOTMYHO AHTUKJIMHAJIBHBIE 3aCJIO-
HeHHble koHbopMauu (B) u (J) (comepkaHue KOTOPBHIX B obOpaslie
OyTaHa TMpaKTUYECKU PABHO HYJIO, TaK KaK OHM COOTBETCTBYIOT MaK-
CUMyMaM CBOOOIHOI 3HEprun) 0003HAYAIOT KakK +ac U —ac. BeiOop 3HaKa
CB43aH ¢ TeM, 4YTo cKoweHHbIH ¢parMmeHT CH;—C-C-CH; MoOXHO
paccMmaTpuBaTth Kak yacTh criupayiv. CorjaacHO nmpaBuiaM, MpaBo3aKkpy-
YyeHHbIe (IOJIOXKMTEJIbHBIC) CIUpalu yXONSIT OT HabjromaTeis II0
yacoBoil cTpenke (cM. KoHpopmauuu b U B), Torma Kak JeBO3aKpy-
YeHHble (OTpULIATEbHbBIE) CIMpPAIU YIAISIOTCS B HAmpaBJIeHUU MPO-
TUB YaCOBOI CTPEJIKU.

B ciayyae OyraHa He BO3HMKAaeT COMHEHUI, HA B3aMHOM pPacIio-
JIOXKEHUM KaKMX 3aMeCTUTeIeli OCHOBAaHO 00O3HaueHHe KOoHopma-
umit: ato CH;3-rpynmnel. B Gosiee CIOXHBIX CIydasx pyKOBOACTBYIOTCS
CIeOyIOIIMMU MpaBujaaMu: 1) ecim Bce 3aMeCTUTEIM pa3Hble, BHIOM-
paloT ABa M3 HUX (IO OJNHOMY Yy KaXJIOro M3 LIEHTPAJbHBIX aTOMOB
HBIOMEHOBCKOI MPOEKLMK), CTApLIMX IO MpPaBUly MOCIEA0BATEIbHO-
CTU; 2) ecly OOUH WM 00a LIEHTPaJIbHBIX aTOMa OTHOCSTCS K TUILY
A,BC, TO B KauecTBe OMOPHOIO BBIOMPAIOT «yHUKAIbHBIN» 3aMECTU-
TeJb, B JJaHHOM cilydyae B, KOTOpbIii MMeeTcsi B €IMHCTBEHHOM 4YuC-
Jie. B COOTBETCTBUM C ATUMU TMpaBUIaMU MPUBEAEHHYIO HUXE KOH(PU-
rypauupo 2,2,3-tpuxjopOyTaHa clieayeT 0003HauuTh Kak + sc. OTme-
TUM, YTO 3TO O0O3HAYEHUE HE 3aBUCUT OT TOTO, KakK MPOEeLUpPOBaThb
STAHOBbI (DparMeHT Ha IUJIOCKOCTh: cO CTOpOHbI rpymnnbel CCl, win
co cropoHnl rpymnsl CHCI:

CH3 \ CH3
H c al al
a a o H cl
CH, CH; </
+sc +sc

BepHemcst BHOBb K pacCMOTPEHUIO BMHHBIX KUCJIOT. B pactBope
MOJIEKYJIbl ONTUYECKN AKTUBHBIX (+)- U (—)-BUHHBIX KUCJIOT MOTYT Ha-
XOIMUTbCS B pas3HbIX KOH(opMaLMsIx, MpUYeM Bce 3TU KOH(opMaluu
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xupajbHbl. CoaepxkaHue J1000ro u3 KoHGOpMEpoB B 0Opasyrolleiics
PaBHOBECHOII CMeCH OmpeaesieTcsl CBOOOIHOM 3HEPIueil 3TOro KOH-
(opmepa, KoTopasi 3aBUCUT OT FEOMETPUUECKUX MapaMeTPOB JAHHOTO
KoH(popMepa, HO HE 3aBUCUT OT ero xupajabHocTh. CiemnoBaTebHO, JII0-
OoMy 13 KOH(GOPMEPOB, CYLIECTBYIOIIMX B pacTBope (R, R)-BUHHON KuC-
JIOTbI, 00s13aTeJIbHO JIOJDKEH COOTBETCTBOBATh aHAJOTMUYHbBIM KOHGOP-
Mep IPOTUBOIIOIOXKHOM KOH(PUrypauuu B pactBope (.5,S)-BUHHOI Kuc-
notel. CoorBercTBywolInii (.S,S)-kKoHpopMmep mnpeacTapiasgeTr coboit
3epkajibHoe oTtoOpaxeHune (R,R)-kKoHdopMepa U MUMEET TOYHO TaKylo
Ke BeJIMYMHY cBoOOomHOI sHepruu, Kak (R,R)-koHdopmep. Takum
00pa3oM, KOH(pOPMALIMOHHbBIA COCTaB YHAHTUOMEPHBIX COEAMHEHUM
JIOJKEH ObITh OAMHAKOBBIM:

C02H I COZH I CO,H
CO2H HO,C H
I
H | H | H OH
C02H COZH i OH
(S,95); +sc (R,R); — (S,S), —sc (R,R); +sc
CO,H | CO,H
HO,C OH HO CO,H
I
HO H 1 H OH
H : H
(S.9); ap (R,R); ap

Mme30-BUHHas Kuciiota CylIeCTBYET B pacTBOpE B BMJE CMECHU axXu-
palibHbIX KOH(MOPMaLIUii CUMMETPUU S, (= i) U ABYX XMPATbHBIX aCUM-
MeTpuUYecKux KoHdopmaluii, 00jaaarolux COOTBETCTBEHHO (+)- U
(-)-crnupaibHOCTbIO 3TaHOBOro (hparmeHTa. ITOCKOJBbKY XUpasibHbIE
KOH(OpMEpPbl PHAHTMOMEPHLI, OHM 00JIafal0oT OJMHAKOBOII CBOOOI-
HOU 3Hepruell M IMo3TOMY IMPUCYTCTBYIOT B PaBHBIX COOTHOILIEHMUSIX,
T.e. XUpaJibHble KOH(pOpPMAIIMU COCTaBJISIOT PalleMUYECKYI0 CMECh.
CrnenoBareTbHO, 00pa3ell, COAepXKaIlMii MHOTO MOJEKYN Me30-BUH-
HOM KUCIJIOTHI, B JIOOOK MOMEHT BpeMEHM OyAeT axupasieH:

COOH COOH | COOH
H OH HOOC H : H COOH
|
HO H HO H | H OH
|
COOH \& OH | OH /
(R,S); ap; (S=1) +sc —sc

(R,S); C
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ITonoOHBIE paccyXaeHUsT TTIPUMEHUMBI K JIFDOOW KOHMOpPMaLMOH-
HO-TOJABUXHOM cucteMe. YToObI yCTaHOBUTH, OyAeT JIM Takasli CUCTe-
Ma XUPaJIbHOW WJIM axupalbHOM, HEOOXOAUMO BBISIBUTh JJIsI JTaHHOM
MOJIEKYJIbl TaK Ha3bIBAEMYIO CTAaTUCTUUYECKYIO CUMMETPHUIO, T.e. Hali-
T KOH(pOpMaLIMIO, KOTOpasi He3aBUCUMO OT €€ OTHOCUTEJIbHOI YcC-
TOMUYMBOCTYA MMEET HAMBBICIIYIO CUMMETpUIO. 7151 Me30-BUHHOM KuC-
JIOTHI €10 OyaeT sp-KoHdopmauus, Ijs1 LHUKJIOreKcaHa — TOJHOCThIO
3acJIOHEHHad IJIocKasl rekcaroHaibHas KoHpopmauus Cg, M T.I.:

COOH COOH
COOH
COOH
sp l
19
C, (S, =0) oh

KongopMaiuy BeICIIE CUMMETPUU B 3TUX CIIydasx aXUpaJibHBI, Clie-
JIOBaTeJIbHO, 00Opa3llbl Me30-BUHHOM KMCJIOTHI M IIMKJIOTEKCaHa OymyT
axupaiabHbIMU. g D- mau L-BUHHBIX KUCJIOT axvpajabHBIX KOHQOP-
MalMii BOOOIE HET, T.. U OTAEJIbHbIE MOJIEKYJIbI, 1 00pa3lbl, COAEP-
JKalgye MHOTO MOJIEKYJs, OyayT oOJiajaTh XMpaJbHBIMU CBOMCTBAMM B
JII000I MOMEHT BpPEMEHM.

8.4. METOAbI OIIPEAEIIEHUSA KOH®UT'YPALIUU

8.4.1. OIPEJIEJEHUE ABCOJIOTHON KOH®UTYPAIIUN

st onipeaeneHus: abCOMOTHON KOH(pUTYypallMy MPUMEHSIIOTCS Ba
MeTOoJIa: SKCIIepUMEeHTAIbHOE NCCIIeA0OBAaHNEe aHOMAIBHON MTU(paKIIun
PEHTTeHOBCKUX JIyYell Ha simpaxX TSOKEJbIX aTOMOB U TEOPETUIECKUI
pacyeT BETMYMHBI ONTUYECKOTO BPAIIECHMUSI.

8.4.1.a. IMOPAKIINA PEHTTEHOBCKUX JIVUYEU

bnarogapsi TOMy 4TO PEHTT€HOBCKUE JIyUU MPU MPOXOXIECHUU Ye-
pe3 KpUCTaJIbl 1aloT AUMPAKLIMOHHYIO KapTUHY, METOJA PEHTreHO-
ctpyktypHoro aHaiuza (PCA) 1IMpoKo MCTOab3yeTcs ISl YCTaHOB-
JICHUSI CTPOEHMSI XMMMUYEeCKUX coearHeHuit. Korma audpakumst npo-
UCXOOUT Ha 3JIEKTPOHHBIX 00onoukax Jierkux atomoB (C, H, N, O,
F, Cl), xapakrep HabmaomaeMoil MHTepMEPEHIMOHHON KapTUHBI OII-
penensieTcsl TOJbKO HaJIMUMEM CaMUX s1JIep, HO HE UX MPUPOIOI. DTO
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OOBSICHSIETCSI TEM, YTO JIETKME aTOMbI JIMIIb PaCCEeUBAIOT PEHTTECHO-
BCKHUE JIYYd, HO HE IOIJIOIIAIOT MX, W TI0O3TOMY B XOIE 3KCIICPUMEH-
Ta He IIPOMCXOIUT M3MeHEeHMs (a3bl PacCeSTHHOTO M3JIyYeHUsI.

TsoKenble aTOMBI HE TOJIBKO PAacCeWBAlOT, HO U IOIVIOLIAIOT PEeH-
TreHOBCKME JIy4YUM B OIPEICIICHHBIX 00J1acTsSIX KPUBOI ITOIJIOIICHUSI.
Ecnu mmHa BOJIHBI ITafarollero M3JIyYeHMs! COBIIafaeT ¢ HayaJbHBIM
CJ1a00IIOIIONIAIOIIMM YYaCTKOM 3TOM KPUBOM, TO HAOJIONAETCsS He
TOJIBKO OOBIYHAsSI MU PaKIIMs, HO TaKXKe M HEKOTOPBIA COBUT I10 (hase
paccessHHOTO M3JIy4eHMs, OOYCJIOBJICHHBI TeM, YTO YacTh €ro II0-
rJomaeTcs. DTO SIBJICHUE HAa3bIBACTCS AHOMAAbHbIM PACCESSHUEM PEHT-
reHoBCKMX Jiydeil. [1pn Haamuuu jauiib Jierkux atoMmoB PCA 11o3BoJisi-
€T OIPENeINTh MEXbsIIEPHBIC PACCTOSIHUSI MEXKIY CBSI3aHHBIMU M HE-
CBSI3aHHBIMM aTOMaMM M Ha MX OCHOBE ClIeJIaTh BBIBOIBI O CTPOCHUU
JAHHOW MOJIEKYJIbl U HAJIMYUU B HEMl XUpaJIbHBIX 3JIEMEHTOB. B aToM
cilydae pa3IMuMTh SHAHTUOMEPHI Hellb3st. OMHAKO MPY HAIWIUU TOKE-
JIBIX aTOMOB XapaKTep aHOMAaJIbHOI'O PAacCesTHMsI 3aBUCUT HE TOJBKO OT
pacCTOSIHUS MEXIY aToMaMH, HO M OT MX OTHOCHUTEJIEHOTO pacIiojio-
JKEHUST B TIPOCTPAHCTBE. SIBIeHMe aHOMAJIbHON MU(PAKIIUA PEeHTTEHO-
BCKUX JIydeil ITO3BOJISIET HEMOCPEACTBEHHO OIIPENIeIMTh aOCOJIIOTHBIC
KOH(UTYpaIlMK MOJIEKYJI, COAEpKAIIMX TsKeJble aTOMBbI, a TaKXke
MOJIEKYJI, B KOTOPBIC TSDKEJIbie aTOMbI MOTYT OBITH BBEACHBI B Kaye-
CTBE CIEIUATbHBIX METOK.

BrnepBbie Takoit aHanu3 ObL1 npoBeaeH B 1951 r. beitdyrom, kKo-
TOPBIi Ha OCHOBaHUU TOTO, YTO K, -M3TydeHHe ITUPKOHUS COBIIAIACT
C HayaJIoM II0JIOCHI ITOIJIOLIEHUS pyouausi, a Lq-u3jIydyeHue ypaHa —
C HayaJIoM ITOJIOCHI TIOIJIOIIeHUSI OpoMa, BIIEPBbIC YCTAaHOBMJI abCO-
JIIOTHYIO KOHuUrypauuio (+)-Harpuitpyouauittaptpata (XXVIII) u
ruapoopomuaa (—)-usoneinuaa (XXIX):

COORDb COOH
o) ®
HO————H Br H;N——r——H
H——OH H,C——H
COONa C2H5
(XXVIIT) (XXIX)

ITocne yctaHoBjieHUsS aOCOJIOTHOW KOH(UIrypauuu COEAMHEHUS
XXVIII BbISICHWIOCH, UTO paHee MPOM3BOJIBLHO BbIOpaHHasi KOH(pU-
rypauus (+)-IiauLepuHOBOTO albaeruaa (cM. c. 34), KaKk 3TO HU yIU-
BUTEJIbHO, YyrajaHa IpaBUJIbHO.

B Hacrosiiee BpeMsi ¢ nomouibto PCA ornpeneneHa abcostoTHas
KOH(UTypalysi HECKOJIbLKUX COTeH coearHeHuii. CienyeT ckazaTb, 4YTO
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QHAJIM3 aHOMAJIbHBIX NU(PAKIMOHHBIX KAPTUH BPYYHYIO Upe3Bbluaii-
HO TpymoeMKuil mpouecc. OqHAaKO ¢ MOMOIIBIO COBPEMEHHBIX aBTO-
MaTUYECKUX OUPPAKTOMETPOB, CHaOXeHHbIX DBM, Ha 3TO yXxomuT
BCEr0 HECKOJIbKO JTHEW.

8.4.1.6. TEOPETUYECKHWM PACYET OTNTUYECKOIO BPAIIIEHUS

B 1952 r. 6b11 ony0IMKOBaH KBAHTOBO-XMMUUYECKHUI pacyeT ONTH-
YeCKOTO BpallleHUSI 3HAHTUOMEPOB Ha mpumepe mpauc-2,3-310-
kcnbyraHa (XXX). KoHdurypalus 5Toro anokcuaa MoxeT ObITh CKOP-
penupoBaHa ¢ KOHdUrypalueir BUHHON KMCIOTHI M Jajee C LIulle-
PUHOBBIM ajibaeruaoMm. Ilpu 3ToM cHOBa OOHApPYXKWJIOCh, YTO paHeEe
MpPOU3BOJILHO BBhIOpaHHas1 crepeodopMmyna D-IIUMLEPUHOBOIO ajble-
rMIa COBEPIIEHHO MpaBUJIbHA, M HET HEOOXOAMMOCTH U3MEHSTD TpH-
HSITOE B JIMTEpaType B TeUEHHE MHOTHX JIET M300pakeHue 3TOM KOH-

durypauuu:
H CH;,

H,C H
0
(XXX)

8.4.2. ONIPEJIEJIEHUE OTHOCUTEJBHOV KOH®UTYPAIIUU

Ilpu onpeaeseHUM OTHOCUTEIBHOW KOH(UTypallMu COEeIUMHEHUE
C HEM3BECTHOUW KOH(pUIrypalueil COOTHOCST C APYTUM COEAUHEHUEM,
KOHGUrypaLusi KOTOPOro yxe M3BecTHa. PaccMoTpum HauboJjiee Bax-
HbIE U3 BTUX METOJMOB.

8.4.2.a. XUMMNYECKAS KOPPEJIALNWA

XUMHUYECKNE METONBI, KOTOPbIe MOTYT OBITh MCITOJIB30BAHBI IS
YCTAHOBJICHUSI OTHOCUTEJIbHBIX KOH(MUIypaluii, o4eHb pa3zHOOOpa3-
HBbl M HACTOJILKO TECHO TMeperuieTeHbl ¢ OOIIMM MaTepruajoM OpraHM-
YeCKOM XMMUHU, YTO BCTPEYAIOTCS MPaKTMUECKM BO BCEX TJIaBax 3TOM
KHUTH, TOCBSIIEHHBIX PACCMOTPEHMIO OTHCJIBbHBIX KJIACCOB OpPraHU-
yeckux coeauHeHuii. [1oaToMy 3mech Mbl paCCMOTPUM Ha HECKOJIbKHUX
MpUMepax JUIIb OCHOBHBIC MPUHIIUITBI UX MTPUMEHEHMSI.

IlepBast rpymnma MeTONOB CBSI3aHA C IMPEBpAIEHUEM COSIMHEHMS
C HEU3BECTHOI KOH(pUTypalMueld B COeAMHEHNE C M3BECTHOM KOH(pU-
rypaiueit nim oopa3zoBaHMEM HEM3BECTHON KOH(PUTYpAIIUU U3 U3BECT-
HO#1 0e3 HapylleHUs] XUPaJbHOIO 3JIEMEHTa, HAIpUMep XUPaJIbHOTO
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meHTpa. ITocKoIbKy B Xole TIpeBpallleHUs XMPAJIbHBIM IIEHTP He 3a-
TparmBaeTCsi, OUYEBUIHO, UYTO MPOMYKT TODKEH MMEThb Ty K¢ KOH(U-
IypalMio, YTO U MCXOIHOE COCIUHEHUE.

IIpu 3TOM BOBCe He 00s3aTEJIbHO, YTO €CJIM HEM3BECTHOE COCIU-
HeHue oTHocuTcs K (R)-psiay, TO M M3BeCTHOE OydeT uMeThb (R)-KOH-
¢urypanuto. Hanpumep, npu BocctaHoBieHuu (R)-1-0pom-2-Oyta-
HOJla B 2-OyTaHOJI, He 3aTparMBalolleM XWPaJbHBIM IICHTP, POMYK-
ToM Oyzner (S)-u3oMep, HECMOTPS Ha TO YTO €ro KOoHMUTyparusi He
u3MeHuIach. D1o cBsa3aHo ¢ Tem, 4yto rpynna CH;CH,, no onpene-
neHuto (cM. 8.3.3), mnamute rpynmnsl BrCH,, Ho ctapuie rpynmsr CHj:

OH OH
CH;CH, CH,Br ———> CH;CH, CH;
H H
(R (S

OgHUM M3 MHOTMX MPUMEPOB XMMUUECKOI KOppeasluuu SIBIsIeT-
Cs YCTAaHOBJICHHWE OTHOCUTENbHON KOH(UTypauuu D-raaakTo3bl
(XXXI) nmyrem ee okucieHus. I[TocKoIbKy 3TOT MpoLecC MPUBOAUT K
00pa30BaHMUIO ONTHUYECKM HEAKTUBHON IMKApOOHOBOW KHCJIOTHI, OT-
HOCHUTEJIbHAsI KOH(UTYpaLUs €€ YeThIPeX XUPaJIbHbIX LICHTPOB MOXKET
cooTBeTcTBOBaTh WM cTpykType XXXII, mmu crpykrype XXXIII. Ho
aukapooHoBast kuciora (XXXIV), mojaydyeHHast M3 rajakTo3bl MyTeM
OKHCJIUTEJIbBHOTO OTIIEIUIEHUS aJlbJAeTUIHOTO aToMa yIjiepoja, OMNTH-
yecku akTMBHA. CrenoBarefibHO, D-TajlakTo3a UMEET OTHOCUTEIbHYIO
KoHurypauuio, rnokasaHHywo ¢dopmynoin XXXI:

CHO COOH COOH COOH
H——OH H——OH H——OH HO——H
HO—r—H HO—r—H H——OH HO—r—H
HO——H HO——H H——OH H——OH
H——OH H———OH H———OH COOH
CH,0OH COOH COOH
(XXXTI) (XXXII) (XXXIIT) (XXXIV)

AHaJIOTMYHbIC MpeBpallleHus] C L-rajlakTo30i JaloT TaKue XKe pe3ysib-
TaThl, 32 UCKJIIOUEHUEM MPOTUBOIOJIOXKHOIO 3HaKa ONTUYECKOro Bpa-
weHusi. CrneaoBaTeIbHO, MOJOOHBIM IyTE€M MOXHO BBISICHUTH JIWILb
OTHOCUTEJIbHYIO KOH(UTYpalLUIO UCCIEeIyeMbIX MOJIeKYJl (B JaHHOM
cayyae XXXI n XXXII), Ho He ux abCoOOTHBIE KOH(UTYpaLUn.
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Hizxe nmpuseneH npumep KOHGUTYPALMOHHON KOPPEJISIIUK (+)-BUH-
HOM KHUCIIOTHI ¢ (+)-(R)-TIMIIEPUHOBBIM aJIbIeTUIOM Ha OCHOBE Ipe-
BpalllcHUIi, HEe 3aTparvBamollMX aCUMMETPUYECKUI LIEHTP:

COOH
H——OH

COOH
(+)-BUHHas1 KuUCIOTa

OOCH; OOCH; o
> H——O0H %yt on —>H

COOCH3

OOH

HgO
OH =—— H OH

_’H

CH,OH

— Ty

COOCH,

CONH2

HO

CH,OH

COOCH; OOCH;
H—7—0Ac H OAc
Sodl,

HO—r—H —>—> HO——H

n
HCl —_—
H+
COOCH;

OOH
HNO,
OH —>

CH,NH,

(R)-(+)-TMLIepUHOBBINA aJIbJIET U

Bropas rpynmna MeTogoB XMMMUYECKOI KOppesiiMyd OCHOBaHa Ha
MpeBpallleHUN TP XUPATbHOM LIEHTPE, MEXaHU3M KOTOPOTO TOYHO
usBecteH. Tak, peakuuu Sy2 NMPOUCXOASAT ¢ oOpalleHueM (MHBEpPCH-
eli) KoH(Urypaumu peakliIMOHHOTo HeHTpa (cM. 11.9). C momollbo noc-
JIeJOBATEJIbHOCTU TaKMX Peakluii KOHMUTypauusl (+)-MOJIOYHON KHC-
JIOTBI ObUIa CKOpperMpoBaHa ¢ KoHdurypauueit (.5)-(+)-aJaHuHa:

COOH COOH COOH COOH
NaOH NaNO BOCCTa-
HO—H <—— H——Br —> N;,—H —> H,N——H
SN2 S0 HOBJICHUE
H, CH, N CH,4 CH,

(9)-(+)- (R)- (5)- (9)-(+)-

MOJIOYHAast AJITaHUH

KHuciaora

CrenyeTt OAYEPKHYTh, YTO MOHSITUE «OOpallleHUEe» WU «COXpaHe-
HUe» KOH(UTypaluuu MPUMEHUMO U K aXUPaJIbHBIM PeaKIIMOHHBIM
LIEHTpaM U CIY>XUT JJIs YKa3aHUsI KOHKPETHOTO MeXaHMW3Ma Peaklnu.
OnHako Korga peyb MIeT 00 abCOMIOTHBIX KOH(UTYPALIMSIX XUPATbHBIX
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peaKIMOHHBIX LIEHTPOB (KOTOpPBIE OIpPEIESIOTCS MpaBUJIaMU TOC-
JIeA0BaTEILHOTO CTApPIIMHCTBA B paMKaxX R,S-HOMEHKIATYpHI), TPU-
BJIEKaTh IOHSITHUE «OOpallleHue» WM «COXpaHeHUe» KOH(Urypauuu
HET CcMbICia, TaK KakK Ta WIM MHas KOHUrypalus onpeneysieTcs
TOJBKO CTApIIMHCTBOM 3aMECTUTE/Iei, 1 M3MEHEHHWE CTapIIMHCTBA
B pe3ysbTare 3aMelleHWsT OTHOM M3 TPYIIT He 00sS3aTebHO COBITa-
JaeT C peaJlbHOM IMPOCTPAHCTBEHHOUW OpUMEHTAIIMell ero BCTYIIICHMUS
B MOJIEKYJy, HampuMmep:

C;H; C;Hy
CH;SO—0— __ LiAID, D
C,H;s 5 > HsC5
CH obpareHne i
3 KOH(UTypaLmm 3
(5)- (S)-

K tpetbeii rpyrme oTHOCSTCS OMoXxuMuieckue MeToanl. B psiny on-
HOTO KJIacca COECAWHEHUI, HApUMEP aMUHOKUCIOT, ONpeAc/IEHHbII
(bepMeHT aTakyeT MOJIeKyJIbl TOJIbKO OfHOW KOHpurypauuu. Ecinu ka-
KOI-TO (pepMeHT, CcKaxkeM, aTakyeT TOJbKO (S)-aMUHOKHCIOTHI, HE
Tporas (R)-popMy, U 3TO BKCIEPUMEHTAIBHO YCTAHOBJIEHO Ha psiae
MPUMEPOB, TO ellle OJHA aMUHOKMCIIOTA, MOABEPraloasics AeiCTBUIO
TOro Xxe bepMeHTa, J0/KHA MpUHaaIexaTb K (.5)-psay.

8.4.2.6. YCTAHOBJIEHUE OTHOCUTEJbHOM KOH®UTYPALIUU
C [ToMOoUIbIO ®UBNYECKUX METO/10B

B npuHuumne mist mojaydeHus: mHpopMaluu o0 OTHOCUTEIbHOM
KOH(dUrypamyuu MojieKyJl TPUTOAEH MpaKTUUeCKU Jo0oi ¢usnyec-
KW MeToJ, MpUMEHsIEMbIiA B opraHnyeckoil xumuu. OnHako Hanbo-
Jiee LIMPOKO HCIOJb3yIoT xupontuueckue meronabl (OB u KII; cM.
8.2.1) u cnexrpockomnuo SAMP.

ITpocTeiilinii MyTh WCTIOJB30BAHUS XUPONTUUYECKUX METOJOB IS
YCTaHOBJIEHUSI KOHGMUIypalMy 3aKjIo4yaeTcsl B CPaBHEHMU MapameT-
poB JIOB u K/l B cepusix mMoxoxux coearHeHuii. B kauecTBe MLIIOCT-
paluy MpUBEJAEM TMPUMEDP OMNpeeeHUsT OTHOCUTEIbHBIX KOHGUTrypa-
uuii coenrHeHnit XXXV n XXXVI. DkcriepyMeHT 1mokasaji, 4To 3Ha-
k1 3dekra KoTToHa M1l 3TUX ABYX COENMHEHUI MPOTUBOIIOIOXKHEI,
HO (hopMa U UHTEHCUBHOCTDb CMEKTPAJIbHBIX KPUBBIX OAMHAKOBLI. JIpy-
rumu ciosamu, kpusble JIOB u KJI 3epkajibHO-CUMMETPUYHBI, U, CJie-
JoBartenbHOo, coenuHeHuss XXXV 1 XXXVI MoxXXHO paccMaTpuBaTh Kak
K6a3u-3HaHTUOMEPbl B XUPOITUUYECKOM (HO HEe B MCTMHHO CTPYKTYp-
HOM) CMBbICJIE TepMMHA:
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H
Et (XXXV) Et (XXXVI)
(BbIIEICHBI CTPYKTYPHO MOXOXKMe (pparMeHThI)

B npuBenenHom npumepe YD-noriolieHue 00yCI0oBICHO KapOo-
HWJIbHBIM XpOMOGOpPOM, KOTOPbI axupajieH. TeM He MeHee Haludue
XUPAJIbHOTO OKPY>KEHHUS OKa3blBaeT BO3MYIIIAIOLIEe JEMCTBUE HA BJIEKT-
poHHBIN Tepexon Tpymnnbl C=0, MO3BOJSISA YCTAHOBUTb OTHOCHUTENIb-
Hble KOH(UTYpaLHu.

I1pu omnpeneneHUM OTHOCUTENbHBIX KOH(Urypauuii merogom SIMP
OOBIYHO MCITONB3YIOT XMUMUYECKME CABUTM M KOHCTAHTBI CITMH-CII-
HoBoro B3aumogeicTBus. Tak, Hanpumep, B 1,3-gutnane (XXXVII)
9KBaTOpHAIbHbIE aTOMbI BOAOPOJA B TOJIOXKEHUN 2 MMEIOT 3HAYUTEIb-
HO 0oJjiee BBICOKMIT XMUMHUYECKUI CIBMT, YeM B aKCHaJIbHOM IIOJIOXKE-
HUM, HA OCHOBAaHMUM YEro JIETKO OINpeAe]UTbh KOH(GUTYpaluio 2-3aMe-
IIEHHBIX TUTUAHOB:

Ha (3,32 m.1.)
. (XXXVIT)
S e ©—4,07 m.11.)
S

o *
KoHCTaHThI CIIMH-CIIMHOBOIO B3aMMOAEICTBUS (J) GUUUHAAbHbIX TIPO-
TOHOB B 3TAaHOBOM (bparMeHTe KOPPEIUPYIOT C BEJIMYMHAMU COOTBET-
CTBYIOIIUX JBYTPAHHBIX YIJIOB

A ° 0 60 90 120 180
¢ ¢
\ B
/

IpTu 8 2 0 35 10

*
To ectb IIPOTOHOB, HAXOOAMLIUXCS Y COCCIHUX aTOMOB YIJIEpOaa,; IMPOTOHBI, CBsI-
3aHHBIC C OJHUM M TEM K€ aTOMOM, HAa3bIBAIOTCA CeMUHANbHbIMU.
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Ha sToM ocHOBaHMU MOXHO OIIpelessiTh KOH(UIYpaLUO, HO TOJIbKO
B psilax CTPYKTYPHO-POACTBEHHBIX COCAMHEHWI, TaK KaK BeJW4YMHA J
3aBHUCHUT TaKXe M OT TIPUPOILI 3aMECTUTEIICH.

Eie onuH crmoco® ocHOBaH Ha SIBICHUM M3MEHEHUST XMMUYECKUX
CIBUTOB TIO/ BIMSIHUEM JIAHTAHUIHBIX KOMIUIEKCOB, KOTOpbIE Ha3bIBa-
10TCs  cosuearouumu peazenmamu. VI3BeCTHO, YTO IIIECTUKOOPIMHALIM-
OHHBIE XeJIaTHbIe KOMIUIEKChI HEKOTOPBIX MapaMarHUTHBIX JJAHTAHUIOB
(Hanpumep, P-nukeroHat eBponus XXXVIII) Moryt yBeanuuBaTh KO-
OPIVHAIIMOHHOE YMCIO 10 8 MyTeM O0pa30BaHMs HEYCTOMUMBBIX ac-
COIIMATOB C TOJISIPHBIMM 3JIEKTPOHOAOHOPHBIMU rpymmaMu tuma C=0,
OH, NH, u np. D10 NpuBOAUT K CWJIBHOMY M3MEHEHUIO BEJIMYUHBI
XUMWYECKUX CIBHUTOB sifiep, OJM3KO PaCITONIOKEHHBIX K KOOPAUHUPY-
oneMy atomy. TakuMm TyTeM MOKHO, HaIllpuMep, OTIMYMTh 9K30- U
9H00-n30Mephbl bopHeoma (XXXIX):

-Bu o (4:7) H3C CH3(11,0) (450) HSC CH3(4,4)
H B \E /3
u
\_
B
I i, OH ...(Eu) A
(7,2H (10,5) (17,6)H (8,6) OH
XXXVII 2k30-XXXIX ondo-XxXIx (EW

(B ckobkax mpuBeIeHbl MHAYLIMPOBAHHBIC XUMHMYECKUE CIBHUIH, 00Y-
CJIOBJICHHBIC JEMCTBUEM JIAHTAHMIHBIX CABUIAIOLIUX PEAarcHTOB, B M.I.)
KoH(urypaimo roMoIorop MOXXHO ONPEACIUTh IIPOCTO II0 3HAKY
ONTHYECKOTO BpallleHUs. B roMojiornyeckux psiaax BpalleHUe 0OBIYHO
MEHSIETCS IOCTEIICHHO M B OJHOM HAaIlpaBJICHUU, II03TOMY, €CJIU W3-
BeCTHa KOHGUIypalusi JOCTATOYHOIO YMCJIa WICHOB HAHHOTO psiia,
KOH(UTYPALIMIO OCTaJIbHBIX MOXHO YCTAHOBHUTH 3KCTPAMOJISIIMCHA.

8.5. METO/Ibl PASJEJIEHUA DHAHTUOMEPOB

OHCpaHI/H/I pas3acjacHusda pauCMHNYCCKUX CMECEN Ha COCTABJISIOLINE
X OITUYECKN AKTHUBHLIC KOMIIOHCHTBLI HA3LIBAIOTCA pdacuiennieHuem.
Ecimm xotst OB onuH OHAHTUOMED yAaCTCA BBIACJIUTL B YMCTOM BMIC,
PacICIUVICHNUE HA3bIBAIOT IMOJIHBIM, B IIPOTUBHOM CJIy4da€ roBOpAT, 4YTO
IIPON3OIIIO YaCTUYHOC PACHICIUVICHUEC, T.C.OINITHYCCKHU AKTMBHOC CO-
CANHCHNEC COOCPKUT MNMPUMECH BTOPOIro0 3HAHTHMOMCEpA.

OtHoleHne OKCIICPUMCHTAJIbHO Ha0JII0IaeMOTO YACJIBHOI'O Bpa-
meHnA BEIICCTBA, IMOJIYYCHHOI'O IIYTEM PACHICIVICHUA, K YACJIbHOMY
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(abcoIIOTHOMY) BpalllEeHUI0 YMCTOTO 3HAHTMOMEpa Ha3blBaeTCs OIM-
TUYecKoil unucTtoroil (p). ToXmeCTBEHHBIMM OINTUYECKOM YMCTOTE SIB-
JITIOTCST TIOHSTUST SHAHTUOMEPHON YMCTOTHI MJIM SHAHTUOMEPHOTO 13-
ObITKa (3.1.):

[o] maHHOTO OOpasia

= - 100% ,
[ct] uncToro sHaHTHOMEPA
*
S EZE" g
E+FE

rae E — MosbHas 10151 SHAHTUOMEpPA, HAXOAsIerocs B U30biTke; £ —
MOJIbHAs1 10JIs1 IPYroro HaHTUOMEpa.

JI1060Ji Tpoliecc MOJIyYeHUs] ONTUYECKM aKTMBHOIO BelleCTBa U3
ONTUYECKU HEAKTMBHOIO MpPEIIIECTBEHHUKA, B TOM UWCJIE€ W pacller-
JICHME palleMUUYECKUX CMeCel, Ha3bIBaeTCsl onmuyeckoll akmusauuerl. O0-
LM TTPUHLIMIIOM BCEX MPOLIECCOB ONMTUYECKON aKTUBALIUM SIBJISIETCS CO-
3JaHME B TOM WM MHON (POopMe AracTepeoMEpPHBIX B3aMMOICHCTBUIA.

8.5.1. PACHIEIVIEHUME YEPE3 JTUACTEPEOMEPbI

DTOT METOA IO HACTOSIIErO BPEMEHM MCIOJb30BaJICS Hambosee
yacto. Eciu paneMuyeckoe COeIMHEHHE COIAEPXKUT KapOOKCHILHYIO
TPYMIy, TO MOXHO MOJYYUTh COJIb C ONTUYECKU aKTMBHBIM OCHOBa-
HueM. Ecnu ke pamieMar comepXUT aMUHOTPYIITY, TO MOXHO ITOJIYy-
YUTh COJIb C ONTUYECKM aKTUBHON KHUCIOTOM. JlomycTUM, YTO ONTH-
YeCKM aKTHMBHBIN peareHT (B JaHHOM Cllydyae OCHOBaHME WM KHUCJIO-
ta) umeeT (S)-koHdurypauuo. Torma obOpasyooliuecss coau OymyT
cmechio (RS)- u (SS)-auactepeoMepoB, B OTJIUUYKUE OT SHAHTUOMEPOB
X CBOMCTBA OYAYT YK€ pa3inyarhCs:

—> (R, —> (B

(R * (R, S) IpOGHast
+ > -
( SV) (S) ( S SV) KpUCTajIi3aiuyst
’ —> (S5, H—> ()
patgeMar OITUYCCKN CMECh dua- YUCTbIC YUCTbIC
AKTUBHBI  CTEpeoOMepoB JIMacTepeo- SHAHTUO-
(S)-peareHt MephbI MepbI

B mpuHIMIIE IS pasmeeHus OTIMYAIONINXCS IO CBOMCTBAM IHMAacTe-
peoMepoB MOXKHO WCITOJIb30BaTh pasHbIe METONBI, HO Ha TpaKTUKe
yalie BCEro MPUMEHSIOT KPUCTA/UTU3ALINIO, T.€. UCIOJIL3YIOT pasinyne
B pacTBOPMMOCTH JBYX AMAacTepeoMepoB. B HacTosIIee BpeMs Bce Jalle
MPUMEHSTIOT XpoMaTorpadudyeckue MeToasl. Ha mocinenHeit craguu ms
COJIM BBIIEJISTIOT DHAHTUOMED.

IMonGop pearenTa I pasmefieHUsT JAHHOW palleMUIecKOW CMeCH
MMPOM3BOANTCS WMCKIIIOUUTETBHO SMITMPUYECKH, TaK KaK KaKUX-T100
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TEOPETUUYECKUX TIPEANIOCHUIOK JUISl MPOTHO3MPOBAHUS PA3IMUHON pa-
CTBOPUMOCTH JIMACTEPEOMEPHBIX COJIEll HE CYLIECTBYET.

s pazneneHus paleMuyeckuX KUCJIOTHBIX COEAMHEHUI TIprUMe-
HSIIOT MPUPOIHBbIE ONTUYECKM aKTUBHbIE OCHOBAHMSI, KOTOPbIE Ha3bl-
BAlOTCA aJKaJIOUIaMU, Hanpumep OpyLMH, >QeIpUH, CTPUXHUH, XU-
HUH, LIMHXOHUH, MoppuH u ap. [locne mpoBeneHus pasaenaeHUs] UX
pereHepupyoT U UCIOJb3YIOT cHOBa. OQHAKO 3TU BellleCTBA CUJIBHO
TOKCUYHBI, U TIO9TOMY UX CTPEMSTCS 3aMEHUTb CUHTETUYECKUMM OIl-
TUYECKU aKTMBHBIMU aMUWHaAMU, Harpumep o-GeHuisTuiaMuHoM. Ta-
KMM IyTeM pacllUeIIsgeTcsl paleMudeckass 3-MeTWI-2-(OeHuI0yTaHo-
Basl KUCJOTa:

COOH COOH Ph
Ph+H + H——Ph + H+NH2 —
CH2M€2 CH2M62 Me
) ® (R)
Y
panemat —> (S, R)-conb
KPUCTALIU3ALINS

— > CMECh ITMaCTEPCOMEPHBIX
coseit (S, R) n (R, R) M3 BOJAHOIO CIIMpTa

—> (R, R)-connb

Jnst pazneneHust paleMUYeCKMX OCHOBHBIX COEAMHEHUI TpUMe-
HSIIOT ONTUYECKU aKTUBHBIE KUCIOTbI: BAHHYIO, MUHIAJbHYIO (O--TU[I-
POKCU(EHUTYKCYCHYI0), acrapariHOBYl0 (aMUHOSIHTapHYIO), TJyTa-
MUHOBYIO (0-aMUHOTLJYyTapoBylo), KamdopcynbdoHoByo (XL) u ap.

K coxaneHuto, pasiuyue B pacTBOPMMOCTU SHAHTUOMEPOB pell-
KO ObIBaeT AOCTAaTOYHO BeJIUKO. JJIsi TOro 4TOObI OCYIIECTBUTDH IMOJI-
Hoe pasliefieHue B XOJe OAHOW orepaluud, OObIYHO MPUXOAUTCS TPO-
BOJMTb MHOTOKPATHYIO KPUCTALIM3ALIMIO, UTO JejaeT pasaeieHue Iu-
TEJIBHBIM, TPYLOEMKHM IIPOLIECCOM.

Ecnu monekysia He COAEPXKUT KUCAOTHOM WJIM OCHOBHOW IpyTi-
MUPOBKU, TO € MOXHO CHayajia BBECTM B MOJIEKYJy, a 3aTeM IOcCJe
pasjesieHHs] Ha 3HAHTUOMEDPHI CHSTb, Harpumep

CO
~N
Cl CH—OH + 0O ——»
| pd
pauemar Ph CcOo
(0]
Il S-OpyuuH
—>(Cl CH—0—C —_—>

Ph
pauemar HOOC
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1) KpucTammu3auus

I W3 ATWIALETATa
— (1 CllH—O—C

Ph

Y

2) rugponus

©
(&]
00C (Gpyumn H)
JUACTCPECOMEPHLIC COJIN

— Cl CH—OH (ontuyecKku aKTUBHBbIA)

Ph

JuactepeoMepbl MOTYT 00pa30BBIBaThCSl HE TOJIBKO B pe3yJIbTaTe
B3aMMOJCHCTBUIM KMCJIOT M OCHOBaHMII BpeHcTema, Kak OIMCaHO
BBIIIE, HO TaKXe B PEaKIMIX, B KOTOPHIX B3aUMOICHCTBYIOT KUCIIO-
Tl U ocHOBaHMs JIbtouca. Tak, Tpu paclierieHM apoMaTUYeCKHUX
COCIMHEHUI, B COCTaB KOTOPBIX HE BXOAST HU KUCJIOTHBIC, HU OC-
HOBHBbIE I'PYIITMPOBKU (HAIIpUMED, XUPaJbHbIX HA(PTUIOBLIX 3(pHpOB),
MOXET OBITh MCIIOJIb30BaHA MX CIIOCOOHOCTH OOPa30BbIBATh TT-KOMII-
JIEKCBhl ¢ HUTpodyopeHoM. [IJIsT 3TOM 1IeJu MCIIOJb3YIOT peareHT
(XLI), B KOTOpOM 3JIEKTPOHOAKIIETITOPHAST TeTPAaHUTPODIYOPEHOHOK-
CHMHasI TpyIIla IpUIaeT eMy CIIOCOOHOCTh K KOMILIEKCOOOpa3oBa-
HUIO C 3JIEKTPOHOIOHOPHBIMU apOMaTUYCCKMMM KOJbIIAMH, a (par-
MEHT HAaHTUOMEPHOM MOJIOYHOM KMCJIOTHI OOeCIIeUrMBaeT pearcHTy B
LIEJIOM ONTHYECKYI0 aKTMBHOCTh. [IpyrMM IIpMMEpPOM SIBJISICTCSI pac-
LIEIUICHUEe mpaHc-IUKIOOKTeHa IyTeM 00pa3oBaHUSI KOMILIEKCA C
COJIBIO NTByXBaJICHTHOM ILIATUHBI (KucioTa JIpronca), BTOPBIM JIUTaH-
JIOM y KoTopoii siBasieTcst mosiekyna (R)-o-denunatunamuna (XLII):

CH,SO;H 5 NO,
e d
O,N -
N—O—Cli—COOH
CH,

NO,

(XL) (XLI)

(CH/)_> (|:H3
2/4
\)}7;'( |C—H

C Ph
(XLII)
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8.5.2. XPOMATOIPAOUNYECKOE PACHIEILIEHUE

Ecnu pameMmndeckyio cMech XpomaTorpadupoBaTh Ha KOJIOHKE,
3aI0JIHEHHOM XUPAJbHBIMU BEILIECTBAMM, SHAHTUOMEPHI TOJKHBI TTPO-
XOIUTb C Pa3HBIMUA CKOPOCTSIMM U, CJIEIOBaTeIbHO, MX MOXKHO pas-
JIeMUTh. TaKUM TyTeM, HalpuMmep, MUHIAIBHYIO KHUCIIOTY pas3messioT
Ha KOJIOHKE, 3allOJIHEHHOM KpaxMajioM. MOXHO KCIIOIb30BaTh OyMaxkK-
HyI0, KOJIOHOYHYIO, Ta30BYI0 M KMIKOCTHYIO XpomaTorpaduio.

8.5.3. MEXAHUYECKOE PACIIEIIJIEHUE

B cayyae pauemMmnyeckoil HaTpUiiaMMOHHMEBOM COJIM BUHHOM KMC-
JIOThl 3HAaHTUOMEDPHI Mpu TemrnepaTtype Huxe 27 °C (3aech TemIepary-
pa oyeHb BaxkHa) KPUCTALIU3IUPYIOTCS pas3iesibHO: B OJHOM KpHUC-
Tajie coouparTcsl (+)-u30Mepbl, a B ApyroM — (—)-u3omephl. Takue
KPUCTAJUTBI OTJIMYAIOTCS APYT OT Jpyra 3epKaTbHOCTBIO (POPMBI, U UX
MOXHO Pa3fAe/IUTh C MOMOILbIO MMHIETAa U MUKpockona. MmMeHHO Ta-
kuM 1iyteM Jl.ITactep B 1848 r. BriepBble J0Ka3aj, yTO paleMHUyecKas
BUHHAsI KUCJIOTa B AEHCTBUTEILHOCTU MPEACTaBIISIET COO0I cMecCh (+)-
u (—)-U30MEepPOB.

OnHaKo Takoro pojia KpUCTaUIM3alys CBOMCTBEHHA JIUIIIb HEMHO-
ruM BeniecTBaM. OmNKcaHO, HapUMeEp, pacllelJIeHUe renTtarejauiieHa
(ceMb cmupaJibHO COYJIEHEHHBIX O€H30JbHBIX KOJICIl; aHaJIOT reKcare-
nuieHa). OaMH U3 SHAHTUOMEPOB 3TOTO COSNMHEHMS, UMEIOIINIA HEO-
ObIYHO BBICOKOE omnTuyeckoe BpalueHue ([o] 020 =+6200°), crioHTaH-
HO BBIKPUCTAJJTMU30BBIBAETCSI M3 OEH30Ja.

IIpy aHamOrMYHOM paclleruieHUun 6-MeTuia-3,3-auaThia-2,4-mm-
nepuguaaona (XLIII) 6wuto B3sito 20 xr pamemara u mocie 400
MepeKpUCTAUIM3ALMI MOJYYeHO BCEro 3 I' ONTUYECKM YMCTOro Impa-
BOBpallamplIinero nzomepa. OQHUM M3 HEMHOTMX COCIMHEHMI, KOTO-
poe MOXHO pas3feiuTh MUHLIETOM, Mo MeTomy IlacTtepa, siBiasieTcs
1,1’-muHadTun (XLIV). Ilpu narpeBanun pauemara npu 76—150 °C
MPOUCXOIUT (a3oBoe M3MEHEHME ¢ OOpa3oBaHMEM JIEBO- M IPaBO-
BpallalolNX KPUCTAJLIOB:

CyHs

C,Hs

(XLIII) (XLIV)
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8.5.4. ®EPMEHTATUBHOE PACHIEIIVIEHUE

JI0BOJIbHO YacTO IJTS TTOJNIyYEHUST ONTHYECKN aKTUBHBIX BEIIECTB
M3 paleMaToB MCITONB3YIOT (PepMEHTBI, KOTOpPhIE 00J1amaloT BBICOKOM
cTepeocneMPUIHOCTRIO IeiicTBIs. HanbobIliee 3HaYeHNE METOJ TTPH-
0o0pes I cTepeocIelndUIecKoro Tuapoin3a N-anuIaMIHOKKCIIOT.
IMon neiictBueM depMeHTa alMiIa3bl Ha paleMUdecKyio N-alleTuiia-
MUHOKHCIOTY L-m3omep rugponusyercss B 1000 pa3 Owvictpee D-m30-
Mepa, M TIocjie OKOHYaHWUS (hepMEHTATUBHOM peakKIMU JIETKO MOXKHO
pa3neuTh L-aMUHOKUCIOTY M D-alle THIIaMIUHOKUCIIOTY.

8.5.5. YVCTAHOBJIEHUE ONTHYECKOM YACTOTEI

B GonblIMHCTBE cllydaeB MpY pacllerUIeHUH palieMaToB IoJjyda-
foTCcg dHaHTHOMEpHI, He nMmetomne 100%-it onTu4ecKoi YUCTOThI. it
YCTAHOBJICHUSI COJIEpKAHUSI B HUX BTOPOTO dHAHTHOMEpPa MPUMEHSI-
0T (haKTUUECKU T€ K€ METOAbI, UTO M JJISI pacllerJieHusl, C TOU JIUIIb
pasHulIeil, 4YTO B JaHHOM cllydyae oOpa3ymolluecsl AuacTepeoMepHbIe
KOMIUIEKCHI He pas3ielisiioT, a TeM WM UHBIM CIIOCOOOM OIpEeAesiioT
UX KOHUEeHTpauuto. OTHOCUTENIbHbIE KOHLEHTPAUUU AUACTePEOMEPOB
MOXHO ONpPEeIeUTh JIIOOBIM CITOCOOOM, Hampumep ¢ nomolbso ['2KX-
unn SIMP-cneKTpocKonuu.

8.6. ACMMMETPUYECKUI CUHTE3 W KATAJIN3

Acummempuyeckum cunmes3om HA3BIBAIOT pPeakIIUM, B XOAe KOTO-
PBIX OIWH W3 IBYX dHAHTHOMEPOB XMPAIBHOTO MPOAYKTa oOpasyeTcs
B OOJIBIIIEM KOJWMYECTBE, YeM BTOpPOil. B acMMMeTpuuecKoM CUHTE3e
KJTIOUEBOM SIBJISICTCST CTAaAusl, B KOTOPOW TaK Ha3bIBAEMbBIN MpoXupanb-
HbLI peazenm npespaujaemcs 6 xXupanvivii npodykm. TIpoxupaaTbHBIMI
Ha3bIBAIOTCS MOJIEKYJIBI, CITOCOOHBIE TIPEBPATUTHCS B XUPATbHBIE MO-
JIEKYJTBbI TTYTEM «OJHOIIArOBOTO» MpeoOpa3oBaHUs CTPYKTYphl. Hampu-
Mep, (PEeHUITYKCYCHYIO KUCIOTY B OZHY CTaaWli0 MOXHO IPEBpPaTUTH B
0-OpOMGEHMITYKCYCHYIO KUCIIOTY, KOTOpasi XWpaibHa:

1) PBrs
C6H5CH2COOH + BI'2 EEEE—— C6H5(|:HCOOH

2) H,O
) Hy Br
TPOXMpaTbHAST XUpATbHAS
MOJIEKyJIa MOJTeKy/Ta

B aroii peakuuun (R)- u (S)-uzoMepHbie o-OpoMdOEHUITYKCYCHbBIE
KHCJIOTHI 00pa3yloTcsi B CTPOrO OJAMHAKOBBIX KosndecTBax (3.4. = 0),
1, CJIeI0BaTEeIbHO, PEeaKIIMIO HEeIb3s Ha3BaTh aCUMMETPUUYECKUM CHH-
TE30M, XOTSI OHA M IPUBOIUT K O0OPa30BAHUIO XMPAJIbHOIO MPOIYKTa
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U3 axupanabHoro. YroObl SHAHTUOMEPHBI M30BITOK OBLI OTIMYEH OT
HYyJIs1, HEOOXOIMMO 00513aTeJIbHO COOJIOCTHM OJHO OYeHb BaxKHOE YyC-
JIoBHE. DTO YCJIOBUE COCTOMUT B TOM, UTO B XOJ€ PeaKIMMU 00sS3aTe/Ib-
HO JOJIKHBI BOBHUKHYTH TMACTEPEOMEPHBIC OTHOILIEHUSI MEXIY BHOBb
BO3HUKAIOIIUM XMPAJbHBIM 2JIEMEHTOM (B paccMaTprMBaeMOM IIpUMe-
pe — LIEHTPOM XMPATbLHOCTH) U BTOPHIM XUPAJIbHBIM 3JIEMEHTOM, CIIe-
LIMaJbHO BBOAMMBIM B pearupyiolyio cucremy. Hampumep, mpoxu-
pajbHasi MoJIeKyJa HaTpUEBOW COJMM METUJIATUIMATIOHOBON KHUCIOTHI
MpU JeKapOOKCUIMPOBAHUU JAET PALlEMUYECKYIO 2-METWJIMACISHYIO
KWCJIOTYy, HO OpYILIMHOBAs COJIb JaeT MPOAYKT C M3OBITKOM JIeBOBpa-
11IAJ0IIIeT0 M30Mepa:

H
CH3\ / €00 1) HarpeBanue, — CO,
P ST > CgHyCH—COOH
®
CHY “coona 2 MO CH,
o, =0 (5.u. = 0)
CH3\ /COOH 1) HarpeBanue, — CO,
C > C,H;CHCOOH
a/ \ 2) H;0* |
GHY  “COOH: 6pyumn CH,
[OL]D =—1,7 (>.u. = 10%)

Peakiius nekapOoOKCHIMpPOBaHUSI OpYyLIMHOBOI COJIM SIBUJIACH II€PBHIM
npuMepoM acuMmmeTrpuueckoro cuHresa (B.Mapksanba, 1904). 3pech
BTOPBIM XUPAJTbHBIM 3JIEMEHTOM SIBJISIETCSI aCUMMETPUUYECKUIA IIEHTP
B MoOJIeKyJie OpylLuHa.

B Tom ke 1904 r. A.MakkeH31 OCYIIeCTBUI aCUMMETPUIECKIE CUH-
Te3bl, B KOTOPBIX MCXOIHBIM PEareHTOM CIYXWJ (—)-MEHTUJIOBBII
ahup GEeHWITIMOKCUIOBOM KUCIOTh (XLV):

_0 1) CH;Mel ?33
CeH;—C—CZ —————> C¢H;~C™COOH (3.11. ~25%)
I 0 2) H,0* |
OH
(XLY)

B sTOM mpuMepe BTOpbIM XMpPAIbHBIM 3JEMEHTOM SIBJISIETCS XWPaJb-
HbIA LIEHTP B MEHTWJIOBOM TpyIIIe.

I'1yOGokuii cMBbIC]I HEOOXOAMMOCTHU IPUCYTCTBUSI BTOPOTO XHpPallb-
HOTO 3JIEMEHTAa COCTOMT B TOM, UTO «JI€BOE» OyIeT MpPearnOoYTUTEIb-
HO, YeM «IIpaBoe» (WM «IIpaBoe» 0ojiee MPEATIOYTUTEHLHO, YeM «JIe-
BOE») JIMIIb B TOM Cllyyae, KOrja UMEETCsl BTOPOW 3JEMEHT, KOTOPbIA
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TOXE MOXKET OBITh JIEBBIM WJIM TIPABBIM, U TIO3TOMY «PacIiO3HAET» IHEP-
reTUYecKylo pasHuily mexay noaxogom peareHta (CH;Mgl Bo BTO-
poOM mpuMmepe) clieBa WM CIipaBa, M CIIOCOOCTBYET OMpeaeIeHHOMN
HamboJiee BBITOMHON OpHMEHTAIINM.

B paccMOTpeHHBIX BEIIIE TTPUMepaxX BCIIOMOTATeIbHBIN XUPATbHBIN
3JIEMEHT conepxkaycs B caMoM cyoctpare. OIHAKO CTEPeOXMMUYEC-
KWl pe3yIbTaT peakiny 3aBUCUT HE OT CUMMETPHHU OTHOTO JINIIb pe-
areHTa, a OT TMOJHOW CUMMETPUU pearupylolleit cucreMsl. [losaTomy
MpH TIPOBEICHUN aCUMMETPUUYECKOTO CHHTE3a MCITONb3yIoTCs (1) Xm-
pajibHble CYOCTpaThl, cofepzKalliue MpoXupajibHble TpynInbl, (2) Xu-
panbHBIE peareHTHl (HarpuMep, XUpaJbHbIE TUIPHUIBI TIPH TUAPU-
pOBaHUM KpaTHBIX CBsi3eil), (3) xupajabHble KaTaau3atopbl U (4)
XUpanbHBIe pacTBoputen. CTepeoceleKTUBHOCTD (IHAHTUOMEpPHBIH
M30BITOK) aCUMMETPUYCCKOTO CHMHTe3a KOJIeOJeTcsT B OYeHb IIHPO-
KHX TIpenenax, mocturasd 98% TIpym MCTONb30BAaHUM HEKOTOPBIX XM-
pajibHBIX KaTaJu3aTopoB (CM. HMXe, a Takxke T71.27 B 4.3), a B dep-
MEHTATUBHBIX peakumsix — gaxe 100%. Peaknum ¢ celleKTUBHOCTBIO
100% mna3wIBatOTCS cmepeocneyuuueckumu.

CoBpeMeHHBIE TIPEICTABICHUSI O MEXaHM3Me aCHUMMETPUIECKOTO
CUHTE3a LIeJIMKOM OCHOBAHbI Ha KoH@opmayuonnom anaause. Ho npexne
yeM MeperTu K MeXaHu3My, HeoOXOAUMO ellle pa3 U OoJiee AeTalIbHO
pPacCMOTPETh BOIPOCHI BHYTPUMOJEKYISIPHONM CUMMETPUH, TTOCKOJb-
Ky MHOTHE MOJIEKYJIbI COMEPXKAaT aTOMBI WJIM TPYIIIBI, KOTOPKIEC JIUIIh
KaXXyTCsT 9KBUBAJICHTHBIMU, HO TP CTPOTOM TIPOBEPKE HAa CaMOM JIejie
OKa3bIBAIOTCS pPa3HBIMU.

8.6.1. DHAHTUOTOIIHBIE U TUACTEPEOTOITHBIE ATOMBI,
I'PYHIIIBI U ITOBEPXHOCTHU

Hoenmuunvimvy TpynnamMuy Ha3blBAIOTCSI (DparMEHThI MOJIEKYJ, UME-
foIlMie OMMHAKOBEIE COCTaB, CTPOeHWE M KOH(pUTypaunio. MaeHTnaHbIe
TPYIIITBl MOTYT 3aHMMATh OAMHAKOBBIE WM pa3HbIe TojiokeHmsa. Ha-
npumep, B Monekyine 1,3,6,8-terpanurpodayopera (XLVI) ugenTna-
HBI BCE YeThIpe HUTPOTPYIIILI, HO OAMHAKOBHIC TTOJOXEHUS 3aHUMa-
10T IIOMAPHO IPYIIIBI B mosoxenusx 1,8 u 3,6:

2 G2
O,N : NO,

u (XLVI)

NO, | NO,

I'pynmbl, 3aHMMAaOIIEe OAMHAKOBBLIC TOJIOXEHUS, HAa3BIBAIOTCS IK-
BUBANCHMHbIMU, WA eoMOmonubimMu (OT Tped. tomol — MeCTO); OHU
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MepeBOJSATCS OfHA B APYTYIO MPU MOBOPOTE MOJIEKYJbI BOKPYT €€ OCU
BpauieHus1 C, (KOHEYHO, n # 1 U n # ). B coenmuenun XLVI C,= C,;
HYKe MPUBEAEHbI IPYrUe MPUMEpPbl TOMOTOIHBIX TPYIIIT:

g I y fcz

P-_
/ ~Ph H --H OH =0
Ph \Ph /
Hb

G
\] Y
TOMOTOITHbIE G G
TPYIIbL:
Ph/Ph/Ph H/H H,/H, v H,/H, OH/OH

MeTunbHbBIC TPYIIIIBI B M3OIIPONUIXJIOPUAEC HE TOMOTOIIHBI, TaK KakK
MOJIEKYJIa HE MMECT OCHU BpallICHUA ITOPsAOKaA BBIIIC COAMHUIIBI

Cl

- —q (C,, orcyTCTBYET)

YT0OBI TIPOBEPUTD, SABJISIOTCS JM aTOMBI VUIM TPYIIITBI SKBUBAJICHTHBI-
MM, UX MBICJIEHHO 3aMEHSIOT Ha KaKue-HUOyIb APYTMe aTOMBl WM
rpynnbl. Eciu B pesynbrate 3aMeHbl HOBbIE MOJIEKYJbl OyIyT WACH-
TUYHBI, 3HAYNT, ¥ B MCXOMHBIX MOJIEKYJaX aTOMBI OBLIM SKBUBAJICHT-
Hbl. Hanpumep, B audropmerane aromel H; m H, romoronHsl, mo-
ckoJbKy Tipy 3amMeHe H; u H, Ha mobyro rpynmy Z nonyyaroTcs WAcH-
TUYHBIC MOJIEKYIIBI:

F N
-7
NOACHTUYHbI
) \I:Il \ i >
N H
F z
S
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Haobopot, npu 3ameHe pa3Hbix aToMoB Bogopoaa CH,-rpynms
B 3TaHOJIE Ha Ipymiy Z IOJy4arTCs pa3Hble SHAHTUOMEPHI:

OH h

> DHAHTUOMEPHI

CnenoBarenbHo, atoMbl H; u H, He romoTomHbl. Takue atrombl wiau
TpyMIbl, Aaloliye MpU 3aMellleHWM TPeTbell TpyMIoil SHAHTUOMEDHI,
HAa3bIBAIOTCS SHAHMUOMONHBIMUL.

C TOYKM 3peHUST CUMMETPUH SHAHTUOTOITHBIMHM Ha3bIBAIOTCS TPYII-
ITBI, KOTOPBIE TIePEeBOAATCA OMHA B APYTYIO IyTeM OTPakeHUS B 3ep-
KaJIbHOW TUTOCKOCTH WJIM (peXe) TP Omepannv CUMMeTpuu S, (3ep-
KaJIbHO-TIOBOPOTHAas1 och). I[lockonbky ¢ = §; (Tabn. 8.1), sHaHTHO-
TOINHbIE TPYINIbl MOTYT MPUCYTCTBOBAThb TOJBKO B aXupajdbHbIX
MoOJIeKyJiax (cp. onpeaeiaeHre XUPalbHOCTHU, JaHHOE B pasaeie 8.2.2.0).

Hike mpuBenmeHBl HEKOTOpPBIE MPUMEPBI COSAMHEHMI, comeprka-
IIMX HAHTMOTOIHBIE aTOMbI BOJOPOAA, KOTOPbI€ YCJIOBHO OOO3Ha-
yeHbl cuMBoJiaMu Hg u Hp (T.e. «JI€Bblii» U «ITpaBblii»):

H\ /CH3 Hp
C=—=C
\/
C\
HS/ Hp H,C

DHAHTUOTOITHBIE TPYIMbLl HEIb3sl OTJUYUTH APYT OT Apyra B axu-
paNbHBIX ycIoBUsIX. He moMoxkeT HM TIpuMeHeHne (PU3MUECKUX MeTO-
goB (MK- u AMP-cnexrpockonusi), HA MPOBEACHNE XUMUYECKOU pe-
aKIMU C axupajbHbIM peareHToM. M TolbKO B yCIOBMSIX, obecrneurBa-
IOLIMX TTOSIBJIEHUE pa3Inursl MEXy TpaBbIMU U JIEBBIMUA MOJIEKYJIaMH,
SHAHTUOTOITHBIE TPYIIITLI CTAHOBATCS Pa3IMYUMBIMU. [T 3TOro HYyX-
HO co37aTh BO3MOXHOCTb B3aMMOACHCTBUS CyOCTpaTa, MMEIOIIEeTO
SHAHTUOTOIHBIC TPYIIbI, C KaKOW-JIMOO XUpaJbHOW yacTulleil, Ha-
MpUMEp € HepaleMUUeCKUM XUpaJbHbIM PEareHTOM WU HepaleMu-
YeCKUM XHpaJTbHBIM KaTalM3aTOPOM.

Hanpumep, MeTuIeHOBbBIE TPYMIIbI, BXOMSIIME B COCTaB JMMOH-
Hoit kucaotsl (XLVII), sHaHTUOTONHBI. Eciu B OJHY M3 HUX BBECTU
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M30TOIMHYIO0 METKY, a 3aTeM IpoBecTH (epMEeHTaTMBHOE IpeBpalle-
Hue B 2-KeTorityrapoBylo kuciaoTy (XLVIII), To oka3biBaeTcsi, 4To
M3 IByX UMEBILUXCS B UCXOJHOU MOJIEKYJIe METUJIEHOBbBIX IPYII OKHUC-
JISIETCS TOJBKO Ta, KOTOpasi HE CoAepxKajaa ACUTEPpUEBOU METKU:

(|:OOH (|:OOH ICOOH
|CHz (|jH2 (bepMeHTbl |
HOOC—Cli—OH HOOC—lc—OH —_— C|:H2
o o o
COOH COOH COOH
(XLVII) (XLVIII)

DTa peakidsd UCKIIOYUTEHHO BakHa B OMOXMMMWM; OHA BXOIUT B Me-
TabONMYCCKUIN YUKA AUMOHHOU Kucaombl, U yuxka Kpeoca. TlpuunnHa
M30UPaTEIbHOCTU OKUCIEHUSI METUJIEHOBBIX TPYIIIT COCTOUT B TOM, UTO
SHAHTHOTOIHEBIE TPYIITHI B XUPAJbHOM OKPYXKEHUU CTAHOBITCS
JUACTEPEOTOIHBIMM.

JuacmepeomonHbimy Ha3bIBAIOTCS aTOMbl WJIM TPYIIIbI, PacroJio-
>)KEHHbIC B MOJIEKYJIe TaKUM 00pa3oM, UTO MocjenoBaTe/ibHas 3aMeHa
KaXXJ0i U3 HUX TPYINIOoH Z NPUBOAUT K MOJYUYCHUIO AUACTEPEOMEPOB
(unmu Z- u E-uzomepoB B ciayyae ajJKeHOB):

o)
Z—C—H
CH, y CI—C-H
|
H —(—
A~G¢—Hp CH,
Cl—C—H > IMAacTepPeOMePbI
b, T
3 H—C-Z
Cl—C—
(H, n Hp nmnacrepeororitbl) CH;, w.
Z H
N/
T
H
H;C H
g: > Z, E-u30Mepbl
anN \ H /Z
H,C H \ﬁ
/ C\
H;C H
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JnacTepeoTOoNMHbIe TPYMIIBI HE CBSA3aHBI MEXIY COOON HUKAKUMU
aJIeMeHTaMM cUMMeTpuu. Hioke TipyBeneHBI MpUMEPBI COSAMHEHUI,
comepKalluxX IUACTePEOTONMHbBIE TPOTOHBHI:

H T|)

Cl H<—

H H=<—

H ! B
H HAHTUO-
TOITHbIE
AUACTEPEOTONHBIE
JINACTEPEOTOITHBIE

TPOTOHBI B HEWICHTUIHBIX
TTOJTOXKEHUSIX (TTPU 3aMeHe
Ha Z TIOJTy4JaloTcs pa3HbIe

M30MEPHI TTOJTOXKEHMIA)

" ﬁ JNacTepeo-
H CHFCl1 TOITHbBIC

H H
9HAHTHO- ~|:: :|~ SHAHTHO-
TOITHBIE TOITHBIE
H H
H H
HC  H

JINACTEPEOTOITHBIE
JINACTEPEOTOITHBIE

INpn pepMeHTATHBHOM OKHMCJICHUH JIMMOHHOM KHUCIOTHI (CM. C.66)
TMOBEPXHOCTh (hepMeHTa, B3aMMOICHCTBYIOIIETO C CyOCTpaToM, co3da-
eT XHpaJbHOE OKpYKEHHME CyOcTpaTa M YHWYTOXKACT DIEMEHTHI CUM-
METpUHU, OBIBIIME B CBOOOIHOI MojyeKyne cyoctpata. Komrekce cy0-
cTpat—(hepMEeHT CTAaHOBUTCSI AMACTEPEOTONMHEBIM. [IpM 5TOM aKTUBHBIM
LEeHTp, 0003HAYEeHHBIN cUMBOJIOM Ox, OTBeUaeT 3a OKHCIICHWE IIpHU
YCIIOBUM, YTO MOJIEKyJIa CcyOcTpara TIpeaBapUTEIbHO ObLTa TTPaBMIBHO
OpHMEHTHpOBaHA TIPU ¢e MMMOOWMIM3AIMKM Ha TOBEPXHOCTH (epMEHTA.
[paBubHas opHWeHTalss BO3MOXHA JIMIIB B TOM CiIydae, eCIIA MEXIy
TTOBEPXHOCTBIO (hepMEHTa M MOJIEKYJION JIMMOHHOM KUCIIOTHI, comepKa-
el SHAHTUOTOITHBIC TPYIITLI, OCYIIECTBISCTCS «TPEXTOUYCUHBIA KOH-
takT» TpeMs rpynrnamu COOH. DTo nosicHseTcsl cleayolleil cxeMoii:
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LIEHTPBI CB3BIBAHMS
rpynin COOH
A

CBOOOIHBIIA IIPaBUWIbHAS HeTpaBUJILHAS
(bepmeHT OpPUEHTALIUS; OpPUEHTALIUS;
okuciserca CHj CD, He okucnsgeTcs

JnactepeoTornHble IPYIIbl ¢ aXUpaJbHBIMU peareHTaMu B3auMO-
JEUCTBYIOT C pa3HbIMU CKOpOCTAMU. JIpyroii BaxkHO OCOOEHHOCTBIO
SIBJISIETCSl pasiauuue B crekrpax AMP, B KOTOpbIX AMacTepeoTOIHbIE
MPOTOHbI JOJKHBI JaBaTh pa3Hble CUTHAJIbI, pacllelJIEeHHblE 3a CYET
CIUH-CITUHOBOTO B3aUMOJACUCTBUS IPYr C APYroM. DTO Pe3KO OTJH-
YyaeT MX OT DHAHTUOTOIHBIX aTOMOB BOJOPOJA, KOTOPbIE HepazIuyu-
Mbl B AMP-criekTpax, 3a UCKJIIOUEHUEM TeX CllydyaeB, KOriaa MCIOJb-
3YI0TCSl XUpaJibHble pacTBopuTesv. OJHAKO Ha MTpaKTUKE CUTHAJIBI ara-
CTEPEOTONHBIX MPOTOHOB YacTO ObIBAIOT HEPa3JIUUMMBbI, TaK KakK 3TU
CUTHaJIbl OYeHb OJIM3KO PacMoJioXeHbl APYT K Apyry. YToObl 10OUTHCS
MX pa3pelleHus], TPUMEHSIIOT JIaHTaHUHbIC CABUTAIOIME peareHThI,
M3MEHSIIOT KOHUEHTPALUIO WU MOA0UPAOT PacTBOPUTEb.

OtmeTuM, 4To B coearHeHusx tuna XoCYZ rpynnbl X 3HaHTUO-
TOMHBI, eciu Y U Z axupalibHbl, HO JUACTEPEOTOINMHbI, ecan Y WIU
7. XupajbHBbI.

Ilycth rpynna Z xupaibHa, Hanpumep Z = Cabc, rme a, b u
C — pasHble 3aMecTUTeN M. Torma MOryT CyLIECTBOBaTb TPU poTaMe-

pa — A, b u B, — B KOTOpBIX OKaiiiiee OKpy:KeHWe MACHTUYHBIX
rpynn XA 1 Xg HEOAUHAKOBO:
Y Y Y
a\ b b\ ¢ AN a
XA Xp XA Xp XA Xp
C a b
A b B
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B poramepe A rpynna XA cOiukeHa c rpylmnamMyd a 4 C, a rpyria
Xp— ¢ rpynnamu b u ¢. B poramepe b rpymnna X cOnukeHa ¢ Tpyn-
namMu a u b, a rpynna Xg — ¢ rpynmnamMu a u ¢. B poramepe B K
rpytie XA OJMXKe HaXoAsTCs TPYINbI b U ¢, a K Tpynre Xg — TPYIbl
a u b. TakuMm oOpa3zoM, B KaxXIOM poTramepe Ipynmnbl Xa U Xp
HEesKBMBaJeHTHBI. boyiee TOro, MOXHO TOKa3aTh, YTO TPU BCEX BO3-
MOXHBIX Mepexomax Mexay poramepamu A, b u B, T.e. B mpolecce
BHYTPEHHETO BpallleHWs, HUKOTIa He MOXeT ObITh KOH(MOpMaIuu, B
KOTOpoii XA MMEET TOUHO TaKoe Xe OKpyxXeHue, Kak Xpg. Jlaxe B
YCJIOBHUSIX OBICTPOrO BHYTPEHHEIO BpallleHMsI, KOraa MPOUCXOAUT YC-
pelHeHue MHAMBUAYATIbHOTO CTPYKTYPHOTO OKPYXEHMUSI OTIEJIbHO
rpynit Xa U Xg BO BpPeMEHM, UCTMHHOTO YCPEIHEHMS MPH CpaBHE-
HUU 23THX TPYIIN MEXIy COO0Oi B JaHHBII MOMEHT BpEMEHU IPOUC-
XOJIUTh HE MOXET. B 9TOM HamISIAHO MPOSIBASIETCS UCTUHHASI HEDKBU -
BAJICHTHOCTb AMACTEPEOTOITHBIX TPYIIIL.

Ilo aHamorum ¢ 3HAHTUOTOIHBIMU WJIM IMACTEPEOTOIMHBIMU aTO-
MaM{ W TpyIaMu B TPUTOHAJIbHBIX MOJIEKYJIaX pa3inyaloT IHAHMUO-
monHvle VN Ouacmepeomontsvlie TIOBEPXHOCTU. PaccMOTpUM MoOJeKy-
JIbl (popMabAeruaa WM aleToHa. ATaka aXWUpalbHbIM peareHToM A~
Mo KapOOHUJBLHOMY YyIJIEpOaY MPUBOAWT K OJHOMY U TOMY e IpO-
nykty. Takum oOGpa3oM, ABE IMOBEPXHOCTU (ABE CTOPOHBI ILJIOCKOCTHU
KapOOHWJIBHOM TPYIIIbl) KBUBAJICHTHBI (20MOMONHbBL):

© ©
A A
0 A 0° ° A
| | / \C/ \C/
C\ \\ \\
/ R / \ / \
R R R

R R

B OyraHOHe MM alleTalbIeTUIe aTaKa aXWpaJTbHBIM peareHTOM C
OIIHO¥ CTOPOHBI TTOBEPXHOCTU TIPUBOIAUT K TIEPEXOTHOMY COCTOSTHHUIO
U TIPOOYKTY, KOTOPBIE SBISAIOTCS DHAHTUOMEPAMHM IIePEXOIHOTO CO-
CTOSTHUSI M TIPOAYKTa, 0Opa3yolierocsT TPy aTake C APYTroil CTOPOHBI
TIOBEPXHOCTH MCXOMTHON MOJIEKYJIBI:

] €]
A A A O °% A
O N/ N _/
\ L — F o+ F
R/ R R R R R

! | }

OHAHTUOMEDPDLI
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Takune NMoBepXHOCTU HA3bIBAIOT HAHTUOTOMHBIMU. [TOCKOIBKY B TOM
cllyyae, €C/IM MCXOJHbIE BEIEeCTBA M Cpela ONTUYECKU HEaKTHBHBI,
€O3/1aTb ONTUYECKU AKTUBHBINA TPOAYKT HEBO3MOXHO, B paccMaTpu-
BaeMOM cJjiyyae oOpasyeTcs palieMuuyeckass CMeCb SHAHTUOMEPOB.
OpnHako MpU aTake SHAHTUOTOIHON MOBEPXHOCTHU XUPAJIbHBIM ONTU-
YECKM aKTMBHBIM peareHTOM 00pa3yloTcsl 1UacTepeoMepbl, U TPy 3TOM
HE B PaBHbIX KOJIMYECTBAX.

JIBE 9HAHTUOTOIHBIE MOBEPXHOCTU MOJIEKYJIbI CBSI3aHbI MEXIY CO-
0ol ormepauueil CUMMETPUM — OTpaxk€HWEM B 3e€pKaIbHOU IJIOCKO-
ctu. Ecau xe n1Be MOBEpXHOCTU HENb3$ CBSI3aThb HUKAKUMM OIlepaliy-
SIMU CUMMETPUU (KPOME UAEHTUYHOCTH), TO TaKM€ MOBEPXHOCTU Ha-
3bIBAIOTCS IMAcTepeoTONnHbIMU. Hampumep, B NMPUBEIEHHOM HUXE
KETOHE JIBe MOBEPXHOCTU AMACTEPEOTOIHbI, U B Pe3yJibTaTe B3auMO-
JIEUCTBUSL O00pasyloTcsl AUacTepeoMephbl:

N
A O °% A
\C/ + \C/
/N s /N s
H;C (i“‘Ph HyC (i“*Ph
Me Me
JMACTEPEOMEPBI

JItoOble nuacTepeoTONHbIE MOJEKY/ISIPHbIE MOBEPXHOCTU B3aMMOJEl-
CTBYIOT ITU(MGEpeHIUPOBAHHO C JIIOObIM TUIIOM PEareHTOB, MOCKOJb-
Ky peareHT, IMOAXO[sl K pa3HbIM CTOPOHAM ITOBEPXHOCTHU, MCIIbIThIBA-
€T pa3Hoe BIIUSIHUE.

8.6.2. CHHTE3bI HA OCHOBE KAPBOHWJIBHBIX COETUHEHUM

OauH u3 HauboJjiee pacrnpoCTpaHEHHBIX TyTeill acUMMEeTpUYeCcKOo-
ro CHMHTe3a 3aKJII0YaeTcs B 00pa30BaHUM XUPATbHBIX CIUPTOB ITyTeM
TIPUCOSAMHEHUS TT0 KapOOHWIBHOM Tpytie. I OCYIIeCTBISHUST aCuM-
METPUYECKOTO CHHTE3a C MPOXMPATbEHBIMU SHAHTHOTOITHBIMU KapOo-
HWIBHBIMU COCIMHEHUSIMM TIPOBOIST PEaKIMI0 C XUPaJIbHBIM pea-
TEHTOM, XMPaJbHBIM KaTaau3aTopoM WU B XUpajdbHOM cpeme. B ciy-
yae IMACTEePEOTOITHBIX KapOOHWIHHBIX TPYIT XMPaJIbHBIN peareHT,
KaTajau3aTop WIM PacTBOPUTEIb HE TPeOYIOTCS, MOCKOIbKY HE00XO0-
TUMBIN TSI OTJIMYUS <«IIPABOTO» OT <«JIEBOTO» BJIEMEHT XUPaTbHOCTH
yKe CONEPKUTCS B MCXOTHOM MoJieKysie. ACUMMETPUUYECKUIA CHTE3 C
TOMOTOITHEIMA KapOOHWJIBHBIMU COCTUHEHUSIMU ((DOPMaIbICTHIOM,
alleTOHOM, 0eH30(heHOHOM M T.I1.) TIPOBECTU HEBO3MOXHO IO TPUH-
IUTTHATBEHBIM TIPUYMHAM, CBSI3AHHBIM C WX BBICOKON CUMMETpHUEIA.
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OOBIYHO 17151 aCUMMETPUUYECKOTO CUHTE3a CITUPTOB U3 KapOOHUJIb-
HBIX COEIMHEHUI UCIOIB3YIOT peaKlii0 BOCCTAHOBIEHUSI KapOOHWIb-
HO¥ TPYIIbl KOMIUIEKCHBIMU TUAPUAAMU JIIOMUHUST WIM TUAPUIAMU
0opa WM peakiuio MPUCOECIMHEHUS] METANIOOPTaHUYECKUX COEU-
HeHuit K rpynmne C=0.

8.6.2.a. ACUMMETPUYECKOE BOCCTAHOBJIEHHUE
KAPBOHWJIbHOM TPYIIIbBI

KapboHunbHbIe COEIMHEHUS] ¢ SHAHTUOTOITHBIMU CTOPOHAMU BBO-
JIST B peakUMIO C ONTUYECKM aKTUBHBIMM peareHTamu. Yaiie Bcero
WCITOJIB3YIOT TUAPUIHOE BOCCTAHOBJIEHHME OTTHMYCCKU aKTHUBHBIMU
TUAPUIAMU aTIOMUHUS M 6opa. XWpalbHbIe TUAPHUIBI TTOTYJYaloT W3
pPa3IMYHBIX ONTUYECKM AKTUBHBIX MOJIEKYJ, COIAEPKAIIUX TPYIIIILI,
CIIOCOOHBIE KOOPAMHMPOBATHCSI C OOpOM WM allOMUHUEM C obpa-
30BaHuMEeM KOHG(pOpPMALIMOHHO XEeCTKHUX KoMIuJiekcoB. Hampumep,
2,2’-puruapokcu-1,1’-gpuHadptun (XLIX), moiekyabl KOToporo ob6ia-
JAIOT aKCUAJTBHOM XMPaTbHOCTBIO, MOXKET OBITh pasfesieH Ha SHAHTH-
OMEpHI, M3 KOTOPBIX ITTOJYYalOT ONTHYECKU aKTUBHBIE KOMITJICKCHBIE
TUIPUILI ATFOMUHUS:

r 1©
® (0) H
. h ~.
+ LiAlH,—>Li o~ AL
(XLIX) XUPAIbHBIA TUAPUL

[u1st monydeHusl XUpaabHBIX THAPUAOB MOMUMO coeamHeHuss XLIX
OPUMEHSIOT MHOXKECTBO APYIMX XMPAJIbHBIX JIMTAHIOB; HUXE IPUBE-
JIeHbl HEKOTOpPbIE MPUMEpHI:

H——NMe, H——Me
PhCH,NH H
H——OH HO—F—CH,Ph
Ph CH,SH Ph
(«IapBOH»)

OnTUYecKd aKTUBHbIMN TUApUA allOMUHUA, pearupyd ¢ 3HaHTHUO-
TOITHBIM Kap6OHI/IJ'ILHI>IM COCIMHCHUCM, crocobeH «pasjmn4aTrb» ABEC
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pasHbIe CTOPOHBI TIJIOCKOCTH KapOOHWJIBHOM TpyImbl. [IprmunHamu,
00YCIIOBIIMBAIOIIMMHM TaKOe «XMPAIbHOE paclO3HaBaHWE» Pa3HBIX CTO-
POH MOJIEKYJIbI, SBJISIOTCS MPOCTPAHCTBEHHBIE M 3JIEKTPOHHBIC B3aM-
MOJEUCTBUS (XOTSI MPOCTPAHCTBEHHBIC B3aMMOMACHCTBUS, MO CYIIe-
CTBY, 9TO TOXE DJIEKTPOHHBIC B3aMMOACHCTBMS, 3aKJIIOYAIOIINECS B
OTTAJTKMBAHUU 3aITOJTHEHHBIX 000JI0YEeK COMVDKEHHBIX B IPOCTPAHCTBE
rpymnin). B kadyecTBe npumMepa peakiii, B KOTOPOd AEUCTBYIOT «3JIEKT-
pOHHBIE (aKTOpbl», PACCMOTPUM peaKILMIO BOCCTAHOBJIEHUST KapOo-
HUJBbHOHN TPYINbl o,f-HEHACHIIIEHHBIX KETOHOB KOMILIEKCHBIM TH[I-
punom amoMuHus L, Kotopblii Hocut HaszBaHue BINAL-H. Drta pe-
aKIMs B BBICOKOH CTETIEHM SHAHTHOCEICKTUBHA:

U, R U, R U, R
>/ (R)-BINAL-H \/  (9-BINAL-H >/
Y -~ —_—> Y
HO H ‘(‘) H oH

(R) @3.1.~90%) U,=apwun, ankenwt, ankuamwi  (S) (3.u.~ 90%)

oL,
O\Al/ L = %/O\Al/ H\L'
PN 1 f— 1
L Oe | Rn
(L) (S)-BINAL-H (LI)

IIpennonaraercs, uro BINAL-H pearupyer B ¢opme LI, B KoTopoii
MMEETCsl IMTUEBbIM MOCTUK Mexay Kuciopogom rpymnmbl OR(R” = Alk)
W TUAPUIHBIM BOIOPOAOM. MeXxaHM3M BOCCTAHOBJIEHMSI MOXHO Mpemd-
CTABUTH CJIEAYIOIIENA CXEMOM:

. T
H—Li s H Li
0—1L1—(‘) O—al—0

[
;q/
L
;q/
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CoryacHO 3TOi cxeMe, peaklMsl OCYILIECTBISETCS yepe3 IUKINUYeCcKoe
MEePEXoJHOE COCTOSIHUE, B KOTOPOM JIMTUH UIpaeT BaxKHYIO POJib:
KOOPAMHUPYSICH MO aTOMy KUCJIOpoJa KapOOHUJIbHOW T'PYIIbl, OH
CIOCOOCTBYET Mepexony TMAPUAHOIO aToMa BOAOPOAA K aToOMy yrjie-
pona. PaccmaTtpuBasi CTpyKTypbl KOOPAMHALIMOHHBIX KOMIUIEKCOB, Ha-
npumep (S)-BINAL-H ¢ ketonom (LIT u LIIT), MoXHO mpuiiTu K
BbIBOAY, uTO cTpykTypa LII, mpuBogsiias K odpazoBaHuio (.S)-croup-
Ta, 0oJjiee BBIFOIHA, MOCKOJbLKY B cTpykType LIII mmeercsa HeGaaro-
MPUSITHOE OTTAJIKMBAHUE MEXIY HENMOMEJICHHON Mapoil OMHOro U3 aTo-
MOB KHCJIOPOJa U T-3JEKTPOHAMU HEHACHIILIEHHOW TPYMIIbI:

(S)_ /O ) ,—I—I‘, p /O\ ”,—H :\O
Q\0 No—1i Q\o No—13
/ N / N
R S R S
(LI (LI

(31ecb S—MoJieKyJia pacTBOPUTEISI)

Takum o0Opa3oM, B 3TOM IIpUMepe IPUYMHONA 3HAHTUOCEIEKTUBHOC-
TU SIBJISIETCSl M, TW-B3aMMOAEHCTBUE (OTTAJIKMBAHUE), BO3MOXHOE TpHU
COJIMKEHMUM aToMa KMCJIOpoJa ¢ HEHACBIIEHHO! rpymnmnoi. XoTs npu
yBeJIMueHUU obObeMa rpynnbl R mpocTpaHCTBEHHOE OTTaJlKMBaHUE
MeXIy Hell U HaTOJIbHBIM KucCIopoaoM B cTpyKrype LII yBennuunsa-
€TCsI, B3aUMOJECUCTBUE HETIONEJICHHOW TMapbl C T-CUCTEMOU BCE Xe
ocraercsl 0ojiee CUIIbHBIM, U MO3TOMY Jaxe IJis1 oO0beMUCThIX R yka-
3aHHAs HAHTUOCEJEKTUBHOCTb COXpaHsIeTCs, MpaBaa, dHAHTUOMEp-
HbII1 U3OBITOK B TOM CJlyyae MEHbLIIE.

B kayecTBe apyroro rnpumepa aCMMMETPUYECKOTO CUHTE3a MOXKHO
MPUBECTU BOCCTAHOBJIEHME SHAHTUOTOMHOTO OeH3ajibaeruaa KOMII-
JIEKCHBIM JEWUTEepUIOM aTtOMUHUS:

O
| LiAID,(OR®),

oD DO
/ \
> D—C-__ + _.-C—D
\ “H H-
Ph H Ph Ph

R-(17%) S-(17%)
(R*OH = «1apBoH»; cM. c. 72)
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Xopollue pe3yabTaThl MOJyYeHbl TIPY UCIOJb30BAaHUM B KaueCTBE
BoccTaHOBUTeNs B-3-muHaHmi-9-6opadbunvkiio|3.3.1]HoHaHa (muHa-
Hun-BBN). C momouiplo 3TOro peareHTa acMMMETpUUYECcKOe BOCCTa-
HOBJICHME STMHUJIKETOHOB, a TakKKe 3(UPOB 0-OKCOKUCIOT yAaeTcs
MPOBECTH C DHAHTUOMEPHBIM M30bITKOM 80-100%:

BBN H.O®
R-C—C=CR'+ —> R-CH—C=CR —3>R—(I:H—CECR'
;XZZ OBBN OH
BBEN— — B

Paznuune mMexxny cTopoHaMU MOJIEKYJIbI CHJIBHO BBIPAXKEHO B KOH-
(bopMalLIMOHHO XeCTKOUM MoieKkyJie 4-mpem-OyTUILMKIOTeKCaHOHA, B
KOTOpOM mpem-0OyTUJIbHAsI TPyIlNa Bceraa 3aHMMaeT 3KBaTOPUAIbHOE
noJyioxkeHue. B aToMm ciyyae moaxos oObeMUCTBIX peareHTOB CO CTOPO-
HbI, 3aHMMaeMOl mpem-OyTWILHOW TPYIION, 3aTpyAHEH, U MO3TO-
My oOpa3yeTcsl TepMOAMHAMWYECKNM MEHee YCTOMYMBBIM aKCHaJIbHBIN
YUC-CIIUAPT.

H
1) -78°C
KH%C)NGH\ B(i-Bu), ——» (CH3)5C
2) TuApoOIn3 H
AKCUAJIbHBIA
crpt ( 96%) OH

IIpn yMeHBIIEHNM pa3MepoB pearcHTa 0Opa3yeTcs] 3KBATOPHAIBHBIN
MpPaHC-CIINPT:

H H

(CH3);C + Li Al Hj——> (CH3);C
- 40°C
N\ —OH
O OKBATOPpMAJIbHBIN H
cupr ( 95%)

W3 sToro mpumMepa BUIHO, YTO MCKITIOUMTEHHO BaXKHOE 3HAYe-
HMe TIpH TTOIXO/Ie peareHTa K KapOOHUILHOM TPyTITe UMEIOT IMPOCTpaH-
CTBEHHBIE MPETIATCTBUSA. B OOBIYHBIX CITyJasiX CTepPeOCeIeKTUBHOCTh BO3-
pacTaeT ¢ yBeIMYEHUWEM pa3MepoOB peareHTa, HaIllpuMep:

77



—AlH

C6H5 H C,H
3 3

(R)- + LiAH, (72%)
LiAIH(OBu'); (82%)

AcUMMETpUYECKOE BOCCTAHOBJIEHUE KaApOOHWILHOM I'PYIITbl MOX-
HO OCYIIECTBUTb TaKXe C MOMOILbIO JUTUIAPONUPUANHOBBIX COEAU-
HEHUU. DTU peaklUM aHAJIOTMYHBI (DePMEHTATUBHBIM MpolieccaM,
OCYIIECTBJISIEMbIM B >KMBBIX OpraHu3Max Mo JeicTBueM (hepMeHTOB,
cojepKalldX BOCCTAHOBJIEHHYIO (hOpMYy HUKOTMHAMUAAIEHUHINHYKIIE-
otuaa (NADH), akTUBHBIM LIEHTPOM KOTOPbBIX SIBJSIETCS] AMTUIPOHU-
KOTHMHOBBIU (pparMeHT, a poJib XMPAJIbHOTO paclo3Harollero hparmMeHTa
BBIMOJIHSIET Oe1KoBas 1iernb. B cuHTeTnueckom nuruaponupuarHe (LIV)
0eJIoK 3aMEeHEH Ha OCTaTOK ONTWMYECKW aKTUBHOU aMUHOKHUCIOTHI —
nponuHa. ITockonbKy mpy o0pa30oBaHUM XMPAJIBHOTO PeaKLMOHHOTO
KOMILJIEKCa BOBCe HeOe3pas3nyHO, KaKMM oOpa3oMm cyOcTpaT u pea-
rednt LIV pacmonoxarcsi OTHOCUTEIbHO APYr Apyra, BO3HMKAET pas-
HHUIA B SHEPrusiX AMacTepPeOMEpPHbIX MEPEXOMHBIX COCTOSHUMI, KOTO-
pasi 1OCTaTOYHO BejvMKa M obecrieurnBaeT 3HAHTMOMEPHbBIH M30BITOK
okouio 80%:

CON
Ph—ﬁ—COOE‘[ + | | —
0 N CONH,
CH,Ph (LIV)
CON
— > Ph(liHCOOEt + (j/ Q
CONH
(3 u. ~ 80%) 2
CH2Ph
*
@COOH
NH MPOJIMH (IIPUPOIHAsT AMUHOKMCIIOTA)
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8.6.2.6. ACUMMETPUYECKOE AJTKUJTINPOBAHUE
KAPBOHMJIbHOW TPYIIIIBI

OueHb BaXXHOM ITPOOJEMOIl OPraHMUYECKOTO CHHTE3a SIBIISIETCS
SHAHTUOCEJEKTUBHOE AJIKUJIMPOBAHUE aJIbACTUA0B MeTalJIoOpraHuyec-
KUMU CcOeIMHEHUsIMU. Peakiinio MOKHO OCYILIECTBUTH C TTOMOLIBIO JIv-
TWIA-, MAaTHUI-, IIMHK-, ATIOMUHUI- 1 GOPOPTraHNIECKUX COCTMHEHUIA.
Hanpumep, npu B3auMoaeicTBMM BCIOMOTaTeJIbHOTO XUPAJIbHOIO pe-
areHTa LV ¢ 1ByMsI MOJIIMY OYTWJIZIMTHS 0Opa3yeTcsl KOH(MOpPMaLMOH-
HO xecTkuit Komrieke LVI, KoTophlii B peakuuu ¢ OeH3aIbAECTUA0M
JaeT ONTUYECKU aKTUBHbIN |-(peHunneHTaHo:

O CH,~ Q 2Buli PhCHO

—BuH \ /

CH,OH
2 Bu 0

— Ph|CHBu 4
OH (LVI)

S

Huke mpuBeneHbl Apyrue mpuMepbl aCUMMETPUUECKOTO IpUCcoe-
JVHEHUS METAIJIOOPTaHNYECKUX COeAMHEHUN K DHAHTUOTOITHBIM ajlb-
Jeruaam:

() et
o R Ph, H Ph H
. \”/ Trd—IMD (1:1) >/
R 0 —1000C

Y HO R
Li
R

(3.11. 92%)
|

C\
RyZn + O/ HOODER RS
2

7N\
\./

/ N\
\

=0

(.1. 98%)
CH,CH=CMe,
H Me
B 1) RCHO | |
———— > RCH—C—CH=CH, (3.u. 96%)
2) H;0® * ]\I4
(
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g peakiyii 1uacTepeoTONMHbIX albJeTUI0B U KETOHOB aCUMMET-
pUYECKUIT CUHTE3 OyIeT Ha3bIBaThCsl duacmepeoceseKmugHbiM, TIO aHa-
JIOTUM C DHAHTUOCEJEKTUBHBIM CUHTE30M B Clyyae SHAHTUOTOITHBIX
MoJiekyJl. JlnactepeoceieKTUBHOCTh MOXHO YCTAHOBUTH C TTOMOIIIbIO
npasuna Kpama n npasuna Ilpenoea (cM. Takxke 171.16).

IIpaBuiio Kpama npenckasbiBaeT MPEUMYIIECTBEHHYIO KOHQUIY-
pauMio IMacTepeoMepoB B TeX CiyyasiX, KOTJa acCMMMETPUYECKUU
LIEHTP B MOJIEKYJIE UCXOAHOTO KETOHA HEMOCPEACTBEHHO CBSI3aH C Kap-
OOHUJIBHOM TPYIIION.

B npoaykre peakuuu, ciuprte, OyIeT yxXe ABa XUPaJIbHbIX LIEHT-
pa: paHee CYIIECTBOBABIIMIA B MCXOJHOM KapOOHWJIBHOM COEAMHE-
HUM U BHOBb BO3HMKAIOWIMI M3 KapOOHUJIBHOU rpynmsbl. Jluacrepeo-
CEJIEKTUBHOCTb 3aBUMCUT OT Pa3MEpPOB 3aMECTUTEJIeil, CBSI3aHHBIX C
ACUMMETPUYECKUM LIEHTPOM B UCXOJHOM cybcTpare, a TakKe OT Mpe-
HOYTUTEJIbHOM KOH(OPMaLMM JTAaHHOTO KapOOHMJIBHOrO cyOcTpara.
MoxHo 1oJjaraTb, YTO OObIYHbIE KAPOOHUJIbHBIE COSIMHEHUS IPEUMY-
LLIECTBEHHO CYILIECTBYIOT B KOH(OpMallUKM, M300pakeHHOU (opMyJIoi
LVII, B xotopoii cumBoiamu b, C u M 0003HaYeHBI COOTBETCTBEHHO
OOJIbIION, CPEAHUI M MaJiblii 3aMeCTUTEIM (II0 OTHOCUTEIbHBIM pa3-
mepaM). OueBUHO, UTO aTaka peareHTOM JOJKHa OCYIIECTBISTHCS
MNPEUMYLIECTBEHHO C TOW CTOPOHbI KapOOHWJIbHOW TPYIIMbl, KOTOpas
MPOCTPAHCTBEHHO MEHee 3aTpyaHeHa (Ha CXeMe yKa3aHO CTPEIKOM):

0
e

b (LVID)

M
R

310 IIpaBUJIO IMOATBEPKAACTCA MHOI'OYMCICHHBIMU IIPUMEPAMMU:

o) MeMgX CH, R=Me (66%)
H,C R OH
3
EtMgX Et (75%)
pearcHT C6H5 3
PhMgX H CeH; Ph (83%)
H —

(OCHOBHOI1 TTPOIYKT)

ITonoOHbIe mpoliecchl MOJYYMIM Ha3BaHUE dcCUMMempu4ecKol UHOYK-
yuu. BuaHo, 4TO MpM YBEJIMYEHUM DPa3MEPOB MArHUHOPTraHUYECKOTO
COCMHEHUSI TUAaCTEPEOCEICKTUBHOCTh PeaKIMy BO3pPacTaeT.

IIpaBuno Kpama mpuMeHMMO He TOJbKO K aJKWJIMPOBAHUIO, HO
U K TUAPUIHOMY BOCCTAHOBJICHUIO KapOOHUJIBbHOM I'PYMIIbI.
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IIpaBuiio Ilpenora aHamoruyHo npaBuiay Kpama, HO TOJBKO IIO-
CBOEMY MpeacKa3biBaeT IMPEANOUTUTEIbHYI0O OPMEHTAIIMIO peareHTa B
MEePEeXOTHOM COCTOSTHUM. DTO MPABUIJIO MCIIOIb3YeTCsl, HAIpUMep, IS
MpeAcKa3aHUs CTePEOCEIEKTUBHOCTU MPUCOSANHEHUST peaKTUBOB I pu-
HbsIpa K ONTUYECKU AaKTUBHBIM 3(PHpaM 0.-OKCOKAPOOHOBBIX KMCIIOT.
[IpennonaraeTcs, 4YTo B pe3yabTaTe CBOOOJHOIO BpalIeHUS CYLIECTBY-
10T Tpu KoHbopmepa acupa o-okcokucnoTsl: LVIII a-B. 1o mpocTpan-
CTBEeHHBIM TIpuurHaM KoHdopmepsl LVIIIa u LVIIIO moikHbI arta-
KOBaTbCsl PEareHTOM CJieBa OT TUIOCKOCTH, B KOTOPOM PacIONOKEHbI
C=O-rpymmnsl, a koHpopMmep LVIIIB — crmpaBa OT 3TOM IIJIOCKOCTH.
Eciu cumtaTth, 4TO BCEe Tpu KOHGOpMEpa B MX CMECU COAepKaTcs B
paBHBIX KOJIMYECTBaxX, TO IPEANOUYTUTEbHOI OyaeT aTaka cjieBa OT
TUIOCKOCTU:

/\o M C /o\ C 5 /o\ B M
Rﬁo%B Rﬁo)ﬁg RVH\O)(C

AL A =

A2 A2 A2

LVIlla LVIlIo LVIIIs

IMonrBepxmennem npaBuina Ilpenora sBisieTcss, HalpuMep, CIEAYIO-
1ast peakuusi:

(M)

0 HO Me

g o H ( O 1. MeMegl \C

/N S 2. OH /
Ph |(|: 3. Al/Hg Ph \C—OH
O 3 |
CH(CH,), 0
R (62%)

(b)

8.6.3. IPUCOETUHEHUE K IBOMHBIM CBA3AM C=C

AcUMMeETpHYECKNEe CHHTE3bI, OCHOBAHHBIE Ha peakIUAX IpH-
coeauHeHus1 K aBoiHoi C=C-CBS3M, — 3TO B OCHOBHOM TUAp00O-
pUpOBaHME AJKEHOB C TTOMOIIILIO XUPATbHBIX O0paHoB. Peakmms rum-
pobopupoBaHusI MOAPOOHO paccMoTpeHa B I1. 5 (4. 1). B pesynbrare
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OKHCJIeHUsI 00pa3ylolIuXcsl MpU MPUCOCIMHEHUU OOpaHOB K ajIKe-
HaM OOpOPraHMYECKUX COEAMHEHUI TOIy4aloTCsl CIIUPTHI.

H;C H BR 2
CH,
e H—OH
C,H;
H,C” L H
* S noutn 100%-4
R = (muHaHWI-3) OITUYECKas YMCTOTa

Kpowme nu-3-nuHaHniabopaHa MOXHO MCIOJB30BaTh TAKXKe U MOHO-3-
nuHaHuioopad (R BHj). B Hacrosiilee Bpemsi ¢ ITOMOILBIO 3TUX JIBYX
peareHTOB MOXKHO YCITEIITHO OCYILECTBISITh CUHTe3bl MHOTUX ONTUYECKU
aKTUBHBIX CIIUPTOB (TabiI. 8.3).

W3 gaHHbIX TabJ. 8.3 BUAHO, YTO R BH, Gonee apdpextrBeH mis
mpaHc-aNKeHOB 1 TIPOCTPAHCTBEHHO 3aTPYAHEHHBIX yUC-aTKEHOB, TOT-
lla KaK [Uisi MPOCTPAHCTBEHHO HE3ATPYIHEHHbBIX yYuc-aJIKEHOB JIy4lle
ucroJib3oBaTh Ry BH. D10 HeoOxoaumo yduThIBaTh IpU BbIOOpE pea-
TeHTa Ul KOHKPETHOTO CHHTEe3a.

Ta6numma 8.3

T'uapoGopupoBaHne aJKEHOB M- W MOHO-3-NMMHAHWJIOOPAHAMM

DHaHTHOMEPHbII
n36bITOK (%)

R,yBH |R'BH,

HcxonHble amKkeHbI

2-M -1 5-30 1,5
eTUJIAJIKEHbI /CH3 ,
CH,=C—R
yuc-ANKeHbI R R 76—98 20—24
/
“CH=CH
mpaHc-AJNKeHbI R 13 70—92
N
CH=CH
SR
IIpocTpaHCTBEeHHO 3aTpPyAHEHHBbIC adKEeHbI (yuc- U mpauc-) 14—22 52—100

Kpome rugpobGopupoBaHMsl IS aCUMMETPUYECKOIO0 CHMHTe3a Ha
OCHOBE aJIKEHOB MOHO MCMOJIb30BaTh peakiivuio Muxasias — npuco-
eMHEHUE PeareHTOB C TMOABMXKHBIM aTOMOM BOAOpPOJa K aKTUBUPO-
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BaHHOM ABOMHOM cBs3M (cM. MI1.16). Pacrmo3Haionmii XupaabHbIi LIEHTP
MOXKET WJIM BXOAUTH B COCTaB OJHOTO M3 PEareHTOB, WIM OBITH TIpemd-
CTaBJIEH ONTUYECKW AKTUBHBIM PACTBOPHUTEIEM WM KaTaIU3aTOPOM,
Harpumep:

CH,NO,

B*
Ph—CH=CH—COPh + CH;NO, —> Ph—CHCH,—COPh (3.. 51%)
XaJIKOH

(B* — XUHMAWH; MPUPOIHBIA aJIKaJIOumd).

8.6.4. ACHMMETPUYECKAN CUHTE3 AMUHOKHCJIOT

OueHb 3¢ GEKTUBHBIM OKa3aJIcsl MYTh CUHTE3a ONTUYECKU aKTUB-
HBIX O-aMUHOKMCJIOT Yepe3 Meaboprannueckue komriekcol (FO.H. be-
JIOKOHb, 1982). CHauasia onTUYeCKU aKTUBHbIK N-OeH3WINPOJUH Mpe-
BpalllaloT B aMuJ peakuuei ¢ opmo-amruHoaleTopeHOHOM. 3aTeM I10-
JIYIeHHBI TIPOAYKT KOHACHCUPYIOT C TIIMIMHOM (aMHHOYKCYCHOM
KuciaoToit) B mpucyrctBuu cojieit meau (II) m B pesynabTaTte mosyda-
T MeaHblid komivieke LIX, B kotopom CH,-rpynna (Ha cxeme BbI-
JeneHa) objagaeT MOABMXHBIM BoaopoaoM. IIpu anbiojbHONH KOH-
JNEHCAIlMM C YYaCTUEM 3TOU TPYMIIBI TTOIyYaloT 0.-aMUHO-[-TUAPOKCH-
KHCJIOThI, a MPU aJKUIUPOBAHUU ITOW TPYINbl — pazHOOOpa3HbIe
AMUHOKUCIIOTHl BBICOKOW ONTUYECKOW YUCTOTHI:

CH,;COC¢H,NH,-opmo H,NCH,COOH
Z >—COOH > CONH E——
| | Cu(II)
CH,Ph CH,Ph COCH;4

N-OeH3WIIpoIH
(oITUYECKU aKTUBHBIIA)

1)CH,CHO x
O_ —————> CH,CH(OH)CH(NH,)COOH
v EON 2)H,0
— N/ T
PhCH, ,Cu_ ,C
2/ NN 1)R,NLi «
0 N CH;L—2—» R—CH(NH,)COOH
/>_ CHZ 2) RX O-aMUHOKMUMCJIOTBI
0 3)H,0°

(LIX)

DHaHTHOMEpHBIE M30BITKM B TaKOM CUHTe3e mocturait 97-100%.
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8.6.5. CHUHTE3bI B XUPAJIIbHBIX CPEJAX

Ecnu peareHTBI axypajibHbl, HO OAWH M3 HUX IMPOXUpPAJIEH, TO B
OINTUYECKM AKTHUBHBIX CpedaX MOTYT MPOMCXOIUTh aCUMMETPUUYECKUE
CHHTE3bl DHAHTUOCEJIEKTUBHOTO TUITa. Harpumep, npy aeiicTBUM Mar-
HUMNOPTaHUYECKUX COCIMHEHMIA Ha KETOHbI B IPUCYTCTBUU 3(GUPOB
BUHHOM KUCJIOTHI OAWH U3 SHAHTUOMEPHBIX CITUPTOB MOJIyJyaeTCsd XOTS
" B HebomboM (3.1. = 2,5%), HO Bce e B m30bITKe. [1py mukimmsa-
uu 2-anuiadeHosoB B B-NMHEeHEe (ONTUYECKUA aKTUBHbBIA PacTBOPU-
TeNnb) .M. coctaBun 12,5%:

ZCH; O,
—_— (c.1. 12,5%)
alLIeTaThI

OH Cu u Pd, 0

B-rHeH 1-BunMI-1,2-1urunpodeHsodypan

Bonee Toro, eciu oouH peareHT XUpaJieH, HO BOAMTICS B peak-
LMIO B BUIE paleMUYECKOM CMeCH, TO B ONTMYECKM AKTMBHOM pa-
CTBODHUTEJIC OAMH M3 DHAHTUOMEPOB XUPAJIbHOIO peareHTa pearupyer
ObICTpee OpYroro, 4Tto MPUBOAUT K ONTUYECKM AKTUBHOMY IMPOIYK-
Ty, HaIpuMep:

CH;4 1) (+)-CH;CH(OCH3)CH(OCH3)CHj; CH;

| (pacTBOpUTEJIb)

CHMgCl + CO, > HCCOOH
2) TUaApOIU3

C2H5 C2H5

+.7) )

MoseKynbl ONTUYECKU aKTUBHOIO pacTBOpUTeENs [(+)-2,3-IUMETOKCH-
OyTaHa| B CcUJIy HNPOCTPAHCTBEHHBIX NMPUYMH OOpPa3ylT IPOUYHbIE
COJIbBaThl C OJHOU M3 JABYX SHAHTUOMEPHBIX (DOPM MarHUMOpraHu-
yeckoro coenuHeHusi. CoJibBaThl JIEBOM M IIpaBoil hopM cyOcTpara
OTHOCATCS APYT K APYry KakK AuUacTepeoMepbl, U MO3TOMY BO3HUKAET
pasnuuue B ckopoctsx ux peakuuu ¢ CO,. Enle pa3 noguepkHeM, 4to
SHAHTUOMEPHI MOTYT ObITh IU(P@PEPEHUINPOBAHBI TOJIBKO C ITOMOIIBIO
ONTUYECKM aKTUBHBIX BEUIECTB, B JAaHHOM CJlyyae C MOMOIIbIO
OINTUYECKU aKTMBHOTO PACTBOPUTEJIS.

ACUMMETPUYECKHUE CUHTE3bI MPOBOJASTCS TAKXKE B XUPAIbHBIX (XO-
JIECTEPUIECKUX) dcudkux Kpucmanrax. Hampumep, TaKuM IyTeM MOX-
HO OCYLIECTBUTb CUHTE3 ((-aMMHOKMCJIOT C HEBBICOKOW ONMTHUYECKOU
YUCTOTOW.
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8.6.6. <ABCOJIIOTHBI» ACUMMETPUYECKU CUHTE3

«Abcoatomubim» ACUMMETPUYECKUM CUHTE30M Ha3bIBAeTCS TaKOW
ACUMMETPUYECKUIA CUHTE3, KOTOPBIN OCYIIECTBISIETCS B OTCYTCTBHUE
ACUMMETPUYECKNX XUMUYECKUX pEareHTOB, B TOM YHCJe IEHCTBYIO-
IIMX B KauecTBe KaTajau3aTOpOB. 3HAYMT JIM 3TO, YTO B JAHHOM CIIy-
yae HAHTHOMEPHBIE KOH(UTYparuyu oOpa3yloTcsT B HEpaBHBIX KOJIH-
yecTBax 0e3 BCSKOro acuMMeTpu3yollero areHta? Bosce HeT. «Abco-
JIOTHBIM» ACUMMETPUYECKUI CUHTE3 OTJIMYAeTCS OT OOBIYHBIX,
pPACCMOTPEHHBIX BBIIIIE, JIMIIL TEM, YTO B HEM MCITOJNB3YeTCsT (DU3H-
YeCKWI acCUMMETPHUYECKUII areHT, HalpuMep HUPKYISIPHO IOJSIPH-
30BaHHBIN cBeT. ClleioBaTeIbHO, M B 3TOM Cliydyae «IIpaBoe» W «JIe-
BOE» MOXKET OTJIMYUTDL TOJIBKO XMPAJTbHBINA areHT ((pU3NUIECKUIT), B3sI-
TBIIA B CBOEI «IIpaBOii» MU «JIEBOI» (hopMe, U TEPMUH «aOCOTIOTHBIN»
He JOJKeH BBOIWTH B 3a0IyXKIeHWE IO TTOBOMY 00sI3aTeIbHOTO YCII0-
BHUST — HAJWYUs aCUMMETPHUYECKOro hakTopa.

«ADCOITIOTHBIN» aCUMMETPHUYECKUII CHHTE3 yKe JaBHO IpUBJIEKa-
eT K cebe BHMMAaHWE YYEHBIX, TPEXIe BCETO B CBI3M C MPOOIEMOit
BO3HUKHOBEHHSI ONTUYECKN aKTUBHBIX MOJIEKYJ Ha 3emie B IepBO-
HavaJIbHBIX aOMOTEeHHBIX yCIoBUsIX. OqHA M3 TUITOTE3 COCTOUT B TIpEe-
MOJIOKEHUW, YTO TIPUUMHONW BO3HMKHOBEHUS TepPBOHAYAIBHBIX OIT-
TUYECKN aKTWBHBIX COCIMHEHHMI OBLT LUPKYJISIPHO MOJSIPU30BAHHBIN
CBeT, TaK KaK TaKas TOJIIpU3alvs BO3HHMKAeT TPU OTPAKCHUU ecTe-
CTBEHHOTO CBETa OT BOIHBIX IMOBEPXHOCTEIA.

B n1aGopaTopHBIX YCIIOBHSIX TepBble CHHTE3Bl TAKOTO THIIA OBIIN
ocyuiecTBieHbl B Havase 1930-x rogoB. Hampumep, npu ocBelieHUU
palleMUYecKoro TUMETUIIaMUIa O-a3uIOTPOITMOHOBON KHUCIOTHI
CH;CH(N;)CONMe, uupKyasipHO TOJISIPU30BAHHBIM CBETOM HaOJII0-
Jajach TpeMMYIIeCTBeHHas! ISCTPYKIIUS OTHOTO M3 dHAHTHMOMEPOB,
W OCTAaTOK TMPHOOpPETA] ONTUYECKYI0 aKTMBHOCTH (acMMMeTpudecKast
gectpykiusi). B 1970-x rogax ¢ MOMOLIBIO LUPKYJISIPHO TTOJISIPU30BaH-
HOTO cBeTa OBLIH TTOJIyYeHBI TeIWIIEHBI B ONTUYSCKU aKTUBHOM (hop-

Me, Harpumep:
hv hv
| =
313 HM, | X

10 4
=

rekcareied (3.1. ~ 0,2%)

BennunHa 3HAHTUOMEPHOTO U30bITKA NpU (DOTOXUMUUYECKUX
ACUMMETPUUYECKUX CHHTE3aX 3aBUCHUT OT TOTO, HACKOJbKO CHUJIbHO
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OTJINYAIOTCSI MEXIY COo00i Ko3((GULUMEHTHI MOIJIOLIEHWS TIPaBoOro u
JIGBOTO LIUPKYJISIPHO TIOJSIPU30BAHHOIO CBETAa JAHHBIM BEIECTBOM.

B mocneaHee BpeMsi MCIOJB3YIOT LMPKYISIPHO MOJISIPU30BAHHOE
JlazepHOe u3jaydyeHue. TakuM TyTeM M3 3amellleHHbIX TpornoHoB (LX)
ObUIM MOJIydeHbl OMuMKINYeckue KeToHbl LXI:

X P
il (>.1. 3%)
—_— 2.1. (9
o) P
(LX) (LXI)

W3BecTHHI TakKe «aOCOJIOTHBIC» aCUMMETPUYECKHUE CHHTE3BI B
TBepAol (aze, MPUUMHON KOTOPBIX SIBJISIETCSI BO3MEMCTBUE DSHAHTUO-
Mop(dHOI KpucTtayyimyeckoil peurerku. Hampumep, mpu OpomupoBa-
HUU TlapaM#M OGpoMa 3HAaHTMOMOPGMHBIX KPUCTAJUIOB* mparc-4,4-1v-
meTtuaxaiakoHa (LXII) mpoucxomut mpauc-nipucoennHeHue Gpoma 1o
JIIBOMHOW CBS3U W TIOJIYYalOTCS IBa 3HAHTUOMEDA:

\

CH;C4H, H ..
— e CH3C6H4_CH_CH_COC6H4CH3
H COC,H,CH; .
(LXII) (a.1. 6%)

8.6.7. ACAHMMETPHUYECKASI UHAYKIIUSA AKCUAJIBHOM
W TIJIAHAPHOM XUPAJIbHOCTH

Beolllie Mbl paccMaTpuBaii aCUMMETPUYECKHE PEeaklMu, B KOTO-
PbIX BO3HMKAJl XMPAJIbHBIN LIEHTP IO BO3AEWCTBUEM JIPYroro Xupaib-
HOTO LIgHTpa (HampuMep, U3 JUacTePeOTONHBIX KapOOHUJIbHBIX COeIM-
HEHMIT 00Pa30BBIBAIMCH AUACTEPEOMEPHBIE CIUpPThI; 8.6.2). M3BecTHbI
TakxXe TMPUMEpPBI, KOTJa XWPaJbHbI LEHTP MHAYLUPYET XUPaJbHYIO
OCb WJIN XUPAIbHYIO TJIOCKOCTb.

Tak, Haubosee pacpOCTPAHEHHBIM METOAOM CHUHTE3a aKCUaslb-
HO XUPaJIbHBIX aJUIEHOB B ONTUYECKU aKTUBHON (hopMme SIBJIsSIeTCS Tie-
pexo OT MpOoMNapruibHbIX COEAMHEHUI C XupajlbHbIM LieHTpoMm. Ha-
MnpuMep, NPy BOCCTAHOBJIEHUU TO3UJIATOB TMAPUAAMU:

- R H
R—c=c—CH—ors AMe e c—c]
R H R

HECHTpaJbHadA XUPaJlbHOCTb aKkCHaJibHasd XUpaJlbHOCTb

m
DHaHTMOMOpPGhHbIE KPUCTAUIBI MOTYT OOpPa30BbIBaTh BEIIECTBA, MOJIEKYJbI KO-
TOPBIX aXUPaTbHbI.
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ACUMMEeTPUYECKYI0 MHIYKIINIO TUTAHAPHOM XMUPAIBHOCTA MOKHO IIPO-
WITIOCTPUPOBATh Ha MPUMEpPe CMHTE3a ONTUYECKU aKTHUBHOTO MPAHC-
LIUKJIOOKTEHA:

H
0
N .. (RO)P
C=S ———> + CO, + (RO);PS
o
H

(+)-uzomep, (R)-(+)-uzomep,
LIeHTpalibHasE XUPaTbHOCTh IUIaHApHAasA XUPaTbHOCTh

8.6.8. ACHMMETPUYECKUI KATAJIN3

OavH U3 myTel MoBblleHUST 3(PPEKTUBHOCTH aCUMMETPUYECKO-
ro CUHTE3a COCTOUT B MCMOJIb30BAHUM KAaTaTUTUUECKUX KOJIUYECTB XU-
panbHoro areHta. Hanbosee oO1MM M3 M3BECTHBIX B HACTOsIIEE Bpe-
M$l BHAHTUOCEJEKTUBHBIX KaTaTUTUUECKUX METOIOB SIBJISIETCS MpUMe-
HEHUE XMPATbHBIX KOMILJIEKCOB MEPEXOIHBIX MeTALIOB. M3BECTHO, UTO
METaJlJIbl CITIOCOOHbBI KaTaanu3upoBaTh MHOTHME OpTaHUYECKHUe peakilvi,
U MyTeM BapbUPOBAHMSI MPUPOIbl MeTajljla, OPraHUYECKUX JIUTaHIOB
U XUPAIbHBIX J00ABOK MOXHO HamnpaBUTb MPOCTPAHCTBEHHOE Teye-
HUe peakUMu MPaKTUYECKU 10 JIIDOOMY HY>XKHOMY TTyTH.

MeTanToKOMILUIEKCHBIN KaTaanu3 pacTBOPUMBIMU KOMILIEKCAMU
METaJJIOB, B TOM YMCJI€ M DHAHTUOCEJEKTUBHBIU, €ro MPUHLMIIBI U
MeXaHU3Mbl TTOAPOOHO paccMmaTpuBatoTcs B 1. 27 (4. 3). 31ech ke Mbl
MPUBEJEM JIMIlIb HEKOTOPbIE CUHTETUUECKUE MPUMEPbl KaTaJIuTUdec-
KMX peakiyii, TpUBOASIIUX K MPOAYKTAM C BBICOKMM M30BITKOM OJI-
HOTO 13 HAaHTHOMEPOB.

Yrobbl co3aaTh 3(PPEeKTUBHBLIA KaTAIUTUUECKUI DHAHTHUOCEJIeK-
TUBHBI METONl CMHTE3a, HeOOXOAMMO MMETh IMPOCTOM, OYEeHb peak-
LIMOHHOCTIOCOOHBIN KaTaau3aTop, objagaroluii Xopoliei crnocooHO-
CThIO K XHWPaJIbHOMY pPacno3HaBaHUIO 3HAHTUOTOMHBIX CTOPOH IPO-
XUpaTbHBIX MOJieKy1. CienoBaTesibHO, TOMUMO BbIOOpa LIEHTPaJTbHOTO
MOHa MeTaJljla MPaKTUUYEeCKU BaXKHO UMETh MOJIEKYJISIDHbBIN TU3aifH (T.e.
MPOEKTbl BO3MOXKHbBIX CTPYKTYP) XWMPaJbHBIX JIMUTAHAOB. XOPOILIUe Ju-
TraHJbl JOJKHBI COAEPXKATh MOAXOASIIME ISl CBSI3bIBAHUS C JaHHBIM
MeTaioM (DYHKUMOHAJIbHBIE TPYMIIbl, MOAXOMASIINE MOJEKYJISIpHbIE
3JIEMEHTbl CUMMETPUU, 3aMECTUTENN, CIOCOOHbIe nuddepeHunpo-
BaTb pa3Hble 00JIACTM OKPYXKAIOLIETro MPOCTPAHCTBA CTEPUUYECKU WIU
3JIEKTPOHHO (CM. BBILLIE); KPOME TOTO, JIMTaH/Ibl JOJKHBI 00J1aaTh WU
CKeJIeTHOM (KapKacHOM) >KeCTKOCTbIO, MJIM, HA00OpOT, CKEJIEeTHOU
TMOKOCThIO (B 3aBUCMMOCTU OT KOHKPETHOHN peakluu).
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OmHUM U3 TIEPBBIX IIPUMEPOB ACUMMETPUUYECKOTO CMHTEe3a U3 TIPO-
XMPAJTBbHBIX COCIMHEHUM, KaTaTu3upyeMOTro PacTBOPEHHBIMU XHpPajib-
HbIMM KOMILIEKCAMU METaJLIOB, ObL1 ONyOIMKOBaHHBIA B 1966 r. cuH-
Te3 adupa yuc- U1 mpauc-2-OEeHUILUKIONPOIIaHKAPOOHOBOI KHUCIIO-
THI C MCIOJb30BaHUEM XHPAJIbHOTO KOMIUIeKca mMddoBa OCHOBAHUS
¢ Cu(Il) (LXIII). Peakuust mpoTekaeT uyepe3 KapOeHOUD MEIU B XU-
paJbHOM OKPYKEHUU:

Cu* — kar Ph_, . COOEt
Ph—CH=CH, + N,CHCOOEt —— >
CTMpON  JMA30yKCYCHBII
a¢up uuc- N mpamuc-
Ph|CHCH3 (a.1. ~ 10%)
=N (0]
AN Cu/
Cu* — kar = o~ \N_
|
(X1 CH,CHPh

B aTOM ciyyae 3HaAaHTMOMEpHBIN M30BITOK cocTaBui Bcero 10%, HO
rnocjie CUCTeMaTUYECKOIro CKpMHUHTa (T.e. MPOCTOro mnepedopa MeTo-
JIOM TIpo0) xupaibHbix ocHoBaHMii Illudda Ob1 HaiineH KaTanuza-
TOP, MPUBOISAIIMIA K 3.4. = 94%. Ha 3TOM ocHOBaHMU ObLT pa3paboTaH
METOJ, MPOMBIIUIEHHOTO cuHTe3a (.5)-2,2-IuMeTWILMKIIONpOoIIaHKap-
OOHOBOI KHCJOTHI (KOTOpasi HeoOXoauMa Jisl MojydeHus: (apmiripe-
napara MHTMOMTOpa JAeruaporenTuaasbi-1).

B HacTtosiiiee BpeMsi HanboJsiee 3(h(GeKTUBHBIE SHAHTUOCEIEKTUB-
HbIe METaJUIOKOMITJIEKCHbIE CMHTE3bl IJIABHBIM 00pa3oM OCHOBAHbI Ha
peakunu rugpupoBanusi C=C, C=0 n C=N-cBg3eii B OCHOBHOM Ha
KOMIUIeKcax poausi U pyTeHust. Huke npuBeneHbl Haubosiee sipkue
npuMepsl (cM. Takxe 4. 4, 171. 27).

1) CuHnre3 (-)-MeHTOJA:

| N
)\V\)v/ —’)\A/KANEQ

JUITUITCpaHUIaM1H
CCJICKTMBHAA

l (S)-BINAP-Rh"
KaTaJIUTU4YECCKas

S o
X CHO X = NEt,

-

OHAHTHUO-

Y

LIATPOHEIAb (R)-; 2.1. = 96—99%

:
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—_—

OH

S e

i)\ (—)-MeHTON
OH

AN
O PPh g PPh ‘ Phay  Och
€]
2 2 P>Rh< ‘clo;,
PPh, PPh, P OCH;
<oleo oo Lk
+
(R)-BINAP (S)-BINAP (5)-BINAP-Rh
2) IlonmyyeHue ONTUYECKM AKTUBHBIX CIIUPTOB:
HO H 0 H OH
// - H2 H H2 - :::
(R-BINAP-Ru "\ (5)-BINAP-Ru
R R R R R R
(R = Alk, Ar)
R DHAHTUOMEPHBIN M30BITOK criupra, %
—CH,CONMe, 96
—CH,COSEt 93
—CH,COR" (R’ = CHj3,Ph) 94—100
—CH,CH,OH 98
Br
(opmo-6pomMdbeHIT) 92
—CH,NMe, 93—96
—CH,0H 92
COOH
(opmo-xapOokcudeHN) 92
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o R
P 0
(85)-BINAP—Ru = P:Ru<
0
O R
R = Alk

AJNKUIMpoBaHUE KapOOHWIbHBIX COEAMHEHUI MeTalJIoOpraHuyec-
KMMHM COCAMHEHMSIMM HETEPEXOMHBIX METaJUIOB B IIPUCYTCTBUU XU-
pajibHBIX KOMILIEKCOOOpa3oBaTesieil TakxKe MOXHO c/esaThb KaTaJIuTu-
yeckuM TpolieccoM. Hampumep, OeH3anbaerul B peakUUu C JUMe-
TWI- WIU JASTUILMHKOM B TOJIyOJie B MPUCYTCTBUU KaTaTUTUUECKUX
KOJIMYECTB XMPAJbHOTO KOMILJIEKCOOOpa3oBaTesisi Ha OCHOBE OWIIMK-
Jmnyeckoro 6opHaHa (—)-DIAB o6pasyeT (R)-cniupThl ¢ 9HaHTHOMEP-
HBIM U30BITKOM 92%:

| (-)-DIAB-kar.  H,0
R,Zn + H —_— —

NMe,
T

B peakuuu ¢ (—)-DIAB cHauana obpa3syercst AUMEPHBI KOMILIEKC
LXIV, kotopsiit numeer cummetrputo C,, U TO3TOMY xupaneH. Eciau
XK€ B peakuMio BecTu pauemuueckuii (+)-DIAB, obGpasyercs numep-
HbIIT KoMrutekc cummeTpuu C;, KoTopblil axupaneH. Komrmuieke xe
cumMerpuu C, B 3TOM cilyyae He oOpa3yeTcsl, TaK Kak I0 MPOCTpaH-
CTBEHHBIM (baKTOpaM OH TePMOAMHAMWYECKM MeHee CTaOWiIeH, YeM
komruieke Cj:

Me,
NR, /N\ /
2 + 2R,Zn ——>
oH ? 2RH / N
DIAB (R = Me, Et) \ Zn/

Me,
(LXIV)

90



R

/ /
C, (xupasen) C; (axupaineH)
B peakuumu ¢ OeH3adbAeIMAOM 3HAHTUOCEIEKTUBHOCTbBIO, CJIEHO-

BaTeJIbHO, OyneT obnamatbh Toabko KoMmruieke C,. Karanutmueckuii
LMK ONKUCHIBACTC CIEAYIOLIECH CXEMOM:

Me2 Ph Me2 Ph
Od O:/
1(LXIV)+ArCHO —»5:( Zn\ —ZZ—H>§I \
\ /
2N
R R
MEUIEHHO
Mez Mez
N
AN
Zn R,Zn
g( / < 2 gt( Ph
-ZnR, ¢ 0L \R / \o
\/ R
/
R R R R R
CH OZnR =
Ph

8.7. ICEBJOBPAIIIEHUE

B ominuue ot azota ocdop MoxkeT 0Opa30BbIBaTh MATh KOBAJIECHT-
HBIX CBS3€il MyTeM pacllMpeHUs] CBOEH BaJIeHTHOW OOOJOUKU OT OK-
TeTa A0 neiiera. MoeKy/bl, LIEHTPAJIbHBII aTOM KOTOPBIX UMEET 00-
Jiee BOCHMU 2JIEKTPOHOB B BAJICHTHOI 00OJIOUKE, HA3bIBAIOTCS 2unep-
sarenmuvimu. TTogoOHbBIE COEIMHEHUSI MPUOOPETAOT KOH(UTrypaluio
TPUTOHAIBHON OMIMpPAMMIBI, HAIPUMED:

F cCl, N

| .-CH; | -C S Nash
H,C— P Cl—P*, ag===P !

| NF | Nai NN

F Cl et (LXV)
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ITarp 3aMecTUTENIell 3aHMMAIOT CTEPEOXMMMUECKU HEOAMHAKOBOE I10-
JIoXXeHMe: Tpu U3 Hux (a, b u ¢ B ¢popmyie LXV) Ha3bIBalOT 3KBaTO-
puagbHbIMU, a aBa (d U e) — anuKaldbHbIMU. MIHTepecHO, 4To MoJje-
kyida LXV c nmaTeio pa3HbIMU 3aMecTUTEIsIMU Yy atoma docdopa B
MPUHLIMIIE MOXET CylllecTBOBaTb B Buae 20 XupajlbHbIX M30MEPOB,
cocrapstolux 10 map sHaHTHOMepoB. Eciu aBa 3amectuTesnst oguHa-
KOBBI, YHCJIO U30MEPOB coKpalaeTcs 10 10, cpeau KOTOpbIX ABE Mapbl
OyIyT SHAHTUOMEPHBIMU.

MouJiekyJibl, B KOTOPbIX LIEHTPaJbHbI aTOM MMEET KOOpAMHAIIM-
OHHOE 4MCJIO 4 win 6, OOBIYHO COXPAHSIOT YCTOMYMBYIO (DOPMY TET-
pasapa uiau okrtasapa. OgHAKO B MEHTAKOOPIAMHALIMOHHBIX COEIUHE-
HUSIX JIMTaHAbl HEMPEPbIBHO MEHSIOT cBoe mnoJioxkeHue. ITo aToit mpu-
YUHE TISITUKOOPINMHALMOHHBIE coeanHeHus hocdopa (a Takke MHOTHE
JIpyrue, OTIMYAIoIIMecs aHAJIOTMYHBIM TUIIOM XMMHMYECKOTO IOBede-
HUSI) TIPUHSITO Ha3blBaThb KOH(UIYPALIMOHHO HEYCTOMYMBBIMU. [jis
OODBSICHEHUST HEINPEepPbIBHON CMEHBI TOJOXEHUS JIMFAHIOB B TPUTO-
HaJIbHOM OWMUpaMuzie TMpemIoXeH MeXaHU3M ncesdospaujerus — 00-
paTUMBI Mepexon MexXay KOH(UTypalusMy TPUTOHAJbHOU Oumupa-
MUIbl U TE€TparoHaJbHOU MUpPaMUIbI:

1 3 TCEBIO- 1,3
_.-”7  BpalleHHe .
4 4
2 2
D3h C4v
(atombl 1 1 2 anuKaabHbI) (aTombl 3 1 2 anuKaJbHbI)

B npouecce 3TOro MHMMOTO BpallleHUs ONMH U3 9KBATOPUAIbHbBIX
3aMecTuTesIeld, Ha3blBaeMblii OMOPHBIM JIUTAHAOM (B HallleM cllyyae
0003HaueH Lu@pPoi 5), ocTaeTcsl B SKBATOPUATBLHOM IIOJIOKEHUM, B
TO BpeMs Kak JIpyrue JIMraHabl (popMUpylOT cO00ii OCHOBaHME BOOO-
paxkaeMoil TeTparoHaJIbHON MUpaMUIbl 32 CUYET MCKaXXeHUsSI BaJICHT-
HbIX YIJIOB. BajieHTHBIN yroia Mexmay cBsa3siMu 1-P-2 ymeHbluaercst oT
180° mo 120°, a mexny cBsa3ssMu 3-P-4 yBenuunBaetcs ot 120° mo 180°,
T.€. alMKaJbHbIe JUTAHIbI 1 U 2 B KOHLIE KOHIIOB 3aiiMyT 9KBaTOPU-
aJbHbIE, a AKBATOPUAJIbHbIC JUTaHIbl 3 U 4 — amuKaabHbIC MOJIOXe-
Hus. B pesyibpTaTe oOpasyeTcsl AuactepeoMep MCXOAHOM CUCTEMBI, T.€.
MIPOUCXOMUT KaXXyIIMACSI TMOBOPOT JUTaHAOB Ha 90° OTHOCHUTETBHO
OIIOPHOTrO JuraHaa 3J.

IlceBnoBpailieHME TTPOUCXOAUT MTOTOMY, UTO BHEpPreTuyecKasl pas-
Hua mexay KoHdurypauusimu D3, u Cy, B MEHTAKOOPAUHAIIMOH-
HBIX coeIMHeHUsIX (pocopa oueHb HeBeIUKa.

IloHsaTHE «ICEeBOOBpalllcHUE» MPUMEHSIIOT U s 0003HAUYECHMS
HEKOTOPbIX KOH(MOPMALMOHHBIX MPEBpallleHU ¢ yyacTUeM LMKIU-
YeCKMX CHUCTEeM, Hampumep JUIsl MEepPexXoloB MeXay BaHHOOOpPa3HbIMU
KOH(MOpPMaLMSIMU IIUKJIOTEKCaHa.
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OnuH 13 HauboJjiee OOLIMPHBIX U BaXKHbBIX KJIACCOB OPraHMYECKUX
peakiuii HOCUT Ha3BaHUE HYKAeOPuabHOe 3aMeujeHue y HACbIUEeHHO2O
amoma yeaepoda. B pesynbraTe TaKMX IPOIECCOB YXOmsIast rpymnma Z
B opraHuyeckom cybcrpare RZ, comepxkaiem cBssb Cy3—Z, 3ame-
1aeTcs HykJeo(puJibHbIM peareHToM Nu: TakuM oOpa3oM, UTO He-
nojeeHHas Iapa Hykjaeodwia B npoaykTe peakuun RNu craHoBur-
Csl DJIEKTPOHHOM Tapoi o-cBsi3u C—Nu, a 3jIeKTpOHHas rnapa G-CBsI-
3u C—Z CTaHOBMUTCSI HEMOAEJIEHHOM Mapoi OTILLEeNUBIIEHACS YXOasIei
TPYIIIIBL:

I |
Nu:s + _(I:_Z —> Nu _IC_ + 7

Vxondiyo rpyniy Z 4acTo Ha3bIBalOT Hykaeogyeom («IOABUXK-
HBI B BUJIe HyKJIeo(duia»). XOpOlLIUe yXOUSIIUe T'PYMIlbl UMEIOT Bbl-
COKYIO HYKJIEO(YTHOCTbD, IIOXME YXOISIIME TPYIIIbl — HHU3KYI0 HYK-
neodyrHocts. K xopomnM HykieogyraMm OTHOCSTCSI, B YaCTHOCTH,
tpudiatHas (OTY), yxomsiuass B Buae aHuoHa Z = CF;SO;, drop-
cyapdonatHag FSO; , napa-tonyosncynb@oHaTHasg WIM TO3WJIaTHasd
(OTs) m gp. K cnabbiM HykjIeogyraM MOXKXHO OTHECTH alleTaTHYIO
rpynny, kapookcunar-uoH (RCOO7), a Takke F .

Peakuiyy HykjIeo(pWILHOIO 3aMelleHUs YOIOOHO KJIacCU(PUIMIPO-
BaTh B COOTBETCTBMM C U3MEHEHMEM 3apsia B CyOCTpaTe WIM HYKJIEO-
dune mo Tuny Mexanusma 3amenieHus. [lo 3apsagHOMYy MPU3HAKY 3TH
peaKkiuu 1eaecoo0pa3Ho pa3aeuTh Ha YeThIpe OOJBIINE TPYIIIILI.

1. Bzaumodeiicmeue HelimpanvbHo2o cybocmpama ¢ HelmpanbHbim

HYKAeopUIOM

® S
Nut+ RZ —> Nu—R + Z".
Hanpumep:
® €]
H,N: + RHal ——> RNH,Hal
RyN: + RHal ——> R,N° Hal
R,P: + RHal——> R,P®Hal®;

o beakums Tl'opmana;

R,St + RHal ———> R,;S®Hal®;

ROTs + AcOH—> ROAc + TsOH ;

(Ts — napa-tonyoncynbsdonun CH ;@»SOz—)

ROH + HBr———— > RBr + H,0 ;

ROR*+HI— »R'T+ ROH;

RHal + ROH———> ROR + HHal ;

RHal + HOH ———> ROH + HHal .
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2. Bzaumodeiicmeue HelimpaabHo2o cybcmpama ¢ AHUOHHbIM
HYKAeopUIOM

Nu:®+ RZ —> NuR + 7:°,
Hanpumep:
RO®+ R'Hal —— > ROR! + Hal®;
RS®+ R'Hal —— RSR! + Hal®;
CN®+ RHal ———— > R—C=N + Hal®;
Hal®+ RHal’ ——> RHal + Hal'®

(3aMeHa OIHOrO rajoreHa Ha APYrod WA M30TOIHbIA OOMEH rajore-
HOB, Hanpumep RI + I* <=2 RI* + [~ ).
NOS + RHal—> RNO, + Hal®+ RONO.
R'R’C_c_R’ LR
@\(l) + RHal—> R —(I?—C—R + Hal®

E€HOJTAT-NOH R O
? ?
o ®
N: K + RHal ———> NR + KHal
I I
0) 0)
ranumuokanmmin (peaktust ['abpuasist)
o 1 o ©
Zt =
RC\O@ R'Hal — » RC\ORl + Hal

NS+ RHal —> RN, + Hal ;
2 ! ol ©
RC=Ct+ R'Hal —>RC=CR' + Hal®.

3. Kamuonnubtii cyocmpam — HelimpanvHulil HyKAeou.l

®
Nu:+RzZ® o Nu—R+2Z:.

Hanpumep:
o®
B /NH2 ® o XNHZ\\
:S—C\ + RS(CH;),X —> C—S—R + (CH;),S
NH, H,N

THOMOYEBHHA S-anKuITHypoHuEBask CoJb
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4. Kamuounuiii cybcmpam — GHUOHHbLU HYKAe0pUA

Nu®+RzZ® —— >  NuR+Z:.

Hanpumep:
O
1 © ® © // ©
terpagTopdopar OR
TPUATKAIIOK COHUS
o) ® |CH3
CH;4
(0]
Z 1@ 4
RC + R'N(CHj), ——— > RC | + (CHj);N: .
AN ) \OR
(0)

W3 sToro majeko He TIOJHOTO MEPEeYHS MOXHO CHeaThb BBIBOI,
YTO C MOMOUIBIO peakUUil HYKJICOMDUIBHOTO 3aMeIleHUs] Y HAChIILIECH-
HOTO aTOMa yIJiepoia MOXHO OCYIIEeCTBUTh CUHTE3 TTPAKTUYECKH JIIO-
6oro kiacca CoeIVMHEHUI annpaTUIeCcKOro psia.

IMo Timy MexaHM3Ma peakUUH HYKJIeO(MMIHbHOTO 3aMEeLIeHHS MO~
pasnensroTcsi Ha OGMMOJIEKYJISIpHbIe, 0003HaYaeMble CUMBOJIOM Sy2 (sub-
stitution nucleophilic bimolecular) 1 MoHoMoneKysIpHBIE Syl (Substi-
tution nucleophilic monomolecular). B rnaBe 3 (3.1) opraHuuyeckue
peakunu OBUTM paslejieHbl Ha TpU KaTeropuu: 1) m3oMepHM3aliuyd 1
MeperpyninupoBKU, 2) AuUcCOLUALMSI U peKoMOMHauusi, 3) OumoJe-
KyJIsIpHOE 3aMellieHre. B cooTBeTCTBMHM ¢ 3TOM KilaccuduKamnmein peak-
MK Sy2 OTHOCHTCS K TpeTheil, a Syl — KO BTOpOI KaTeropuu:

/o N\

Nu:+ R——Z —> Nu—R + 7:° SA2
voHM3aLMs o o Nu@
RZ <————> R"+Z — > RNu Spl .
peKOMOMHALINST

H3zydyeHue HyKIeODMIBHOIO 3aMeIIeHUs Y HACHIIIEHHOTO aToMa
yIJIlepoia ChIrpajio MCKIIIOUMTEIPHO BaXXHYIO POJIb B CTAHOBJICHUU U
pa3BUTHM (BYyHIAMEHTAIbHBIX TPEACTABICHUI O MEXaHM3Me PeaKLIMii
M BMECTe C TeM IIpPeICTaBIsgeT co0oil Hamboee AeTabHO M3YYeHHBII
TAI OpraHUYecKWx peakiuii. MccienmoBaHne MexaHM3Ma HYKJIEO-
unpHOro anmudaruvyeckoro 3amelleHUsI OBLJIO HAYaTO B CEpeArHE
1930-x romoB aByms1 Bbiaaromumucst yyeHoiMu K.K. MHronpaom u
B./. Xb1030M, KOTOPBIM TPUHAMIEKUT CepUst OJECTSIIINX OCHOBO-
MoJIarafIuX IMMOHEPCKUX pabOT, COCTABISIIONIMX 30JI0TON (hOHI
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¢usnyeckoit opraHuueckoil xumuu. BriocneacTtsum uaen MHronbma u
Xbl03a TIONMYyYMJIM JanbHeiIee pa3BUTHe M ObUIM 3HAYMTETIBLHO MOMIM-
¢uumpoBaHbl. TeM He MeHee IpedJIoKeHHAs UMY KJlacCUuUKauys Me-
XaHU3MOB HYKJICO(PUIbHOIO anudaTUYECKOro 3aMelleHus Ha Sy2- U
Syl-TUMBI 10 CHUX MOp OCTaeTcsl camoil ymoOHOW OCHOBOM, C KOTO-
poil cieayeT HauMHATh OOCYKAEHME MeXaHM3Ma HYKJIeo(pWILHOTO 3a-
MeEIIIeHUs] Yy HACBHIIIEHHOro aToMa yIjiepofa.

9.1. OBIIIAA XAPAKTEPUCTUKA MEXAHU3MOB Syl U S)2

Ipu peanuzanyum KjaacCMYECKOTO MOHM3ALMOHHOTO MeXaHu3Ma
Syl Muronpaa—Xpio3a ONpenesIoIeii CKOPOCTh PeakUUu CTaauei
SIBJIIETCS TEeTePOJIMTHYECKasi TUCCOLMAIIMS, Bedylllas K 0Opa30BaHUIO
CBOOOTHOTO TPEXKOOPAMHUPOBAHHOIO KapOOKAaTMOHA U yXOIsIeit
rpynnsl. [lanee ciemyeT BTopasl cTamus — OBICTpasi peKOMOMHALIMS
2JIEKTPOGUILHOr0 KapOoKaTuoHa ¢ JIoObIM OCHOBaHueM JIblouca
(HykJieoWJIOM), UMEIOLIMUMCSI B pacTBOpe, BKJIIOYas M caM pPacTBO-
pUTETb. DTOMY TIPOIIECCY COOTBETCTBYET DHEPreTMUeCcKas auarpamma,
npeacraBleHHass Ha puc. 9.1, a.

a 6

& [2)
s [Nu--R-+Z] *
&

T

a3

°N

©

I

0

=

©

N

o

I

2 2 o
2 NU+RZ  NuR+Z

RZ+Nu: RNu+
KoopawnHara peakumm
H B
\ Sy 2
Nu<ld) + C/j:<.>z<) —_—
4
R2 R1
H # H

Nu5<.>‘2c\q>26_<) s Nu<]>/c<<) + @>§<)

2
R R R1 R
Puc. 9.1. BHeprernueckue auarpaMmsbl Ul IPEAEIbHOTO ciyyass MexaHu3MoB Syl (a)

u Sp2 (6). TlepexogHoe cocTosiHUE Sp2-MexaHU3Ma (6)
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Takoit mrccCOIMaTUBHBIN MEXaHMU3M MMeeT CJICIyIoIIne XapaKTep-
HbIE CJIEICTBUS.

1. ITockonbKY oIpenesisieT CKOPOCTb BCEl peakKUuy CTaaus MOHU-
3allMy, peakius MOMUYMHSIETCS KUHETUUYECKOMY YpPaBHEHMIO IEpPBOTO
TopsiIKa:

d[RZ]

CKOPOCTb = — dt

= ki|RZ].

Takum 00pa3oM, CKOPOCTh MOHM3AIIMM CyOCTpaTa He HOJKHA 3aBH-
CeTb HU OT TPUPOMABI, HM OT KOHIEHTpPALMN HYKJICO(PUIHLHOIO pea-
reHta Nu:.

2. VI3 sHepreTMuecKoOi aAMarpaMMBl CJIEAYET, UTO DHEPrust Iepe-
XOITHOTO COCTOSTHUS CTaAuy MOHM3anu R—Z 61m3Kka K 3Hepruu Tpo-
IyKTa TIepBO#l cTagmu, KapbokatroHa. ClemoBaTeIbHO, TEPEXOMTHOE
COCTOSTHHE «ITOXOXKEe» Ha KapOOKATUOH U B CTPYKTYPHOM CMBICJIE, TOT-
Ja CTPYKTypHBIe (PaKTOpPHI, MOHMKAIOIINE SHEPrui0 KapOOKaTHOHA,
JOJDKHBI TTIOHIDKATh M 9HEPTHIO TIEPEXOTHOTO COCTOSTHUSI. DTO SBIISIET-
cs CJeICTBHEM ITOCTyIaTa X3MMOHIA, TToapoOHee pacCMOTPEHHOTO B
1. 13. JIpyrumu ciioBamu, 4eM ctabuibHee R, TeM BbIlE CKOPOCTDH
Syl-peakunm cyocrpata RZ.

3. MoAm3aumsl moKHA 3aBUCETh KaK OT MOHU3WPYIOIIEH CHITBI
pacTBOpPUTENIA, TaK M OT TPUCYTCTBUSI B PacTBOpPE COJIEH C OOIIMM
MOHOM Z , BIMSIOLIMX Ha JMCCOLMALIMIO BCJIEACTBUE 3aKOHA ACHCT-
BUSI Macc, Wiu 0e3 00llero MoHa, CIOCOOCTBYIOIIMX MOHU3ALIMU
BCJICAICTBUE YBEJIMUECHUS MOHHOM CHJIBI PacTBOpA.

4. Ecin kapOoKaTHMOH, oOpa3ylolluiics MpU MOHU3ALMU, H0CTa-
TOYHO CTabWIeH, OH MPUMET HanboJyiee BHITOMHYIO TIIOCKYIO KOH(H-
rypamnuioo, Kotopas axupanbHa. ClegoBaTeIbHO, CTePEOXMMUYECKUM
pe3yabTaTOM KJIACCUYECKOTO (MpenesbHOro) Syl-mexaHn3Ma IOJK-
Ha OBITH palleMU3alINs.

Kiaccuueckuii GMMONEKYISIPHBIN MEXaHU3M 3aMelleHUs Sy2 onu-
CBIBAaeT CMHXPOHHYIO OTHOCTAIWIHYIO peaKINio, B KOTOPOI TTepexo-
HOE COCTOSIHUME TIPEACTaBJISIET COOOM TPUTOHAILHYIO OMIIMpaMHAY C
IMEHTAaKOOPAMHUPOBAaHHBIM aToMOM yriepona (puc. 9.1). Baxknerimei
OCOOEHHOCTBIO S)y2-MeXaHM3Ma SIBJISIETCA OTCYTCTBHE KaKOTO-JIMOO
WHTEpMEarara B IPOIECCe COTJTACOBAaHHOTO 3aMEICHUS TPYMIBl Z
Ha Nu (cM. puc. 9.1, 0).

B Takux peakuusx IJIaBHBIM SHEPTETUUECKUM (DAKTOPOM SIBJISIET-
csl B3aMOJEIMCTBUE HECBA3bIBaIolIell opoutanu Hykiaeopuia (B3MO)
¢ paspeIxysoneii o*-opoutansio csazu C—Z (HCMO).

CorracoBaHHBIN MeXaHMU3M HYKJICO(PUILHOTO 3aMeIleHUs WMeeT
KUHETHYECKNE W CTePEOXMMHMUYCCKUE CIICICTBUSI.

1. Peakummst mMeeT OOIIMiT BTOPO KMHETUUICCKUI TTOPSIIOK, TIep-
BbIi MO CyOCTpaTy M TEpBbIi MO HyKJIeopuy:
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dRZ]
dt

Hyxireoun yyactByeT B 06pa30oBaHUM TEPEXOTHOTO COCTOSTHUS, TT03-
TOMY CKOpPOCTH JOJDKHA 3aBHCETh KaK OT KOHIICHTpAalMU, TaK W OT
MpUPObl HyKIeodusia, 4YTo pe3Ko OTIMYAeT COTIACOBAHHYIO Sy2-pe-
aKIIMIO OT MOHU3AIMOHHOTO MexaHu3ma Syl.

2. JIpyroif MpUHLUMIUAIBHO BaXKHOW XapaKTepUCTUKOUN Sy2-Mmexa-
HU3Ma SIBJsIeTCSl cTepeoxuMusi peakimu. CHUHXpOHHas Sy2-peakuus
JIOJDKHA OBITH CTepeocTelnPUIecKoi, MOJIEKYIIpHO-0pOUTaIbHOE
OITMCaHWEe CTPYKTYPHI MEPEXOIHOTO COCTOSTHHSI 3TOTO Ipoliecca (CM.
9.2.2) mokasbIBaeT, YTO aTaka Hykjeoduaa Habmogaetcs ¢ Tbuta. Hyk-
nmeodmnbHBI areHT Nu : arakyeT cyocTpaT RZ co cTOpoHBI, TIpOTH-
BOITOJIOKHOM yXomsiieil rpymnie Z, TaKuM o0pa3oM, 4ToObI 00pa3o-
Banme cBsg3M C—Nu COIPOBOXIAIOCH CHHXPOHHBIM paclIeTIeHIEM
cBs3u C—Z B TPUTOHATBLHOM OUITMpPaMUIAIBHOM ITePEXOIHOM COCTO-
SIHUU C TIEHTAaKOOPAMHUPOBAHHBIM aToMOM yriepoaa (puc. 9.1, B). Cre-
PEOXMMMYECKHAM CJIEACTBMEM TaKOTO Ipoliecca JOJIKHO OBITh TaK Ha-
3bIBAEMOC B8A1b0CHOBCKOe 00paujeHue KOHOUTYpaUUU MPU XUPaTbHOM
aToMe yrjiepoja, CBI3aHHOM C YXOISIIEH TPYIIoii. DTo sIBIIeHUe OymeT
NoapoOHO paccMoTpeHo B pazaeie 9.2.1. OOpaleHue KOHPUrypauuu
HEYKOCHUTEJILHO BBITIOJHSIETCS B Sy2-peakiiusix.

B sToMm paspene Oymer mpuBeIeH TOJBKO OIWH, HO, BEPOSITHO,
caMbIil HaNISIHBIA M yOeTUTEIBHBIA TTpUMEpP, B KOTOPOM TTPOUCXOIUT
HM30TOITHOE 3aMellleHne iona B (+)-2-MOJOKTaHe IMOJ IeWCTBUEM pa-
nroakTuBHOro ioaun-uoHa (Muronpa, Xwro3, 1935):

CKOpPOCTb = — = ky[RZ] [Nu].

H H
13116+ AN . alleTOH 1311_ / i I@
ene’| I on
CeHs CeHis
(+)-2-iiomokTaH (—)-2-1ionokTaH

Kaxnplit a71eMeHTapHBI aKT 3aMelleHusl ioJa Ha paJuoaKTUB-
HBIIl M30TOI COMPOBOXAAETCS OOpallleHreM (MHBepcueil) KOHuUry-
paunu. Takum oOpasoM, A1s1 OMMOJIEKYJSIPHOTO 3aMELIEHMs XapakK-
TEPHO OOpallleHUE CTEPEOXUMUYECKOI KOH(MUIYypaLUU Y XUPATBHOTO
aToMma yriaepona.

3. B mepexomHOM COCTOSIHMM COITIACOBAaHHOHM Sy2-peaklnu cTe-
NEeHb KOOPAMHALIMY LIEHTPAJIBHOIO aToMa YIJIepoJa YBeJIUYNBAETCS 10
MATH, a CaMO IEPEXOJHOE COCTOSIHUE MpPeNCTaBisieT coOOil Tpuro-
HaJlbHyI0 Ounmpamuny. M3 sToro cliemyer, 4To CKOpPOCTh peaklnu
JOJIKHA ObITh B OYEHb CUJIbHOW CTETNIEHU YYBCTBUTEIbHA K MPOCTPAH-
CTBEHHBIM (pakTOpaM, B MEPBYIO OYepeab K 00beMy 3aMeCTUTeNei pu
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Dusnyeckue CBOMNCTBA AJKHJITAJIOTEeHHI0B

Taonuma 9.1

AJIKUIIranoreHus ®Dopmyna H—i?;;l:gigaac 1%235{25'?8 [notHOCTS, I/cM3
Metundropun CH;F —142 —78 0,87 mpu —78°C
MeTtunxuopun CH;C1 —97 —24 0,92
MeTtundopomun CH;Br —96 4 1,73
Metunitonun CH;l —66 42 2,28
MeThIeHXITOPUT CH,Cl, —96 40 1,34
Xnopodopm CHCl3 —63 61 1,50
YeTblpexxJI0pUCTbIi CCly -23 77 1,60
yIJIeposL
Bpomodopm CHBr3 +8 150 2,89
Brundropun CH;CH,F —143 —38 0,82 mpu —38°C
DTUWIXJIOPUTL CH;CH,Cl —140 12 0,92
Drunépomua CH;3;CH;,Br —120 38 1,43
DTunitoana CH;CH,l —111 72 1,94
H-Tlponundropun CH;CH,CH;,F —160 -3 0,78
H-TTporunxsiopua CH3;CH,CH,ClI —123 47 0,89
H-TTponunGpomu CH;CH,CH;Br —110 71 1,35
x-Tlporunitogua CH;3;CH,CH},I —101 102 1,75
H3zonponundropun (CHj3),CHF —133 —10 0,77
H3zonponuixaopua (CH3),CHCI —-117 36 0,86
M3zonponundopomu (CHj3),CHBr —89 60 1,31
Wsznponunitoaunn (CH3),CHI —91 89 1,70
H-ByTtundropun CH;3(CH,)3F - +32 0,78
H-ByTrixmopun CHj3(CH,);Cl —123 +78 0,89
H-ByTundpomun CH;3(CH,);Br —112 101 1,30
H-Bytunitonun CHj3(CHy)3l —103 131 1,62
mpem-ByTunxiaopun (CH3);CCl —28 51,5 0,85
mpem-ByTunopomuy (CHj3)3CBr —20 73 1,23
mpem-bytuniionun (CHj3);CI —12 100 1,54
H-Tlentmndropun CH3(CH,)4F - 63 0,78
H-TleHTHIXITOpUA CH;3(CH,)4Cl -99 108 0,88
H-TleHTHMIIOpOMMT CH3(CH,)4Br -95 130 1,22
H-TlenTumnitonum CH;3(CHj)4l —86 155 1,52
H-T'ekcunxnopun CHj3(CH,)sCl —9%4 135 0,88
H-T'excundopomu CH3(CH,)sBr —85 156 1,18
n-T'ekcunitonuma CH;3(CH;)sl - 180 1,44
1-XnopokTaH CH3(CH,);Cl —61 182 0,87
1-bpomokTan CH3(CH,)7Br =55 201 1,12
1-XnoprekcanekaH CHj3(CH,)5Cl1 - 149/1 mm 0,87
1-bpomrekcanekaH CH3(CH»)5Br +17 190/11 mm 0,99
AJUTUIIXJIOpUITL CH,=CHCH,CI —136 46 0,94
Annmunopomun CH,=CHCH;,Br —119 71 -
Annunitonun CH,=CHCH,I —99 102 1,85
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Tao6numa 9.2

Bausinue cTpyKTYpHbIX (haKTOPOB B cyOCTpaTe Ha CKOPOCTb Sy2-peakumii
ankuaxaopuaoB u ankuiaopomunos ¢ KI B anerone mpu 50 °C

Cyoctpar Koy Cy6cTrpar Koy
CH;Cl 200 yuxno-CgHyCl 0,003
CH;CH,Cl 2,50 CsHsCOCH,Cl 100,000
CH3;CH,CH,CI 1,10 CH;COCH,CI 36,000
CH;3;CH,CH,CH,Cl 1,00 CICH,COOC,H5s 1700
n-CgH13Cl 1,30 CICH,CN 3000
H#-C,Hy5Cl 1,20 CH3_ICH_CH2 Br 0,040
CH;
CH3$HCH3 0,02 (CH3)3CCH;Br 2:1073
Cl
CH;4 CITHCHZCH3 0,02 CH;CH;Br 2,200
Cl
CH,=CHCH,Cl 79 CH3;CH,CH,CH;Br 1,000
CeHsCH,Cl 200

LIEHTpaJIbHOM aToMe yriaepojaa. CKopocTh Sy2-peakiuil sl alKuira-
JIOTEHUJIOB U aJIKWICY/Ib(OHATOB YMEHBIIACTCS B PSIY

CH; > GHs; > RCH, > R,CH > RsC.
MNEPBUYHbIA  BTOPUYHBIA TPETUYHBIA

Cpenn aJKuITaJJorTeHUIOB U aJIKWICYJIb(POHATOB CKOPOCTb peaKkliuii
Sy2-3amellieHnsT Haubosee BbICOKA JJII METWITAJOTEHUAOB U METUII-
cynabdonatoB CH;X. TlocnenoBarenbHOE 3aMelIEHAE aTOMOB BOZIOPO-
Jla B METWJIbHOW TpYIINe Ha aJKWIbHbIE TPYIMbI CO3AAET MPOCTPAHCT-
BEHHbIE TPENSTCTBUS IS HYKJIEO(MUJIbHONW aTaku W BbI3bIBAET HeE-
MpepLIBHOE YMEHbIIIEHNE CKOpOCTH peakimn. Puzmdeckne cBOiCTBA
aJIKWJITAJIOTEHUIOB MpencTaBieHbl B Taba. 9.1. B ta6n. 9.2 npuBeneHbl
3HAUEHUSI KOHCTAHT CKOpPOCTEW I peakUMu PasjIuuyHbIX aJIKUJIXJIO-
PUIOB U alKUIOpOMUAOB ¢ HoauaoMm Kaausi B auetoHe mpu 50 °C.

M3 nmaHHBIX, OpeAcTaBIeHHbIX B Taby. 9.2, cieayer, YTO CKOPOCTb
Sy2-peakuuy pe3ko YMEHbLIAETCS MPU 3aMELIEHWU BOAOPOAA TpH
0-YITIEPOAHOM aToMe Ha aJIKWjIbHYIo rpymnmy B psany CH;X > CH;CH,X ~
~ CH;CH,CH,X >> (CHj3),CHX, T.e. npu mnepexone OT MEPBUYHBIX
KO BTOPUYHBIM aJKUJIBHBIM pagukaiaMm. s TpeTUIHBIX aJKuiIra-
sJoreHunoB R;CX mn3-3a crepryeckux MPEensATCTBUN 3aMELIEHHE IO
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Sy2-MeXaHU3My He MPOUCXOAUT. BMECTO 5TOro MpoOMCXOOUT 3amMellle-
Hue no Syl-MexaHusMmy, compoBoxaaemoe El-31MMUHUPOBAHUEM
(r1. 10). 1t BTOpUYHBIX aJIKMJITAJIOTEHUIOB 1 aJIKWICY/IHL(OHATOB B 3a-
BUCUMOCTH OT TIPUPOABI cyOcTpara, HyKIeO(UILHOTO areHTa, yXO.s-
el Tpymmbl W AaXe pacTBOPUTENST MOXKET Pealn30BaThCsl KakK Sy2-,
Tak U Syl-mexanusm 3ameunieHust Z B RZ Ha Nu (rmonpoOHee cum. 9.4.2).
YMeHbpmieHne ckopoctu Sy2-peakuuit B pagy CH;> RCH,X >>
>> R,CHX 00yC/lIOBJIEHO YUCTO MPOCTPAHCTBEHHBIMU MPUYUMHAMU IJISI
JOCTVIKEHUST TIEPEXOTHOTO COCTOSIHUSI TPUTOHAIBHON OMITMpPaMUIBI.
3amelneHue mpu B-yriaepogHOM aToOMe B aJKMJITAJOTEHUIE TaKxkKe
BBI3BIBACT IMOHMXKEHWE CKOPOCTU PeakIMM, XOTS M He CTOJb Pe3Koe,
KakK 3aMellleHue Tpu o-yriaepoaHoM aroMe. CKOpocTb B3aMMOAEHCT-
Bus ankuiiopomunaoB ¢ KI yMeHblIaeTcs: B psiny

CH,CH,Br (2,2) > CH;CH,CH,Br (1,0) >> (CH;),CHCH,Br (0,04) >
> (CH;);CCH,Br (2,0-107).

Taxyo mociaenoBaTebHOCTb JIETKO OOBSICHUTH MPU PACCMOTPEHUU
MpOoeKUUOHHbIX ¢opmyn HbloMeHa u300yTUAOpOMUIA U HEOTIEHTUII-
opomuga. Haubonee crabunbHass armu-KopdopMaius u300yTUiaopo-
MMIa HEBBITOMHA ISl aTaku HyKJeoduna Nu : M3-3a MPOCTPAHCTBEH-
HBIX TPENITCTBUIA, CO3JaBaeMbIX METMJIBLHOW TPYIMION B B-MoJoxe-
Huu. Haumnydiiue mpocTpaHCTBEHHbIE YCIOBUS T aTaku HyKjeoduia
C ThlJIa CO3MAIOTCS B 3aCJOHEHHOW (cuH-) KoHpOpMaldu, HO OHa
DHEPreTUYeCKU ropasfgo MeHee MpPearnoyTUTeSbHa MO CPaBHEHUIO C
aHmu-KoHGbopMalueid, YTO MPUBOAUT K POCTY SHEPIUM aKTUBALIUU
3aMelleHusi. B weoneHTUNATaNOreHUAE TPU METWJIbHBIE T'PYIIBI B
B-TOJIOXXEHUNU OYeHb CUJbHO JKPAHUPYIOT -aTOM yrjepona s
HYKJIeOWIbHON aTaku B J10O0H KOH(MOpMaLIUu.

ITpu voHuzarmoHHoM Syl-MexaHU3Me PsNl ATKWIbHBIX TPYMI
JOJIKEeH OBbITh MoJHOCThIO 00paTHBIM: R;C > R,CH >> RCH,.

mpem-AJIKWJITAIOTEHUIBI PEearupyroT TOJbKO Mo Syl-MexaHus-
My, IJISi BTOPUYHBIX JIKUJITAIOTeHUIOB peanusyeTcs Kak Syl, Tak u
S\2-MexanusMm, a nepsuuHbie RCH,X pearupyioT ToabKo 1o Sy2-me-
XaHU3MY.

Takum obpazom, mexay Syl-u Sy2-mMexaHu3MamMu UMEIOTCS KakK
KUHETUYECKHUE, TaK U CTEPEOXMMMYECKME pasandyusi, Ha OCHOBAaHWU
KOTOPBIX MOXHO B OOILEM clyyae JOCTATOYHO HAIEXHO CYIUTb O pe-
aTbHOM MEXaHU3Me peakliMu.

Tem He MeHee peakliMM COJIbLBOJM3a, KOrAa poJjib HyKieoduia
WIpaeT caM pacTBOPUTEJNb, KOHLEHTpalLMsl KOTOPOro B XOJe peak-
LMW TPaKTUYECKU HE U3MEHSIETCS, MOAYMHSIIOTCS KMHETUYECKOMY
YPaBHEHUIO MEPBOTo MOpsaKa Jaxe B TOM ciydyae, Koraa MCTUHHBIN
MEXaHU3M COJIbBOJIM3a OTHOCUTCS K Sy2-Tuily. Takue peakuuu Ha-
3BIBAIOTCS MpolieccaMu TiceBaonepBoro nopsiaka. CiaeaoBaTesbHO,
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OTCYTCTBYeT KMHETUUECKUI KPUTEPUIA BEIOOpA MEXaHM3Ma COJILBOJIM3A.
CrepeoxuMust HYKJIeO(MWILHOTO 3aMElleHMs TakKxKe He Bceraa Jaaet
OIHO3HAYHBIII OTBET IPU BBIOOPE MEXAY MOHU3ALMOHHBIM M COIJIa-
COBAaHHBIM MEXaHU3MaMM, B OCOOEHHOCTM JIsI OCH3WI- M OCH3IUI-
PUWITAJIOTEHUIOB, HaIlpuMep:

C¢H;CHCH; + CH;COOK —————-> C4H;CHCH;,4 15%
Cl 50 °C OCOCH;

® 0
CgHsCHCH; + (CH9)NOAC ———— > CgHCHCH, ( 65% )
alleTOH,;
Cl 0CO CH3 MHBCPCUN

C,H,CHCH;, + H,0 - C6H5CHCH3< 33% )
| Boma—cnupt; 50 °C I WHBEPCUU
Cl OH
Hab6nromaemast yacTiyHasi MHBEpCUsl 3aTPYIHSICT OTHECEHUE BTUX
peakiuii K KaKkoMy-I1u00 U3 Ipele/IbHbIX MeXaHU3MOB. MOXHO IIpel-
CTaBUTh JaXe TaKoW ciydyaid, Korma peakius IpoxomuT co 100%-ii
UHBEpCUeil, HO Opyrue JaHHbIE CBUAETENbCTBYIOT B IMOJIb3Y MOHM3a-
LIMOHHOTO MexaHn3Ma. OCOOEHHO TPYIHO PELIUTh BOIIPOC O MEXaHU3ME
IUISL 6mMop-aJIKWJITAJIOTEeHUIOB, CYJIb(MOHATOB U OCH3WJITAJIOTeHUIOB,
KOTOpbIe BeAyT ceOs Tak, KaK OyATO [UISi HUX MEXaHM3M SIBJISIETCS
(bopmanbHO mpoMexyTouHbIM Mexay Syl- u Sy2. B mocnenyromumx
paszaenax 3TOM IVIaBbl MEXaHU3M HYKJICO(DWIBHOIO 3aMeIleHUs y Ha-
CHIILIEHHOTO aToMa YIJIepoja JjIsi TAKOro poja cyOcTpaToB OyIeT pac-
CMOTpeH OoJjiee MoaApoOHO.

9.2. MEXAHU3M §,2
9.2.1. BAJIBAEHOBCKOE OBPAIIIEHUE

YcTaHOBUTb, OTHOCUTCS JIM JIaHHAsl peakuusi K Sy2-TUIy, MOX-
HO COBEpIIEHHO OIpeaeIeHHO, N3yJas ee CTepeoxuMuio. B opranu-
YEeCKOM XMMWHU, BO3MOXHO, HET APYIUMX peakluii, Kpome OumoJe-
KyJIIPHOTO HYKJIIEO(DUILHOTO 3aMEIeHNs, TAe CTEPEOXUMUS CITyKMJIa
Obl OJHO3HAYHBIM KPUTEpUEM MeXaHuW3Ma. Y MCTOKOB HalllMX 3Ha-
HUH O MeXaHM3Me Sy-peakuuil CTOSIT MUOHEPCKHUE HCCIeloBaHus
I1. Banboena (1895 r.), mocBsIeHHBIE CTEPEOXMMMNYECKUM LIMKJIAM pe-
akuuii. B atux uccinenosaHugx BajibieH OTKPBII P peakLuii, KOTO-
pbie IIPOMCXOAMIIM C MHBepcHell (oOpalneHMeM) KOHGUTYpauu
XUpaJIbHOro aroma yriepoja (cM. ri. 8). Hanpumep, nipu B3aumoneii-
CTBUU (—)-TUAPOKCUSIHTApHOH (s16;04HOM) KucioTel ¢ PCls obpasy-
eTcsT (+)-XJIOpSTHTapHash KUCJIOTa; C IPYroi CTOPOHBI, TIPU ACHCTBUM
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THOHUJIXJIOpHAA Ha (—)-TUAPOKCUSHTAPHYIO KUCIOTY IOJydaeTcs
(—)-x1opstHTapHasl KUCI0Ta

CH,COOH - CH,COOH
CHOH < : > CHQ

(—) COOH oH® COOH (+)

soc12lT AgOH AgOH ” sOCl,
CH,COOH oH® CH,COOH
(|:HC1 < > ICHOH

(—) COOH PCls COOH (+)

SAcHo, YyTO OfHA M3 3TUX peaklUil MPOUCXOAUT C MHBEpPCUEN, a
JIpyrasi — ¢ coXpaHeHueM KoHdurypauuu, Ho Kakasi? Kak yxe oT-
Mevasioch (cM. 8.3), 3HaK BpallleHUsI He JaeT OTBeTa Ha 3TOT BOMPOC,
MOCKOJIbKY OH HEeMOCPEJCTBEHHO HE CBsI3aH C aOCOJIOTHON KOH(DU-
rypauueii. TToJHBIA CcTepeoXuMUUECKUI LMK, TMPUBEICHHbIN BbILIIE,
BKJIIOYAET MpeBpallleHUe KaXI0ro M3 3HAHTMOMEPOB XJIOPSIHTApHOU
KUCJIOTHI B 00€ 3HAHTUOMEpPHbIEC $I0JJOYHbIE KHUCJIOTHI, HO BOIIPOC O
TOM, JIeiCTBME KAaKOIro peareHTa MpUBOAUT K COXpaHEHUIO UJu obpa-
IIEHUIO0 KOH(pUTrypalMu, OCTaeTCsl HEePelIeHHbIM.

B nepBoM cTepeoxuMruiyeckoM 1LIMKJIe, OTKpbITOM BanbaeHoM, cyO-
CcTpaThl ObLIN JOBOJILHO CIOXHBIMU; OHU COAEPKAIM HECKOJIbKO (DYHK-
LIMOHAJILHBIX TPYII, YTO 3aTPYIHSIO pellieHre MpoOaeMbl O COXpaHe-
HUW WK O0pallleHUM KOH(MUIypalluy Ha KaXXI0W KOHKPETHOU CTaauMu.
BnocnenctBun nepenuin K 0osiee MPOCTbIM O0bEKTaM, a MMEHHO K
OTNITUYECKHN aKTUBHBIM CITMPTaM, He COIEpKalllMM HUKAKHX APYTHUX
(byskumoHanbHbIX rpynr, kpoMe OH-rpynnsl. Hanpumep, THIMYHBIM
SIBJISIETCS CJICAYIOLLANA LIMKJI:

R, R RZ R R R2
NG o N/ KOAc i
OH > OTs > AcO

COXPaHECHUE WHBEPCUS
H - H (+) H
S
HO® Ac,O Ac,O OH
(rumpomus)| | coxpaHeHue coxpaHeHue || (Tuaponu3)
) ol | R
R R 2
R\ " KOA ‘2 a R
II C l' S ,’
OAc =< TsO / < HO /
MHBEpPCHU COXpaHEHHUE
H (—) (t) H (t) H

104



IIpy BHMMATEILHOM PACCMOTPEHUM 3TOTO IIMKJIA MOXKHO MNPUNATH K
BBIBOZY, UYTO MHBEPCUS KOH(MPUTYpalluy JOJKHA MPOUCXOIUTH MM Ha
ONHOM, WJIM Ha BCEX TPEX CTAAMSIX IMPEeBpaIlleHUsI OTHOTO M3 XUPalb-
HBIX CIUPTOB B €ro sHaHTUOMep. Ilo psmy mpuuMH CYMTAeTCsI, 4TO
WHBEpPCUsI BO BpeMsl TMApoju3a cjoxHoro adupa (1. 18, 4. 3) unu
To3uwmpoBaHus cnuprta (mi. 11) He mpoucxogut. MHBepcus moskHa
MPOUCXOIUTh Ha CTaaWU 3aMEHBI TO3WJIATHOI TPYIIIBLI Ha alleTaTHYIO,
MOCKOJIBKY B XOJI€ 3TOTO TMpoliecca Pa3phIBaeTCs CBIA3b MEXIY XUpPalb-
HBIM YIJIEPOJOM M KHUCJIOpoaoM. M3ydeHue MOAOOHBIX LIMKJIOB [IJIst
OUYCHb OOJIBIIIOTO YMCJIa BTOPUYHBIX CITMPTOB U UX MPOU3BOIHBIX BCEraa
MIPUBOAUJIO K COIJIACyIOLIMMCS MeEXIy coOoil pesyibTaTaM. Bo Bcex
CIyJasiX MOXHO TIojlaraTh, 4TO 3aMelleHue To3mnatHoil rpynmsl OTs
Ha OH ', OR, OAc™ mnpoucxomut ¢ mHBepcueir. Orcroga BO3HUKIIO
TIPEAIoIoXKeHWe, YTO U 3aMellleHWe TajoreHa B aJIKMJITAJIOTeHUIAX
MpH ACHCTBUM TAJIOTEeHUI-UOHOB JOJIKHO MPOTEKATh aHAJIOTUIHO, T.C.
¢ uHBepcueil KoHdpurypauuu. IIpssmoe moaTBepxKIeHUE 3TOTO IIpel-
MOJIOKEHUSI ObLIO IOJydeHO Xbl030M M MHIonbaoM, KOTOpbIe U3Me-
PUIM CKOPOCTh M30TOITHOTO OOMEHa rajloreHa M CKOPOCTH palleMM-
3alld¥ ONTUYECKM aKTUBHBIX 2-HiogokTaHa, l-deHuastuiadpoMuaa u
2-OpOMITPONIMOHOBOIM KUCJIOTHI MpU ACUCTBUU paguoakTuBHOro Nal
wiu LiBr B aneroHe:

CeH S}
6-713 C6H13 H C()H13
E * AH e}
77 [ C--- | O 1 + 1
L en,
\- (I) UHBEPCUS
S}
Cotlis | CeHis

\\ e sk H \\
H \ ,”,_’I 3 \ I* + I@

CHj (1) CH;3

CkopocTh 00OMeHa ompeAessiach MyTeM U3MEPeHUsI MHTEHCUBHOC-
TU PaIMOAKTUBHOTO M3JIYYEHUS AJKWJITAJOreHUIa WU rajoreHuja
11IeJIOYHOTO0 MeTajula, CKOPOCTb palleMU3allMid — C MOMOIIbIO TOJIsI-
puMeTpa Mo M3MEHEHUIO yrja BpallleHUs MJIO0CKOMOJISIPU30BAHHOTO
cBeta. CKOpPOCTh paleMu3alu B 2 pas3a Bblllle CKOPOCTU BHEIPEHUS
pagMoaKTUBHOIO Iioga B MoJieKyny MomokrtaHa. (Hampumep, umcrtbliil
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JIEBOBpaLAIOIIMIA UCXOAHBIM MaTteprall OyJIeT HalleJI0 paleMU3upoBaH,
ecan Tonbko 50% ero mpeBpaTsTCs B IIpaBOBpAllalOLIUil U30MeEp.)
OTcrona ciefyer, 4To MepexoqHOEe COCTOSIHUE B Sy2-peakiusix UMeeT
crpyktypy (I).

WuBepcust (obpailieHre) KOHGUTypaluu B Sy2-peakiusix Moiy-
yuja Ha3BaHUE 8anb0eH06CcK020 obpaujenus. B HacTosiiee BpeMs ycTa-
HOBJIEHO, UTO 3aMellleHue uepe3 TepexogHoe coctosHue Ttumna (1),
T.€. C aTakoil Hykjeodmia C THUIBHOM CTOPOHBI MO OTHOIUEHUIO K
YXONAILEN rpyrrne, sBJAseTcss OOLIMM MpPaBUJIOM ISl BceX Sy2-peak-
LMW1 HE3aBUCUMO OT MX 3apsiiHOro tuma. [laxe B Tex ciiydasix, Koriaa B
HWCXOJHOM CyOCTpaTe Ha YXOJsIlel rpyrre UMEeeTcsl MoJOXUTEIbHbIN
3apsia, a Hykaeodu1 3apsikeH OTpULIATeNIbHO, M U3 DJIEKTPOCTATH-
YECKUX COOOpaXeHUil (hpoHTaIbHASL aTaka Yepe3 MEePEeXOIHOE COCTO-
anue tura (II), kazamoch Obl, HOJKHA OBITH OoJiee MPEearOYTUTE]Ib-
HOIi, peakiiuMsi BCe paBHO MPOUCXOAUT C MHBEpCcUell KOHGUTYpalUu.
DTO JIETKO NPOUJUTIOCTPUPOBATh CIEAYIOLUIUM MPUMEPOM.

Cxema 9.1
CgH CgH
oS . H, °° /CH3
: r X ®
SCH; : > | B° S
COXpaHeHUe
CHy4 CHgs CH;
(=) (—)
coxpaHeHue | (CH3),S MHBEPCHUs Br®
Y
g, St /CH3 CeHs
) CH;),S
S pro| < (S 5 (CH3),S
AN HMHBEPCUSI

(=) )

Takum o6pa3zoMm, MOXHO cOpMyIUpoBaTh clieaylollee o0liee
TIPABUIIO: OUMONEKYASAPHblE PeaKyuu HYKAeOPDUAbHO2O 3aMeueHuUs: NPOUC-
X00am ¢ uHeepcuel KOHGuUypayuu peaKyuoHHO20 UeHmpa cyocmpama.
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9.2.2. IPUYNHBI UHBEPCUN KOHOUTYPAIIUU B S,2-PEAKIIUAX

[TepBoHavyaibHO WHBEpPCUIO KOHOUTYpaIUU B Sy2-peakuusix o0b-
SICHSUTM 9MCTO 3JIEKTPOCTaTUYeCKMMM (akTopamMu. B camom nere, B
TIePEeXOIHOM COCTOSTHUM THUIIA | Hecylye OTpUIATeIbHBIN 3apsiI BXO-
ISIIIast M yXOASIIasi TPYIITEl HAXOOATCS Ha OOJbIIIEM PAaCCTOSTHUU IPYT
OT Jpyra, 4eM B MepexomHOM cocTosHuM Thma II, sjaexkrpocTtatmuec-
KO€ OTTAJIKMBaHME MEXIy STUMM TpYyIIaMéd B CTpyKType | MeHbIIe,
yeMm B cTpykType II. OnHako obGpaleHne KOH(GUTYpalMy B peakluu,
MNpUBEIECHHON Ha cxeMme 9.1, Tae BXOAsIIAs U yXOISIIU€e TPYIbl 3a-
pPSDKEHBI Pa3HOMMEHHO M MEXIY HUMM JTOJDKHO OBITH 3JIEKTPOCTATH-
YecKoe TIPUTSDKEHNE, CBUAETEILCTBYET IMMPOTUB TIPOCTOTO OOBSICHEHUS,
OCHOBAaHHOTO Ha 3JIEKTPOCTATUYECKOM B3aUMOIECTBUM.

B Hacrosiniee BpeMsi MHBEPCUIO B peakiUsiXx Sy2 OOBSCHSIOT B
paMKax TeOpUM MOJIEKYJISIPHBIX opouTaineil. B ciydae TpeyrombHOTO
MepexXogHOro coctosiHus (puc. 9.2, @) 3J1eMEeHTOM CUMMETpPUU, TPU-
cymmM Kak cBs3n C—Z, TaKk M HyKJIeO(DWIy M MepexXoqHOMY COCTOSI-
HUWIO, SIBJISIETCS BepTUKAJbHAs 3epKajbHasl IUIOCKOCTH, TPOXOISINAast
(B mepexomHoM coctosganr I1C*) yepes 1eHTp HyKIeoduia M cepe-
nuHY cBsi3n C—Z. OTHOCUTEIBLHO 3TOM IUIOCKOCTH OpOWTAIM 1 U G
CUMMETPUYHEI, a opOouTanh o* aHTHUcMMMeTpudyHa. CiemoBaTesbHO,
3¢ HeKTUBHO B3aMMOIECTBOBATh MOTYT JIMIIb IBE 3aITOJTHEHHBIE Op-
outamt — n U o, 1 B3MO TIC* Gyner MMeTb BBICOKYIO SHEPIUIO.
s TMHeHOro nmepexoaHOro cocTosiHuS (puc. 9.2, 6), COXpaHSIIOIIUM-
cd B XOJe peaklMu DJIEMEHTOM OpOMTAJIbHOM CHUMMETPUM SBIISIETCS

#
c-Z nc Nu

oNu<O
oNu<O>CeC>Ze

6

Puc. 9.2. Inarpamma BO3MylLEHHUsI TPAHUYHBIX opOuTaneil B Sy2-peakunu npu GpoH-
TanbHOM (@) M THITOBOI (6) atake Hykiteodwna (Nu) Ha cBsasp C—Z. TIC* — mepe-
XOJIHOE COCTOSIHUE
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ochb C_; OTHOCHUTEJIBbHO 3TOTO BJIEMEHTA BCE TpaHUYHbIE OpOUTAIH,
G, 0¥ U n CUMMETPUYHBI, TIO3TOMY peau3yeTcsl ClIydail TpexopOou-
TaJIbHOro B3aumonaeicTBus (cM. ri. 2, 4. 1). Bo3mylueHue opOuTaibio
G TOBBILIAET PHEPTUIO N-OPOUTAIU, HO BO3MYLIEHUE OPOUTAIBIO G¥,
Hao0OpOT, IOHMXKAeT ee sHepruio. CrnemoBarenbHo, 3Heprus B3MO
I[IC* He OymeT TakoO#l BBICOKOW, KAK B CJIydae, MU300PAXKEHHOM Ha
puc. 9.2, a. Takum o6pa3zoM, dHEprus JUHEWHOIrO MEPexXOqHOro CO-
crossHust (puc. 9.1, 6) nomxHa ObITb MEHbIE DHEPTUM TPEYTroJbHOIO
nepexomgHoro cocrogHuus (puc. 9.1, a).

KBaHTOBO-XMMHMYECKME pacueThbl MOKAa3bIBAIOT, YTO pa3juyuue
SHEPruil mepexonHbIX COCTOSIHUM MpU ThUIOBOM U (PpOHTANIBHOI aTa-
ke Nu mocraTouyHo BenuKo (mo 20 KKaji/MOJb), YTOOBI CUYUTATh abCo-
JIIOTHO HAJEXHBbIM BBIBOJ 00 MHBEpPCUU KOHGMUIypauuu mpu Sy2-3a-
MEILEHUN Y HACBILIEHHOTO aTtoma yriepona. Peakuus Sy2 sBisiercs
COIIAaCOBaHHBIM TPOLIECCOM OJHOBPEMEHHOIO paspniBa cBsidu C—Z
u obpazoBaHus cBsizu C—Nu, MO3TOMY aHAJOTMYHO APYTMM COIJIa-
COBaHHBIM peakuusM (TJ1. 25, 4. 3), oHa KOHTPOJUPYETCS OpOUTaIb-
HbIM B3aMMOJAEHCTBUEM, a HE 3JIEKTPOCTATUUYECKUMU (DaKTOpamu.

WMHuBepcusi koHpUrypauuu HaOMOOAETCSI HE TOJBKO IJIsL Sy2-pe-
aKklMii B pacTBOpe. DKCHEPUMEHTAIBHO ObLIO YCTAaHOBJIEHO, YTO U B
ra3oBoil (¢aze OMMOJICKYISIPHOE HYKJIEO(UIbHOE 3aMEIIeHUE IIPOUC-
XOOUT C oOpalieHueM KOHOUrypauuu, HAPUMEP B pPEakUUU XJIO-
pUI-MOHA C M3OMEPHBIMU Uuc- 1 mpaHC-4-6pOMLLI/IKJIOFeKcaHOJIaMI/I.

o rasoBasd rasonasi
+ Cl + Br
(paaa

mpch— yuc-
of© [0 razonasi
(paaa
yuc- mpanc-

9.2.3. BIMAHUE PACTBOPUTEJA, IPUPOAbI HYKIEO®NIIA
N YXOJAIIEN TPYIIIIBI HA CKOPOCTH S,2-PEAKIINA

Borpoc o BIMSIHUM MPUPOIbI HYKJIEO(UIIBHOTO peareHTa U yXOmsi-
et rpynmel Z B RZ Ha ckopocTh Sy2-peakuuii Heldb3s paccMaTpu-
BaTh, He TIPUHMUMAsI BO BHUMAaHUE TIPUPOIBI PACTBOPHUTENSI, B KOTOPOM
npoBoautcs peakimsa. «CoOCTBeHHAsT HYKJIeO(WIHbHOCTE> HYKIICO(MUIIb-
Horo peareHTa Nu:, TakK e KaK U «COOCTBEHHasi HYKJIEO(YTrHOCTb»

108



yXOIsel rpynibl Z :, MPOSBISETCS TOJBKO MPU MPOBEAEHUN peak-
unit mexny Nu: u CH;Z B rasoBoii ¢dase. B Hacrosdiee Bpems cKo-
poctu ra3oga3HbIX peakluii HyKJIeo(WIbHOIO 3aMeleHUs] MOXHO U3-
MEpUTh, HalpUMep, METOAOM HMOHHOTO ITUKJIOTPOHHOTO pe30HaHca
(MLOP) mnu MeTomoM IIOC/IeCBeYeHUsI B IIOTOKE. DTU JaHHbIE Mpemd-
CTaBJISTIOT OOJIBIIYIO LIEHHOCTH ISl M3YYEHMST BIUSHUS COJbBaTAllUM.
B manHoM pasmesie MbI CHauaja pacCMOTPUM OCOOEHHOCTU peaKIInii
S\2 B razoBoil ¢aze, a 3areM IepelaeM K aHAJIU3y BIUSHUS pacT-
BOPUTEINSI C 1IEJbI0 BBHIPAOOTKM PEKOMEHIAIMI IO BBIOOPY pacTBO-
puTens WIS TPOBEACHUS KOHKPETHOTO TIPEBPAICHUSI B ONTUMAIb-
HBIX YCJIOBUSIX.

9.2.3.a. MEXAHW3M S,2-PEAKIIM B TA30OBO ®A3E

B Hacrosiee BpemMsl OOILIEOPUHSTO, UTO IIPOCTEHIIMe Trazodas-
HbI€ PEAKLMM OMMCBHIBAIOTCS IBYXBSIMHOW ITOTEHLMAIBHOM KPUBOI.
Taxast KpuBas 1151 peakuuu

Nu:®+ CH;Z ——> NuCH; + Z:° 9.1)

n3obpaxeHa Ha puc. 9.3. JIeBblii MUHMMYM COOTBETCTBYET Ipeape-
AKIIMOHHOMY KOMIIJIEKCY Nu®... CH;Z, a npaBblii — mociepeak-
uroHHoMy kKomruiekey NuCHj; ... z°. DHeprusl IpeapeakimOHHOIO
KOMILIEKCA HMXKE, YeM 3HEeprusl peareHToB (Nu@ + CH;Z), a sHep-
IUsl MOCJePeaklIMOHHOIO KOMILJIEKCa HUXE dHEPruu IMPOAYKTOB pe-
akunn (CH;Nu + Z°©).

DTO CBI3aHO C TeM, yTo 2Heprns
CBOOOIHBIC MOHBI B Ta30-

BOI (ba3ze UCKIIIOUUTESIBHO F=0
HecTaOubHBI (T71. 3, 4u. 1).
CBs3u, 0003HaYeHHbIE B
KOMILIEKCaX TMyHKTHUPOM,
MMEIOT B OCHOBHOM 3JIEKT-
POCTaTUYECKYIO TIPUPOY, [NuCH3---Ze]
py 9TOM BO (hparMeHTax KoopauvHata peakumm

CH;Z vmu NuCH; cBsazu ) )
MOYTH He MCKAXKEHH M Puc. 9.3. Duepretnueckuii npobuab razodazHoit

peakuuu Sy2-tuna. £, — KMHeTU4ecKasi 3Heprus pe-
MMCIOT B OCHOBHOM KOBAa-  arenros; AH — TeruioBoii addexr peakunu; AH” —
JIeHTHbIN xapakTep. IIpe- ourambnums axrusauum

BpalleHue Tpeapeakiiu-
OHHOI0 KOMIUIEKCa B IMOCJEPEAKIIMOHHBINA MPOUCXOIUT UYepe3 cell-
JIOBYIO TOYKY Ha KPUBOM, KOTOPOUM OTBEYAET MEPEXOAHOE COCTOSHUE

[Nu...CH;... Z]e * ¢ GoJjiee MM MeHee CUMMETPUYHON CTPYKTYpOii
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(B 3aBUcuMOcCTH 0T Nu ©u Z) v NeNoKaIU30BaHHbIM 3apsiioM. O6pa-
30BaHUE MOH-MOJIEKYJISIPHBIX KOMIUIEKCOB YCTAHOBJIEHO 3KCIEpUMEH-
TanbHOo. Hampumep, B raszoBoii ¢aze MojydyeHbl KOMILIEKCHI TUMA
Hal®... CH;Hal, sHeprusi 31eKTpOCTaTUYECKOW CBSI3U B KOTOPBIX CO-
cTaBJsIeT OT 8,6 00 14,4 KKaji/MOJb. DTU KOMIUICKChI B IIPUHLIMAIIE aHa-
JIOTUYHBI KOMIUIEKCAM C BOOOPOMHON CBSI3bIO Be....HA, KOTOpBbIe 00-
pasyloTcsl_TIpu rnepeHoce npoTtoHa Mexay kuciotoir (HA) u ocHoBa-
HUEM (B@) bpencrena (. 3, u. 1).

KuHeTnky 5K30TepMMUECKOTO Mpoliecca C ABYXbSIMHBIM Tpodu-
JIeM MOXXHO OTNHcaTh CJAeAyIoLIei CXeMoii:

k
Nui®+ CHyZ === [N& .. CHZ],
k_l

k
[Nu® . . CH,Z] —2%— TpOIyKTI.

ITpuMeHsiss TpUHIUIT cTallMOHAPHOCTU (IJ1. 3), JJIsI KOHCTaHTBI
CKOPOCTHU TOJYYMM COOTHOILIEHUE

ky ks

k = .
Hao k—l + k2

CnenoBatesbHO, Ky, B OOLLEM CIydae 3aBUCUT KaK OT CKOPOCTH
0o0pa3oBaHUsl, TaK U OT CKOPOCTU pacrhana MpelpeaklMOHHOIO KOM-

miekca. Ecm k_; >> ky, TO kyu6, ~ k. Ecm ky >> k|, TO Ky, = Ky,

k

T.€. CKOPOCTb OIpenesseTcs CTaIL}/Ieﬁ o0pa3oBaHuUsl KOMILIEKCa
[Nu@....CH3Z]. OO0bIYHO 17151 ra3odasHbIX Sy2-peakiuil HabIonaIcs
MepBbIil ciyyail, Korna k_; >> k,, U CKOPOCTb 3aMELLIEHUS OTpenesi-
eTCsI KaK cTammell oOpa3oBaHUs, TaK M CTaauell pacrama mpeapeax-
LIMOHHOTO KOMILIEKCA.

B 3TOM Cityyae peakiimoHHasi CITOCOOHOCTDH 3aBUCUT OJHOBPEMEH-
HO u oT mpuponsl Nu®, u or mpuponsl Z, MO3TOMY eIMHYIO raso-
(asHyI0 «IIKaIy HYKJIeO(PUILHOCTH» aHMOHOB NU '~ WM «IIKaJTy HYK-
JIeo(pyrHOoCTH» aHUOHOB Z co31aTh TpyaHO. TeM He MeHee B razodas-
HBIX peakUMsIX (32 HEKOTOPbIMU UCKIJIIOUEHUSIMU)

0 v o
Nu:™+ CF;C—0—CH;——> CH;Nu + CF;C00°,
Nu:®+ CH;0C¢H; CH;Nu + C¢H50°,

Y

Nu:®+ CH;Br > CH;Nu + Br®,
Nu:®+ CH,Cl > CH;Nu + CI°,
Nu:®+ CH,F > CH;Nu + F©,

Ka4Y€CTBECHHBIC PAAbI UISMCHCHUA CHJIbI HYKIICO(DI/IIIEI Nu:@ BBITJTIAOAT
OJMHaKOBO.

110



Hyxkneoghunvnocmo 6 eazosoli gase:
HO >F >CH;0 >CH;S >CN ~CI' >Br.

3aMeTHM, YTO 3TOT PsiI HYKJICOMUIHLHOCTH TIPUMEPHO COOTBETCTBYET
n3MeHeHuto kuciaotHocTu Nu—H B rasopoii ¢aze (cm. puc. 3.8 B
ri. 3) (3a uckimwoyeHueM toro, yto F- u CH;0 nomMmeHsanuCH
MeCcTaMMm).

HecMmoTpst Ha cyliecTBOBaHWE OTHCIBHBIX KOPPEISIIINN MEXIY
OCHOBHOCTbIO M HYKJICO(DUIBHOCTBIO, B 1IEJIOM CKOPOCTH Sy2-peak-
LIMI He KOPPEeJIMPYIOT C OCHOBHOCTBIO HyKJIeoduia, T.e. 00Jee CHIIb-
Hoe ocHoBaHMe bpeHcTena He 00s3aTeIbHO JOJIKHO OBITH OOJIee CUITh-
HbIM HYKJIEO(UIOM.

9.2.3.6. TIEPEXO/, U3 TA30BOM ®A3bl B PACTBOP

ITpu mepexone oT ra3oBoil (asbl K TMOJSIPHBIM PACTBOPUTESIM
CKOPOCTH THUMHWYHBIX Sy2-peakiuii yMeHsblnatorcs Ha 10—20 mopsia-
KOB, Hampumep:

Fo+ CH,Cl rasonast asa > FCH; + Cc®; k= 10" J1/MOJTb-C;
25 °C

FO+ CH,Cl DacTeop B H2O> FCH; + c®; k= 10°® JI/MOJIb-C;
25 °C

Psanel akTuBHOCTM HYKJIeo(UJIOB B ra3oBoil (pa3e M B pacTBOpeE
MOTYT ObITh Pa3jW4Hbl, 2 TAKXKE MOIYT MEHSIThCS B 3aBUCMMOCTU OT
pactBoputens. Hanpumep, razodasusiii psin F- > ClT > Br > 1 obpa-
1IaeTcs TP Mepexoae K MPOTOHHBIM CpelaM, OMHAKO B alipOTOHHBIX
pacTBopuTesix psa HykieodunabHoctu (ClI- > Br > 1) Takoil xe,
Kak B razoBoii ¢ase.

ITpu nepexonme oT razoBoil ha3bl K TMOJSIPHOMY PacCTBOPUTENIO
MPOUCXOJUT OUYE€Hb XapaKTepHOE M3MEHEHUE IHEepPreTUYeCcKOro IMpo-
bunsa Sy2-peakuuu. [ToreHIMATbHBIE KPUBbIE CIVIAXKUBAIOTCS U TPU-
00peTaloT MPUBBIYHBIN Mpoduib, U300paxkeHHbIH Ha puc. 9.1, 6 u
9.4. (XpuBas 2). DTo 03HaAyYaeT, YTO B MOJSIPHOM pacTBOpUTesie 0Opa-
30BaHUS JIEKTPOCTATUYECKUX KOMIUIEKCOB HE MPOMCXOMIMT.

PaccMoTpuM OCHOBHBIE TIPUUMHbBI, OOYCJIOBIMBAIOIINE U3MEHEHUE
BHEPreTUYecKoro Mpoduiis Mpu mnepexojae OT ra30Boil (a3bl K pacTBO-
py. IlepBasg mpuyrMHa «CIIaKMBAHUST SIM» COCTOMT B TOM, UTO B TIepe-
XOJHOM COCTOSIHMM peakuuu (9.1) snekTpuyeckuii 3apsij aesoKaau-
30BaH, a B UCXOAHBIX U KOHEUHBIX TOYKAX KPUBOIl OH JIOKAIU30BaH Ha
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Nu® wm Z®. Crenosarens-

HO, DHEPrus CcoJibBaTalluu
MEPEXOTHOTO COCTOSIHUS
3HAYUTETHPHO MEHBIIIE DHEP-

- MU COJIbBATAlIMM aHUOHOB C
JIOKQJIM30BAaHHBIM 3apsIIOM,
YTO MOKAa3aHO Ha puc. 9.4.
Bropass nmpuyuHa u3-
MeHEeHUsI (POopMBI KPUBOI
COCTOMUT B TOM, YTO peak-
MU HykJeoduia ¢ cyo-
CTPaTOM B PacTBOpE JOJIK-
Ha IPeaIIecTBOBATh XOTS
~ o OBl yacTH4HAas NECONbBa-
NuCHz+Z  Tanua nykieodmna u cy6-
cTpara, TIPUBOJIIAS K BbI-

CBOOOXIIEHNIO HEKOTOPOIO
Puc. 9.4. W3meHenue OHEPIETUUECKOTrO npoduist qpcIa MOJIEKYJ pacTBOPH-
rnpu rnepexone or razoBoil dassl (1) K mossipHO-

Tesisa. JlomycTuM, 4TO Ha

My pactBopurenio (2) !

nepBoit craguu Sy2-peak-
LMY BMECTE C YAaCTUYHOM [IeCOoJibBaTalMEl MPOMUCXOAUT 0Opa30oBaHUE
UOH-MOJIEKYJISIPHOTO KOMILIEKCA:

Q
0
S
S

T

<

3Heprysi

AH COS1bB

AI_ICOHI:;B

[NuCH3Z]

.
NT+CH3Z

KoopanHara peakunu

Nu®- S + CH;Z - mS =—=[Nu®...CHsZ]- (m +n—2) S + 28,

(S — wmonekyna pactBoputess). TermnoBoit 3¢ddexT 3Toi cTaguu
CKJIabIBA€TCSI M3 SHIOTepPMHYECKOTO 3ddeKTa IecoabBaTaluu
(AH,,,,; Ha puc. 9.4) u sk3orepmuyeckoro sdgdexra odpaszoBaHUs
MOH-MOJIEKYJISIPHOTO KOMIUIEKCA. DKCIEPUMEHTAIbHbIE U PacyeTHBIE
JaHHbIe MOKa3blBAIOT, YTO TEIUIOTA AECOJIbBAaTAllMM MO aOCOJIOTHOM
BEJIMYMHE 3HAUMTEJIbHO MPEBBILIAET IHEPTUI0 00pa30BaHUsI KOMILIEK-
ca. [TosToMy sHepreTuueckasi «siMa» CTAHOBUTCSI HE3aMETHOM, a To-
TEHLMAJIbHbIE KPUBbIE MJISI CIEAYIOlleil, COOCTBEHHO XMMWYECKOM,
CTaIuy CIJIaXUBAIOTCS, MPUOOpeTast OOBIYHBINA BUI.

[Nu@- CH3Z] -(n+ m—2) S ——> MNPOOYKIHLI .

OTcroma MOXHO cejaTh BBIBOA, YTO SHEPTETUYECKHE PACUETHI
Sy2-peakuuii B ra3oBoit ¢asze B MpUOIMKEHUU M30JMPOBAHHBIX MO-
JIEKYJl HeJOCTaTOYHBI IUIsl ONMMCaHMsI peakiuii B pactBope. Heobxo-
JIVMO YYUTBIBATh MU3MEHEHUE BUAA MOTEHLIMAIbHON KpUBOil (puc. 9.4).
B obGnacTy mepexoaHOro COCTOSIHMSI M3MEHEHMST HeCcylleCTBeHHbL. Of-
HaKo B 00JIACTY HAYaJIbHOI'O COCTOSIHMSI M3MEHEHUE KPUBBIX HACTOJIBKO
BEJIMKO, YTO MOXHO TOBOPUTb O PE3KOM M3MEHEHUM MexaHusMa Sy2
IIpY Mepexoe U3 ra3oBoil (a3bl B MOJSPHYIO XUIKYIO Cpey.
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9.2.3.8. BIMAHUE IMPUPOAbLI PACTBOPUTEJIA

WM3meHeHue MpUPOAbI PACTBOPUTENST BIAMSIET HAa DHEPreTUUYECKYIO
auarpammy (puc. 9.4, kpuBasi 2) OObBIYHBIM 00pa3oM, T.e. MPOUCXOAST
CIBUTH DHEPTUI HAYAJTBbHOTO M TIEPEXOTHOTO COCTOSTHUIA.

CKOpOCTb peakliiuii ornpeaessieTcsl BeJIMYMHON CBOOOAHOU 3HEp-
iy akTuBu3aumu AG”, KoTopasd paBHa PasHOCTU CBOOOLHBLIX SHEP-
Ml UCXOMHBIX PeareHTOB M MEPEXOJHOI0 COCTOSIHUS (Iil. 3, 4. 1).

Yem MeHbllIe BemmunHa AG*, TeM cKOpocTh Gonblie. B pactBope
HUCXOJHBIE PeareHThl M TEePexXOJHOE COCTOSIHME CTaOWJIM3UPYIOTCS B
pPa3IMYHON CTEMeHU B 3aBUCMMOCTH OT COJIbBATUPYIOLLIEH CITIOCOOHOCTU
pactBoputens. PaznuuyHasi cofbBaTalysi UCXOIHOTO U TMEPEXOAHOTO
COCTOSIHMSI B Pa3HBIX PACTBOPUTENISIX MPUBOIUT JIMOO K YCKOPEHMUIO,
b0 K 3aMeIeHnIo peakuuu (puc. 9.5).

Kpusble [ orpaxaror usMeHeHne AG* B MIeaIu3upOBAHHON XKII-
KO cpene, TJe HU KMCXOAHbIE COEAMHEHMSI, HU TEePEeXOJHOE COCTOSI-
HUe He cojibBatTupoBaHbl. KpuBast /] cOOTBETCTBYeT cCilydalo, Korma
COJTbBATUPOBAHO TOJBKO TIEPEXOTHOE COCTOSHHE. DTO MPUBOIUT K
YMEHBILIEHUIO BeJMUMHBI AG™ U, CIEN0BATENbHO, K YCKOPEHUIO pEaK-
muu. Ecnu cosbBaTHpOBaHBI TOJIBKO MCXOAHBIE BelecTBa (KpuBas [11),

cBOBGOAHas aHeprus AG

KoopauHara peakuynmn

Puc. 9.5. Duepretuueckue npoduiv peakiui:
a — ¢ HecoabBaTUPOBaHHBIM (/) W COAbBATUPOBAHHBIM (/[) MEPEeXOMIHBIM COCTOSI-

HUEM; 0 — C HecoJbBaTUpOBaHHBIMU (/) U conbBaTUpOBaHHBIMU ([/]) MCXOMHBIMU
peareHTamu.

AGT; AG;” u AG,” — cBoGOMHBIE SHEPIUM aKTUBALMHK PEAKIUM B PACTBOPHUTENAX ,
11, I1I; A — ucxomHbIe peareHTHI; # — MePEeXOTHOEe COCTOSTHIE; B — KOHEUHBIE TTPOMYKTBI
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TO CBOOOIHAS SHEprus akTuBauuu AG™ OyIeT BO3pacTarb, YTO IPH-
BEJIET K 3aMeJIEHUIO peakluu. B 1elcTBUTENbHOCTU, B pPEalbHOM CU-
TyallMM COJIbBATUPOBAHbI M UCXOJHbIE PEareHTbl, U MEPEeXOIHOE CO-
CTOSIHUE, U CKOPOCTb PEaKIIMK OIpeAesieTcsl pa3HOCTbIO 00euX CBO-
OOIHBIX SHEPTUM cosbBaTaluu. [Tpobiema BIMSHUS pacTBOPUTENS Ha
CKOPOCTb PeakLMU CBOJUTCS, TAKUM 0Opa3oM, K OMNpPEaesIeHUI0 CBO-
OOIHBIX BHEPIUI COJbBaTAllUM MCXOIHBIX PEAreHTOB M IEePEXOJHOrO
cocTtosiHUsl. TOYHOE KOJMUYECTBEHHOE OMpe/e/ieHe 3TUX BeJIMUUH 3a-
TPYAHUTEIBHO U BBITIOJHEHO TOJILKO IS OY€Hb OrpaHUYEHHOTO YUC-
Jla peakiui.

Kauecmeennas meopus 6AUAHUA pacmeopumend
HA CKopocmb HyK/leO(f)M./leOQO 3ameuieHus

BriepBeie 4MCTO KayeCTBEHHYIO TCOPHIO BIMSTHUSI PACTBOPUTEIS
Ha CKOPOCTb peakINW HYKJICODUIBHOTO 3aMeIeHUs ITPeITOKUIN
K. MHronpa n 3. Xbl03 HA OCHOBE MPOCTOM MOJEIM COJbBaTAllUM TIpU
y4eTe TOJIBKO B3JIEKTPOCTATUIECKOTO B3aMMOICHCTBUS MEXIy MOHAMU
1 MOJIEKYJIAMHM PACTBOPUTENST B MCXOTHOM M TIEPEXOTHOM COCTOSTHHM.

CorracHo 3TOI TeopuH, IJIST peaklWii, Tae B MepexXOqHOM COCTO-
STHUW BO3HUKAIOT 3apsDKEHHBIC YAaCTUIIBI WUIM YKe MMEIOIINICS 3apsi
JIOKAJIN3yeTCs B MEHBIIEM Oo0ObeMe, CIeIyeT OXMIATh YCKOPEHMS pe-
aKIIMM B OoJjiee TIOJSIPHOU cpelle ¢ Oojee BBICOKMM 3HAUYCHUEM M-
BJICKTPUUYECKON TTPOHUIIAEMOCTH. Eciu TTepexomHoe COCTOSTHIE MeHee
MTOJIIPHO, YeM WMCXOOHBIE PEareHTHI, WM Xe 3apsm B IEPeXOTHOM
COCTOSTHUM pacIipeiesisieTcss B OoNbllleM oObeMe, YeM B pearcHTax,
clielyeT OXMaaThb 3aMeIJIeHUs] peakuuud B 0oJjiee MOJISIPHOW cpeje.
IIpenmonaraercss Takke, YTO COJMbBATALMS YBEIMIMBACTCS C POCTOM
3apsaaa MOHA 1 YMEHbIIIaeTCs MPH JIeJTOKATM3alNK 3apsiga B UCXOTHOM
WY TIEPEXOTHOM COCTOSTHMU. B COOTBETCTBMU € 3TOI KayeCTBEHHOM
TeOpuei peakUusT MeXIy OBYMSI OTHOMMEHHO 3apsDKeHHBIMM MOHA-
MM YCKOPSIETCSI, a MEXIy ABYMS ITPOTHBOIIONOXHO 3apsKeHHBIMU
MOHAMU 3aMeUIIeTCsT B MOJIApHOI cpeme. Kpome Toro, cKkopocth pe-
aKIINM, TOe B MEPEXOTHOM COCTOSTHMM BO3HUKAIOT WM HEWTpaIn3y-
I0TCS MOHHBIE 3apsiibl, JOJDKHA 3HAYMUTEIBLHO CUJIbHEE 3aBHCETh OT
TTOJIIPHOCTY CPebl IO CPABHEHUIO C TEMM PEeaKIUSAMU, UIST KOTOPBIX
B TEPEXOTHOM COCTOSTHUUM TIPOMCXOAWT JIMIIb pacrpenesicHue 3apsma.

IlyreM TaKMX HECIOXHBIX PACCYXACHWI, B TPUHIIATIC, MOXKHO
TpecKa3aTh BIWSHUE PAcTBOPUTENST Ha CKOPOCThb JTIO0OM TeTeposv-
TMYECKOM peaklMU ¢ U3BECTHLIM MeXaHn3MoM. B Ta6. 9.3 npuseneHa
KpaTKasl CBOJKA pPe3yJabTaTOB TaKOTO TIPOTHO3MPOBAHUS [JII peak-
Wi HYKJIeO(MMIBHOTO 3aMEIIeHNs Y HACHIIIIEHHOTO aToMa yriiepoja.
B Tabnmiry BKITIIOUEHBI HE TOBKO Sy2-peakiinu, HO U peakuuu Syl-Tuna,
KOTOpbIe TOAPOOHO OyayT oOCyXImaThCcs B paszaene 9.3.
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Tao6numa 9.3

BiusiHue pacTBOpHUTENisi HA CKOPOCTh PeaKIMH HYKJIeo(HIbHOro 3aMeneHus
Yy HACBIIIEHHOTO ATOMA YIJIepojaa

Tun PeareHtnl AxTUBUpPOBaHHBIN | I3MeHeHue 3apsiia N3meHeHre cKOpoCTH
peakunun KOMILICKC MpU aKTUBaALIlUN PEaKUMU IMPpU YBCIIMUYCHUN
MOJIIPHOCTU PACTBOPUTEJISI
a) Syl RZ R .2 pasesieHue yBeJIMYeHUE
Pa3HOMMEHHBIX
3apsiIoB
6) Syl [RZ]® Rt .7 pacrpeseiieHie | yMeHbIIEHHE
3apsia
B) S\2 |Nu+ RZ Nu**...R..Z~ | pasnmencHue yBeJIMYEHUE
Pa3sHOMMEHHBIX
3apsiioB
r) Sp2 Nu” + RZ Nu'~...R..Z"~ | pacripeneneHue | yMeHblIeHNE
3apsia
n) Sp2 | Nu+ RZ" Nu’*...R...Z*" | pacnpenenenve |ymenbinenue
3apsia
e) Sp2 Nu” + RZ® | Nu.R..Z* HeWTpanu3alusl | yMeHblIeHNe
3apsina

MOHOMONEKYISIPHBII COJMBBOIU3 mpem-OyTUIXJIOPUIA, Y KOTO-
pPOTo CKOPOCTh PeakIIK OIpenessieTcsl CTaaueii MOHU3aluu CBI3U yT-
nepoa-xjop (cm. 9.3), nmpoucxoaut B Boae B 335000 pa3 OwicTpee,
yeM B MeHee MOJSIPHOM 3TaHoje. DTOT NMpUMep WUTIOCTPUPYET TUIT
peakuuu (a) u3 tadm. 9.2.

B moiaHOM COOTBETCTBUU C MpeacKa3aHUSIMU UIST peakluil TUIa
(6) TepmuuecKoe paclleruieHue OpoMuaa TPUSTUICYJIb(MOHUS 3aMe-
JIIeTCSl TIPU YBEJIMYEHUHU TIOJISIPHOCTH PACTBOPUTEJIS:

%
o70 °C C2H5\5+ o+ o
(C2H5)3SBr—> S ... CHs | Br—>(C,Hy),S + C,H;Br.
C2H 5/ 25 241502 2415
Pacrpopurens  CH,OH C4H;NO, CHCI, auneron
K 70°C 1 180 230 290

OTH..,

ITpumepoM peakuuu TuUna () SIBIAsSETCS O0Opa3oBaHUE YETBEPTUYU-
HBIX COJIeil aMMOHUSI TIpU B3aUMOJEUCTBUM TPETUUHBIX aMUHOB M
aJIKUJITAJIOTeHUIOB (peakiyss MeHIIYyTKMHA), HampuMep MUPUANHA U
o-0OpomatieTopeHOHA:

O O
< TNt BrCHZC CHy —> < :N—CHZC CeH;
NUPUINH  o-OpomaneTo(eHOH

PactBopurens  ToIyON CH,Cl, aLeTOH C4H;CN HUTPOOEH30J1
Ky 30°C 1 14 16 2 25
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C Opyroii CTOpoHBI, CKOPOCTh peakinyu OuHKenblITeiiHa (TUI (&),
00MEH TrajioreHa MeXIy MEeTUIMOAMIOM M PaauOaKTUBHBIM HOIMI-
MOHOM) OUY€Hb CWJIBHO TTOHMXAETCsI TPU Iepexoie OT MaJIOMOJIsIp-
HBIX K TIOJISIPHBIM TPOTOHHBIM PACTBOPUTEIISIM:

*104+ CHyl ——S—> cHI1+1°.

PacrBopurenb CH,COOH C,H,OH CH,0H H,0

K 0°C 27000 65 2 1

OTH.,
B cooTBeTcTBUM C TipenckasaHMAMM Sy2-peakuus Thna (d) Mexmy

WOHHBIM HUTPATOM TPUMETUJICYJIbGOHUS U TPUMETUIAMUHOM 3aMe/l-
JisieTcs B 6oJiee MOJISIPHOM cpejie:

® o 40°C ® o
(CH3);N: + (CHy);SNO;———> (CH3),NNO; + (CH,),S .
Pacrsopurens  CH,;NO, C,H,OH CH,0H H,0
KOTHA’40"C 119 10 6 1

CKOpOCTb B3aMMOJEUCTBUSI NBYX PA3HOUMEHHO 3apsKEHHBIX MOHOB
TaKKe YMEHbIIAETCS MpU yBEJIMUYEHUM COIepXKaHUsS BOIAbI B OMHAp-
HOM cucTeMe 3TaHOJI—BOJa:

@ o
HO® + (CHy);S—2"C > CH, OH + (CHj),S .

% H,0 B cmecn
C,H,OH — H,0 0 20 40 100
Ky 100 °C 20000 430 40 1

Takum obGpaszom, ajekTpocTatTuyeckass moaenb MHronbaa—Xbio3a
Ka4eCTBEHHO TPaBWIbHO MpeACKa3biBaeT BIMSIHME PACTBOPUTENST Ha
CKOPOCTb HYKJICODWIHHOTO 3aMeIIeHNs Y HACBIIIIEHHOTO aToMa yrJie-
poma. OgHAaKO OHA YYMUTHIBAET JIMIIbL 3JEKTPOCTATMUECKYIO OpHUEHTa-
LIMIO PACTBOPUTEJSI OTHOCHUTEJIBLHO PEAarecHTOB M COBEPIIEHHO WIHO-
pupyeT crielrduIeckoe TOHOPHO-aKIETITOPHOE B3aMMOIEUCTBUE MU
o0pa3oBaHME BOJOPOIHBIX CBSI3EM C MOJEKYyJIaMU PacTBOPUTENS,
KOTOpBbIE BMECTE COCTaBJISIOT Hanbojee BaKHYIO OCOOCHHOCTb IPO-
1IECCOB MOH-IUIIOJbHOTO U JUIOJb-AUTOJILHOTO B3aMMOIEICTBUS.
Kpome Toro, ata Teopusi paccMaTpuBaeT TOJIbKO OMHY COCTaBJISIO-
LIYI0 CBOOOMHOM 3HEPrMM aKTUBAUMU AG”, a MMEHHO SHTAJIBIIUIO
aktuBauuu AH”, He TpUHUMAs BO BHMMAaHUE M3MEHEHWE SHTPOIUU
akTUBaLMKU AS”, 4eil BKJIa[ MOXET ObITh OYEHb 3HAYMTEIIEH.

JlanpHelilee pa3BUTUE 3TOU TEOpUU OBLIO CBSI3aHO C YYETOM 3(-
(hekToB cneunduryeckoit coabBaTalliu. AHaINU3 CEUMMUIECKON COJb-
BaTallMd MCXOOHBIX COCAMHEHUM M TEPEXOMHOTO COCTOSIHUSI TTO3BO-
JISeT 3HAYMTEJbHO PACIIMPUThL U YTOUHUTH TMPEACTaBICHUS O MeXa-
HU3ME HYKJIeO(PUILHOTO 3aMeIeHMS.
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Yckopenue Sy2-peaxuyuil uon-0unoabHO20 83aUMOOelcm8us
8 OUNOAAPHBIX ANPOMOHHBIX PACMBOPUINENsX

HyxneopunbHocTh aHMOHA B Sy2-peakiusx aHWUOHHOTO HYKIIEO-
¢umnbHOTrO areHra Nu:~ ¢ KOBaJIeHTHBIM cyocTtpatomM RZ ompenens-
eTCsT psoM (PaKTOPOB, CPeAr KOTOPBIX OMHUM M3 BaKHEMUIIIMX SIBJISI-
eTcsl cobBaTallysl.

HykneoduabHOCTb yMeHbIIIAeTCsl TI0 Mepe TOro, Kak BO3pacTaeT
colbBaTallsl aHWOHA. B ay1eMeHTapHOM akTe OTHOCTAAMIHOTO TIPO-
1ecca OMMOJIEKYJISIPHOTO HYKJIEO(UIBHOTO 3aMellleHUsI COJibBaTHasl
000JI0YKa aTaKyMIIEro HYKIeOMUIbHOTO areHTa Nu:® nomxna uac-
TUYHO paspyluarbest. [1osToMy sHeprusa akTuBauuu AG” J0JKHA ObITh
TeM OOJIbllIe, a CKOPOCTh PEaKklMd TeM MEHbIe, YeM IpPOoYHee COJib-
BaTHasi 000JI0UKa aHWOHA. [[pyruMu clIoBaMM, 4eM MeHee COJIbBaTH-
pOBaH aHMOH, TeM OH 0oJjiee PeaKIMOHHOCIIOCOOEH.

IIpoToHHBIe pacTBOpuUTEeaN (BOAA, CIUPThI, TIUKOIU, KapOOHO-
Bble KUCJOTHI, (heHOJ U Ap.) 3(PPEKTUBHO COJbBATUPYIOT aHUOHBI
3a cyeT o0pa3oBaHUS BOAOPOIHON CBSI3U. DTO B3aUMOJIECICTBHUE, CO-
rnacHo npuHuuny KMKO, Haubonee a3¢p¢GeKTUBHO pealu3yercsl mpu
CcoJIbBaTallUM XKEeCTKUX ocHoBaHuit JIbtouca (ria. 3). ITostomy B mpo-
TOHHOM cpele B HAUOOJbIICH CTENEHU COJbBATUPOBAHBI KECTKUE
AHMOHBI HEOOJIBILIOIO pa3Mepa MaJloi MOJIIPU3YEMOCTU, OTHOCSILLIMECS
K yuchy crnabbix BocctaHoButeneii — F; HO7; RO™; RCOO ; CN;
NH, ; NR, .

JunonsgpHeie anmpoToHHbIE pacTBoputenn — JAMDPA, IMCO,
I'M®TA, auetoH, [IMAA u npyrue He MOryT oOpa3oBbIBaTb BOIO-
pOIHBIE CBSI3U ¢ aHMOHaMU. MIX B3auMOJEiCTBUE C aHUOHAMM BbI3Ba-
HO TJIaBHBIM 00pa30M WMOH-IUITOJbHBIMU CUJIAMU, BO3HUKAIOLIUMU
MpU B3aMMHOM TMOJISIPU3YEMOCT aHMOHOB U MOJIEKYJl PacTBOpPUTEJIS.
ITosTOoMy mMIIONSIpHBIE allPOTOHHBIE PACTBOPUTENIM TOpas3no cliadee
COJIbBATUPYIOT XKECTKUE aHMOHBI HEOOJIBIIIOTO pa3Mepa, YeM ITPOTOH-
HbIE PACTBOPUTENIM. DTO CIIOCOOCTBYET MTOHMKEHUIO CBOOOIHON SHEp-
MU aKTUBU3aLUU AG” 11 HyKI€ODWIBHOIO 3aMELIeHUs 10M Ieii-
crBueM annona Nu:® (puc. 9.5, a). ConbBaTaliisi aHUOHOB B PacTBO-
puTese pa3TUIHON TPUPOILI YMEHbBIIAeTCI B PSAMY

H,0 > CH;0H > C,H;OH > HCONH, > CH;NO, > CH;CN > JIM®A >
> IMCO > TM®DOTA ~ N-MeTUITHMPPOTUIOH.

COOTBETCTBEHHO HYKJIEO(UJIBHOCTh AaHMOHOB BO3pacTaeT MpU Mepe-
XoJe OT BoAbl miau MeTaHoja K IMCO u TM®TA. JunonspHbie ar-
POTOHHBIE PACTBOPUTENIM UTPAIOT BAXKHYIO POJIb B OPraHUYECKOM CHUH-
te3e. CMHTE3 HUTPUJIOB B pe3yJibTaTe B3aMMOIEUCTBUSI TIEPBUYHBIX U
BTOpUYHBIX ajikuirajoreHuaoB ¢ KCN cnenyet nposoauts B JIMCO
wm T'M®DTA, a He B IpOTOHHOI1 cpeje:
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RCH,X + KCN——2YC o RCH,CN + KX .

AMCO

AnkunupoBaHue draiumMua-uoHa no I'abpusmo (1. 21, 4. 3) B
Hacrosiee BpeMsl ocyiuectBiasgerca B JIM®PA, a He B cniupte. Kap-
o6okcunar-uoH RCOO™ npeacrasisieT cO00i HACTONIBKO C1a0blii HyK-
Jieousa B IPOTOHHOM cpejie, a CKOPOCTb €ro B3auMOJEUCTBUS C aJl-
KWITQJIOTEHUJAMU TaK Majla, 4To 3TO MPaKTUYECKM HCKIIOYaeT MC-
MOJb30BaHUE 3TOW peaklUW [JIsI MOJYUYEHUS CIOXHBIX 3(UPOB.
Opnako Ta Xxe camas peakuust B [M®PTA uau N-MeTWIIUAppoIn-
JIOHE TIPUBOJUT K OOPa30BaHUIO CJIOXHBIX 3(UPOB C IMPEeKpacHbIM
BBIXOJOM:

//O //O
1
R—C“—0—Na + R'CH,X————> RCZ—OCH,R" + NaX.
IMOTA

Conu 1IeJIoOYHBIX MeTa/lIoB, cogepxalnue xkectkue aHnoHbl (KF, LiF,
F, KCN; NaCN, RCOONa wu np.), rioxo pacTBOPUMBI B AWUMOJISIP-
HBIX allPOTOHHBIX pacTtBOpUTesIX — JIM®PA, aumeTmialieTaMuie
(IMAA); IMCO; TM®TA, aneronurpwie. s Toro 4to0bl 000HTH
9TO 3aTpyIHEHUE, ClieJyeT MCIIOJb30BaTh COJIU TeTpaalKUIaMMOHMSI,
takue, Kak (C4Hg),NCN,(C4Hq)4,NN; 1 1p., nim xe OMHapHbIE CMECH
pacteoputeneit AMCO—CH;0H; IMCO—H,0; TIM®TA—H,O0, co-
nepsxaire 5—10% MpOTOHHOIO PacTBOPUTEISI.

OaHako cojibBaTalldsl HyKJIeO(UJIBHOIO peareHTa Nu® okasbiBa-
€TCS1 He €IMHCTBEHHBIM (DAKTOPOM, OINpeAes oMM PEe3KUid PoCT B
JUTIONISIPHBIX alPOTOHHBIX CPelaX CKOPOCTU Sy2-peakiuit aHnoHa Nu®
C KOBaJIeHTHBIM cyocTpaToM RZ. IlepexogHoe cOCTOSIHME TaKOTO IIPO-
1ecca MeHee TMOJIIPHO, HO OoJiee TOMSIpU3yeMoO, YeM HCXOIHBIE pea-
TeHTHI, TIO3TOMY AMIIOJISIPHBIC aliPOTOHHBIE PACTBOPUTEIMN Oosee -
(bEeKTUBHO CONMBBATUPYIOT TEPEXOTHOE COCTOSHME IO CPaBHEHHIO C
IIPOTOHHBIMU PACTBOPUTEIIMU (IJ1. 3).

DTO TAKKe IPUBOIUT K IOHIKEHUIO BeJIMYUHBL AG”.

Cnabas coibBaTalMsl aHUOHOB U 3((EKTUBHAS COJIbBAaTaLIMsI IIepe-
XOIHOTO COCTOSIHUS TIPEAOTPENesTIOT pe3KUil pOCT CKOPOCTU MOH-
TUTIONBHBIX S)y2-peakiiuii B IUMOJSPHBIX allPOTOHHBIX PAacTBOPUTE-
Jis1x. B tabut. 9.4 nmpuBeneHbl JaHHBIE [0 CKOPOCTIM ABYX Sy2-peakiuid
B Pa3JIMYHBIX PACTBOPUTEIISIX:

k ©
c1®+ cHyl 2 > CHl+ 0, 9.2)
25°C

© ky o
N3 + H-C4H9Br 25°C > H—C4H9N3 + Br . (93)
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Kak cnemyer u3 maHHBIX, IIpeICTaBIeHHBIX B Ta0J. 9.4, cKOpOCTb
UOH-AUIIONbHBIX Sy2-peaklnii BO3pacTaeT B 10°—10° pa3 mpu 3ame-
He TPOTOHHBIX Ha NMIIOJSPHBIC AllPOTOHHBIE PACTBOPUTEIN, CPEIUN
KOTOPBIX HAMITyUIlINe pe3yabTaThl nocturaiorcsi B IMOTA, N-metun-
nUpposnaoHe-2 win B 6onee JocTymHbIX JIM®PA wiu IMAA. AHalo-
TUIHBIM 00pa30M B TUMOJISIPHBIX allpOTOHHBIX PACTBOPUTEIISIX BO3pac-
TaeT CKOPOCTb PeakIIMii apoMaTUYECKOTO HYKJICO(MWIBHOTO 3aMelle-
HUST SAT-TUIIA MO/ AeficTBUEM aHUOHOB (cM. Ti1. 15). Tak, Hanpumep,
CKOPOCTh 3aMmelleHus: Topa B n-HATPOPTOPOEH30Ie MOM AEiCTBUEM
asua-uoHa Bospactaet B 10° u 107 pa3 mpu mepexome OT MeTaHONIA K
JIM®A u TM®PTA, cOOTBETCTBEHHO.

AKTHBalIMSI aHMOHOB B NMITOJSIPHBIX allPOTOHHBIX PacTBOPHUTE-
JISIX 3aBUCHUT OT pa3Mepa U TJIOTHOCTHM 3apsiia MOHa, T.e. (haKThudec-
KU OT XKeCTKOCTH aHMoHa. Haunboblee ycKopeHue ISl HOH-IUTONb-
HBIX Spy2-peakuuii B AUIOJSIPDHON anpOTOHHOU cpene HadiromaeTcs
IJIST KeCTKUX aHMOHOB HeOOJIbIIOro pasMepa, TakuX, Kak F; RO™;
HO; C¢gH;0 ; RCOO; CI' u T.4. (Tabda. 9.5).

Ta6numa 9.4

OTtHocuTenbHble cKopocTu Sy2-peakuuii (9.2) u (9.3) B NPOTOHHBIX
U JUNOJISIPHBIX ANPOTOHHBIX pacTBopuTensx mpu 25 °C

kOTH

PactBopurenn
P s peakuuu (9.2) | i peakuuu (9.3)

IIpoTOHHBIE pacTBOPUTETU

Meranon, CH;0H 1 1
Bona 1 7
N-Metunaueramun, CH;CONHCH; - 8,5
dopmamun, HCONH, 12,5 11
N-Metundopmamun, CH3NHCHO 45,3 -
JAunonspHble aNmpOTOHHBIE pPacTBOPUTEIU
TerpameruneHcyabhoH (cynabdoaH) - 400
SO,
Aueronutpui, CH;CN 45000 5000
Auerton, CH;COCH;3 1,6-105 4000
JAMCO, CH3;SOCH; - 1260
JAM®A, (CH3);,NCHO 8-10° 2500
N, N-Oumermnaneramua, CH3CON(CHj3), (IMAA) 2,5:100 7950
N-MeTuimuppoaumoH-2 7,4:106 -
[ ]\
N o
CH;
I'ekcamermndochoprpuamua (TMDTA) - 2-105
O=P[N(CH3)al3
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Ta6numa 9.5

CpasHenne jorapuMoB KOHCTAHT CKOPOCTEil peakmuii MeTHJIH0IMAA
¢ pasiMyHbiMM aHuoHaMu B MeTaHoje u JIM®PA npu 0 °C

ky (AM®DA)
AHVOH W
CI- 5,9
Br~ 4.8
1~ 2,6
N3~ 5,1
CgHsO0~ 6,3
C¢HsCOO™ 5,45
CH;CO0™ 6,2

Menbimii 3pheKT JoCTUTASTCS UT MATKHUX TTOJISIPU3YeMBIX aHUOHOB,
takux, Kak I; CNS; RS™ u gpyrux, XoTss ¥ B 3TOM cllyyae CKO-
pocTb Sy2-peakuny B AUTONSIPHBIX AlIPOTOHHBIX PACTBOPUTENSIX BBILLIE,
yeM B TIPOTOHHBIX PACTBOPUTENIIX — CITMPTaX, TITUKOJSIX, KapOOHO-
BBIX KMCJIOTaxX W T.1.

Bonpioe paznuure B CTeTICHM COJBBATAIIMM KECTKUX W MSITKUX
AHNOHOB B TIPOTOHHBIX W IUTIOJNSPHBIX AllPOTOHHBIX PACTBOPUTEIISIX
BBI3BIBACT M3MEHEHNE HYKJICO(PUILHOCTH aHMOHOB B 3TUX JBYX KJIac-
cax pactBopuTenieil. JleiCTBUTETLHO, PSAIbl HYKIeO(MUIBHOCTA B TIPO-
TOHHOM W ampoOTOHHOM cpele CUIBHO OTIWYArOTCS APYr OT Ipyra
(Tabi1. 9.6). B mepBylo odepelb 3TO OTHOCUTCS K HYKJICO(PUIBHOCTU
raJOTeHUI-UOHOB B Sy2-peakuusx, sl KOTOPbIX B METaHOJIE, 3Ta-
HOJIe W APYTUX TTPOTOHHBIX PACTBOPUTENSIX HYKJICO(PUILHOCTh YOBIBA-
er B pany I >Br >Cl > F . Ognako B IM®A, IMCO, aleToHUT-
puJie 1 alleToHe CODJII0IaeTCsl COBEPIIEHHO MHAas MOC/Ie10BaTeIbHOCTh
ClI" > Br >1, xoropas coBnamaer ¢ HyKJIeO(DUIbHOCTbIO B ra3oBOi
(aze (cm. pazaen 9.2.3.a). Psan HykiieoUJIbHOCTH B IPOTOHHOI Cpejie
COOTBETCTBYET M3MEHECHMIO TIOJISIPU3YeMOCTH aHWOHOB, TOTAAa KaK B
arpoTOHHOM cpefe OH COOTBETCTBYET M3MEHEHMIO OCHOBHOCTU (T.e.
CpPOJICTBA K IMPOTOHY) aHUOHOB.

HyxieopnabsHOCTh TallOTeHUA-NOHOB B PeakIMM METHJITO3MIIaTa
C TaJIOTeHWIAMU TeTpaaJKWIAMMOHMS, TIAE caM pacIUIaBICHHBINA Ta-
JIOTEHUJ TeTpaaTKWIAMMOHUS CIYKUT M pPEarcHTOM W pacTBOPHTE-
JIeM, U3MEHSIETCS B TOM K¢ psoy, YTO M B ra3oBoi (paze, U B IHUIIO-
JIIPHBIX anmpoTOHHBIX pacTBoputesix: F > Clm > Br >1".

Ortciofa cieayeT, 9YTo HyKJIeODMIbHOCTh aHHOHOB B AUTTIOISIPHBIX
aIIPOTOHHBIX PACTBOPUTEIISIX TOPA3I0 JIYYIIe COOTBETCTBYET MX MCTUH-
HOW HYKJIeOPMIHLHOCTH, YeM 3TO HaOJIomaeTcs B IOJISPHOUM MPOTOH-
Ho#l cpene. PeakiimoHHasi crocOOHOCTb HECOJbBATUPOBAHHBIX,
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«OOHaXKeHHBIX» aHMOHOB B ra30Boil (ha3e, COINIACHO YKCIIEpPUMEHTAIb-
HBIM JaHHBIM, TI0 KpaiiHeil Mepe Ha AecATb MOPSAKOB BBHIIIE, YeM B
JUIIOJISIPHBIX allpOTOHHBIX pacTBopuTesix (cm. 9.2.3.0).

Taoauma 9.6

OTHocHTeNbHASA HYKI€O(GHIbHOCTh AHMOHOB B Sy2-peaKkuusix B Pa3IMYHbIX
NPOTOHHBIX M JHMOJSPHBIX ATNIPOTOHHBIX PACTBOPHTESAX

Peaxkuus PactBopureib PeakiimonHas criocoGHOCTb
cHyl + M8 CH,OH; 25°C CHS® >s,6; >19>
>SCN® > oN® > cH,OP>
> ¢1®> cH,c00 > F®
® .0 . o o5 ©
CH,OTs + M X CH,OH; 25°C CHs® > cH,00> 1© >
> seN® > BP >
@
CH,0Ts + M° X° JIMDA; 0°C c®>Be>10 (9:3:1)
@ o
#-C,HgOTs + N(C,Hy),X aeTon; 25°C ca®>B°>1° (8:5: 1)
o !
#C,H,0Ts + N(CHy) X° | JIMCO; 25°C $,0{ > oH® - CH,P > F® >

CH,CH,OTs + KX®
®0
CH,OTs + (CgH, ),NX

CH,Br + X°

atetonutpwi; 30°C

pacIuviaBlICHHadA COJIb
® e
N(C{H, )X 5 180°C

razoBasi (haza

>clP > B® >1°
N > cHco0® > N >
SE>cP>BP >1°

a®>B°>1° @:1,2:1

or® > F° > cu,® >
> CcHS® > oN® > c® > BP

9.2.3.r. MEXX®A3HBIN KATAJIN3

B npenbiayiieM pasgene ObUl omucaH HamboJsiee pacipoCTpaHEeH-
HBII CTIOCO0 YBeMUeHUs] HYKJIeO(PMIBHOCTH aHMOHOB M HEUTPaTbHBIX
HYKJIeO(DUIIOB B pe3yslbTaTe TMPOBEICHMST peakKUil B ITUITOJSIPHBIX
alpOTOHHBIX pacTBopuTesix. bojee mpocToit M AOCTYMHBIN CHOCOO
aKTWBAIIMA HYKJIeo(MIOB OCHOBaH Ha Mexkda3HoMm KaTammze (MDK),
rIe HyKJIeO(PUIbHBI peareHT TepPeHOCUTCS M3 BOTHOTO pacTBopa B
MasonoJsipHyto oprannyeckyto cpeny (CHCI;; CH,Cl,; CcHsCH;; CqHg
¥ J1p.), He CMEIIMBAMOINIyIOCs ¢ Bomoil. MeTom Mexkda3zHOro Kartaimsa
ObIT BHEApPEH B TPAKTHUKY OPraHWYECKOTrO CHMHTe3a Ojaromapsi Mcciie-
moBaHusiM M. Maxkomm, Y. Crapkca n A. bpengcrpema. OcHOBHYIO
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nmeo Mex@asHOro Karajamsa IpOIe BCETO MPOMIIIOCTPUPOBATH Ha
TpUMepe TPOCTEHIINX peaknii OMMOJIEKYISIPHOTO HYKJI€O(MMIBHOTO
3aMelleHUs B cy6CTgaTe RZ npu B3auMomeiicTBUU C HYKJI€O(DUIIb-
HBIM peareHToM Nu~ .

HNwmerorcst aBe HecMeluuBaroluecss (aspl — BOAHAsE U OpraHu-
yeckas. B BonHo# (hasze HaxoauTcs: coib M Nu®. Opranuueckas dasza
COIEPXKUT 0(3/60TpaT RZ, xotopsiit non%(eﬂ pearupoBaThb C HYKJIEO-
duaom Nu~. Comp M Nu®, e M®=Li"; Na*; K*; Cs" u .1,
COBEpIIEHHO HEpPacTBOPHMMAa B TaKMX OPraHMYECKUX PACTBOPUTEIISIX,
Kak XJ10podopM, XJIOPUCTBIA METUJIEH, TOJYOJI, OEH30J W Ip., CO-
CTaBJISIIOLIMX OpraHUYeckylo azy, MosToMy B OTCYTCTBUMU MeX(da3HOro
KaTajm3aTropa HUKaKoro B3aumojeictBus RZ n Nu® He ITPOUCXOINT.
B a1y cMech BBomuTCs KaTajau3aTop Mexk@a3Horo repeHoca — XJIOPUJ
win 6pomua terpaaskuaaMmonust RyNTClT, RyN'Br~ wiu tetpaar-
kunbochonust R4PCl™, B KOTOPBIX KATUOH COJIU SIBJISIETCST JTUTTOGDUIIb-
HBIM, a aHMOH — TUIPOGWIbHBIM. JINITOMUIbHEIN KaTUOH O0jamgaeT
CITOCOOHOCTBIO HaXOAWUTHCS KaK B BOJHOM, TaK M B OpPraHMYECKOi
(aze. IlepBoHauanbHO B BOAHOU (ha3ze OCYILECTBISIETCS aHUOHHBIMU

00MEH MeXIy COMSIMU TETPaaTKMIAMMOHUS 1 MCXOIHBIM HYKJICODUIb-

HBIM pPEareHTOM MONW®:

1y ™ eonn) + MONEmonr ) == PN o) + MX (o),
rae Q®= R4% W R4<193

I . .
3ateM mpoucxomut repeHoc coiu Q Nu~, comepxaileil TpeOyemblit
HYyKJIeO(u1 Nue, M3 BOAHOUW B opraHmyeckyro dazy. JIunoduibHbie

) ®
CBONMCTBA KaTHMOHAa Qe(R4N; R4P) cnocoGcTBYyIOT mpoleccy Mexdas-
HOTO TI€PEHOCA COJIU:

2) QN (som.) == Q’Ni(opr.).

B oprannueckoii paze ¥ MPOMCXOIUT HEIMOCPEACTBEHHO MpoLecC Ou-
MOJIEKYJISIPHOTO HYKJICO(DUIBLHOTO 3aMEICHUS:

Sy2 ® 0
3) O°Nu®+ RZ —2“> RNu + Q°Zopr.).

Bech 1Mk 3aBepiliaeTcsl pereHepauuein coau Q®X@ U TIEPEHOCOM
ee B BOOHYIO (a3y:

® ®_o
4) Q®Ze(opr. daza) + M®X®<:>Q Xe(BOI[H.) +MZ.
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Knaccuueckass cxeMa KaTaJMTUUECKOrO LIMKJIA C MexX(pa3HbIM
IIEPEHOCOM peareHTOB MOXKET OBbITh MmpeacTaBieHa, corjacHo Y. Crapk-
cy, clemyloluM oOpa3oM:

® 0O ® 0
QNu+RZ—>RNu+ Q Z(opr.)

@Yo @06 ® 0o @0
QNu+MZ—> M Nu + Q Z (BomH.),

rae Q® — KAaTHOH TeTpaajJKWJIaMMOHUs Wi (ocdoHus, Nu®= CN;
SCN™; NO, ; RCOO ; N3 ; RS™ u 1.n. B 3TOM 1mkie comnb Q®Z@,
reHepupyeMasi B opraHu4eckoi paze, He 00s13aTeIbHO HOJKHA OBITh
WIESHTUYHA COJIM, TMepBOHAYaJIbHO BBOAMMON B KauyecTBe KaTalau3a-
Topa. O0s3aTeIbHBIM YCJIOBUEM SIBJISIOTCS HaJlWyue JUIIOPUIBHOTO
KaTuoHa Q(’9 1 BO3MOXHOCTH 06MeHa anuonos Z° u X® na HYKJI€O-
(0)70)1 Nu®.

Posb MexdaszHoro karaamsaTopa MOTYT BBITIOJHSITh TOJBKO TaKue
com aMMOHHMS WA (HocPOHMS, Y KOTOPHIX KAaTMOH MOXKET HAXOMUTHCS
Kak B BOJHOM, Tak M IJIJaBHbIM 00pa3oM B opraHuYeckoil ¢aze. DTo-
MY YCJIOBMIO YIOBJIETBODPSIIOT YeTBepTUUHbIC MOHBI Ry4N™ mium R,P™ ¢
AJKWJIBHBIMU TPYIIIIaMHM, coaepxKainuMmu ot 4 1o 10—16 aToMoB yrie-
pona, Kak CHMMETPUYHOIO, TaK U HECUMMETPUUYHOTO cTpoeHus. Cpeau
HUX Hanbosblee pacrpoctpaHenue noaydnin CgHsCH,N'(CyHs),Cl7;
(CgH,7)4N*CI7; (C,Hg),N"Br; (C,Ho),N"CI"; C,¢H3sN"(CH;);Br™ u
psil ApYTUX cojieii aMMOHUSI U pocoHuUs.

B manononsipHom opranuyeckom pactsoputene (CH,Cl,, CHCls;,
C¢Hg, CéHSCH3 U Ap.) oOpasyeTcss KOHTaKTHas MOHHas Mapa
R,N*Nu~, obnanaroiiasi 04eHb BBICOKOW DPEaKIIMOHHON CITOCOOHOC-
Thi0. BhicoKasi HyKJ1eO(pUIbHOCTh aHMOHA Nu® B MaJIOTIOJISIPHBIX Op-
FaHWYECKUX PACTBOPUTENSIX OOYCJIOBJI€HA, BO-TIEPBBIX, TEM, YTO OH
MPAaKTUYECKN HE COJbBAaTHPOBAH B 3TOW Cpele M, BO-BTOPBIX, OOJb-
LIMM MEXMOHHBIM paccTOosiHUEM (Topsiika 4—5 A) MexIy KaTMOHOM
R,N* u annoHom Nu~ B KOHTAKTHON MOHHOII Mape 3TUX MOHOB, T.C.
HEeIOCTaTOYHO CHUJIbHOM BJEKTPOCTATUUECKOM cTaduiau3auueil aHuo-
Ha B MOHHOH TMape.

B kavectBe mpocteiuiero mpumepa peakumii Sy2-zamMenieHus B
YCIOBUSIX MeX(a3HOTO KaTajn3a MOXHO MPUBECTH CMHTE3 HUTPUJIOB
npu B3aUMOAEHCTBUU aJKUIXJIOpUIoB U OpomugoB ¢ NaCN B
OMHapHOI cucTeMe Boda—IeKaH, KaTaJu3upyeMoM OCH3WITPUITUIIAM-
MoHuixiaopuaom (TOBAX — kartanmzatop Makouiu).

Meron M®K upe3BbuaitHo 3¢G@eKTUBEH W TSI MHOTUX APYTHX
S\2-peakumii, HanpuMmep:
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@
CH;CH,N(C,Hy),Cl”
> CH,(CH,),CN + NaCl,

(95—100%)

+
CH;(CH,),Cl + NaCN sona—nekas; 100°C

® o
(CgH,7);NCH,CI
H,0—C¢HCHj; 100°C

C¢H3Br + NaN; > C¢H3N; + NaBr,

(92%)
® ©
N(C,Hy),Cl
2RHal + Na,S > RSR + 2NadCl,

\

® ©
(CgH,7);NCH,CI
CI(CH,),Cl + NaOH > + 2NaCl,
H,0—CHy; 80°C

(88%)

® €
(C4Hg),NHSO,
CH;(CH,),0H + #-C4H,Cl + NaOH H,0—CHy; 50°C >

———> CH4(CH,);—O0—C,Hy-# + NaCl.
(80%)

MexdasHblii KaTaanu3 He OTpaHWYMBAETCsS TePEHOCOM pEeareHTOB U3
OIHOM XWAKoM (a3bl B APYTyIO, TakKe Xuakyto dasy. Eiie omHa Bo3-
MOXHOCTB 3aKJTIOYaeTcs B TIepEHOCE pearcHTa M3 TaK Ha3bIBaeMoit
«TBepmoit (asel» B pacTtBop. [lom 3TMM TepMHHOM TMOApa3yMeBaeTCs
Tepexol HEPaACTBOPMMBIX BO MHOTHX OPTaHWMYECKUX PACTBOPUTEIISIX
MOHHBIX COSAMHEHUI B OpraHMUYECKYIO (pa3y ¢ IMMOMOIIBIO KaTaln3aTo-
poB Mexk(da3HOTO TIepeHOoca COBEpIIEHHO 0co00i Tpuponsl. Takmmu
KaTai3aTopaMy MOTYT OBITh HOBBIE KOMIUTIEKCOOOPA3yIOIINe areHThl —
MaKpOIMKINYEeCKAE TTONN3(UPHI, Ha3bIBaeMble KpayH-IIOJU3(GUPAMU
(OT aHI1. crown — KOpOHA), UX OMUMKIMYECKHE U TOJULUKINYEC-
kue aHajoru u T.1. (1. 11). Hanbosnee yacro ncrnons3yror 18-kpayH-6,
15-kpayH-5 u [2,2,2]-kpuntaHp (riepsasi uudpa B KpayH-aupax o3-
HayvaeT pasMep IIMKIJIAa, BTOpas — YHMCJIO aTOMOB KHCJIOPOJA:

(O oy 90y
8y oS G MV

18-kpayH-6 15-xpayH-5 [2,2,2]-xpunTan
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OO0weil yepToil Bcex KpayHOB, KPUNTAHAOB U POACTBEHHBIX UM CO-
eIMHEHUN $SIBJSIETCS HaJW4YME TOJOCTU BHYTPU OJIHOIO ILIMKJIA WU
HECKOJIbKMX LIMKJIOB. B pe3yibTaTe xeJaTupoBaHUsI BHYTPU ATOM IO-
JIOCTU 00pa3yloTcsl JOHOPHO-aKILIENTOPHbIE KOMILIEKChl ¢ KaTHUOHa-
MU 1IEJIOYHBIX, LIEJOYHO3EMENbHbIX U APYTUX METAIOB, pa3juyHbIe
No CTabMJILHOCTU B 3aBUCUMOCTM OT pajJuyca U IUIOTHOCTU 3apsia
KaTuOHa, padMepa MOJIOCTA LMKJIOB, MPUPOIAbI aTOMOB-I0HOPOB (O;
N; S; P), oopasyromumx nuki. Jiuss MO®OK Hanboabmii MHTEpeC Ipe-
CTaBJISIIOT KOMIUIEKChI, 00pa30BaHHbIE KpayH-TIOJIMA(PUpaMy WIU KPUII-
TaHZAaMH C KATHOHAMHU HATpus, Kanusgd U autus. Jiasg xatmona K*
HauboJjiee cTaOMIbHBIE KOMILIEKCHI ITOJy4aloTcsl ¢ 18-4jJeHHBIMU
KpayHamu u Kpunrtanmamu. KatnoH Hatpust oOpadyeT Haubojee cra-
OWJIbHBIN KOMIUIEKC ¢ 15-KpayH-5, a KaTuoH Jutusi — ¢ 12-kpayH-4.

B Takux KoMmIiekcax «opraHudeckasi 000J04Ka» KaTUOHA 11eJ10Y-
HOTo MeTajula obecrieurMBaeT 00pa3oBaHKe MO CYILIECTBY HOBOTO «OHUE-
BOTO KaTMOHA», KOTOPBI MOXET IKCTPAarupoBaThCsl MIIM PACTBOPSITh-
Csl BMECTE C aHMOHOM B (hOpM€ MOHHBIX Map TOYHO TaK Xe, Kak U
CaMu OHMEBbIE COJIM B MAJIOMOJSIPHBIX OPTaHWYECKUX PACTBOPUTEISIX.
AnnonHasg 4Jactb Nu~ Takoii MOHHOM Iapbl Ype3BbIYAHO peakilv-
OHHOCIIOCOOHA, TMOCKOJIbKY 32JIEKTPOCTATUUYECKOE B3aMMOJEUCTBUE C
3aKOMIUIEKCOBAaHHBIM KaTHUOHOM PE3KO OCJIabJIeHO IO CPaBHEHMIO C
HMCXOIHON COJIbIO 0€3 KOMIUIEKCOOOpa3ylollero areHtra. MMoHHbIe Imaphl,
y KOTOPBIX KaTMOH 3aKJIIOU€H B TMOJOCTb LUKJIMYECKOTO MoJudhupa,
0oJiee peaKLIMOHHOCIIOCOOHbI, YeM T€ XK€ aHMOHbI B MPOTOHHBIX pac-
TBOPUTEJISIX, TJI€ OHU CUJIBHO COJIbBATMUBUMPOBAHbI 3a CUET O0Opa3oBa-
HUS BOJOPOJHBIX CBsI3ei. bojee Toro, Takve MOHHbBIE Mapbl HEPEIKO
0o0nagaloT OoJsiee BHICOKOM PEaKIIMOHHOM CIIOCOOHOCTBHIO, UeM T€ XKe
QHUOHBI B JUMOJISIPHBIX alIPOTOHHBIX pacTBOpUTesxX. s Takoro ciy-
yasi ObLT Jaxke BBEAEH CIELMabHBI TEPMUH «pPeaKlUU OOHAXKEHHBIX
aHMOHOB». OIHAKO 3TO 00pa3HOE Ha3BaHUE HE SIBJISIETCSI CTPOIUM, TaK
KaK B peaklMy NMpPpUHMMAaeT yyacTHU€ HE WMOH, a MOHHas mapa, B
KOTOPOI aHMOH BCErJa B KAaKON-TO CTEIEHU COJIbBATUPOBAH B Cpede
JII0OOU MOJIIPHOCTU U OCHOBHOCTH.

Karanutnyeckuii nepeHoc HYKJI€O(MUIbHBIX peareHTOB M3 TBEp-
Joi (a3bl B XKUAKYIO Cpelly OCOOEHHO BaXK€H B CIy4yae KECTKUX HYK-
seodpusioB: F, CI', RCOO ™ u Hykj1eoduUI0B NPOMEXKYTOUHOM XKeECT-
Koctu, Hanipumep, N3 . [IpumeHeHne KpayH-2(hUpOB MO3BOJISIET MIPO-
BOJWTb Pa3HOOOpPa3HbIE CUHTE3bl C BHICOKMM BBIXOJOM.

Huxe npuBeneH psig IIpUMEpPOB:

0
~
CH4COOK + H—C6H13Br%> cHc.  + Kbr,
S (100%) OCgH 51
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I i i
(CH53);CCOOK + BrCH,C—CgHs 18-kpayH-6

o Cetle: 80°C
7 7
—>(CH3)3CC_O_CH2_C_C6H5 + KBI',
(95%)
18-kpayH-6
CanOSOzCH:;, + KCl W C8H17C1 + CH3SO3K,
18-kpayH-6
H-CanOSOzCHg, + KF W H-C8H17F + CH3SO3K,
(92%)
18- -
CHCH,CI + #-CyH,ONa ~orPVHE - 1 CH,0C,Hyon + NaCl.
Tr®d; 65°C 7%
(¢

MexdasHblii KaTaau3 HallleJl NpUMEHEHHE B CaMbIX Pa3HOOOpa3HbIX
00JIaCTSIX OpPraHUYEeCKON XUMMU: Ui PUCOEAMHEHUST TUXJIopKapoe-
Ha K JIBOMHON CBs3M ajikeHa (T71. 5, 4. 1), oKucCIeHUsT aJKeHOB U all-
KWJIOEH30JI0B U T.[.

9.2.4. OJJHODJIEKTPOHHBIV CIBUT

IIpuHsaTO cunTaTh, YTO MpPU OOPA30BAHUMU IIEPEXOTHOIO COCTOSI-
HUST Sy2-TUMA HECBA3BIBAIOLIAS JIEKTPOHHAS Mapa HyKJIeODUIbHOTO
areHra CMEIAeTCd K aToMy YIJIEPOda, U ONHOBPEMEHHO CBA3BIBAIO-
111ast 2J1eKTpoHHas napa o-cBsizu C—Z cMmellaeTcsl K yxoisilei rpyr-
ne. Teopusi 3JEKTPOHHBIX Map JEXKWUT B OCHOBE BCEW 3JEKTPOHHON
XUMMHU, OHA TIO3BOJISIET YAOBJIETBOPUTEIBHO OOBSICHUTH OYEHb MHO-
rue gieHus. CylllecTByeT, OJHAKO, U MHON MOIXOJ, COIJIaCHO KOTO-
pOMY 3JIEKTPOHbI MOTYT MEPEXOAUTH OT OJHOIO BelleCTBa K APYromy
B OIMH W TOT € MOMEHT BPEMEHM TOJbKO Mo oaHOMy. Eciu BcTaTh
Ha 3Ty TOYKY 3PEHMs, TO MEPBUYHBIA aKT Sp2-peakunn GopMaabHO
MOXHO 3amnucaTh ClAeAyloluM o0pa3oM:

Nu®+ R—Z =——> [Nu' (R—Z) ]

Hykneodun otmaer oguH 57eKTpOH CyOCTpary, MpeBpallasich B pa-
IUKaJl, TOorga Kak cybcTpar mpeBpalllaeTcsi B aHMOH-paaukan. Obe
paauKaabHble YaCTULIbI HAXOASTCSI B HEMOCPEACTBEHHOM OJU30CTU APYT
OT JIpyra B <«KJIETKE», CTEHKM KOTOPOW 0Opa3oBaHbl MOJEKYJIaMU
pactBopuTeisi. AHUMOH-paaukan (R—Z)® HeycTOWUuB U OBICTPO
pacriamaeTcsd Ha aHWOH VAR pagukan R*°. TMocnenyomas pekoMou-
Hauus pagvkaioB R* u Nu® npuBoauT K npoaykTy 3amelneHus RNu:
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[Nu' ( —z)’] ——[Nu, R, 2°] ——RNu+2°.

OnurcaHHBI TaKUM O0pa3oM MeXaHWU3M Sy2-peaklM HOCUT Ha-
3BaHue SET-mexaHusma (single electron transfer). ITomoOHbIT Mexa-
HU3M YCTAHOBJICH B psie CIIydaeB IJI TaKWUX PeakIuii, KaK TUAPUI-
HO€ BOCCTaHOBJIEHUWE, HYKJIEeO(UILHOE apoMaTU4YecKoe 3aMelleHUe
(rn. 15), HykJeopuIbHOE MPUCOEAMHEHUE METAJUIOOPTraHUYECKUX CO-
eMHEeHM, 3aMellleHUe MeTajla B METaUIOOpraHWYeCKUX COearHe-
Husx (171. 20, 4. 3) u ap. O6byHO SET-MexaHU3M J0Ka3bIBalOT C T0-
MOIIIbIO BKCIIEpUMEHTa, B KOTOpOM MpsiMmo (¢ nomouibio DITP unu
XITA; eM. 1. 14) wim KocBeHHO (HampuMep, ¢ MOMOIIbIO CIWUH-JIO-
BYLIEK WJIM IO XapaKTepHbIM MPOAYKTaM AUMEpU3alMM, TUCIIPOIOp-
LIMOHUPOBAaHWSI WX TIEPErpyIrnmnupoBOK paaIuKajioB) MOXHO OOHapy-
JKUTb WU TIOCTYJIMPOBATh palMKalbHble YACTUIIbI. DTO, KaK MpaBuio,
He yJaeTrcs caenaTh BCJIEACTBUE TOro, YTO BCe MOC/enyIolIne 3a Tep-
BOHAyaJbHbIM TEPEHOCOM 3JIEKTPOHA PEeaKLUUW WAYT CIAUIIKOM Obl-
ctpo. Torma Bo3HMKAeT BOMPOC: B YeM TapaHTUSI TOTO, YTO peakiiu
unytT no SET-MexaHuU3My, €CJIM HET 3KCIEePUMEHTaJbHbIX JAHHBIX,
OIpeJeICHHO MOATBEPXKIAIOIIMX PaAuKaIbHbINA MyTh?

B nonbiTke oTBeTa Ha 3TU Bompockl D. [Ipocc (1985) npenaoxun

TEPMUH <«OJIHOJIEKTPOHHBIM CABUT».
DneKkmpoHHbLILl nepeHoc O3HauvaeT MPOCTO PElOKC-TIPOLECC, B KOTOPOM
MPOMCXOAUT MEPEHOC OJHOTO BJIEKTPOHA. HM3MeHeHue noaodiceHUs dIAeKm-
POHA, KOmopoe couemaemcs ¢ U3MEHeHUeM XUMUYecKux cesaseli ObLIO
MPeJIOKEHO Ha3bIBaTb 31eKMPOHHbIM c0eueom. BaXHO MOTYEPKHYTbD,
YTO BJIEKTPOHHBIN CIBUT HE 0053aTebHO MPUBOAUT K OOpa3OBaHUIO
paIVKaTbHBIX YaCTHII.

Sy2-MeXaHU3M C TOYKM 3PEHUS OIHOJIEKTPOHHOIO CMELIEHUS
OIMCHIBAETCS CIAEAYIOLIUM O0pa3oMm:

Nu+ RNZ —»NuNR +7:°.

Yactuua NuTJR B mpaBoif 4acTi — 5To He pagyKajibHas mapa, a
KOBAJIEHTHAas MoJieKyJla mpoaykra peakuuu Sy2. [Ipouecc mepexona
rpynnbsl R K HykJeopuay MpoUCXOAUT CUHXPOHHO C OJHOB3JEKTPOH-
HBIM CABUTIOM M Pa3pbiBOM CBsI3M R—Z. OgHO371EKTPOHHBIN COBUT OT
Nu® u RZ MPUBOIUT K pa3pbiBY CBsI3M R—Z; mpu 3TOM ABe paau-
KaJibHble yacTulbl Nu® u R° HaxoIsiTcsi B HeMOCPEACTBEHHOM OJu-
30CTU APYT OT Apyra U MO3TOMY OBICTPO OOBEAMHSIIOTCS.

IToHsITUE «CHUHXPOHHOCTb» O3HAuyaeT OECKOHEUHO Majioe BpeMms
KU3HU UHTepMeauara (1. 3). B Takom ciyyae MOXHO MPEANON0XUTb,
4TO B PEaKLUAX OXHODIEKTPOHHOIO CIBMIa BPEMEHA XXM3HU Dpalu-
KaJbHBIX yacTull Nu” u (R—Z)*° o4eHb Majbl, a CKOPOCTH pacliaaa
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(R—Z)* - R + 7° u pekomOuHauu Nu® u R° ouenb Benuku. B
IIPOTUBOIIOJIOKHOCTh 3TOMY B SET-peakuusx BpeMeHa KU3HU paau-
KaJbHBIX YaCTHUII TOCTATOYHO BEJIUKHU [UISI TOTO, YTOOBI MX MOXKHO OBLIO
3aperucTpupoBaTh. BpeMeHa XXKU3HM 3aBUCAT OT MPUPOIBI HYKIeOo(hH-
Jla u cyocrpara. Hanpumep, HaTpuii pearupyeT ¢ aJKWIraJoreHuaa-
mu (peakuus Bropua) mo SET-mexaHu3My, IIOCKOJbKY B 00Opa3yio-
LEMCSI B pe3yibTare 3JIEKTPOHHOIO mepeHoca moHe Na' Bce CIIMHBI
crapeHbl, U OH He MOXET PeKOMOMHUPOBATh C paaukaiom R*°.

S]
Na + RN 7 —SET_\@ LR+ 28
paluKaIbHbIE
peakuu

KoHtenmms: «oqHO3IeKTPOHHOTO CABUTAa» YTOUHSIET KAPTUHY 2JIEK-
TPOHHBIX MU3MEHEHUH, MPOMCXOISIIUMX B Ipoleccax Sy2, HO HE M3-
MEHSIET CTPYKTYpY (PacmosioXXeHUE SIIep) «CUHXPOHHOTO» Tepexol-
HOTO COCTOSIHUSI U HE€ TNPOTMBOPEUUT HAOJIIOAEMOMY BajibJI€HOBCKO-
My OOpallleHWI0 U OTCYTCTBUIO PaAWKaJIbHBIX MPOAYKTOB B 3THX
peaKImsIX.

KoHuenuunio oaHO3JIEKTPOHHOrO CABMIa CJelyeT paccMaTpuBaTh
KaK OpUTMHAJIBHYIO THIIOTEe3y, HUYETO HE MEHSIOIIYI0 B CaMOl CYTH
npespaueHus. Ilpy uHTEepnpeTaluu JaHHBIX adu(aTuyeckKoro HykK-
JIeO(UJIBHOTO 3aMelIEHMs MOXXHO YCMEUIHO MCMO0JIb30BaTh Kjlaccuuec-
KYyI0 TEOPHUIO CMEIICHUs 3JEKTPOHHBIX Tap, YTO MBI U Je/aeM B 3TOI
rnaBe. OgHako B 1. 26 (4. 3) MBI MCIIOJIb3yeM IPEACTABICHUSI 00
OJIHOBRJIEKTPOHHOM CABUTE JJISI OOBSICHEHUSI HEOOBIYHOTO MeXaHMU3Ma
BIIEKTPOPUIBHBIX TEePerpynipoOBOK.

9.3. MEXAHU3M S,1

Jpyroii TIpefelbHBI MeXaHW3M HYKJIeO(MWIHLHOTO 3aMEIIeHUs Y
HACBIIIEHHOTO aToMa yriepoaa Syl Bkitoyaer nBe cranuu: 1) rerte-
ponuTryeckoe paciierieHne cesa3u C—Z B cyoctpate RZ ¢ obpaso-
BaHUEM TPEXKOOPIMHUPOBAHHOTO KapOokatmoHa R® m yxomseit
TPYIIIbI 7° B BUIE aHMOHA U 2) B3amMoneiictBue kapbokatnoHa R®
¢ HyKJIeouJIbHBIM areHToM Nu win Nu@, B pe3yJIbTaTe YEro IOJIy-
YaeTCsd KOHEYHBIN MPOAYKT 3aMelleHUS:

k; MeIUIEHHO k»; OBICTPO

1> @0 K P

RZ<——>R Z———>RNu 9.4
k u

OTa peakuus, B OTIMYUE OT Sy2-MEXaHU3MA, HE SIBJISIETCS COIJIACO-

BaHHBIM ITPOLIECCOM U BKJIIOUAET JBe craguu. Ctamust TeTepomsa CBs-

3u C—Z B cyOcTpaTte SIBISIETCS MEIJEHHOH, OIpeaesiolleil CKOPOCTh
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Bcero mpoiecca. BzauMmoneiicTBue KapOoKaTHOHA C HYKJIeO(GUIOM
MPOMCXOINT B ObICTpOI cTamuu. st ypaBHeHUs (9.4), UCTIONB3YysS METOM
CTallMOHAPHBIX KOHLEHTpauuii (1. 3, 4. 1), MOXHO BBIBECTH CJIEIYIO-
1Iee ypaBHEHME:

ki ky [RZ] [Nu]
ki [Z°] + ky [Nu]

CKOpPOCTb = 9.5)

Ecmm k,[Nu] >> k,l[Z@], (opMabHO CKOPOCTb OIMMCHIBAETCST XO-
POILLIO 3HAKOMBIM KMHETUYECKMM YpAaBHEHMEM IIEPBOIrO IOpsAKA ISt
Syl-peakuuii:

ckopocTb = k; [RZ]. (9.6)

Ha puc. 9.6 npuBeneHa sHepreTuyeckasl guarpaMmma Maeaaiu3upo-
BaHHOTO MOHOMOJIEKYJISIPHOTO HYKJI€O(MUIBHOTO 3aMelleHUs .

M3 nByx mocienoBaTteibHbIX CTaauii — voHuzauuu RZ u pe-
koMOuHanuu R m Nu — mepBas XapakTepusyeTcs HauOOoJbLIei
DHeprueil akTUBAllMU, TOTJA KakK DHEpPTrusi aKTUBALIMU JJI1 PEKOM-
OMHALMU MOHOB AOJIKHA
ObITh Masia. Bropas cramus
HE BJIMSIET Ha OOIIYIO CKO-
pOCTb, HO ONpeaessieT KO-
JIMYECTBEHHBII COCTaB IIPO-
nykToB Syl-peakuuu. Ecnu
B pacTBOpe MPUCYTCTBYIOT
cpa3y HECKOJIbKO Pa3IMYHbIX o
HYKJIEODUIIOB, TO OTHOCU- RZ+Nu RNu+Z
TEJIbHbIA BBIXOJ MPOAYKTOB
peakuun ¢ KapOOKaTMOHOM
R* 6y£LeT OIpeneasaATbCsd, Puc. 9.6. IlepBas cragus nonusauuu RZ
€CTEeCTBEHHO, BbICOTOI BTO-
poro Gapbepa. Jpyrumu cioBamu, B UACATU3UPOBAHHOM Syl -peakunun
CKOpPOCTb PeakliMM He JOJKHA 3aBHUCETb OT MPUPOAbI HYKJeodua,
HO COCTaB MPOAYKTOB peaklMyh MpU KOHKYPEHLUU HECKOJbKUX HYK-
JIeo(pUJIOB 3aBUCUT OT MX OTHOCUTEIbHOW HYKJIEO(PUIBLHOCTH.

HNonuzauus RZ nipeacrapisieT coboil S3HAOTEPMUYECKUIA IPOLIECC,
M, COIJIaCHO MOCTyJaTy X3MMOHJA JUIS 9HIOTEPMUYECKUX peakinuid
(rn1. 3), mepexogHoOe COCTOsSIHME il MoHu3auuu RZ momoOHO Kap-
ookatroHy R*. TTosromy s100bIe (haKTOPBI, CTAOUIU3UPYIOLIME Kap-
OOKAaTHOH, CTAOWIM3UPYIOT U IIEPEXOJHOE COCTOSIHME, IPUBOISIIEE
K obpa3oBaHMIO KapOookaTuoHa. Ctabuan3anusl KapOOKaTMOHOB 3a CYET
95(hHEKTOB COMPSLKEHUST U TUIIEPKOHBIOTAIIMM, & TaKKe WHIYKTUBHBIX
2 deKkToB 3aMecTUTeNeil OblIa paccMOTpeHa paHee (I 2).

CrabunbHOCTh anudaTuiecKux KapOOKAaTMOHOB YMEHbIIAETCS
B pSiAy: TPETUYHBIA > BTOPUYHBINA > NMEPBUUYHBIA. Syl-MexaHU3M
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peanmayetcsl IS TPETUYHBIX W BTOPUYHBIX, HO HE TEPBUYHBIX aj-
KUJITAJIOTEHUIOB ¥ alKUJICYIb(POHATOB. JIeHCTBUTENBHO, COJIbBOJIN3
mpem-0yTuaOpoMUIa Mo MexaHusMmy Syl B monaspHoOM (e '=58) u
MOHM3UPYIOLLIEM pacTBOpUTeie — MypaBbuHOM Kuciote uaeT B 1 000 000
pa3 ObIcTpee, yeM u3o-Tipormmidopomuaa. I1omoOHOE COOTHOIIEHUE CKO-
pocTeil mas TPETUUYHBIX M BTOPUYHBIX RZ sBisieTcss xapakTepucTuy-
HBIM IS MHOTUX COJIbBOJIUTUYECKUX Syl-peakiuii. AHaJIOornyHas 3a-
KOHOMEPHOCTh HAOJIOZaeTCs W IUIST [MUKJIOAJTKWITAJIOTeHUIOB U
cynbhoHaTOB. DPEPEKT compskeHUsT 0OYCIOBIMBAECT OTHOCHUTEIILHO
BBICOKYIO CTAOMJIBHOCTh TPUAPMIMETHIBHBIX Ar;C*, GeH3THAPUIBHBIX
Ar,C'H, 6ensuibHbix ArC'H, u ajummibHbIX KapOoKaTuoHOB. MOHO-
MOJIEKYJISIDHBIE MEXaHU3M 3aMellleHus xapakTepeH mis Ar;CX;
Ar,CHX, a Taxke yacto HabmogaeTcs s aJUIMJITaJIOTeHUIOB U CYJIb-
donaros. ['maponus Tpudenmnxnopmerana (CqHs);CCl B 80%-m BOA-
HOM alleTOHe MPOTeKaeT B MUJIJIMOH pa3 ObICTpee, YeM OeH3rUapuI-
xiopuaa (C4H;),CHCI, koTopslii B CBOIO O4Yepenb TMIPOIU3YETCS B
ThICAYY pa3 ObicTpee, yeM 1-xsop-1-denunstan C{H;CH(CI)CH;,
CPaBHUMBII TT0 CKOPOCTH THUAPOJIN3A C AJUTUIXJIOPUIOM.

bonee BHMMaTenbHBIN aHanu3 ypaBHeHHUs (9.5) 1MMo3BoJIsIeT OOHA-
PYXUTb CJIOKHYIO 3aBUCUMOCTb CKOPOCTU Syl-peakiuii oT KOHIIEHT-
paluMuy aHuoHa yxozsiuei rpymnmsl Z . B camom Havane peaklvu KOH-
HeHTpalus Z o4eHb Majla, M TOJIbKO Ha HayaJIbHOM YYacCTKE KWHETU-
YeCKOM KPMBOM CKOPOCTb PeaklMM OMKMChIBaeTcs ypaBHeHUEM (9.6):
v=k[RZ]. Orcrona cnenyer, 4To CKOPOCTb HE 3aBUCUT HE TOJBKO OT
KOHIIEHTpAaLlMKM, HO Aaxke OoT mpupoanl Hykieodpmwia Nu. Takoit ciydait
JIEHCTBUTEIFHO OBUT OOHApY:KeH IS peakIny OCH3TMIPUIXIOPHIA C
pPa3HOO00pa3HbIMU HYKJIeodDWIaMU B HEHYKJI€O(MUIbHOM MOJSIPHOM pac-
TBOpUTENe — XuakoMm okcuae cepbl (IV) SO, (Muronba, Xsio3, 1940).
ITo xonmy peakuuu xoHueHTpauus Z =Cl  pacTteT, U, B COOTBETCTBUU
¢ ypaBHeHueM (9.5), ckopocTh ymMeHblIaeTcs. bojee Toro, eciam B pac-
TBOp crelMaibHO BBecTu cosib LiCl, comepxaiiyo obimit aHuoH CI -,
peakumst Takke 3amemisercsa. Obda aTux addekTa HAOIIOTATNCh I
peakumu (CqHs),CHCI ¢ cambIMu pa3nuyHbIMKA HYKJIeoprIaMu B KUIT-
koit SO,, oHU MOTYyYyWIU Ha3BaHUE dPdexma obujeeo UOHA.

B nonapnsionieM OONBIIMHCTBE CIyyaeB IJIsl U3YUYEHUsT MEXaHU3-
Ma peaKIM MOHOMOJIEKYJISIPHOTO 3aMelIeHUsT TPYIHO Moao0paTh Ta-
KVe WaeajbHBIe YCIOBMS, KaK TP M3YYEeHWW KWHETUKW pPEaKlnu B
pacTBope KUAKON NBYOKUCHU cepbl. OOBIMHO Syl-peakiuu sBISIOTCS
COJIbBOJIUTUYECKHUMHU, TE PACTBOPUTEIb HE TOJBKO BbI3bIBAET MOHU-
saumio cBsi3u C—Z B RZ, HO u cam BBICTyIaeT B poJu HYKJIeO(pUIb-
HOTO peareHTa BO BTOpoil crtamuu ypaBHeHUs (9.4). B takom ciyuae
KOHLIEHTpaLusl Hykjaeoduia (pacTBOPUTEISI) MPAKTUYECKU HE MEHSI-
€TCd B XOA€ peaklMu, U OHa OydeT MMEeTb MEepBbli KUHETUUYECKUIA
TIOPSIIOK HE3aBUCUMO OT TOTO, KakKoil MexaHm3m — Syl wm Sy2 —
peanbHO peaausyercs ISl JaHHOTO MpeBpalleHus.
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WM3MeHATh KOHLIEHTpaLMI0 HyKJeoguia—pacTBOPUTEIIS. B LIMPO-
KOM JMara3oHe He MMEET CMbICJa, TaK KaK MpU DTOM M3MEHSIIOTCS
MaKpoCBOWCTBa cpeibl. Tak, HalmpuMep, CKOPOCTb 'MAPOJU3a mpem-
OyTwiOpoMuIa B BOOJHOM alleTOHE BO3pacTaeT B COPOK pa3 Mpu U3-
MeHeHMU KoHUeHTpauuu Boabl oT 10 1o 30%, HesCHO, OMHAKO, CBSI-
3aH JI1 3TOT 3(PpPEKT C pOCTOM HYKICO(MUILHOCTUA Cpeabl (UTO BasKHO
Uit Sy2-peakunii) Wik ¢ yBEJMYEHUEM MOJIPHOCTU CPebl (UTO BaX-
HO 151 Syl-peakuuit). [TpoSICHUTH CUTYalIMIO B TAKUX CIy4yasix MOMO-
raet uzydeHue cosuepbix apdexroB. Ckopocts ruaponnsa (CqHs),CHBr
npu BBeaeHuM B pactop LiCl m ckopocts ruaponnsa (CqH;),CHCI
npu gobasnenuu LiBr Bo3pacTaior. DTo 00yCJIOBIEHO IefiCTBUEM HOP-
MaJIbHOTO coJyieBOro adexTa: peaklimsi yCKOpsieTCsl BCIEACTBUE TOTO,
YTO yBEJWYEHHWE MOHHOM CHUJIbI pacTBOpa CTAOWMJIU3UPYET MOJISIPHOE
repexoaHoe cocTosiHue Syl-peakiiuu. OgHaKO BBENEHUE COJei, UMeto-
MX oOIIMiI MOH ¢ opraHudeckuM raigoreHunoMm (LiBr B ciyuae
(C4H;5),CHBr n LiCl nna (C¢Hs),CHCI), 3amennser peakuuio. B atom
cllyyae OeHCTBYyeT KaK HOPMaJIbHbIM COJIeBOM 3((HeKT, YCKOPSIOLIUIA
peakluio 3aMelleHusI, Tak U 3(P@eKT 00IllIero MoHa, KOTOPBI, CO-
IAaCHO 3aKOHY JEWCTBUSI Macc, JOJDKEH 3aMeISITh peaklMio, cMme-
11as1 paBHOBecHe MoHU3auuu BieBo. CymMmapHo IpeobianaeT 3¢hheKT
oburero noHa. Ta ke camasi 3aKOHOMEPHOCTh HAOII0JaeTCsl TIPU TH/I-
pov3e TPUAPUIMETUITAIOTeHUIOB.

B cBoem mepBoHauaNbHOM BapuaHTe MexaHU3M Syl mpenrnonaran
obpasoBaHue CBOOOIHBIX, JUCCOLMUPOBAHHBIX MOHOB R 1 Z~. B aTOoM
MeXaHU3Me CTausl, Ompenesisiiolas CKOPOCThb Ipolecca, U CTaaus,
onpeaensollasi COOTHOLIEHWE TMPOAYKTOB, HE COBIaAaloT. DTO
MNPUBOJUT K PSIAY BaXKHbIX CJIEJCTBUI, KOTOpPbIE CIIOCOOCTBOBAJIU Bbl-
paboTKe OIpeaeSeHHbIX, JOCTaTOYHO CTPOTMX KPUTEPUEB, C MOMO-
LIBIO KOTOPBIX AUCCOLUMUATUBHBINA Syl-MEXaHU3M MOINAETCS 3KCIIEPU-
MEeHTaJbHOM NpoBepke. CylllecTBYeT MsITh IIaBHbIX HE3aBUCUMBIX KpU-
TEPUEB IUCCOLMATUBHOIO Syl-mexaHusMma.

TlepBblif M3 HUX COCTOMUT B TOM, YTO CKOPOCTb PEaKLMU JOJKHA
YMEHbBIIATLCS C POCTOM KOHLEHTpalUWu aHUOHa Z , MpUYeM 3Ta 3a-
BHUCHUMOCTb, COIIACHO 3aKOHY JEHCTBYIOIIMX Macc, JOJKHA UMEThb
JIMHEUHBIN XapakTep. DPdeKT o0lero MmoHa IOJYy4YMJ Ha3BaHUE
«BHEIIHEro BO3BpaTa U3 AUCCOLMMPOBAHHOM (popMbl». JIpyroit Kpu-
TepUid 3aKJII0YACTCsl B BBEACHUM «HYKJIEOMUIbHOMN JIOBYLIKI», HAIpU-
Mep, a3ua-uoHa N~ isi KapookaTuoHa R™

IOH
. SOH, Rosal + B+ 2°
TJICHHO ® o
——> R + 7 — N@ o
L -3 o RN, + Z,

rae SolOH — mpoTOHHBIN PacTBOPUTEIb.
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A3UI-MOH He IOJDKEH BIMSITh Ha CKOPOCTb peakiUM, HO JOJIKEH
BJIMATb HAa COOTHOILUeHWE NpoayKToB peakuuu RN; u ROSol, npu-
_ RN

[ROSol]

B XOJI¢ peaklUM JOJDKeH OCTaBaThCS MOCTOSTHHBIM. DTO BTOPOI KpH-
Tepuid quccouratuBHoro Syl mexanusma. TpeTuii KpUtepuii COCTOUT
B HE3aBUCHUMOCTHU BEJUYUHBI Fy OT NPUPOAbI yXOnslei rpynnel Z B
cyoctpate RZ. JIns anudaTuyecKux U aJUUMKIAYECKUX COeIMHEHUI
MOHOMOJIEKYJIIpHOE 3amMelleHne Syl KOHKypupyeT ¢ MOHOMOJIEKY-
JIIpHBIM 3JauMMUHUpoBaHueM El rmporoHa ¢ oOpa3oBaHueM ajkeHa. B
5TOM CJIyyae COOTHOIIIEHWE TIPOIYKTOB COJIbBOJIM3a M aJIKeHa 10 XOmy
peakuuu JOKHO OBITh IIOCTOSIHHO (YETBEPTHIA KPUTEPUil), U 3TO OT-
HOIIIEHWE HEe NOJDKHO 3aBHUCETh OT MPUPONABI YXOMSIIe TpymIbl (Tis-
ThII KpuTepuit). st TUCCOLIMATUBHOTO MeXxaHu3Ma Syl Bce MsITh Kpu-
TEpUEB NOJKHBI BBIMOJIHITHCS OJHOBPEMEHHO, TOJILKO TOINIA peak-
LIMI0 MOXHO C YBEPEHHOCTBbIO OTHECTM K IMCCOIIMAaTUBHOMY THITy. B
peakuuy TUApoIr3a OCH3TUAPWIXIopuAa U OeH3TUAPUIOpOMUIA B
80%-M BOAHOM allETOHE B IPUCYTCTBMM a3uaa HaTpusi (akrop ce-
nextuBHocTH Fyy = IRN,]
N [ROH]

pobl yXoasulei rpyniibl (xJopa wid Opoma), XOTs CKOPOCTb T'MAPO-
mm3a (C¢Hs),CHBr B 34 pasza Bbllle, 4yeM CKOPOCTb TMIPOJIN3a
(C4H;5),CHCI (B 21Ol peakumy HEBO3MOXHO OOpa3oBaHME aJKEHa B
pesynbrate El-snmmMvuHupoBaHust). Takue mpuMepbl, OTHAKO, €AMHUYHEL.
B nomassstionieM GOJBITMHCTBE CYYaeB 3TH ISITh KPUTEPUEB OTHOBpE-
MEHHO He BBITIOJNHAOTCA. Tak, HampuMmep, B peaklMM THUAPOIM3a Ofl-
HOTO U3 KJIACCMYECKUX OOBEKTOB Syl-MexaHuszMa — mpem-0yTuiopo-
MUIa WA mpem-OyTUIXIOPUIA — COOTHOIIEHUE u30-OyTujaeHa U
mpem-0yTUIOBOTO CIMPTA 3aBUCUT OT TPUPOABI YXOMSIIEH TpyIMIIbL.
AHanornyHo (GakTop KOHKypeHUUU Fy 3aBUCUT OT MPUPOIBI YXOsi-
weil rpynnel ang ruaponnsa (CqHs);CCl; (CgHs);CBr; (C4Hs);CF B
MpUCYTCTBUU a3ua-uoHa. PakTop KOHKYpeHUUUM Fp CUIBHO U3Me-
HSIETCSI U 11 APYTUX TUIIMYHBIX cyOcTpartoB Syl-mexaHusma: 3-xjop-
3-MmetwnbyTteHa-1 (o,o-auMeTiwiauxaopuaa) u 1-xiop-3-MeTunoy-
TeHa-2 (y,y-numerunanauiaxiaopuaa). [Ipu moHuszauuu 3-xaop-3-me-
TUaOyTeHa-1 oOpa3yeTcs TPEeTUYHBIM alIWJIbHBIM KapOOKaTHOH.
CoueTaHne CBOICTB OMHOBPEMEHHO AaJUIMJIBHOTO M TPETUYHOTO Kap-
OoKaTHOHA TTO3BOJIIET pacCMaTPpUBaTh 3TOT AJUTUITATOTEHUT KaK OMUH
13 HanboJee THIMMYHBIX TIPUMEPOB 00BEKTOB MOHOMOJIEKYJIIPHOTO Me-
XaHU3Ma 3aMelleHusi. JIeicTBUTeNbHO, TUAPOIU3 O, 0l-AUMETUIAIIINII-
XJIOpHUIA U Y, Y-IUMETWIA/UTWIXJIOPUIA MIPUBOIUT K CMECH TIEPBUYHBIX
W TPETUYHBIX AJUTMJIOBBIX CITMPTOB, UTO (hOPMAJbHO COIJIACYEeTCS C
oOpa3oBaHueM KapOOKAaTMOHHOIo MHTepMeauara. OmHaKo Hpu TU-
pOJIN3e STUX M30MEPHBIX aJUTWJITAJIOTEHUIOB B BOTHOM 3TaHOJIE B MPH-
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cyrctBun NaBH,, xak HykJieo@uIbHOI JOBYLIKU, O0Opa3yroTCcs NO-
MOJTHUTEILHO JABAa M30MEPHBIX alKeHa, COOTHOIIEHNE KOTOPBIX M3Me-
HSIETCSl BABOE IPU TEepexoie OT o, 0-AMMETUIAUIMIXJIOpUIA K Y, y-1Au-
METWIATAIXIOPUILY:

(CH3)2|C—CH:CH2

Cl
O, - IUMETUTAJITUIIXJIOPU

NaBH,; HOH

(CH,;),C—=CH—CH,CI
Y, Y- AMMETILTIIXJIOPUT

+ (CH,),C=CHCH,OH + (CH,),CH—CH=CH, + (CH,),C=CHCHj,

OTtcloma cienyer, 4TO B peakiMM IPMHUMMAET ydyacThe He CBOOOI-
HBIII KapOOKAaTHMOH, OOpa3yOIIMKCS IpU IUCCOLUALNN aJUIMIIXJIO-
puaa, a npyras, MpenlecTByoollas HoHHas ¢popma, rne KapooKaTuoH
elle cBs3aH ¢ yxongieit rpynmoit Cl . DTo MOATBEpXKIAaeTCs TeM,
YTO MCXOIHBIN 0,0~ TMMETIAJUIMIIXJIOPUI B IPOLIECCE PEaKIMU caM
M30MEpH3YeTCs B vy, y-IUMeTIIAUIIXIopua. CKOPOCTh TaKOi M30Me-
pU3alMKM He U3MEHSIETCs IIPU MPOBEACHUM PeakKiMy B YKCYCHOM KuUC-
JIOTe B IPUCYTCTBMU XJOpuaa JUTHS, T.e. 3(hGEeKT o0IIero moHa
(BHEIIHMI BO3BpAaT) U3 JAUCCOLIMMPOBAHHON (opMbl He HabiIIOma-
etcs. Ilpu BBeaeHUM B peaKLIMOHHYIO CMECh PaAMOaKTUBHOIO XJIOPUI-
HMOHA TOJIPKO He3HAYMTEJbHAasl €T0 YacTh BXOIUT B COCTaB MCXOMHOTO
ajumiaragorenuna. [lostomy HaGiomaeMasi B3auMHasl U30MepU3aLius
o, 0-AMMEeTUIAUTAIXJIOpUAA U ¥, Y-AUMETUIAJUIMIXJI0prUaa o0s3aHa
BHYTpeHHeMY Bo3Bpary RYCl™ M3 mpealuecTBYIOIIMX CBOOOTHOMY
MOHY MOHHBIX I1ap.

Bcst cCOBOKYIMHOCTh MMEIOLIMXCS B HACTOSIILEE BpEeMsl 3KCIIEPM-
MEHTaJIbHBIX JaHHBIX 3aCTaBJISIET pacCMaTpUBaTh AUCCOLIMATUBHBIN
Syl-MexaHM3M TOJILKO Kak TIpe/ie/IbHYI0, PEKO peaslM3yIolIyocsl Ha
MPAaKTUKE CUTYaLUIO.

9.3.1. HOHHBIE ITAPBI B ITPOIIECCAX MOHOMOJIEKYJIAPHOI'O
HYKIIEO®OUJIBHOTO 3AMEIIEHNSA

MOHOMOJIEKYJISAPHBINA COJbBOJIM3, KaK IPaBUJIO, OCYIIECTBIIS-
eTCs [0 MEXaHM3My, Pe3KO OTIMYAIOLIEMYyCsl OT MEXaHM3Ma C yda-
CTHEM «CBOOOIHBIX» CUMMETPUYHO COJbBATUPOBAHHBIX KapOOKaTH-
oHoB. HaubGosee 1ieHHast mHGoOpMaIus 0 MeXaHU3Me peakIuii MO-
HOMOJICKYJISIPHOTO 3aMeIIeHUsI MOXKET OBITh ITOJIydeHa IIPU M3yYeHUH
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CTEepPeOXMMMHU TIporiecca. HekoToprle TaHHBIE TI0 CTEPEOXUMUN COTBBO-
JI3a OMTUYECKN aKTUBHBIX CYIb(MOHATOB U KapOOKCUIATOB TPEACTaB-

JIeHbl B Tadx. 9.7.

CrepeoxumMus COJbBOJIN3A

Ta6unuma 9.7

Onruuecky akTUBHBIN cyOcTpaT | YcimoBust conbBoiusa | % wHBepcun | % paneMusaiyn
k
1. #-C;H,CHDOBs CH,COOH; 99°C 100 0
%
2. H-C6H13C|H—OTS CH,COOH; 75°C 9% 8
CH,
CH,
3. w0-C,Hy C Z-Ohph CH,OH; 64°C 71 46
CH,CH,
%k
4. C,H;CHDOTs CH,COOH; 25°C 90 20
*
5. CgH; CH—CH, CH,COOH; 50°C 56 2
Cl
6. 1-CH;0C¢H, CH—Ohph CH,0H; 30°C 100
C()HS
CZHS
|
7 C6H5—?—CH3 CH3COOH; 70°C - 98
(6]
|

Mpumevanuwue Bs = 0,SCH,Br-n, Ts= 0,S—C,H,CH;-n,

hph = OC

COOH

O0e CcTOpPOHBI IUIOCKOIO CBOOOJHOro KapbokaTtuoHa (IJI. 2) Oau-
HAKOBO JOCTYMHBI IJII aTaku HyKieoduaa, MO3TOMY KOHEUHBIM pe-
3yJIbTATOM JHACCOLIMATUBHOTO Syl-MexaHu3ma AO/DKHA ObITh MOJHAS
palieMu3anus Mmpoaykra peakuuu. Eciau 3To yciaoBue He cobogaeTcs
1 KapOOKaTHOH COJIbBATUPOBAH HECMMMETPUYHO, YTO, 1O CYTH, DK-
BUBAJIECHTHO TOMY, YTO IIPOTMBOMOH Z OCTaeTCs KaKUM-TO OOpa3om
CBSI3AHHBIM C KapOOKATHOHOM R, MOXET MOJYYUTHCS ONTUYECKH aK-
TUBHBIM TIPOAYKT YaCTMYHO pPalleMU30BAaHHBIH M C YaCTUIHO OOpa-

LIIEHHOU KOH(Urypamuei.

IIpu aueronuse n-6pombOeH30JCYIb(POHATA AEUTEPUPOBAHHOTO
H-OytaHosa Habmonaercs: 100%-s unBepcust KoHburypauuu (1-it mpu-
Mep B Tabu. 9.7), T.e. B IaHHOM CJIyyae peanusyercs Sy2-MeXaHU3M.
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OpHako B ripuMepax 2—5 HaOJ10aaI0TCsl YaCcTUYHAsI palleMu3als Uin
HernosiHas MHBepcusi. Kak MOXHO OOBSICHUTb YaCTUUHYIO palieMu3a-
muio? CamMoe IpocToe OOBICHEHME 3aK/II0YaeTcsi B TOM, YTO B 3THUX
CIydasix mapajuiesIbHO peayiu3yloTcs oba MexaHu3Ma — U Sy2 u Syl.
OnHa 4yacTh MOJIEKYJT MCXOIHOTO cyOcTpara pearupyeT mo Syl-mexa-
HU3MY C TIOJIHOM paueMu3aluei, a Aapyrasg 4actb — I10 MEXaHU3MY
Sy2 ¢ uHBepcueiln koH@urypauuu. OgHAKO ¢ TaKUM TPEINOI0XEHU -
€M TPYIHO coracuTbes. Tak, CKOPOCTb COJIbBOJIM3a ONTUYECKM aK-
TUBHOro 1-¢peHmnsTwiaxiaopuaa (IIpuMep 5) He Bo3pacTaeT IIpU JI0-
OapjieHMHU alleTaTa HATpHs, T.€. COJIU C OOIIMM HOoHOM. JlobaBKu alle-
Tara HaTpUsl HE YBEJIWUMBAIOT TaKXe€ W CTENeHb WHBEPCUU B ITOU
peakiuu. CrenoBaTeibHO, UHBEPCUS B JAaHHOM CjIyyae He CBs3aHa C
Napajuie/ibHO peanusyrolumces Sy2-MexaHu3MoM. [Ipyroe oobsicHeHUE
OCHOBAaHO Ha TPEAIOJOXEHUM, YTO YacTUYHas paleMu3alius oTpa-
JKaeT pa3jinyMve B CTaOMJILHOCTU KapOOKAaTMOHOB. MeHee CcTaOMIbHBIN
KapOOKaTHOH pearMpyer ouyeHb OBICTPO Jaxe Torjaa, Korja OjHa U3
€ro CTOPOH €IlI€ SKpaHUPOBaHA YXOISILUEH IPYMIION, M aTaka HYKJIEO-
(una ocyuiecTBIsSIETCS MPEUMYILIECTBEHHO C ThbUIbHOW CTOPOHBI. Tpn
MOJHOM AWCCOLMALMKM XHUPAJTbHOIO CcyOcTpaTa oOpa3yeTcss axupallb-
HbII KapOOKaTUOH, IIJI1 KOTOPOTO JBa aJbTEPHATUBHBIX MEPEXOIHBIX
COCTOSIHUSI, COOTBETCTBYIOLIMX (DPOHTAIBLHOU aTake M arake C Thlia,
SIBJISIIOTCS SHAHTUOMEPHBIMU U, CJIEIOBATENIbHO, UMEIOT OJMHAKOBYIO
sHepruto. YactuuHas paleMusalusi 03HayaeT, OAHaKo, UTO /iBa Tepe-
XOJHbBIX COCTOSIHUSI MMEIOT pa3Hyl0 dHEpPruio. TepMUH «3KpaHUpOBa-
HUE yXOHsdlllel TPyIMbl OJHONH CTOPOHBI KapOOKaTMOHa» O3HAyaer,
YTO yXOJslIas rpyrma B 3TUX MEePEeXOJHbIX COCTOSIHUSX BCE €llle OCcTa-
€TCSl CBSI3aHHOI C aTOMOM yIJIepojJa, M aXWUpalbHbIi MOH HE o0pasy-
eTcsa. Takum oOpa3oMm, Ha IepBOM, cCaMOil MeIJIEHHOW cTaguu
“oHu3auMu RZ yxonsiias rpyrna BXOAWT B COCTaB MEPEXOJHOTO CO-
CTOSIHWSI, a MHTepMeararT Ha puc. 9.6 yxe Heib3sl onucarh Kak R'.

C. ViiHcTellH BOepBble OOpaTWJ BHMMaHHE Ha TO, YTO MOHU3A-
1IUs1 KOBJIEHTHOW OpraHM4ecKOi MOJIEKYJIbl 10KHA MPOUCXOAUTDH HE
B OJIHY, a B HECKOJIbKO MocjenoBaTesibHbiX cTtaauil. [lepBoHavyaibHO
npu noHusauuu cyocrpara RZ obpasyercsi KOHTaKTHasl («MHTUMHAasI»
B TEPMUHOJIOIMM YitHCcTeiiHa) noHHas napa RYZ™, rie KaTuoH U aHu-
OH HEIOCPEJACTBEHHO CBSI3aHbI MEX1Yy COO0M M MeXAy HUMU HET pas3-
JEJISAIoIMUX UX MOJIeKya pactBoputens. [Ipu najnbHelilemM pa3aeaeHuun
KOMIOHEHTOB MOHHOW Tapbl KOHTAKTHAs MOHHas Mapa npeBpallaeT-
Csl B COJIbBATHO-PA3NEICHHYIO («PbIXTyI0») MOHHYI0 mapy RY||Z™, roe
MOHBI paslie/ieHbl OJHOU WM OOJILIIMM YMCJIOM MOJIEKYJ PacTBOPU-
tesis. CosibBaTHO-pasie/ieHHas MOHHas Tapa jajiee TUCCOLMUPYET Ha
«CBOOOIHBIE» COJIbBATUPOBAHHBIE MOHBI. DJEKTPOCTATUUYECKOE B3au-
MOJEHCTBUE B KOHTAKTHOM MOHHOM IIape ropasno CUJbHEE, YEM B
COJIbBATHO-pPa3/IeJIECHHO MOHHOW Tape, 4TO Mpeaonpeaesier 0osee
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BBICOKYIO PEaKIIMOHHYIO CITOCOOHOCTh COJIbBAaTHO-pPAa3NeIeHHBIX MOH-
HbeIX map. O0e (GopMbl MOHHBIX ITap HE BHOCSAT HUKAKOIO BKJIaJa B
BJIEKTPOIIPOBOTHOCTb PacTBOpa, KOTopas LEJIUKOM OIIPeaesIsieTCs
BKJIQJIOM CBOOOIHBIX, TUCCOLIMMPOBAHHBIX MOHOB. MIOHHBIE Maphl Cy-
IIECTBYIOT B PAcCTBOPE B TOM cJlydyae, KOTJa SHEPrusl 3JeKTPOCTaTH-
YECKOTO TIPUTSKEHUsS ABYX IPOTUBOITOJIOXHO 3apsKeHHBIX YaCTHIL
MPEBBIIIACT SHEPTUIO TEIJIOBOTO IBIKEHUS HMOHOB.

CrnocoOHOCTh pacTBOPUTENIS K MOHM3ALIMM KOBAJICHTHON MOJIEKYJIbI
R—Z omnpenensieTcs He €ro mOJSIPHOCTbIO, a CIOCOOHOCTBIO K
crielinpuYecKoil combBaTalliM, TTO3TOMY CJIEIyeT pa3inyaTbh MOHU3M-
PYIOLIYI0O U OUCCOLMHUPYIOLIYIO CIIOCOOHOCTh pacTBopuTessa. Kinaccu-
YECKUM TPUMEPOM TaKOTO PA3TUYMS SBISIOTCS MOHU3ALMSI M JTUCCO-
nuauus TpudeHuIxJiopMeTaHa (TpUTuIxjiopuna). B mMamonoiaspHbIX
PACTBOPUTENSIX — Mapa-Kpes3osie, YKCYCHOW KHUCIOTe M Op. —
(C4H;5);CClI B 3aMeTHOI cTeneHM MOHU3MPOBAaH, HO HE ITHUCCOLMUPO-
BaH. MoHu3anms TpudeHmIxiIopMeraHa JIeTKo OIpenessieTCs MO CIIeKT-
paM TOIJIOLIEHMS, TTOCKOJIbKY ero KOBaJieHTHas ¢opMma He oKpallle-
Ha, a noHHas napa (C4Hs);C'Cl™ u cam kap6okatuoH (CgHs);C*
okpauieHbl B xentblii nBeT. Monnsauusa (CgHs);CCl B yKeycHOM Kuc-
JIOTe U napa-Kpe3oJie BbI3bIBAeTCS 00pa3oBaHMEM IPOYHON BOIOPOMI-
HOM CBSI3M C YXOISILEH TPyIINOn:

kI/IOHI/B

P P
(CHYCCL . . . H-0—C2CH; =22 (cH90d ... H-0—CCH,

OnmHako B HUTPOOEH30JIe W alleTOHUTPUJIE C BBHICOKOM MHAJIEKTpUUEC-
KO# TIPOHMIIAeMOCTBIO, HO 0e3 crelmbUIecKoil colbBaTallui aToMa
xJ10pa TpuGEeHUIXJIOpMETaH JIake He MOHM3MpoBaH. Pelnaroriast poib
3JIEKTPOHOAKIIETITOPHBIX CBOMCTB Ccpenbl UIsl MoHu3amu RZ obHapy-
JKUBAeTCS T€M, YTO 3KBUMOJSpHBbIE 100aBKM KucioT JIptonca SnCly;
SbCls; AICl; B pactBop (CcHs);CCl B HUTpOoOGEH3051€ MU alleTOHUTPH-
Jie BBI3BIBAIOT MOHM3ALMIO W TIOCIIEAYIONIYIO TUCCOIMAIINIO0 CyOCcTpaTa:

SbCl MOHM3. ®0 k[[ncc. ® S)
(C6H5)3CC1<:>(C6H5)3CSbC16 — > (CeH3)sC + SbCl,.
C.H;NO,

BecuBeTHBIN TpUGEeHMIXJIOPMETAaH TIpeBpalaeTcs B OKpallleHHYIO B
XenTelit 1uBet MoHHylo mapy (C¢Hs);C*Cl™ B xunkom SO, B 10° pas
s dekTrBHEE, YeM B HUTPOOEH30JIe, XOTS M JMIJIEKTPUYEcKas Ipo-
HUIIAEMOCTb, W TUTIOJLHBIN MOMEHT Y HUTPOOEH30Ja TOopas3no BHIIIE,
yeMm y SO,. B xunkom okcune cepol (I1V) Tpudenunxaopmeran npu —
10 °C yacTUYHO MOHU3UPOBAH U YACTUYHO JUCCOLMUPOBAH:

VOHU3aLNY; ® O nmuccolmanys;
(C6H5)3CC1<——> (CeH3):CCl =———> (C6H5)3C + 4.
VOHU3. ~1 mce.”
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C. ViiHcTeilH OOHapyxXuj, 4YTO KOHTAaKTHbIE U COJIbBAaTHO-pa3e-
JIEHHBbIE TIapbl UTPAIOT BAXXKHYIO POJIb B IIPOIIECCaX MOHOMOJEKYIISIP-
HOTO HYKJICO(WJIBHOTO 3aMeIlleHUs] Y HACBIIIEHHOTO aroMa yIriiepona.
KoroueBy1o posib MOHHBIX TIap B COJIBBOJUTUYECKUX MPOIIECCaX MOXKHO
MIPOIEeMOHCTPUPOBATh Ha IIpUMepe aleTonusa (+)-mpeo-3-aHUu3ujaoy-
Tua-2-0po3unara. BbUIo yCTaHOBJIEHO, UTO MHpPU HArpeBaHUU 3TOrO
COENIMHEHUS] B YKCYCHOKMCJIOM pacTBOpPE MPOUCXOAUT HE TOJBKO
COJIBBOJIU3, T.€. 3aMeHa OpPO3MJIaTHOM TPYIIITBI Ha alleTaTHYIO, HO TaKKe
¥ palleMu3aius UCXOMTHOTO0 HeNpopearupoBaBIIero CyocTpara:

®
OCH,
H,CO I
CH,
[ H il CH,COOH
Hf OBs H_ H—>
CH,
/ a 0
CH, CH,

—> nponyKrel auerommsa (araka CH;COOH pasHoBeposiTHa
1Mo 00OMM HArpaBiCHUsIM: a U 6).

AHUBUIOYTUIILHBIN KapOOKAaTUOH, O00pa3ylolUMiicsl MpU OTILIEM-
Jenuu aHvoHa OBs™, uMeeT MpUBEACHHYIO BbIllIE MOCTUKOBYIO CTPYK-
Typy, T.€. aXUPAJIEH.

CKOpOCTh paleMM3alMi MCXOAHOro Opo3uiiata 0oJibllie CKOpPOC-
TH €ro CoJbBOJIM3 B YKCyCHOI KucjoTe. Hanbosee nmpoctoe oObscHe-
HUe ormepexkalolleil CoMbBOJMU3 paleMUu3aluu CcyocTpaTa COCTOUT B
TOM, YTO 3a OBICTPOI U OOPATMMOIl MOHM3ALIMEel UCXOAHOro Opo3uiara
cienyetr OoJsiee MeJJIeHHas aTaka MOCTMKOBOro KapboKaTHOHa
MoJiekysioil pactBoputensi. C 3TUM MPEArNoaoXeHUeM, OAHAaKO, He
COIJIACYETCS TO, YTO COJIBBOJIN3 HE 3aMEJISIETCSl B MPUCYTCTBUMU CO-
Jieil ¢ o01IUM MOHOM OBs®. Ha stom ocHoOBaHMH MpearnoyTeHue ObUIO
OTIAaHO AJIbTEPHATUBHOMY MOH-IIAPHOMY MEXaHMU3MY, B KOTOPOM Me/l-
JICHHOU CTagueil siBisieTcsl oOpa3oBaHWE MOHHOM Iapbl U3 UCXOAHOTO
Opo3suiiaTa:

MOoHM3aLMA; K

]
RZ =———> R°Z°AOH_ poAc+ HZ. 9.7)
k—] MOHHAas
napa

Panemuszanust ucxomHoro 6posuiata 00yciioBieHa ObICTPBIM paB-
HOBECHEM C y4acTMEM MOHHOM mapel. Ha oOparHoii cragum k_;, KO-
Topasl ToJjyuuja Ha3BaHUE «BHYTPEHHUI BO3BpaT», Opo3ujaT-aHUOH
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BHYTPU MOHHOI Tapbl MOXKET C paBHOI BEPOSITHOCTHIO aTaKoBaTh 00a
COCEMHUX aToMma yrjaepoia ¢ U 0, 4TO BBI3BIBAET palleMU3alnI0. DTO
YUCTO BHYTPUMOJICKYJISIPHBIN Mpoliecc, B KOTOPOM OpO3MJIaT-MOH HeE
CTAaHOBUTCSI CBOOOIHBIM, IO3TOMY H00aBKu obOiiero moHa OBs He
BJIUSIIOT Ha CKOPOCTh COJIbBOJIM3A.

IIpu BBepeHuu B pactBop nepxioparta gutus LiClO, (conu ¢
HEOOIIUM MOHOM) MPOUCXOIUT yBEIWUYEHUE KAaK CKOPOCTU COJbBO-
J3a, TaK U CKOpocTu pauemusauuu. Ilpu nocratouHo 60JbLION

koHueHTpauuu LiClO, kpu-

Igk Bble HOPMaJIbHOTO COJIEBO-
ro addexTa 1151 COIbBOJIM-

ueMV‘M 32 U paleMM3ALUU MOYTU
P2 napauiebHbl. OIHAKO IPU
HU3KUX KOHIIEHTPALIUSIX

LiClO, TaHreHc yria Ha-

KJIOHa 3aBUCUMOCTH CKO-

POCTH COJIbBOJIM3A OT KOH-

coM uentpaunu LiClO, He-
OXMIaHHO OKa3aJICsl OYeHb

OosbimM (puc. 9.7). Kpyroi

a MHOIbEM KPUBOI 3aBUCHUMO-
CTU CKOPOCTU COJIbBOJIM3a

L .
0.02M [LCIG, 1 ot [LiClO4] nmpu HU3KUX

KOHLICHTPALUSIX 3TON COJIU
Puc. 9.7. Brusnue konuentpaimu LiClO, Ha cko-  OQpUT Ha3BaH CHEUUAAbHBIM

POCTb alleToIM3a (i—)-mpeo-3-3HI/I31/UI6YTI/III-2-6DO- CONCBbIM 3¢(f)eKmOM.
3ujaTa B YKCycHOU kuciore. TaHreHc yria b xa- C . .
pakTepu3yeT HOPMaJIbHBIIN coieBoil adekT, TaH- TEHNAILHbIN COJIEBOU
TeHC yIJla @ — CIeMaJIbHBIN coseBoil 3ddexT 3(1)(1)6KT HaOomancst Toib-

KO ISl COJIbBOJIM3a, HO HE
JUIs paueMmu3aliii. DTo 0OCTOSITELCTBO MPUBEIO K TMPEANOJOXKEHUIO,
YTO B XOJIe PeaklMU Oo0pa3yloTcs JABa TUIIA MOHHBIX Map.

B noHHOI1 mape poucXoauT MOHHBIA 0OMeH Opo3uiiaT-hoHa OBs®
Ha niepxiopat ClO, . B pesyiaprate 3T0r0 0OMeHa «BHYTPEHHUI BO3-
BpaT» ¢ 00pa3oBaHKWEM MCXOJHOTO, HO palleMU3MPOBAHHOTO OpO3u-
JlaTa CTAaHOBUTCSI HEBO3MOXHBIM. MIOHHasi mapa ¢ mnepxjaopaT-aHUO-
HOM MpU BHYTPEHHEM BO3BpaTe MOXET IMPEeBPATUTLCS TOJBKO B KO-
BasieHTHBII niepxyopat ROCIO;. M3BecTHO, uto coennHeHnss RO—ClO;
ropaszio 0oJjiee peakKlMOHHOCIIOCOOHBI B peaKIMSIX COJIbBOJIM3A, YEM
oposunatel ROBs. CnenoBatenbHo, 3ameHa aHnoHa OBs™ Ha aHuoH
ClO, B MOHHOIi nape (PakTUYECKU JTUKBUAUPYET 3aMEMJISIOLIUI CKO-
pocTh cosibBoM3a 3G@EKT cTaauu BO3BpaTa k_; U3 MOHHOW Iapbl
R'OBs™ (ypaBHenue (9.6)). OqHako oomen nona OBs™ Ha ClO, mpo-
UCXOOUT HE B TOM Xe MOHHOM Iape, KOTOpas OTBeYaeT 3a OBICTPYIO
palieMu3alrio, a B MOHHOW Mape Kakoro-To JApPYyroro TUIa, Tak Kak

138



B NIPOTMBHOM CJlyyae M B palleMU3alliyd TOXE IMPOSIBISICS Obl Crielu-
aJIbHbIN cojieBoil 3(h(eKT, KOTOphlidi Ha caMOM Jejie He HaOJomaeTcs
(puc. 9.7). TloaToMy JOTMYHO MPEAJIOXKUTH, YTO paleMu3alus MPOUCX0-
JUT Ha CTaauM BO3HUKHOBEHMSI CaMOMl IepBOi (pOpMbI MOHHON IIaphl,
B TO BpeMsl KaK B COJIbBOJIM3€ MPUHUMAET yyacTue japyras hopma MOH-
HBIX T1ap, KOTopasi 00pa3yeTcsl U3 IepBOHAYAILHOM (DOPMbI MOHHOM Iaphbl.

Takumu aByMsI mocjienoBaTe/IbHO 00pa3yoIIuMUcs (popMaMu MOH-
HbIX TIap JOJDKHBI ObITh KOHTaKTHasi U COJIbBAaTHO-pa3/ie/ieHHAasT MOH-
HbIe Tapbl, MPUYEM palleMU3allMKd TIOJABEPraeTcsl KOHTAKTHas WOHHas
mapa, a BO B3aMMOICHMCTBUM C pacTBOpuUTeeM (COJIbBOIM3E) MPUHU-
MaeT y4yacTHUe COJIbBAaTHO-pa3JejeHHass UOHHas mapa.

IIpoananu3upoBaB OrpOMHBIN 3KCIIEPUMEHTAJIbHBII MaTepuan,
C. ViiHCTeliH IpemIoxXusl HauOosiee OOIIYI0 CXEMY, OIMCHIBAIOLIYIO
peakiiuyi MOHOMOJIEKYJISIPHOTO HYKJIEO(MUIBHOTO 3aMeIleHUST U BKIIIO-
YaIOUIYl0 HECKOJbKO (hOPM MOHHBIX YACTUIL

RZ < > R®7°< >R®|| P=—=Rr" +2° (98)
k_ 1 KOHTaAKTHas k_2 COJIbBATHO- k -3 CBOOOIHBIE
MOHHAaY pasacii€HHasA VIOHBI
napa MOHHas Tapa
lSOlOH SolOH
ROSol ROSol

B cootBercTBUUM ¢ ypaBHeHueM (9.8) mobOaBKu MepxjiopaTa JUTUS He
MPUBOISAT K MOHHOMY OOMEHY B KOHTaKTHOW MOHHOW Mape, rae oba
npotrBonoHa R¥Z™ oueHb NMPOYHO CBSI3aHBI MEKTPOCTATHYECKUMMU
cunamu. MoHHBINT 00MeH Opo3MiiaT-MoHa Ha TepXJIopaT-WoH JODKEH
MPOVICXOINTh B COJbBATHO-pa3ielIeHHO MOHHON Iape:

® ) . k, @, © .
RH OBs + LiClO, <:>RH ClO, + LiOBs .
k-4

B pesynbrare MOHHOTO OOMEHa OJHA COJbBATHO-Pa3AcJeHHAs] MOHHAs
nmapa R*||OBs™ mpespataercst B apyryio, Gosee peakLMOHHOCIOCO6-
HYIO CONbBAaTHO-pa3ieNeHHylo HoHHylo mapy RYI[ClO,”, npu stom
TPAKTUYECKU MOJTHOCTBIO MOAABISETCS CTalvs BHELIHEro BO3Bpara k_,
yxe npu Maibix nobaBkax LiClO,. Takum obpa3om mpedmnosaraercs,
YTO TEPXJIOPAT-UOH BHIMTOJTHSET POJb «HYKJICO(MWIHLHOM JTOBYIIKN»
KapOoKaTUOHa, TPUBOJSIIEH K HOBOM, OYeHb PeaKLMOHHOCIOCOOHOM
voHHoit napsl R*[|ClO, ™. Takoit mexanusm neiictus LiClO, nmoarsepx-
JaeTcsl MoJaBJIeHUEM CIeLMaJIbHOro cojieBoro addekra mpu nobaB-
JICHUM cOJU ¢ oO0mMM aHnoHoM — LiOBs BciaencTBMM KOHKYpPEHLIMU
nByx aHnoHoB OBs™ u ClO, 3a coibBaTHO-PA3NENIEHHYI0 HOHHYIO Mapy
R*I|OBs™. Cnenyer oco6o ormeTuTh, uto LiOBs He okasbiBaeT 3(hdexra
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00IIIeTO MOHA, T.€. He 3aMeUISIET coJIbBOIN3 ncxomHoro ROBs, a Tonmpko
YCTPAHSET JAEWCTBUE CHELMATBLHOIO COJIEBOr0 3(dekTa cO CTOPOHBI
nepxjopara JUTHS.

CornacHO 000011IEHHOI cXxeMe YUHCTeliHa, MPOAYKThl COJIbBOIU3A
00pa3yloTcs U3 COJIbBAaTHOW-pa3ne/IbHOM MOHHOW IMapbl U YaCTUYHO,
BO3MOXHO, U3 CBOOOIHOTO KapOOKaTMOHA, HO HE€ M3 KOHTAaKTHOM
MOHHOU mapkl. Bo3BpaTr K KoBajJieHTHOMY cyocTpaty RZ mMoxeT mpo-
HUCXOIUTh HAa BCEX CTaJusIX: «BHEIIHWI BO3BpaT» U3 CBOOOIHOIO Kap-
OoKaTMOHA k_3;, «BHEUIHUI BO3BpaT» U3 COJbBATHO-PA3[ENbHON MOH-
HOIi mapbl K_, U «BHYTPEHHUI BO3BpAT» U3 KOHTAKTHOI MOHHOM Mapbl
k_,. B cOOTBETCTBUU C 3TUMU PACCYKNEHUSIMUA OMMUCAHHAS BbILIE B3a-
WMHasi U30Mepu3alus o,0-IUMETWIAJUTWIXJIOPpUAA U 7, Y-IUMETUIa-
JIMJIXJIOpUJA MPOUCXOAWT, MO-BUIAUMOMY, B Pe3yJibTaTe BHYTPEHHETO
BO3BpaTa U3 KOHTAKTHOM MOHHOM ITaphl, MOCKOJIbKY paauOaKTUBHbIN
XJIOPUI-UOH U3 XJIOpUZA JIUTUS TPAKTUYECKU HE BXOIUT B COCTaB
ncxonHoro cyocrpata. C Apyroil CTOPOHBI, MPU THAPOIU3E STUX XKe
XJIOPUJOB B BOJHOM 3TaHOJIE B MPUCYTCTBUM UCTOUHUKA TMAPUI-UOHA
NaBH, kak «HykJIeOpWIbHON JOBYLIKW», IIOMUMO CIUPTOB OOpasy-
€TCd CMECh JBYX MU30MEPHBIX AJIKEHOB, COOTHOILIEHNE KOTOPBIX PE3KO
paznuyaetcs s 000UX aJUTUIXJIOPUAOB. DTO COBEPIIEHHO OIpese-
JICHHO yKa3blBaeT Ha TO, YTO T'MAPUA-MOH 3aXBaThIBAET HE CBOOOJ-
HBbII KapOOKAaTMOH, TaK KakK B 3TOM CJlyya€ COOTHOULIEHWE aJIKEHOB
JIOJDKHO OBbIJIO OBITh OJMHAKOBBIM, a MPEIILIEeCTBYIOLIME €My Apyrue
MOHHBIE YaCTUIIbI, BEPOSITHEE BCETrO, COJbBATHO-pa3/e/ibHble MOHHBIE
napbl OJM3KOTro, HO He MAEHTUYHOTO cTpoeHus. Maes o0 ydyactuu
MOHHBIX Tap ObUIa YCIELIHO WCMOJIb30BaHA ISl OObSICHEHUS pa3iiu-
YU B KOHCTAHTax CKOPOCTEW paleMM3alluu W COJIbBOJIM3a MHOTMX
ONTUYECKU aKTUBHBIX LUKJIOATKUICYIb(MOHATOB U apuIaKUICYIb(ho-
HaTOB, Hampumep, 3-heHuI-2-0yTUITo3WIaTa, napa-XaopoeH3TUaAPUII-
xXJiopyga U T.O., Tae, KaK U ST mpeo-3-aHUu3Ua0yTua-2-0po3uiara,
CKOPOCTbh palleMU3allMy TIPEBbIIIAET CKOPOCThb COJIbBOJIM3a B YKCYC-
HOI M MypaBbMHOM KUCJOTE, 3TaHOJie, a TakXe CKOpPOCTb OOMeHa
napa-xJopOeH3TUAPUIXIOPUIA C PAIUOAKTUBHBIM XJIOPUI-UOHOM B
AlIETOHUTPUJIE U HUTPOMETAHE.

Haubonee Beckue M CTporue aokKasaTeJbCTBa B IOJIb3Y CYLIECT-
BOBaHMSI IByX BUJIOB MOHHBIX Map ObLIM MOJyYEHbl TPU U3YUYEHUU TUII-
ponu3a napa-xJopOeH3TUIPUI-napa-HUTPoOEeH30aTa, MEYEHHOTO IO
KapOGOHWIBHOMY Kuciopoay msororoM 20, B 90%-M BOIHOM aleTo-
He. Ha sToM mpumepe Obl1 pazpaboTaH OpPUTMHAIbHBIA U MU3SIIHBIA
crnoco® oOHapyXeHUsI pa3HbIX TUIIOB MOHHBIX Map, OCHOBaHHbIM Ha
U3MEPEHUU CKOPOCTEN TPEX OJHOBPEMEHHO WIYLIMX TPOILECCOB:
1) paLleMu3aluy UCXOIHOIO CcyOcTparta, 2) COJIbBONIM3a U 3) «3KBU-
JIMOpUpOBaHMS» (paHIOMM3ALIMK) — TepepacnpeneacHrs] U30TOMHON
METKM B YyXOAsIleid TpyIlie B MpolLecce U30Mepu3allii aHUOHHOTO
(bparmeHTa MOHHBIX Map.
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Tpu yKazaHHBIX BBIIIE TIPOLIECCA WOYT C PasHBIMU CKOPOCTSIMU, T.C.
kpaw> Krupp.» Y Koy, HE COBTIATAIOT 1O BestarHe. CKOPOCTh SKBUITMOPH-
POBAHMS METKU K, MPEBIIAET CKOPOCTh PALEMU3ALUMU Ky, , KPOME
TOTO, Ky > Kiyppp - VI3 HEpABEHCTBA Ky > ki, CIIENYET, YTO SKBUIIHMO-
pUpoBaHUe MeTKM 'O TPOMCXOIMT Ha Gojee paHHEW CTaiuM, YeM
paleMu3anms.

DTO MO3BOIAET MPEATIONOXKUTD, YTO TIepepacrpeaeieHne N30TOI-
HO¥ MeTKM KHUCJIOpOoaa TPOMCXOINT Ha CTaaIuM BHYTPEHHETO BO3Bpa-
Ta W3 KOHTAKTHOW MOHHOM TIaphl, TOTAa KaK palleMHU3alnsT TTPOMCXO-
AT Ha CTaIWM CONbBATHO-pa3IeIeHHOM MOHHOM Maphl. B KOHTaKTHOM
MOHHOM Trape JIBa aToMa KHCIIOpoda KapOOKCHIAaTHOTO aHWOHA
SKBUBAJICHTHBI, W TIPOIlECC BHYTPEHHETO BO3BpaTa MPWBOIWUT K CTa-
THCTHYECKOMY DACIPENEICHUI0 METKH 'O MexXIy o0OMMU aToMaMiu
Kuciopoga kapbokcunat-uoHa. OQHAKO ISl paleMU3aluyd TpedyeT-
¢4, ytoobl aHnoH n-O,N—C.H,COO mepeuien ¢ OmHOW CTOPOHBI
OEH3rMAPUILHOIO KaTUOHA Ha JIPYrylo ero cropoHy. OueBUAHO, 3TOT
Mpoliecc TOpas3mo Jierde OCYIIECTBISIETCS B COJTbBATHO-PA3NeICHHOIM,
yeM B KOHTaKTHOU («TECHOI») MOHHO Tape.

DTO MOATBEPXKIAETCSA TEM, 4TO J00aBKM asuaa Hatpusd NaNj mo-
JIABIISIIOT palleMU3allnio ONTUYECKA aKTUBHOTO A-XJIOPOCH3TUAPWII-
n-HUTPOOEH30aTa, HO TIOYTH HE BIUSIOT Ha CKOPOCTH TTepeMEIICHUS
Metki '°0. CHIbHBIIT Hykieodmn N3  0Ka3bIBaeTCS «JTOBYILKOW» IUTS
COJIbBATHO-PA3/ENEHHBIX MOHHBIX Map, MONABJISISI CTaAMIO BO3BpaTa k_,
W3 COJIbBATHO-PA3IeIEHHON B KOHTAKTHYIO MOHHYIO TTapy. OTcroma cie-
JyeT BBIBOJ, UYTO UMEHHO «BHEILIHWUI BO3BpaT» k_, W3 COJIbBATHO-PA3-
JIeJIEHHOM WOHHOM TIaphl MPUBOIUT K palleMU3alNi, a «BHYTPEHHUM
BO3BpaT» M3 KOHTAKTHOW MOHHOM Taphl COMPOBOXKIACTCS COXpaHEHUEM
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KoHurypauuu. Crenyer MMETb B BUAY, YTO BEJIWYMHA K, OTPaXaeT
HEe BeChb BO3BpaT MOHHBIX Map, a SBISIETCS TOJbKO €ro HUXHUM
TpenesioM, TMOCKOJbKY YacTh BO3BpaTa MPOMCXOOUT 0e3 TepeMelleHMs
n30TorHoN MeTKU. [TogoOHbIe Xe 3aKOHOMEPHOCTH B OTHOILIEHUM K-
BUJIMOPUPOBAHUSI M30TOMHON METKU B0 n HOTepr OINTUYECKOM aK-
TUBHOCTY HAOJIOMATIMCH B peaKIUsIX COJIbBOM3A H-aHU3WIOCH3TUAPUII-
n-HUTpoOeH30aTa, N-METWIOEH3TUAPUII-A-HUTpoOeH30aTa, mpauc-4-
mpem-0yTUIIMKIOTeKCUITO3MIaTa, OCH3TUAPUITUOLIMAHATA, TAe

yxonduiasga rpymra IposaBJIsACT CBOICTBa aMOMAEHTHOIO aHMOHA:
(CgH3),CH—S—C=N 2> (C¢Hs),CH S—C=N — >
W (C6H5)2CH N=C=S.

CJ'ICZ[yCT O6paTI/ITb BHMMaHME Ha TO, YTO B COJIbBOJIM3C 3-aHu-
3WI-0yTUI-2-0po3uiaTa palueMusalus, Mo-BUAMMOMY, MPOUCXOAUT
Ha CTaAUU KOHTAKTHOW MOHHON mapbl, a B THUAPOJIN3C n-XJ'[Op6eH3-
T I/IZ[pI/IH-n-HI/ITpO66H3oaTa — Ha CTaguu COJ'[bBaTHO—pa?)Z[CJ'[CHHOﬁ HUOH-
HOW I1aphbl. DTO 00bsICHSIETCS TEM, YTO MEXaHM3M OTUX ABYX IIPOLIEC-
COB palleMHU3alliy CYIIECTBEHHO pa3indyeH. AHWU3WIOYTUIBHBIA Kap-
OOKAaTHOH MMeEeT CUMMETPUYHYIO MOCTUKOBYIO CTPYKTYpPY, U ObICTpast
paneMusanusa OGYCJ’[OBJ’[GHH TEM, 4YTO aTakKa IMPOTUBOMOHA OBs no
000MM COCEIHMM aToMaM yriaepojia B Kap6OKaTI/IOHe PaBHOBEPOATHA
(CM.BBIH_[C). B sTom cj1ydya€ aHMOH JIMIIb HEMHOI'O CMCIIACTCA BOOJb
ces13u C,—C;, Torna kak B OEH3rMAPWIbHON MOHHOM Mape aHWOH MpU
CBOEM JBMKeHMM HoirkeH Ha 180 ° 0OOrHYTh KaTHMOH, 4TO Oojiee pe-
AJIbHO B COJ'IbBaTHO—paC&,Z[CJ'ICHHOfI, HO HE B KOHTaKTHOW MOHHOU mape.
I'maponus n-x10pOeH3TUAPWI-A-HUTPOOEH30aTa MPOUCXOIUT C ydac-
TUEM COJIbBATHO-Pa3CICHHbIX MOHHLIX I1ap, a HE CBOOOJHBIX HNOHOB,
ITOCKOJIBKY OOMEH MeXIy cyOcTpaToM M A-HUTPOOEH30MHOM KHUCIIO-
TOM, MeYeHHOW m3oToroM '*C 1o KapGOHMIBHOMY YIJIEPOLY, MpPO-
HUCXOOUT HUCKIIOYUTCJIbHO MCIJICHHO.

9.3.2. OBOBILIEHHAAI CXEMA HYKJIEO®UJBHOI'O 3AMENIEHN S

Ecnu paxe paccMaTpuBaTh BCEro TOJLKO JIBa BUIAa MOHHBIX Tap —
KOHTaKTHYIO U COJIbBAaTHO-pa3aejeHHYI0, BCE PaBHO CTAHOBMUTCS sIC-
HBIM, YTO CYIIECTBYET ILIMPOKOE MHOroo0pa3ue MEXaHM3MOB HYKJIEO-
(uapHOro MOHOMOJIEKYJISIpHOTO 3aMelleHust (cxema 9.2). Peaxiiuu,
MEJUICHHOM CTaaueil KOTOPBIX SBISIOTCS cTaguu 1, 2 uiau 3, MOXHO
0603HaunTh Kak Syl (KUII), Syl (CUIT) u Syl(A) cooTBETCTBEHHO.
Ecnu xe MemieHHO#R cramueil sIBasiioTcsa craguu 4, 5, 6 wim 7, TO
ato oumodnekysipHble npouecchl Sy2 (KUII), Sy2 (CUIT) u Sy2 (N).
Ho nmaxe takoe omucaHue oKa3blBaeTCsl HEAOCTATOYHO MOJHBIM. Ha-
npumep, ecau B peakumuun Syl (KWII) k5> k,, To oHa 3akaHYMBaeT-
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cs1 OBICTPOI HYKJIEO(DUIbHOM aTaKOil TeCHOIl MOHHOU Maphbl, HO €CJIU
ky> ks, TO TecHasi MOHHasl Mapa MOXET IMCCOLMUPOBATh Najibllie, W
CTaIUSIMU, OIPEACNSIOIINMU COCTaB M CTPOCHME IPOAYKTOB, OYIyT
craguu 6 wiu 7.

Cxema 9.2
HoH-miapHble MeXaHU3MbI HyKJI€O(MUIBLHOIO 3aMeILeHUS
kl ®_0 2 ® S} k3 @ e
RZ<=—=RZ =—=R || Z2<=—=R+Z

ky um ko cumy ks m

k| Nu k| Nu k| Nu k| Nu
N %
e
MPOLYKTBI

IMNpumeuanue. KUIl — koHTakTHast noHHas mapa, CUI1 — conbBaTHO-pasneicH-
Hast MoHHast nlapa; I — cBOGOIHbBIE MOHBI

Knaccuueckuit Sy2-mexanusm MHronpaga—Xplo3a — 3TO peakuust
k4, a xaccuyeckuit Syl-MexaHU3M O3HAYaeT, YTO MPOUCXOIUT MOJ-
Hasl AuccouManys, U MpOAyKThl 00pa3ytoTcsa Ha ctanuu 7. CTepeoxu-
MUYECKUI pe3ybTaT KIacCUUYECKOU Sy2-peakiiu — I0oJHasi UHBEp-
cust KoHdurypamuu (9.2.1), Ho, corjacHo ornpeneneHuo MHronbaa,
CTEPEOXUMUYECKUI pe3ynbTaT Syl-peakiium MOXeT ObITh JIIOOBIM: OT
MOJIHOM paleMU3alMu 10 MojaHoW nHBepcuu. Kak npasuio, peakuus,
KOTOpass He MAET Oajblle TeCHOM MOHHOW mapbl, MPUBOAUT K
MHBEPCUM, YTO HAOIIOAAIOCH MPU TUAPOJIU3E Napa-xI0pOeH3TUAPUI-
napa-HuTpobeHsoata B npucyrctBun NaN; (cm.Bbie). Jobasg peak-
LMsl, Uayliasi yepe3 MOJHOCTbIO JTMCCOLMUPOBAHHbBIE MOHbI, AOJIKHA
MNpUBECTU K TOJHOM panemMu3auvu. YacTuuHasi palieMusalusi Xapak-
TepHa JJIsl peaklMil ¢ yJaCTUEM COJIbBATHO-pa3eeHHbIX MOHHBIX T1ap.

9.4. CTPOEHUE OPTAHNUYECKOI'O CYBCTPATA
N TUII MEXAHU3MA

O0061IeHHas cxema 9.2 Mo3BoJISIET OOBSICHUTH IIMPOKOE Pa3HO-
o0pa3ne MexaHU3MOB HyKJIeo(UIbHOTo 3aMellieHus1. OIHAKO BCe-TaKu
OCTalOTCSI COMHEHMSI OTHOCHUTEJIHHO TOUHOTO MeXaHW3Ma peaKIuii,
KOTOpbIE HE OTHOCATCS K KpalHUM CIIy4asiM YMCTOrO Sy2- U KJaccu-
yeckoro Syl-mporecca. B yacTHOCTH, BO3HUKAET BOMPOC: €CIU B pe-
aKIIMM He HaOJItoJaeTcsl MOJHOW WHBEPCUM WJIM ITOJHOM palieMu3a-
LM, TO OTHOCUTCS JIX 3Ta peakuus K OJHOMY M3 MOH-TApHBIX Syl-
TUTIOB, WJIMU Kjaccuyeckue Sy2- u Syl-MexaHU3Mbl AJIs1 TaHHOTO
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cyOcTpaTa pealiu3yloTcss OMHOBPEMEHHO? DTO OYeHb Cepbe3Hasl Ipo-
6yieMa Teopuu HYKJIeO(UIBHOTO 3aMEIIeHMS, TIO3TOMY HIKE MBI pac-
CMOTPUM HEKOTOpbIC WITIOCTPUPYIOIINE €€ MPUMEPDI.

9.4.1. AIKMJIbHBIE COEANHEHMA

He BbI3bIBa€T COMHEHMS, UTO MEPBUUYHbBIE AJKWJIbHbIE CYOCTpaThl
pearupyroT Mo KJiacCuueckKoMy MexaHusmy Sy2. BoickazanHoe B 1973 .
TIPENITIOJIOKEHNE, YTO Jaxe MeTuibHble coenuHeHns CHzZ pearupy-
10T 10 UOH-MapHoMy MexaHusmy S,2 (KHII) ¢ 6bicTpbiM 00pa3oBa-
HUEM KOHTAKTHOM MOHHOW Iapbl M MOCJCAYIOIIEA MEIJICHHOW aTakom
HyKJIeo(ura, BbI3BAJIIO OCTPYIO NUCKYCCUIO M 3aTEM OBbUIO OTBEPIHYTO.

TpetuuHble cyOCTpaThl Aaxke IPU CaMbIX HeOJIArONpPUSITHBHIX 00-
CTOSITENIbCTBAX, HAapUMeEpP B CJIa00 MOHU3UPYIOLIMX PACTBOPUTEINSIX,
pearupyoT Mo OAHOMY U3 TUNOB Syl-MexaHu3Mma.

BropuuHbie alkuiabHbBIE CyOCTpaThl KjIacCU(MULMPOBATh I10 TUITY
MeXaHu3Ma 4pe3BblYaiiHO TpyaHO. OOBIYHO JaXe B TaKOM MaJIOHYK-
Jieo(UJIbHOM pPacTBOpUTENE, KaK MypaBbUHAasi KMUCJIOTa, BTOPUYHBIE
AJIKWJIbHBIE COEIMHEHMS] YacTo JAlOT MPOAYKT COJIbBOJIM3A C (PaKTu-
YyecKu IoJIHOM uHBepcueil. [ToaTomy MexaHM3M MOXKHO KjlacCU(ULIM-
poBaTh Kak UCTUHHBIA Sy2 wim kak Syl (KWUII), unymumii uepes
KOHTaKTHYIO0 MOHHYIO napy. OQHaKO BO3MOXHO M YaCTMYHOE 00pa3o-
BaHME pas3leIeHHbIX MOHHBIX Map, TaK KakK YacTUYHas palleMu3alus
BCe Xe HabJtomaercs.

Paznuuuth kinaccuyeckyrw peakuuro Sy2 or MexaHusma Syl
(KHUIT) (cm. cxemy 9.2) skcnepMMEHTAIbHO UYPE3BbIYAHO TPYIHO,
€CJI1 3TO BOOOIIE BO3MOXHO.

PaccMoTpuM onvH U3 HauboJiee MHTEPECHBIX, HO U CHOPHBIX MOMI-
XOJIOB K pellIeHUI0 JaHHOro Borpoca. M3MepeHue OTHOCUTEIbHOU
CTaOMJIBHOCTA KapOOKATMOHOB B ra3oBoii (pa3e U CyNEepPKUCIIBIX Cpelax
(cM. 9.7.2) mo3BosIsIET chaeiaTh BbIBOJ, YTO MOHU3ALUS TPETUUHBIX
cyOCTpaToB JOJDKHA MPOTeKaThb CO CKOPOCTBIO B 10° — 10" pa3 GoJiee
BbICOKOI, YeM MOHM3aLIMsI BTOPUUYHBIX coeauHeHuii. OKa3anoch, 4To K
9TOMY pe3yJibTaTy Haubosiee OJM3KM IKCIIEPUMEHTAIbHbIE JAaHHBIE MO
COJIbBOJIM3Y 2-aJaMaHTWI- U 2-MeTWJI-2-aJaMaHTUIOPOMUIOB: KaK B
YKCYCHOM KMCJIOTe, TaK U B BOJHOM 3TaHOJIE CKOPOCTb COJIbBOJIM3a
TPETUYHOIO cyOcTpaTa ObUla B 108 pa3a BBIILIE CKOPOCTU COJIbBOJIM3A
BTOpuuYHOro coeanHeHust. Ha atom ocHoBanum I1. Illnaiiep npenmoio-
KW, 4YTO BTOpUYHAsl 2-aaMaHTWIbHAasi CUCTEMa pearupyer no Syl
(KHIT)-mexaHu3My, T.e. IO MEXaHU3MYy C OIIpedesiiolleil CKOPOCTh
cTagyeil MOHM3ALMK 10 MOHHOM Iapbl, BKJIIOYAIOLIEH 2-agaMaHTUIIb-
HbIl KaTMOH, KOTOPbI HE COJIbBaTUPOBAH HYKJIEO(MUJIbHBIM pacTBO-
puTeseM Mo KaTUOHHOMY LIEHTPY, XOTSl yXOnsiiasi rpynia MOXeT COJIb-
BaTUPOBATHCS Uepe3 oOpa3oBaHKWE BOAOPOMHOUN CBS3U
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H ® H

— B®. .. HO Sol

HWOHHas 1apa

B nommepKy 3TOro npeamnoioxKeHust TOBOPUT TOT (DaKT, YTO JaxkKe a3h-
VIOH HE BCTYIaeT B Sy2-peakumio ¢ 2-afaMaHTWIBHBIMU CcyOCTpaTaMu
(BEpoATHO, TIO0 CTEPUYECCKUM MPUIMHAM), TTOITOMY BpPSII I Clabo
HYKJIeO(PUIbHbIE MOJIEKYJIBl PACTBOPUTENST MOTYT y4acTBOBaTh B
MEPEXOIHOM COCTOSIHUM OOpa3OBaHMSI MOHHOM ITaphl.

Jajiee cpaBHUBAJIOCH BJIMSTHUE HYKJIEO(MWIHLHOCTH U MOHU3UPYIO-
LIEi CUJIBI pAaCTBOPUTE/SI HA U3MEHEHNME CKOPOCTH COJIbBOJIM3A 2-aja-
MaHTUWICYJIb(OHATOB, psila BTOPUYHBIX M HEKOTOPBIX IMEPBUYHBIX
cyobcTparoB. OKaszajaoch, YTO BIMSIHUE HYKICOMUIBHOCTU PACTBOPH-
TeJisl TMOCTEIEHHO YMEHBIIAETCSI MPU TMEPEXOAEe OT METWIbHBIX CyO-
CTPATOB K STWJIbHBIM, M3OIMPONUIBHBIM M APYTMM BTOPUYHBIM CO-
eIMHEHUSM U Jajiee K 2-aJaMaHTWIbHBIM CHCTeMaM. DTU TaHHbIe ObUIA
WHTEPNPETUPOBAHBl KaK IOCTEIIEHHBIA Mepexoa COJIbBOJIUTUYECKOTO
MeXaHU3Ma OT KJIaCCUYECKOro Sy2 4yepe3 «HyKJIeO(MUIBHO COJbBaTHU-
POBaHHYIO MOHHYIO Mapy» K aJaMaHTWJIbHOM MOHHOM Tape, B KOTOPOi
pacTBOPUTENL B POJIU HYKJIeOo(pUsIa He ydacTBYeT.

Kak mokazano Ha cxeme 9.3, npennonoxenue lllnaiiepa cocTout
B TOM, UYTO IIpU IIepexojie OT OJHOro cybcTpaTa K APYroMy IOCTe-
TMEHHO YMEHBIIAETCST HYKIJIeO(PUIbHOE B3aNMOAEICTBYE MOJIEKYJ pac-
TBOpUTEJIS (KOTOPBIE B COJIBBOJIM3E BBIMOJHSIIOT TaKKe PYHKIIMIO HYK-
JIeO(PUIIBHOIO peareHTa) ¢ 2JIeKTPOPUIbHBIM aTOMOM yriepoda. Ilo-
BUIMMOMY, pellalllyl0 pojib B 3TOM MIpaioT MPOCTPAHCTBEHHBIE
MPENSITCTBUSI, KOTOPble OCOOEHHO BEJIMKM B Cliydyae 2-aJgaMaHTUIIb-
HBIX COECIMHEHUIA.

Cxema 9.3
i A
HS+R—Z =—= [HS...R...Z] Sa2
[IEPEXOMIHOE COCTOSTHUE \ KJIACCHYECK U
® MEXAHNU3M
HS + R—Z =—=[HS ... R Z |—> HS—R| npoMexXyTo4YHbIi
MOHHas T1apa MEXAHU3M
® _0
R—Z P [R"Z7] Syl (KUII)
MOHHas Tapa (cm. cxemy 9.2)
\

(HS — monexyna mpoOTOHHOTO PacTBOPUTES)
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9.4.2. BIMAHUE YXOJAINEN I'PYIITEI

Kak B S)2-, Tak u B Syl-peakumsax yxoasias rpynna Z oT-
LLIETUISIETCS] BMECTE CO CBS3bIBAIOIICH 3JEKTPOHHOIW IMapoii, MO3TO-
My B O0OOHMX Clydyasix cleayeT OXHUAaTb OIpeAcJeHHON KOppeasuuu
MEXIy CTaOMJIbHOCTBIO aHMOHA Z M CKOPOCTbIO peakuuii. Jleict-
BUTEJILHO, B OTAEJbHBIX CJydasix CYILIECTBYeT KOJMUYECTBEHHasl 3a-
BUCHMOCTb MEXAY KUCIOTHOCThIO HZ W peaklIMOHHOHN CIOCOOHOC-
ThIO, OIHAKO TaKHWe KOJWYECTBEHHBIC KOPPEISLMU CIpaBeIIuBbI
TOJIBKO IIJIST Y3KMX CEpUil POACTBEHHBIX YXOMSIIIMX TPYIIl, HAIIpUMep
st Z© = XC4H,S0,°.

Eciu ke B3gThb WIMPOKMI psll YXOMSIUMX TPYMI U CPAaBHUTh UX
HykJieodyrHocts ¢ pK,(HZ), B BOAHBIX pacTBOpax HAOJIIONAETCS Clie-
IyIolasi MoCJIeAOBaTeIbHOCTD:

(] @
Z=  RSO;~ROSO;>I > Br>Cl>Me,S >NO; >F>RCO,> Me;N
pK, (HZ) ——5 ~—2 —10-9 -7 =5 —13 32 5 10

CoBepllIeHHO SICHO, YTO HYKJIEO(YTHOCTh CBSI3aHA HE TOJLKO C OC-
HOBHOCTbIO, HO U C JIPYyrMMM (paKTOpaMu, HalmpuUMEp C BIUSIHUEM
pacCTBOPUTEJISI, OCOOEHHO KOTIa CPaBHUBAIOTCS 3apsLKeHHBIE M Hesa-
PSDKEHHBIE YXOISIIME TPYIIIIbI.

B xauecTBe KOHKPETHOIO IpUMeEpa BIUSIHUS MPUPOIBI YXOISIIEH
IPYINbLl Ha CKOPOCTh HYKJICOMUIBHOIO 3aMelIeHUs] MPUBEAEM JIaH-
HBIE IO CKOPOCTSIM CoJIbBOJIN3a 1-heHmyraaoreHuaoB u 1-gpeHnmmsTh-
JI0BBIX 3¢upoB B 80%-M BogHOM 3TaHoje mpu 75 °C:

75 °C
+ > PhCHCH; + HX
PhCHCH, + HOH HOH—C,H;OH | 3
X
S} S)
X = CF80%; n-O,NCH,S0T; OTs; CHsS0Y; 19 B®;
kory — 1,4-108 4,4-105 3,7-104  3-104 90 14
CF,co0®; ¢ F®  #-0,NC(H,C00°; CH,c00°
2,1 1,0 9-1076 5,5-1076 1,4-1076

OTHOCUTENbHAS «aKTUBHOCTb» (peaKL[I/IOHHaFI CHOCO6HOCTI)) HYKIJIEO-
(berB N3MCHACTCA NIapaJJICIbHO HX 3JJICKTPOOTPULIATCIbHOCTHU!
CF,COO™ >> CH,COO™ 1 n-NO,C¢H,SO;™ > n-CH;C4H,SO;". Ox-
HaKoO B pdaay rajiorcHua-uoHOB Ha6moz[aeTc;{ MNHas I1ocJIeJ0oBaTCab-
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Hocth I™ > Br > Cl, koTopas NnpsiIMO MPOTUBOIIOJIOXKHA M3MEHE-
HUIO0 ux anekrpoorpunareabHocty F > Cl > Br > I. Ocoboe 3Haue-
HUME CPeIU NPYIUX YXOISAIIMX Ipynn npuodpenu cyabdoHatsl RSO5
KOTOpbIE MO CBOEH HYKJIEO(PYTrHOCTU HAMHOIO MPEBOCXOMAST rajaore-
HUII-MOHBI U KapOOKCUJIaT-UOHBI (kCF3SO3‘/ ko ~ 10%). Cynbdona-
Thl NEPBUYHBIX M BTOPUYHBLIX (HO HE TPETUYHBIX!) CIIMPTOB IIOJIy4ya-
JOT TI0 CTAaHZAPTHON METOAWKE TPHM B3aMMOICHCTBUU SKBUMOJBHBIX
KOJIMYECTB CUpPTa U CyabhOoXJI0pUIa B pacTBOpe B MUpuanMHe npu 0—
5°C. Cpeau cynb(hoHATOB HAWIyYLIElH yXOnsilell Tpymnimoi, mo-Bu-
arMmowmy, gasiserca TpudropmeraHcyabdoHar (tpudmar) CF;SO;5,
KOTOPBIN MO HYKJIeO(PYTrHOCTH HAMHOTO MPEBOCXOMUT IPYroil CTaH-
naptHblii cynbdoHat n-CH;CcH,SO; (tosmnar). Tak, Hampumep,
CKOpOCTb arleTonu3za Hukiaonpornuitpudiaara B 100 000 pa3 mpesbiiia-
€T CKOPOCTh alleTOJIM3a LIUKJIOMPOIMITO3WIaTa B T€X XKe YCIOBUSIX.

Xots psaa HyKIeo@yrHocTy Kak miast Syl-, Tak u g Sy2-peak-
LMIA ONMH W TOT e, NMPU U3MEHEHUM YXOMSIIE TPYIbl MOXET Mpo-
M30MTU U3MEeHeHre MexaHu3Ma. B mepexonHoM coctosiHuu Syl-peak-
umu cBa3b C—Z paspbiBaeTcs B OOJBLIEH CTENEHU, 4YeM B Sy2, Mo3-
TOMY Xopollas yxofsiiasl Ipyrnrna MOXET CIocOOCTBOBaTh OoJiee
[J1yOOKOWM MOHM3allMK, TOraa Kak AJisl 3aMelleHUs TUIOXOH yXoasiiei
IPYNIbLI HY>KEH 0oJiee CWIbHBIN HYKJIeoMu.

Momudukanmeil yXomsiieil Tpymibl MOXHO KaTaJlu3upoBaTh JaH-
HyIo peakumio. Hamprmep, B 0OBIYHBIX YCTIOBHSIX alTKII(PTOPHUILI MHEPT-
HBI K JEHCTBUIO HYKJIeO(pUIOB, HO OHU THAPOJIM3YIOTCS B pacTBOpax
H,S0O,. B atom cnyuae yxonsuieii rpymnmoii Oyner ve F —, a HF:

@ @ Nu
RF+ H <—= R—FH ——>R—Nu + HF .

AHAJIOTUYHO B CWJIBHO KUCIIBIX cpeaax pacClICIUIAIOTCA ITPOCThIC S(I)I/Ipbli

®
1° MeC(T)—R ——> Mel + ROH .
H

mpem-ByTUIOpOMII B HUTPOMETaHE pearupyeT ¢ TAKUMM HYKJIEO-
¢wmamn, kak Br, ClI', NO, , H,O, EtOH, PhOH, B3gTtbiMU B HU3-
KMX KOHLIEHTpaLUsX, ¢ TMOYTU OJAMHAKOBON CKOPOCTBHIO U MO MEPBO-
My TIOPSIIKY, UYTO TUMIMYHO st Syl-peakunu. [Ipy BbICOKMX KOHIIEHT-
pauMsix peakuusi ¢ ruapoxkcwicoaepxaiuumu Hykieodunamu (H,O,
EtOH, PhOH) umeeT yxe BTOpOli KMHETUYECKUI MOPSAOK, MPU 3TOM
CKOPOCTb peakliM MPOINOpILHMOHaIbHA HEe HYKJIEO(PUILHOCTH, a KUCIOT-
HOCTH 3TUX PEareHTOB, KOTOpasi U3MEHSIETCSI B TIPOTUBOIOIOXHOM PSITY
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MO CpaBHEHMIO C psiioM HykieobwibHocTU. [lonaraioT, yTo peakius
B 3TUX YCJOBHSX ocTaeTcsl Syl-mpolieccoMm, MeIIeHHON cTaaueit
KOTOPOTO OCTAaeTCsl MOHU3ALMSI, HO TPU OOJIbIINX KOHILIEHTPALIUSIX
ROH ortiuenieHre 6poMua-uoHa KaTaJlu3upyeTcss o0pa3oBaHUEM BO-
JIOPOIHOI CBSI3U:

t-Bu—Br + HOR <—= Bu—Br.... H-OR <—=
<> [+BS....B° ... H-OR |— > -BuOR + HBr

EctecTBeHHO, UTO TaKOM KaTajan3 MOXKET OCYIIECTBIATHCI M MO-
JIeKyJaMUd TIPOTOHHOTO pacTBOpuUTEssl. BeiemcTBue Takoro kaTtanausa
MPOUCXOAUT YaCTUYHOE HUBEJIMPOBAHUE PEAKLIIMOHHON CIOCOOHOCTHU
ATKWITAJIOTEHUIOB, TTOCKOJIBKY CITOCOOHOCTH 0OpPa30BBIBATH BOXOPOI-
HyIO0 cBs13b yBenuumBaetrcsl B psaay I < Br < Cl < F, a Hykneodyr-
HOCTb — B oOpaTtHOM mnopsiake. Tak, B peakuuu CH;X ¢ azun-uoHom
B IM®A npm 25 °C cootHomeHnue ckopocteit mrsg X = Cl, Br, 1 co-
crasister 1:250:2000, a B metanone — 1:60:100. ITogpoGHoe cpaBHe-
HUE MPOTOHHBIX U JUTOJSIPHBIX allPOTOHHBIX PACTBOPUTENEH B peak-
ungax Sy2 ObUIO MpoBENeHO B pasaene 9.2.3.B, IIe TOBOPUIOCH TaKXKe
W O BIUSIHUU TIPUPOIBI YXOMSIIEH TPYyMIIbI.

Iupoko pacrpocTpaHeH TakKe KaTajlu3 Sy-peakuuii KucioTa-
mu JIbiorica, HampuMep XJIOPUAOM IIMHKA, MOHAMHU cepedpa Wi pTYTH
(rm. 11):

ZnCl,
R

ROH + HCl RCl + H,0 ,

@
RBr + H,0 — 28 ROH + AgBr + H®.

9.5. HYKJIEO®WJIbHBLIA PEATEHT

9.5.1. HYKJIEO®UJbHOCTDH

Jlro6ast HelTpasibHAsE WIM OTPULIATENIBHO 3apsKeHHAasi 4acTulia,
uMerolIas HemojAeJeHHYIO Mapy 3JeKTPOHOB, T.e. ocHoBaHue JIbioou-
ca, MnpeacraBisieT coboir Hykieopus. Ho TtepmMuH HykaeoguavHocmeo,
T.€. KOJMYECTBEHHAsI Mepa CWJIbl HyKJIeo(uaa B JTaHHONH XUMMUECKOM
peakuuu, He MMEeT CTpororo omnpeneneHus. IToHsaTne «HyKiIeoDuib-
HOCTb» TIPUHSTO OTHOCHUTH K BIIMSIHUIO OCHOBaHMs JIporca Ha CKO-
pPOCTb peaklMKi HYKJIeO(pUIbHOTO 3aMellIeHUSsI, T.€. 3TO0 KMHETUUYeCKast
XapakTepucTUKa OCHOBaHUS JIblonca MO OTHOILIEHUIO K KOHKPET-
HOMY 3J1eKTpO(UIBHOMY LEHTPY, Y KOTOPOTO IPOUCXOAUT HYKJIE-
o uIbHOE 3aMelleHne (sp3-r1/16p1/m143013aHHb1171 atoM yriepoaa B RZ,
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(0)

sz 1 T.1.). Hykneo-
(pUAbHOCTB CiefyeT OTIMYaTh OT OCHOBHOCTHU KaK MOHSITUSI YUCTO Tep-
MOJMHAMUYECKOTO, KOJMYECTBEHHO OIMCHIBAIOLIET0 KOHCTAHTY paB-
HOBECUSI B3aMMOAECUCTBUS HyKJIeodpujsa ¢ MPOTOHOM.

CoBeplleHHO OYEBUJHO, YTO OTHOCHUTEJIbHAsI HYKJIEO(UIbHOCTh
pa3IMUHBIX HYKJIEO(MWIOB JOJKHA M3MEHSTHCS IJIs peakluuu 3ame-
LIEHNs] y sp°-TUOPUIHOTO YIIepoda M0 CPABHEHHIO C 3aMELICHHEM y
sz—I‘I/I6pI/I,HHOFO yriaepojga U TemM 0oJiee y APYroro 3JeKTpoduaibHOTO
LieHTpa, HarpuMmep y atoma cepbl B RS® *— Z%, npu oGMmeHe iuraH-
JIOB y IUIaTUHBI B KoMmIuiekcax miatuHbl (II) u T.1.

M3 3Tor0 CienyeT,uyTo HEBO3MOXHO COCTAaBUTh €IMHYI0, aOCOIOT-
HYIO 1LIKay HYKJIeO(MWIbHOCTA B PEaKLMSIX 3aMEIIeHUST Y 3JIeKTPO-
(punabHOTO LIEHTpa Pa3IMUYHOU MPUPOABLI. DTAa CUTYyaLUs COBEPILIEHHO
aHaJIoTMYHa TOM, KoTopas HaOJogaeTcsl 1Jisi OCHOBHOCTH, IJIe OTHO-
CUTEeJIbHAasl cujla OCHOBaHUM JIborca 3aBMCUT OT MCIIOJb3YEMOM st
ee olleHKU kucioThl JIbtouca (1. 3). Haxe njs1 peakunii HyKjaeo(puib-
HOTO 3aMelleHMs] Y HACBILIEHHOTO aToMma yrjiepoja cielyeT pas3jiu-
4yaTb HYKI€OMWIBHOCTb B Sy2-peaklnsix OT HyKI€OMWIBHOCTU OCHO-
BaHuii JIstouca B Syl-peakuusix. CkopocTh Sy2-peakunil Hernocpen-
CTBEHHO CBsI3aHa CO CHOCOOHOCTHIO HYKJEO(UJIbLHOTO peareHTa
3aMellaTh YXONSIIYI TpYINy B OJHOCTAAMHHOM IIpoliecce MPsSIMOTO
3amelleHusi. B apyrom npenenbHoM ciydae Syl-3aMelleHust HyKJIeo-
(punbHOCTH peareHTa He BJMSIET Ha CKOPOCTb MOHM3allMU cybcTpara,
HO BJIMSIET HAa COOTHOLIEHUE MPOAYKTOB peakiMM, MOCKOJbKY Kap-
6okaTroH R* oGmagaer pasnmnyHOi M30MPATENHHOCTBIO IO OTHOLIE-
HUIO K HYKJIEO(WIbHBIM peareHTaM pa3jiMyHON MPUPOJIbI.

st Sy2-peakuuii MOXHO BBIIEIUTh HECKOJbKO OCHOBHBIX (haK-
TOPOB, ONPEAESIOIINX HYKIeOo(PUIbHOCTh peareHTa. K HUM OTHOCST-
cs: 1) nossipu3yeMocTb, 2) OCHOBHOCTb, 3) 3JIEKTPOOTPULIATEbHOCTh
aTakymollero aroma, 4) sHeprusl cojibBaTallMM OCHOBaHUs JIblouca,
5) cuna ero cBSA3U C 2p-opOuTanbio yrieponaa, 6) 3pdeKTUBHBII
00beM Hykjeoduna. TToagpusyeMocTh HyKjieodhuia 3aBUCUT OT TOTO,
HACKOJIbKO JIETKO €ro 3JIeKTpPOHHasi 00oJiouka aedopMupyeTcs Mpu
BO3/IEICTBUM BHEIIIHETO 3JIEKTPOMArHUTHOTO ToJsl. TToasgspusyeMocTb,
KaK MOpaBUJIO, BO3pacTaeT CBEPXy BHM3 B OJHOW M TOM Xe TCpyIIe
ITepuoanyeckoit cucremnl, Hampumep I > Br > Cl > F; RSe™ >
>RS > RO; R3;As ~ R;P > R;N, uto orpaxkaer nedopMupyeMocTb
yIAJEHHOW OT sipa BHELIHEH 3JIeKTPOHHOI 000J10uKu. bosee ayeKT-
pOOTpUILIATEIbHBIM aTOM HyKJeoduja NpoyHee YAEp>KMBAET CBOIO
3JIEKTPOHHYIO Tapy, 4YeM MEHEeE BJIEKTPOOTpuLlaTeNbHbIA. B S)2-pe-
aKklMIX HemnojeJeHHas mapa 3JeKTPOHOB HYKJIEO(MUWILHOTO peareH-
Ta B3aUMOJAEHCTBYET C pa3pbixjsgmolleili opourtaibio cBsi3u C—Z
(9.2.2), mosTOMYy BBICOKAsl 3JEKTPOOTPULIATEBHOCTh HYKJeoduaa
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HeOJIaronpusITHA VIS 3aMeLLeHus 0 Sy2-MexaHu3My. Beicokast sHep-
TUSI CONbBATAIIMU TOHWXKAET SHEPTUI0 OCHOBHOTO COCTOSIHUSI HYKJIe-
o(UIBHOTO peareHTa OTHOCHUTEIbHO IEePEeXOMHOTO COCTOSIHUS, YTO
HEeMn30eXXHO IPUBOIUT K ITOHMXKEHUIO CKOPOCTU peakiuu (cM. 9.2.3.B).
HeconbBaTalivs HyKJIeODMIHLHOTO peareHTa MPUBOIUT K YMEHBIIIEHUIO
SHEPrUU akTUBAUMKU AG™ M TeM CaMbIM CIIOCOOCTBYET YCKOPEHMIO pe-
akuuu Sy2-3ameuieHus. bosee mpouyHast cBs3b, 00pasdyeMasi HYKJIeO-
¢unom Nu: u atromom yriepoaa B R—Z B nepexolHOM COCTOSIHUU,
TMOHMKAET DHEPTUIO TIEPEXOTHOTO COCTOSTHMS M TEM CaMBIM CITOCO0-
CTBYET S)2-3amelieHUI0 (yckopsieT 3amelueHue). HykieobunbHbIl
peareHT OOJIbIIOro o0beMa JOJDKeH ObITh MEHEEe peaKLMOHHOCIIOCO-
OeH, yeM HykJIeo(uyn HeOOJIbIIOro padMepa M3-3a MPOCTPAHCTBEH-
HBIX TIPETSITCTBUI, BO3HUKAIOIIMX B OUMUPaMUIAIBHOM MEPEXOTHOM
COCTOSIHUM S)2-TipoLecca.

OMIIMPUYECKU HYKJICO(MUIbHOCTh MOXET OBITh OIIpeAeieHa U3
JAHHBIX 0 OTHOCHUTEJIbHBIM CKOPOCTSIM PeakKIlMyd CTaHZAPTHOTO CYyO-
CTpaTa ¢ pa3IMUYHBIMU HyKJIeohrIaMu. DTU JTaHHbIE BHIPAXKalOT B BUIE
CHEeLMAJIbHBIX KOHCTAHT HYKJIEO(UIBbHOCTU (#), BBeAeHHBIX CBEHOM
n CkorroMm (1953) ans peakuuil cTaHAAPTHOrO cyOcTpaTa MeTHWJI-
ronuaa (nCH 1) C Pa3IMYHBIMU HYKJICO(DWIbHBIMUA pEareHTaMu B Me-
TaHoJe, T.C. ,H,JIH metaHona n = 0,00. Takum obpasom,

k o
nepy = log ﬁ B8 CH;OH npu 25 °C.
3

B 1aGs1. 9.9 mpuBeaeHb! 3HaUCHNS! TAPAMETPA Ny, MUIst GOJIBIIOTO
yycIa 3apsKeHHBIX M He3apsKEHHBIX Hymeocpymmblx peareHToB. M3
9TUX JaHHBIX CJEAYeT, YTO HYKJIEOMWIHLHOCTb Pa3IMUYHBIX pEareHTOB
B IIPOTOHHON cpele He KOppelupyeT KaKuM-JIMOO oOpa3oM C UX OC-
HOBHOCTBIO MO OTHOILIEHHUIO K MPOTOHY. A3ui-, (peHOKCUA- U Opo-
MUI-UOHBI 00/Iaal0T OJHON U TOH XK€ HYKJICO(PUIBHOCTBIO MO OTHO-
weHuto K CH;l B MeTaHose, HO UX OCHOBHOCTb pa3jinMyaeTcs Ha BO-
ceMHaAuaTth nopsiakoB. Te xKe oTHOLIeHUsT HaOmogalTes u misd I u
HOO™ anuoHOB, pK, cOnpspKeHHbIX KMCJIOT pasinyatorcst Ha 20 eau-
Huu. C Apyroil CTOPoHbI, a3WA-UOH M alleTaT-uoH 00JagaloT OoJuMHa-
KOBOW OCHOBHOCTBIO, HO /iy, JUISl a3UI-MOHA 3HAYMTEILHO BBILLE,
yeM ISl alleTaT-uoHa. TpmaTunaMMH 0oJiee OCHOBEH, YeM TPHUATUJI-
(ochuH, HO TpusTWIDOChHUH OOJice CUIbHBIM HYKIIeO(hUI, YeM €ero
a30THBIN aHasor. s HyKJIeoWIOB ¢ OTHUM M TeM K€ TOHOPHBIM
aTOMOM HaOJTI0/1aeTCsl KaYeCTBEHHAsT KOPPEsIs BETUUUH STRR pk,,
Harpumep CH;0™ > CcH;O > OAc > NO; . Hymeoq)wleOCTb 00bIY-
HO YMEHbIIIaeTcs MPM ABMKEHMHM MO nuaroHanu B Ilepuommuyeckoit
cucteme: HO™ >F u RS > Cl, uro mpole Bcero o0bsICHIETCS U3-
MEHEHMEM 3JIEKTPOOTpULaTeIbHOCTU. HyKineohuabHOCTb, KaK MpaBU-
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Tabnuuma 9.9
HyxkneodunsHocts no ornomennio kK CH;1 B Meranose

hysicotus_| ncu | P compmenon | o [ncu, | P snpamanmon
CH;0H 0,0 -1,7 NH,O0H 6,6 5.8
NO;~ 1,5 ~1,6 NH,NH, 6,6 7.9
F- 2,7 3,45 (CH;CH,);;N | 6,7 10,75
CH;CO0~ 43 4,74 CN- 6,7 9,3
cr- 4.4 -6 (CH;CHy)3As | 7,1 ~
(CH3),S 5.3 - - 7.4 -10
NH; 5,5 9,24 HOO- 7.8 11,6
N3~ 5.8 4,72 (CH;CH,)sP | 8,7 8,7
CgHs0~ 5.8 9,9 C¢HsS™ 9,9 6,6
Br- 5.8 -8 CgHsSe™ 10,7

CH;0- 6,3 15,7 (CgHs)Sn™ 11,5

HO- 6,5 15,7

JIO, Bo3pacTaeT Ipu Iepexone CBepxy BHU3 B Kaxmoi rpymrme [lepuo-
nmyeckoit cuctembl: RSe™ > RS™ > RO ; R;Sn™ > R;Ge” > R3Si 5 I >
>Br >Cl > F (B nporoHHOI1 cpeae). Pematoimmm pakTopom B 3TOM
ciyyae, BEpOSITHO, SBIIETCS OoJiee BbICOKas IMOJSIPU3YeMOCTb aTo-
MOB OOJIBILIOTO pa3Mepa, PaCIOJIOXKEHHBIX B HMXHel yactu Ilepuo-
JIMYECKON CUCTEMBI.

OnHako HYKJIeOo(MUIbHOCTh B OTPOMHOI CTENEHM 3aBMCHUT OT
conbBataluu (cM. 9.2.4). IlpuBeneHHble B Tab. 9.9 naHHbIE IO HYK-
JIeODWIBLHOCTHU TIOJIyYEHBbI, K COXaJIeHUI0, B TIPOTOHHON cpele — Me-
taHose. I1pu nmepexome OoT MeTaHoJa K AUTIOJISIPHBIM allpOTOHHBIM pac-
tBopuTeasiM (AM®DA u np.) psia HyKI€eO(GWILHOCTU TaJOTeHU-UO0-
HOB u3MeHsieTcsl Ha oopatHblii F~ > CI” > Br > 17, B LieJloM ke psif
HykineopunabHocT B JIM®DA oueHb CUIILHO OTJIMYAETCS OT psiaa
HYKJIEODUJIIBHOCTU B MPOTOHHBIX cpenax (9.2.4). M3amepeHue cko-
pocteit Sy2-peakuuii B ra3oBoii (aze ¢ MOMOIIbIO UOHHOTO LHUKIIO-
TPOHHOTO pEe30HaHCa MOKAa3ajJ0, YTO B OTCYTCTBHE COJIbBATALIUU PSII
HYKJICO(PUIBHOCTH COBEPIIEHHO HEMOXOX Ha TOT, KOTOPBIN TpuBe-
JeH B Tao6is. 9.9. Takum o6pa3zoM, JOCTATOUYHO YETKO OMNPEACIUTh MO-
HSTHUE «HYKJICO(PUIBbHOCTh» UYPE3BbIUAHO TPYAHO, U HYKJICO(MUIbHOCTh
3aBUCHUT HE TOJBKO OT MPUPOILI CaMOro HyKJeoduia, HO TaKKe U OT
MpUPONBI CyOCcTpaTa U PacTBOPUTEIIS.

151 Ka4eCTBEHHOTO TpeacKa3aHusl OTHOCUTEIbHOM HYKJIeOo(hUIb-
HOCTHU peareHToB B Sy2-peakiusix nosieseH npuHuun AKMKO (. 3).
CornacHo knaccupukauuu 2KMKO, sp3—rm6pM11M3OBaHHb1y“1 aToM Yr-
JIepoia OTHOCUTCSI K MSITKUM 2JIEKTPODUIbHBIM LieHTpaM. [loaTomy
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CKOPOCTb peakluu Sy2-3aMelIeHUs BO3PACTAET, €CJIA B KAYECTBE HYK-
Jleo(UJILHOTO peareHTa MCIIOJb3yeTcsl MsIrkoe ocHoBaHue JIblouca
(RS™; RSe ; R;P; HOO; RC=C" u ap.) u yMeHblIaeTcsl UISl KecT-
kux ocHoBanmii (F; RCOO ; RNH,; OH ; RO ; NO; ; ClIO, u T.1).

Kpome Ttoro, xkonuenuus KMKO npennosaraer, 4To CKOpOCThb
peakiMy BO3pacTaeT, €CaM M BXOHASIIAs M YXOASIIas TPYIIIbl OXHO-
BPEMEHHO SIBJISIIOTCS WIM MSITKUMU, WU KECTKMMU OCHOBAHUSIMU
JIbtouca. Takoe siBneHue B KoHuenuuu 2KMKO Hocut HazBaHue cum-
ouomuueckoeo 3¢pgexma. Cumobnorndecknii 3Gdext B Sy2-peakumsx
MPOSIBJISIETCS] TOJIBKO TOTMA, KOTAa HyKJIeoDuna M yxomsias Tpymnrma
OTHOCSITCS K MSITKMM OCHOBAHMUSIM.

9.5.2. a-OPP®EKT B HYKIIEO®UJIBbHOM PEATEHTE

AHMOHBI WJIX HEHTpaJbHble MOJEKYJIbI, UMEIOIIUE aTOM C HeIo-
JIEJIEHHOM MMapoil 3JIEKTPOHOB, KOTOPBIA HETIOCPEACTBEHHO CBSI3aH C
HYKJICODWIBHBIM LIEHTPOM, IIPOSIBIISIIOT CBOMCTBA ropa3ao 00jee CUlb-
HBIX HYKJIEO(UIOB, YeM MX aHaJOrd, He coaep:Kallude TaKoro aroma
II0 COCENCTBY C PEAaKLMOHHBIM LEHTPOM. Tak, Hampumep, T'MApa3vH
NH,—NH, wnu rungpokcunamud NH,OH 3HauuTesnbHO Gojiee Cuiib-
Hble HYKJIeO(QWIIbI, YeM aMMWaK WM TepBUYHBbIE aMWHBI, TaK e KakK
nepokcua-anuoH HOO™ u runoxnopun ClO™ 3HauuTesnbHO OoJjiee
cUJIbHBIE HyKJIeo(WIbl 110 cpaBHeHuio ¢ HO™ (ta6i. 9.9). Takoe oco-
0oe TMoBeJeHUE ITUX HYKJICO(DWIOB MOJYUYUSIO Ha3BaHUE O-Ipghexma.
C ToukM 3peHUsT OpOUTAJIbHBIX B3aMMOICUCTBUI -3¢ (deKT 00yCIOB-
JIEeH B3aMMOJCHCTBUEM MEXIYy OpOMTAISIMU HEIOAEIEHHBIX 2JIEKTPOH-
HBIX T1ap COCEIHUX aTOMOB:

0 U

HO—O

jan
@)
DO@Q
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ITpyu TakoM B3aMMOIEUCTBMM OOPA3yIOTCSl JIBE HOBBbIE BO3MYILIEHHbBIE
MO (rn.2), onHa ¢ 6onee Hu3Kou, a Bropasg (B3MO) ¢ Gonee BbI-
COKOIi BHEpPruei Mo CpaBHEHMUIO C BHEPrUeli HEMOMEJICHHBIX Map MU30-
JIUPOBAHHBIX NIPYr OT APYyra aroMOB. AHOMaJbHO BBICOKASl SHEPIUsI
B3MO mnpubnuxaer 3ty opourtaib K HCMO anekrpodwuia, Harpu-
MEp aJKWITAJIOTEHUIA, YTO CIIOCOOCTBYET peakuuu Sy2. B peakuuu c
MSITKUM 3JIeKTpO(UIOM TUIPOIEPOKCUI ropa3no 0ojiee peaKlMOHHO-
CHOCOOEH, YeM THUIAPOKCHUII.

9.6. IPYTUE S),~-MEXAHU3MbI
9.6.1. MEXAHU3M S,i

M3BecTHBI peakiiuy HYKJICO(MUILHOIO 3aMeIeHUsI, KOTOPble MMe-
0T MEePBbIi KMHETUYCCKUIA TTOPSIIOK, HO TEM HE MEHee IPOTEKAIoT C
coXpaHeHHeM KOH(pUTypalru y atoma yriepona. Hanpumep, npu pas-
JIOXKEHMM BTOPUYHBIX aJKWIXJIOP(GOPMHMATOB OYEHb YacTo HabJoma-
eTcsl coxpaHeHue KoHdurypanuu. YToObl 00BSICHUTD 3TOT CTEPEOXM-
MMYECKHUI pe3ynbraT, VHToaba U XbI03 IPEIITONIOXIINA, YTO Pasjio-
JKEHHE MPOTEKAeT yepe3 HUKIMIECKOe YEThIPEXIIEHTPOBOE TIEPEXOIHOE
COCTOSIHME, M peaKlMM TaKOro TWIa ObUIM O0O3HAUYEHBI CMMBOJIOM
Syi (internal nucleophilic substitution):

CeHis CeHis - CeHis
H . H H .
g | ,,—O\\ |
%O = ><:\ =0 _E’ %CI .
CHs >=o cHy  ar 2 CHy
Cl
ankwixJjioppopmMuar

JpyruM mpuMepoM SIBIISIETCS peaklusl Pa3loXEHMS alKWIXIOp-
Cynb(pUTOB, 0Opa3yIOIIMXCS MPU ACHCTBUU HA CIIMPTHI XJIOPHCTOTO
TUOHUJIA!

(0]
V
ROH + SOCl, ——> R—0—SZ—Cl + HCI .
AJIKIJIXJIOPCYJIBL(UT

Ankunxyopeyabduthel pasnaraiorcd Ha RCl m SO,, npu 3TO0M 4acto
HabomaeTcss coxpaHeHne KoHwurypauun. OmHAKO JaHHAs peakIIds
He MICT Yepe3 YeTHIPEXIEHTPOBOE IEPEXOTHOE COCTOSTHHUE, a OCYIIe-
CTBJISIETCSI COBEPIIEHHO MHBLIM myTeM. CTerneHb COXpaHEHUST WIN WH-
BEpPCUU KOH(MUIYypallMi 3aBUCUT OT IPUPOALI pacTBopuress. Hampu-
Mep, pa3lIoKeHME OINTHYECKU aKTHUBHOTO 6mop-OyTUIIXIOPCYIb(pUTa
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MPOUCXOIUT C TPAKTUUYECKHU TOJHBIM COXpaHEHMEM KOH(Urypauuu B
JIMOKCAHE, HO TOYTU C MOJHOM MHBEPCUEH B TOJIYOJE:

GH;s
> Cl (coxpaHeHue)

C,H; y JIMOKCaH H-_

b o—sic1 CH;
-
Su, TOJIyOJI C,Hs (uHBepcust)
Cl
N~ H
CH;

YToOBl O0BSICHUTH TaKOE PE3KO IPOTUBOIIOJIOXKHOE BIMSHUE pac-
TBOPUTEJISI, ObLT MPEIOKEeH MOH-TIApHBIN Syl-MexaHU3M, BKITIOUYAIO-
iyl moHmsaumio ¢z S—Cl B ompenessiiolneii CKOpoCTh CTaluM.
Cynbba 00pa30BaBIICiiCSI MOHHOI ITapbl 3aBUCUT OT IPUPOIBI PaCTBO-
putenst. Ecim pacTBopuTesh TOCTaTOYHO OCHOBEH, OH MOXET CTaOWMJIv-
3MpOBaTh MOHHYIO Mapy, COJIbBATUPYsSI €€ C ThUIbHOI cTOpoHbI. Ilocie-
IYIOIIMI BHYTPEHHUII BO3BpAT IIPUBOAMUT K COXpaHEHWIO KOH(UTypa-
. C Ipyroif CTOPOHBI, PaCTBOPUTEIb C HU3KOM COJIbBATHPYIOIIEH
CITOCOOHOCTBIO (TOJIyOJI) HE MOXKET CTaOMJIM3MpPOBaTh MOHHYIO IIapy,
u npoucxonut 3amelienre SO, noHom Cl ¢ TBUTbHOW CTOPOHBI:

GH;s GyHs C,H;
S-o0socl MeIJIEHHO P S O JIMOKCaH / \ P Cl@
H H” c® —so, /g~
CH;,4 CH;, CH;
TOJIYyOJI JONOKCaH
C2H5 C2H5 C2H5
@
cl L ~——q® 0SO
“H -
CH3 CH3

Takoif MexaHM3M corJlacyeTcsl ¢ HaOJoAeHueM mnpeobanaroliei
WHBEPCUU TIPU Pa3JIOKEHUU MEPBUYHOTO ONTUYECKU aKTUBHOTO XJIOP-
cyipduTa gaxe B AMoKcaHe. B 3ToM ciyyae cTaOuIuM3UpyloLee BIusi-
HUE MOJIEKYJbl AUOKCaHa 3HAYMTEIbHO MeHee 3(P(PeKTUBHO, TaK Kak
MEepBUYHbBIN aTOM yrjiepoja He MpeBpalllaeTcss B KapOOKaTUOH:
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C;H, GH; GHy GHy

JTMOKCaH @ o ®
> 0SOCl=—= _,0SO0=<=Cl" _>-0SO—>Cl—<._ + SO,
H” H” o H” "H
Cl
D D D D
SIcHO, UTO Syi-MexaHU3M SIBJISETCS CIelUaTbHbIM clydaeM Syl-Me-
XaHM3Ma, B KOTOPOM YXOJAsLIasi TPyIIa MUMEeT CIO0XHOE CTPOEHHUE.

9.6.2. AJUTMIbHASA MEPETPYIIIIMPOBKA (Sy)

AJIWIbHBIE COCIMHEHMS PEearupyloT ¢ HyKjIeoduiaMu jerde, Yem
HACBIIICHHbIE aHAJIOTM; B 9TOM OHM IOXOXM Ha OCH3UJIbHBIE CHCTE-
Mbl. DTU peaklMy YacTO COIPOBOXKIAIOTCS IIePErpyIIMPOBKOi 1 000-
3HavaroTcss cuMBOJIOM S'%. OO0IIas cxema alIuIbHON MeperpyninupoB-
KU MMEET CJICAYIOIIMI BUI:

{ ?z o N—T N L
-z
Nu

ITeperpynmupoBka MOXeT MATH MO MexaHusmy Syl wim Sp2 (060-
3Hayaercd Kak Sy2’). B taba. 9.10 npuBeneHsl gaHHbIE 1JI 3aMelle-
HUs xjopa B 1-xsopOyreHe-2 u 3-xj0pdyTreHe-1 B pasHbIX YCIOBUSIX.

Ta6numa 9.10
AnibHast MeperpynnupoBKa NpH HYKJI€O(GHILHOM 3aMeIeHHun

0e3 meperpynmnipoOBKU
(A) Nu + CH,CH=CH—CH,Cl pep ——> CH;CH=CH—CH,Nu (¥)

TeperpynipoBKa

(B) Nu + CH;CHCI—-CH=CH » CH,CHNu—CH=CH, (2)

2 ©e3 neperpyniupoBKU

Boixon, %
YcnoBust peakimu A B
Y/ \Z Y/ \Z
2M EtO /EtOH, 100°C 100 — — 100
0,8M OH /H,0, 25°C 60 40 38 62
EtOH, 100°C o)) 8 82 18

IlepBag peakuusi, BEPOATHO, UMEET MEXaHU3M Sy2 U OCYyLIECT-
BJISIETCSI KaK MPSIMOEe 3aMellleHre ¢ HyKJIeo(UJIbHOI aTakoi Mo yrie-
pojy, CBSI3aHHOMY C XJIOPOM. TpeTbsi peakiivs MOXKET OCYIIEeCTBISTh-
CS WIM 4Yepe3 MOHHBIE Mapbl WM MO0 MexaHu3My Sy2’'(cM. Huxke). Tak,
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pauemusanus ontudecku aktuBHoro MeCH=CHCHZMe (Z = napa-
HUTPOOEH30aT) MPOMCXOAUT ObIcTpee cosbBon3a B 90%-M BOIHOM
aueroHe, a uzomepusauusa CH,=CHCMe,Cl B CICH,CH=CMe, uner
ObicTpee aueroiu3a. Hu B ogHOM cilydyae HE MPOMCXOAUT AMCCOLMA-
LIMH, TIOCKOJIBKY 3TH PeaKIIMU He 3aMeIJISTIOTCS MPU 100aBICHUM COJIN
¢ o0mMM MOHOM. Psa aBTOpoB mosaraior, 4To o0e peakuuu COJIbBO-
Jm3a uayT o MexaHusmy Sy2 (KUIT).

L R S e

(KHIT) (KWID paLieMu3arus,
Nul 45 Nul| &5 M30Mepu3aIst
MEIUICHHO MEJUIEHHO
Nu Nu
~ J
COJILBOJIN3

Bo3MOXHO, 4TO Ha caMOM Jejie a/UIWJIbHBIC IepPerpymniupoBKU
HUOYT IO COMIACOBAHHOMY MeXaHU3My Sy2”:

q

TCOpCTI/I‘{CCKI/I Takad pe€aklusd MOXKET OCYLIECTBUTLCA KaK IO aHmu-,
TaK U IO CUH-TTYTU:

Y

(ammu-Sp2")

Y

(cun-Sp2")

DKCIEPUMEHTAILHO ObUIO YCTAHOBJIEHO, UTO B MOJABJISIOIIEM 0OJIb-
IIMHCTBE CJTy4aeB OCYILIECTBISIETCS CUH-TIPOLIECC, XOTS €CTh W MCKITIO-
YeHUsI. DTOT HEOOBIYHBIN CTEPEOXUMMUUIECKII Pe3yJIbTaT IIOPOIWIT Maccy
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BCEBO3MOXHBIX OOBSICHEHUM M TOJIKOBAaHMI, OOJBIIMHCTBO U3 KOTO-
PBIX CBOIMJIOCH K MPEATIONIOXKEHUIO O B3aUMOACHCTBUN HyKJIeopuaa ¢
VXOMISIIEH TPYMIOil B MATULEHTPOBOM IIECTUIEKTPOHHOM TIEPEXOmI-
HOM COCTOSTHMM:

\ /

\ /
U
Nu Z

Tem He MeHee crapoe oObsicHeHue C. YuHcTeilHa cun-Sy2’-peak-
UMW JBOWHBIM Sy2-3aMellleHUeM C ThUIBHOW CTOPOHBI HauboJsee
TpUeMJIIEMO:

N

\ €]
\\\Z

B 3akiioueHME OTMETUM, UTO CUH-CTEPEOXUMUIO MOXKHO OOBsIC-
HUTb M Ha OCHOBaHMM WOH-TIapHOro MexaHusma Sy2 (KHUII), ecnu
CYMTaTh, YTO KOHG(UTYpalMsl KOHTAKTHOW MOHHOW Taphbl Takas Xe,
KakK KOH(Urypauuss UCXOOHOIO KOBAJEHTHOro cyOcTparTa.

9.6.3. YYACTUE COCEJHUX I'PVYIIII

Wnput (ropunuHblii raz; 00oeBoe OTpaBiIsIIoOllee BeleCTBO IepBOIt
muposoil BoriHbl) S(CH,CH,Cl), B BOAHBIX pacTBOPaX TMAPOJIU3YETCS
B HECKOJIbKO ThICAY pa3 ObICTpee, YeM IepBUYHbIE AJKUIXTIOPUIBL.
IIlenoyHOll TMAPOJM3 ONTUUYECKM AKTMBHOTO 2-OpommpoIllaHoaTa
CH3CHBrC02@ MPOTEKAaeT ¢ coxpaHeHueM KoHburypauuu. ['mupoaus
xsopamrHa Et,NCH,CHEtCl maet meperpynnupoBaHHBI CIUPT
Et,NCHEtCH,OH. Ot Tpn peakunm SBISIOTCS TPUMEPAMU y4acmus
coceOHux epynn B HYKJI€O(UIbHOM 3aMElLIEHUU:

/—‘..
/E (v GQCH2 H,0
CICH,CH,—S CHy~Cl ——> CICH,CH,—SZ |
\ / CH,
CH,
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Peakiinio ¢ y4acTueM COCEIHEN TPYIIIbl MOXHO OIPEIEINUTh KaK
MpOLIeCC, B XOAE€ KOTOPOro OIpeneicHHAs (PYHKLMOHATIbHAS TPYIIa
pearupyroiieii MOJeKyJIbl Ha KaKOe-TO BPeMsI CTAHOBUTCS CBSI3AHHOM
(TIOJTHOCTBIO MJIM YACTMYHO) C PEaKIMOHHBIM LieHTpoM. OOluast Kap-
THHA TAKOIrO Ipolecca IS peakUUii HYKIeO(MUILHOTO 3aMelleHUs
npuBegeHa Ha cxeme 9.4.

Cxema 94

| S]

) Nu
X———C— ———> NIpOIYyKThI
U OBICTPO
ka
MeJICHHO T OBICTPO
\ / k N o
: C—7z —C >x: —
X Py ——— U - NPOIYKThI
\
Nu® Nu

N

[ns mokazaTesbCTBa y4acTUsl COCEIHEN TPYIbl MPUMEHSIOT TIJTaBHbIM
00pa3oM Tpu TUIIA DKCIIEPUMEHTAJIbHBIX HAOJIONEHUIA.

1. AuxumepHoe coaeiicTBre. DTUM TePMUHOM O0003HAYAIOT YCKOpE-
HUE peakliy COCEIHEeN IpyImoi (Ipyroe Ha3BaHUE 3TOro ke 3ddex-
Ta — CHHApTEeTHMYECKOe ycKopeHue). B mpuHLuIe MOXHO JOCTAaTOYHO
TOYHO OTPENCTUTh CTeTIeHb YJacTHsl COCENHEl TIpymIbl B XOAe NaH-
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Hoi1 peakumu. Ecnm yyactre poMCcXoauT BO BpeMsl IPOTEKAHMS CKO-
poctbonpenessoueid craquu uonuzauuu cesasu C—7Z (k, Ha cxe-
Me 9.4), To peaklys MOYTU HaBepHsKa OyaeT UATU ObICTpee, YeM aHa-
JIOTUYHBIE TI0 MPUPOAE PeaKUUU k- U kg, UIylie 0e3 y4acTusl COCel-
Hel rpynnsl (kg) WK € ee yyaCcTheM B ObICTpO¥ cTaguu. Mimoctpauyeit
CIIY>KUT TIepBasi M3 TPUBEACHHBIX BhIIIe peakiuit. K coxanenuto, He
BCerIa ymaeTcsl YCTAaHOBUTh, YCKOPSIETCS JIM peakivs COCEIHEeM Tpyr-
TIOi, TI0O3TOMY HYKHO MCIIOJNB30BaTh M JPYTUE METOIBI.

2. Crepeoxumus. CTepeoXuMus peakldv, B KOTOPOM ydacTBYyeT
COCENHSIS TPYMIa, YacTO OTIMYAeTCs OT OXMIAEMOW IIPU OTCYTCTBUM
y4yacTusl 3Toil rpymnmsl. Hampumep, B TO BpeMs KaK OOBIYHBIE peak-
mu Sy2 nmm Syl NpUBOAAT K IMOJHONW MM 4aCTUYHOM MHBEPCUM, B
peakiusaxX ¢ yJacTHeM COCemHel TPYMIbl mpeobjagacT COXpaHeHUE
KOH(purypauuu (CM. BTOPOI U3 MPUBEASHHBIX BbIIIE IIPUMEPOB).

3. MoJaekyasipubie neperpynmupoBku. [Ipu yyactuum coceiHeit rpym-
TIBI YaCTO TIPOUCXOIST MEPETPYIIIMPOBKH CKeJieTa CyocTpara, 4To Mpo-
WUTIOCTPUPOBAHO TPETHUM TIPUMEPOM.

BeposTHOCTb yyacTust cocemHeil TpymIITbl 3aBUCUT OT pa3Mepa LINK-
Jla, oOpa3yIollIerocsl B ImepexogHoM cocTossHuU. OOBIYHO B TaKUX pe-
aKIMIX TIPEATIOUTUTEIHLHO O0Opa3oBaHUE TPeX-, MATU- U IIeCTUYJICH-
HBIX ITUKJIOB.

B03MOXHOCTD yyacThsl COCETHUX TPYIIT B XUMUYECKUX PEaKIIUIX
obOcyxxnanach OUeHb JAaBHO, OMHAKO TEPBOE CEPhe3HOE MCCIICIOBAHUE
3TOro siBjieHust 0bUI0 BhIoHeHO C. YuHcteitHoMm (1939). bruto ycra-
HOBJIEHO, YTO MpU OOpabOTKE PALEMUYECKOTO mpeo-3-0pom-2-0yTa-
Hona HBr moinyuaercst pauemuyeckuii 2,3-nuOpoMOyTaH, Torma Kak
palleMUIeCKUI 3pumpo-u3oMep NaeT TOJbKO Me30-TIPOIYKT.

CH,
/
H

3 0-
pump HBr

—_—

OH H CH; Mme30-
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CH3 OH CH3 CH3 H3 Br
mpeo-
HBr
woT T o
CH3 CH3
CHjy ; : / G ; N CH3/\
Br Br CH,

B obGeux peakuusx KoHpuUrypauus: coxpaHsiercsl. PesynbTaThl Obuin
MHTEePNPEeTUPOBAaHbl KaK 10Ka3aTeJbCTBO OOPa30BaHUS MOCTHKOBOTO
OpPOMOHMEBOIO0 MHTEpMeaUaTa.

Huke mpuBeneHsl ellle aBa MpuUMepa peakliMii 3aMelleHus ¢ COo-
XpaHeHUeM KOHQUTypaluH.

Peaxyuu N-smua-3-xaopnunepuduna

MEIVIEHHO 6bICTp0
Et— Et—N /\
® 1®
WOH a3UPUIUHUS

[EE—"

EtN Nu
@ H

Ota peakuusi Obuta mpoBeAeHa ¢ 14 pasHeiMu Hykjaeopuiamu. Cko-
pOCTb He 3aBHcelia OT MpUpoasl Hykieodmna u B 10* pas mpesbiiuana
CKOPOCTb peaKIMU LUKIOTeKCUJIXJIOpUIA C TMAPOKCUIbHBIM HOHOM
(aaxumepHoe copeiictBue). [IpoMexkyTouHast Coib a3sUpPUINHMS ObLIa
CHMHTE3MpOBaHA HE3aBMCUMO U1 BeJia ce0sl aHajornyHo. Ha aToM ocHo-
BaHUM OBLJIO BBUIBMHYTO IIPEAIOJIOXEHUE 00 y4acTHMU COCEIHei
TPYIIIIBL.
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Auemwzu3 mpch—2-auemoxcuuumoeelccuﬂm03u/zama

CH,4
18 18
0 \o \\7%/CH3 OCOCH;
OAc H
H—» //t 2 18 H
OTs OAc

% on M

OCOCH;,

B nponykrax 3TOi peakiiMu MeTKa pacrnpeaeseHa MoYTH MTOPOBHY MEXITy
KapOOHWJIBHBIM U 23(UPHBIM aToMaMu Kuciopona. Ilpearnosnaraercs
NpoMeXyTouHOe oOpa3oBaHUE MATUUYJIEHHOTO JUOKCOJIEHUEBOTO
KaTuoHa.

WHTepecHbIl IpuMep IMeperpynmnupoBKU C y4acTHUEM COCemHei
METOKCU-TPYMIIbl ObUI HaiieH NMPU U3YYEHUU MEUYEHHOTO TPUTHUEM
mpanc-4-MeTOKCULIMKIIOTEKCUJITO3WIaTa:

g
T 10
H 0 OTs H
OTs
CH;0
H
T
AcOH CH:0 OAc CH,0
H

B peakumu oGpa3syercst mpanc-alieTaT, CoAepsKalluii TPUTHI B TIOJIO-
XKeHUsIX 1 M 4, 4TO CBHUIETEILCTBYET B IOJIB3Y OOpa3oBaHUS CHMMET-
PUYHOTIO OKCOHMEBOTO MOHA.

Bo Bcex paccMOTpeHHBIX MpUMepax COCEMHSs TpyIa MpUHUMAIA
yyacTre B HYKIICO(MIEHOM 3aMEIICHUN 3a CYET CBOEM HeITomeIeHHOM
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napbl. OOBIYHO HEIOJEJeHHYI0 Hapy 0003HAayarT CHUMBOJIOM A, IIO-
9TOMY TaKue€ peakilMM Ha3blBalOTCI n-ydyacTueM. MOXHO Mmpenmnosio-
KUTb, YTO KPOME HEMNOMEJIEHHON TMapbl HYKJIEO(PUIbHOMY 3amellle-
HHIO MOTYT OKa3bIBaTh COAEUCTBME COCEIHMWE TPYIbI, OOJaaaroline
JIETKOJOCTYITHBIMU JUUISI CBSI3bIBAHUSI T-3JIEKTPOHHBIMU CHUCTEMAMM.
ITpumMepbl TaKOro T-y4yacTUsl M3BECTHBI.

VYuactue cocenHell apMJIbHONM TPYIIILI IIPOSIBIISIETCS B yKe pac-
CMOTPEHHOM HaMM TpPUMEpE paleMU3alluu mpeo-3-aHU3UI0yTUI-
2-6posunata (cM. 9.3.1). Ipumpo-uzomep He palieMU3yeTcsl B ITUX YC-
JIOBUSIX, XOTS IJIS HEro Toxe HabJiomaeTcs chelualbHbIi COJIeBOM
a¢hdekT. B3anmornpeBpallleHUs MEXY mpeo- U 3pumpo-31UMepaMu He
npoucxoauT. Bce aTo comnacyercss ¢ mpoMeXXyTOuHbIM 00pa3oBaHUEM
MOCTUMKOBOTIO (DEHOHMEBOTO MOHa OJjlaromapsi m-y4acTUIO aHU3UJIbHOU
rpyniibl B npouecce noHusanuu cBsizu C—OBs:

®
OCH, o H
HM@
H’ OAc
AcOH Me
H- -H——
i Ar
Me Me Me \\
"H
mpeo- axuvpaieH OAC Me
(pauemMu3aliusi)
®
OCH, Me
Ar AT
H) :OAc
Me
“Me AcOH
H Ar
Me H k
Me \Me
Ipumpo- XUpaieH OAC H
(coxpaHeHue)

Eciu BMecTO METOKCH-TPYIIIBI BBECTH 3JICKTPOHOAKIICTITOPHBII
3aMeCTUTENIb, TO CTaOMJIBHOCTh (DeHOHMEBOTO MOHA YMEHBIAETCs, U
TOT/Ia peakiusl MOXET MITH 4Yepe3 HEMOCTMKOBYIO MOHHYIO Iapy, B
KOTOPO BO3MOXKHO BpallleHHe BOKpPYT lieHTpaiabHoil cBsisu C—C. B
pe3ysIbTaTe MOXKET MPOM30UTH 3MUMEPH3alINs:
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HelicTBUTENbHO, TIPUA alleTONIN3e Mpeo-napa-HUTPOIIPOU3BOIHOTO 00-
pasyercst 7% mpeo- u 93% spumpo-nipoaykra. CTeneHb m-y4acTusl BeCh-
Ma 4yBCTBUTEJIbHA K MEXaHU3MY peakuuu. Eciu B peakiIMOHHO cMecH
MPUCYTCTBYIOT JOCTATOUYHO CHUJIbHBbIE HYKJICOMWIIbI, OHU IOAABISIOT
T-y4yacThe, CMelllas MEXaHNU3M B CTOPOHY Sy2. Ecam ke CHIbHBIX HyK-
JIcOUIIOB HET, T-Y4acTUE CTAHOBUTCS OUEHb 3aMETHBIM. DTO MOXKHO
MPOWIIIOCTPUPOBATh CIIEAYIOLIMM IIPUMEPOM:

EtOH
14 14
CHZ_CHz\OTS CHQ_CH2_OEt
CF,COOH
- ©\ 14 14
14 CHZ_CHzoCOCF3+ CF3COOCH2 CH
CH CH,

o1

B srtanone uper Sy2-peakuus, oOHAKO B TPU(MTOPYKCYCHOW KHCIO-
T€, KOTOpas SIBJISIETCSI ropa3fgo MeHee HYKIeO(pMILHBIM pacTBOPUTE-
JIeM, MEXaHU3M M3MEHsEeTCS Ha MOH-TapHbId Syl ¢ yyactueM de-
HUJILHOI TPYIINbI, O YeM CBUJIETEJILCTBYET IepepacripeaesieHue n3o-
TormHoN MeTkn *C.

OnQMHOYHAS T-CBSA3b TOXE MOXET Yy4acTBOBAaTh B HYKJIEO(DUILHOM
3aMellieHuu. Ee BausiHue ocoOEHHO MPOSIBISIETCS B XKECTKUX KapKac-
HBIX MOJIEKyJIaX, TOe OHa IIPOCTPAHCTBEHHO COJIMKEHA C peaKIMOH-
HBIM LEHTPOM. SIpKUM TIpUMEpPOM SIBJISIETCS aleTONU3 arHmu-7-HOp-
OOpHEHMJITO3MJIaTa:

OTs OAc
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Dro coequHeHue conbBonmsupyercs B 10! pas GwicTpee, uem Hachl-
IIEHHBI aHaJor, WM MPM 3TOM HAOJIOMAETCsS COXpaHEeHUEe KOH(UTY-
paiuu. B 1aHHOM ciiyyae pa3MellleHue T-3JeKTPOHOB UACaJIbHO MO~
XOJIUT JUISl OCYLLECTBJICHUST T-COAEUCTBUS.

ITocne paccMoTpeHUs n- U W-y4acTUsI BO3ZHUKAET €CTECTBEHHBIN
Borpoc: «MOXeT Jin ObITh G-yyacTue DJIEKTPOHOB COCEAHUX CBsI3ei
C—C umu C—H?» Ilpexne Bcero HeoOXOAMMO yKa3aTb, YTO IIPU O-
Y4aCTUM JOJKHBI 00Pa30BBIBATHCS HEKJIACCMUYECKHE KapOOKATHOHHI,
IIe B TPEXWIEHHOM IIMKJIE OCYIIECTBIISIETCSI IBYX3JIEKTPOHHAS TPeX-
LIEHTPOBasl CBsI3b. TakuMe KaTUOHBI OyayT, 0e3yCJIOBHO, OYE€Hb Majo
yCTOMYMBBI (CM. L. 26, 4. 3).

/R\
/ \
R / NNPAIANFINTE SN | R R L
— T —
-7 ﬁ / [\ +//
Nu \ Nu
HEKJIACCUYECKUI
MOH

Tem He MeHee G-yyacTHe OYEHb LIUPOKO PACTIPOCTPAHEHO U SIBJISIET-
Csl OCHOBOI Me€XaHM3Ma BHYTPUMOJIEKYJISIPHbBIX HYKJIEO(MUIbHbBIX Tepe-
IPYNIIMPOBOK, TaKMX, KaK IleperpyniupoBka Baramepa—MeepBeiiHa,
MUHAKOJIMHOBAS, MeperpyrnnupoBKU K 3JIEKTPOHOAE(PUIIUTHOMY a30-
Ty 1 T.0. IlompoOHOE paccMOTpeHUE TaKUX MEepPerpynIimpoBOK C pa3-
HbIX TOYEK 3PEHMSI TaHO B IJI. 26.

9.7. KAPBOKATUOHDI

9.7.1. TUIIbI KAPBOKATHUOHOB

Kapbokamuonom Ha3bIBaeTCs 37€KTPOHOAC(DUIIUTHAS, TTOJOXKUTEIb-
HO 3apsDKeHHasT JacTUIla, B KOTOPOM 3apsii COCPEIOTOYEH Ha OTHOM
WU ENOKAJIM3UPOBAH Ha HECKOJIBKMX aToMmax yriepoaa. B Syl-peak-
IUSIX Ha CTaIWuM MOHU3AIMKU 00pa3yeTcs TPeXKOOPIMHWPOBAHHBIN
KapOokaTHoH obiieit hopmyibl R;C*. [lonroe BpeMsi Takue KaTUOHBI
Ha3bIBajJu «MOHAMU KapOOHMsI», XoTs eiie B 1902 r. M. 'omGepr npu-
BeJl cepbe3HbIe BO3paXKeHUS IIPOTUB 3TOro TepMUHA. OH 00paTWI BHH-
MaHHe Ha TO, YTO TePMUH «KapOOHWEBBIM MOH» HE COOTBETCTBYET
crpyktype R;C*, mockoibKy cyhbuke «OHMEBBI» OTHOCHTCS K Ka-
THOHAM, B KOTOPBIX KOOPAMHAIIMOHHOE YWCJIO BBIIIE, YeM y HEMT-
paibHOTO coemuHeHus, Hanpumep, NH; — ammuak, NH," — wuoH
ammonus, PH; — dochun, PH4Jr — noH (dochonud. ag KatmoHa
R;C* KOOpIMHAIIMOHHOE YKMCJIO, HAMPOTHB, HUXE, YeM JUISi UCXOMI-
Horo cyoctpara R;C—X. D10 HECOOTBETCTBHE AOATOE BPEMS OBIIIO OYe-
BUIHBIM TIPOTHBOPEUYNEM B XUMHH YTJiepoa IO CPaBHEHUIO C «OHHE-
BBIMM» COCITMHEHHMSMM 3JICMEHTOB COCEIHUMX TPYIIIL.
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ITocne Toro xaxk I'. Ona v ApyrMMU YYEeHBIMU OBUIM IOJYYEHbI
JI0OKa3aTeJbCTBa CYIIECTBOBAHMSI MEHTAKOOPAMHAIIMOHHBIX KapOoKa-
tonos tuna CH;", CRs" u 1.1. ¢ Cg cummerpueit (cm. 4.10), T. Ona
MPeUTOKU Ha3bIBaTh MEHTAKOOPIMHAIIMOHHBIE KaTUOHBI KapOoHue-
6bIMU UOHAMU, A TIJIST TPEXKOOPIMHAIIMOHHBIX KaTUOHOB HCIOJb30BaTh
Ipyroe Ha3BaHUE — KapOeHuesble UOHbI, TIOMYEPKUBAIOIIEE UX TEHE-
TUYECKYIO CBsI3b C KapOeHaMH, IOCKOJIbKY KapOeHMEeBble MOHBLI 00-
pasyloTcsl Tpyu MPOTOHMPOBAHUM KapOEeHOB:

®
:CH, + H®—> CH;,
KapOeH KapOeHUeBbIi MOH

® ®
CH, + H —> CHy .
MeTaH MOH METaHOHMSI (METOHHSI) — KapOOHUEBbII MOH

CrenyeT o3TOMY pasinyaTh 3TH JBa TUIA OPTaHMYECKNX KaTHO-
HOB: KapOeHMeBble MOHBI C TPEXKOOPAMHMPOBAHHBIM aTOMOM YTJie-
pora M KapOOHMEBbIe MOHBI C MSATHKOOPIMHUPOBAHHBIM YTJIIEPOIOM.

Crenyst o01eit TeHIeHIIMM, MBI OyIeM Ha3bIBaTh 00a THIIa KaTHO-
HOB KapOOKaTMOHAMM, CIIeIIMaIbHO OroBapuBasl CTEeIeHb KOOpIWHA-
LMY aTOMa yIiiepoja 3THUX YacTull. OTIMINTETbHON 0COOEHHOCTBIO Kap-
GEHMEBBIX MOHOB SIBJISIETCS] HAIMYKE TPEXKOOPIMHUPOBAHHOTO Sp°-THO-
PUON30BAaHHOTO aToMa yrjiepoia. B oTcyTcTBMe MpOCTpaHCTBEHHBIX
3aTPYAHEHMII BCE TPU CBSI3M sp’-TMOPUAN30BAHHOTO aToOMa yriepoia
pacroJjlaralotcsl B OIHOW TUIOCKOCTH, a TTOJOXWTENbHBIN 3aps Co-
CpeloTOYeH Ha 2p-opOuWTajv aToMma yriepoaa, NMepreHIuKYISIpHOi
3TOl TIIocKocTh. Takoe cTpoeHMe XapaKTepHO TS TPOCTEHINMX all-
KHMJIBHBIX KapOeHWEBBIX NOHOB.

9.7.2. CTABWJIbBHOCTb KAPBOKATHUOHOB
1N EE KOJIMYECTBEHHAA OILIEHKA

9.7.2.a. KAPBOKATUOHBI B TA30BO ®A3E

O6pa3zoBaHue KapOOKATHUOHOB B Ta30Boil (aze B pesynbTaTe HO-
Huzauun RX Ha wonsl R* u X~ mpencrasinsier co6oil 9HI0TEpMUYEC-
KM IIPOLIECC, KOTOPBIM XapaKTepU3YETCSd OYEHb BBICOKOW ITOJIOXKM-
TeJbHOH sHTanbnueir. DHTanpnust nonuszauuu CH;Cl B rasosoit dase
OIpEAeNsieTCs U3 CIEeAYIOLIEro TepMOANHAMUYECKOTO 1IMKIIA:

(1) CH;Cl—>+CH; + CI- AH = +84 kxain/mMoib
2 CHy—————> CH3® +%e AH = +226 kxan/Monb
3) CI+7e >Cl® AH=-83 KKaJI/MOJIb

CH,Cl ——>CHS + CI°  AH = +227 xxan/vonms
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OHranbnuu npoueccoB craauu (1) m craguu (3) NpeacTaBisiioT
co0oii TabauuHble 3HaueHus1 aHepruu cesisu C—Cl B CH;Cl u cpoxn-
CTBa K 2JIGKTPOHY aToMa XJiopa. DHTaJbIIMS MpeBpalleHUs] MeTUI-pa-
JUKala B METWI-KaTUOH B cTaauu (2) ompeaessieTcsi Macc-CIeKTpo-
MeTpMYeCKN KaK TMOTeHIIMaJl MOHM3alluM pagukKama R*, Takum ke
00pa3oM MOTYT OBITb OMpeeeHbl SHTAJBIIMU MOHU3ALIMU CAMBIX pa3-
HooOpa3HbIX cydocTpatoB RX B razoBoii ¢aze. B 1ab6sa. 9.11 npuBeneHbl
JaHHble o noHm3auuy pasnnuHbix RCI B ra3oBoii (ase.

Tao6nuuma 9.11
Ouraasnuu nonusanuu RCIl B ra3oBoii (ase

rcl—> R® + P

Cybcrpar AH’ | xxan/Monb Cybcrpar AH’, xKai/moib
CH,CI 227 CH, =CHCH,CI 187
CH,CH,Cl1 191 C4H;CH,C1 180
CH,CH,CH,CI 187
CH3—ICH—CH3 172 C¢HCl 223

Cl
(CH,);,C—Cl 157

I OleHKM yCTOMYMBOCTU KapOOKATMOHOB Ha OCHOBE MOH-1IMK-
JIOTPOHHOI'O pe30HaHca pa3paboTaH METO., MO3BOJSIIOIIMI U3MEPUTD
sHepruio paspoiBa csa3u C—Br B RBr ¢ ob6paszosanneM noHos RY u
Br™ B razoBoii aze ¢ BbICOKOI CTeNeHbIO TOUHOCTHU (+ 2 KKajl/MOJIb).
OTU naHHbIe, TIpUBENEHHbIE B Ta0a. 9.12, TakkKe MOTYT CIyXUTb Me-
pOIi OTHOCHUTENIbHON YCTOMUMBOCTU KapOOKATMOHOB B ra3oBoil (ase.

Taonauma 9.12

DHeprun retepouTHYECKOil aumcconmanuu RBr ma RY uw Br™ B ra3sosoii ¢ase

ONNIC) CINGS)
Karnon D (R™Br™), Karvion D (R™Br7),
KKaJl/MOJIb KKaJ/MOJIb

@ @
CH; 218 (CH,),C 149
cH,cH® 182 BE 161

@ ®
CH,CHCH, 163 CH,C =0 151

Ecnu ne YYUTHIBATH BKBOTCpMI/I‘{CCKI/Iﬁ IIpouecCC IMpeBpalllCHUA

pamukana X" u3 RX B anmon X 1o peakuuun X° + ¢ = X, TO Tell-
JoTa ob6pa3oBaHus KapbokaToHa R* B pesy/braTe OIHO3JIEKTPOHHO-
ro okucineHnsa RX— € — R" + X° MoxeT ObITb pacCudTaHa U3 ypaB-
HeHust A=1(R*) + D(RX), rne A — Teryiota o6pa3oBaHUsl KapOo-
katoHa R*; T(R") — moTeHLMa) MOHM3ALNUM paauKasia
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R°"— & - R
D (RX) — sHeprus romonutuyeckoi auccourauuu RX Ha R* u X*.
Benuuunbl noreHuuanoB noHusanuu I(R°) MOXHO ornpeaeauTh He-
MOCPEICTBEHHO; 3Has MOTeHUMalbl MoHU3auuu pamukanoB [ (R") u
TEIJIoTy obpa3oBaHus paavkaia R*, MOXHO paccuMTarh TEIUIOTY 00-
pasoBaHus KapbokatroHoB R*. B ta6i. 9.13 nmpuBeneHBl 3TH BeJINYM-
HBbI JJISI HEKOTOPBIX KapOOKAaTUOHOB.

Taobnuma 9.13

Iorenuunans nonusamuu I(R*) pagukanos R (R*— € =R") u temaors
o0pasoBanus KapGokaruonos R®

R I(Rs), AHoﬁpm(ﬁ), R I(R%), AHo6paa(ﬁ),
KKaJI/MOJIb | KKal/MOJb KKaJI/MOJIb | KKan/MoJb
CH, 27 262 | (CHy,C 157 174
CH,CH, 192 21 | CH=CH 218 -
CH,CH,CH, | 187 29 | CH,=CH—CH,| 188 26
(CH,,CH 173 192 | CHCH, 179 215

B apyrom metone kKapOOKATMOHBI T€eHEPUPYIOT B pe3y/ibTaTe MPOTOHU-
pOBaHMS aJIKEHOB, HA OCHOBAaHWM 3TUX JAHHBIX MOXHO OIPEHE]TUTH
CPOJICTBO KapOOKAaTMOHOB K TUAPUA-UOHY (Tabdi. 9.14):

R"+ H — RH + AH° kxan/Moib,
rne AH®° — cponctBo RY k rumpun-mony H™.

Tab6nauuma 9.14
CpoacTBo KapOOKATHOHOB K TMIPUA-HOHY

R* —AH, KKaJI/MOJIb R* —AH, KKaJI/MOJIb
@ @
CH 314 CH,=CH—CH—CH, 237
@
cH,CcH,® 274 CH,=CH—C (CH,), 25
@ [©]
(CH,),CH U7 CH,CH=CH—CH—CH, 25
®
(CH,),C® 230 CH,=CH 27
@ ®
C6H5S9H2 233 C H, 298
CHyCH 226 @ ® 3
CH,
®
CH.C(CH,), 20 > 200
@
CH,=CH—CH, 256
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W3 naHHBIX, TIpeacTaBlIeHHbIX B Tab. 9.11—9.14, cienyer, 4TO
OTHOCUTEJIbHAsA CTAOWUJILHOCTD MPOCTBIX AJIKMJIbHBIX KApOOKATUOHOB
YMEHBIIAETCS B PANy TPETUYHBIA > BTOPUYHBIA > MEPBUYHBIA >
> MeTua. B 5TOM Xe psiny yMeHbLIAeTCs CKOPOCTh Syl-peakuuu B
pacTtBOpe. AJUIMJIbHBIA M O€H3MJIbHBIM KAaTMOHBI I10 CTAOMJIBbHOCTU
B Tra3oBoil (ha3ze MPUMEPHO COOTBETCTBYIOT BTOPUUHBIM U TPETUY-
HBIM QJIKWJIbHBIM KaTMOHaM, TOTJa KakK BUHWUJIbHBIA U (PEeHUJIb-
HbIi KaTMOHBI MO CTaOWMJILHOCTU HECKOJIbKO BbIIIE METUJ-KATHO-
Ha. Cpeau CTPYKTYPHOIIOZOOHBIX KapOOKATMOHOB MOHBI C 0Oojee
BBICOKOM MOJISIDPHOM Maccoil 0oJjiee CTaOMJIbHBI, HaIllpuMep, cpe-
U TPETUYHBIX aJIKWJI-KATUOHOB CTaOUJIBbHOCTb BO3PACTAET B PSAY
mpem-C4H9Jr < mpem—CsH”Jr < mpem—C6H13+, a cpeau TEPBUY-
HBIX KapOOKATHOHOB CTAa0UJIbHOCTb PacTeT B PSIy CH3CH2+ <
< CH;CH,CH," < CH;CH,CH,CH," < CH;CH,CH,CH,—CH,".
Boiee BbicoKass cTaOMIBHOCTL OOJILLIMX MOHOB B ra3oBoil ¢a3e OT-
paxaeT MX CIIOCOOHOCTb K IUCIIEPCHUU TOJOXUTEIbHOTO 3apsjaa Mo
0OoJIbLIEMY YKCJy aTOMOB.

9.7.2.6. KAPBOKATHUOHDbI B PACTBOPAX

CT1abuJIbHOCTh KapOOKATMOHOB B PACTBOPE ropasno Bhlllie, YeM B
rasoBoii (ase, MOCKOJNLKY BennmunHa AH° MOHM3ALMM PE3KO yMEHb-
IIaeTCsl BCJIEACTBME COJbBATAllMKM Kak KapOokatmoHa R*, tak u mpo-
TMBOMOHA 7Z B MOJISIpHOI cpede. B pacTBopax KapOOKaTHOH MOXKET
OBITb WJIM «CBOOOJHBIM», WJIM HAXOAUTHLCS B BUAE MOHHOM Maphl, rae
OH CBs13aH ¢ MoHOM Z . MoHHBIE ITapbl 00pa3yloTCsl B paCTBOPUTEIISIX
YMEPEHHOI MOJISPHOCTU W MOHU3MPYIOLIEH crmocoOHocTU. «CBOOO-
HbIii» KapOOKaTHOH, 00pa3yiolIUiics B CUJIbHO MOHU3UPYIOLLIEH cpene
C OYCHb BBICOKOW AMAJIEKTPUUYECKON MPOHULIAEMOCTbIO, HA CaMOM JeJie
He CBOOOJEH, a COJIbBATUPOBAH MOJIEKYJIaMU PACTBOPHUTEJIS.

[Ipocrefilive ankua-KaTMOHbI OTHOCSITCS K YMCIY KpailHe HecTa-
OUJIbHBIX 1M PEAKUMOHHOCHOCOOHBIX YacTHIl, MO3TOMY TI'eéHepupoBa-
HHUE MX B PacTBOPE BO3MOXHO TOJbKO B CYMEPKHUCIBIX cpeaax
(SO,CIF — SbFs; FSO;H — SbFs; FSO;H — SO, — SbFs), T.e. B
pacTBopax, He coAepXKalllMX HUKAKWX MOTEHLMATbHBIX HYKI€O(hUIOB
¥ OCHOBaHUI, CITOCOOHBIX B3aMMOACICTBOBAThL ¢ KapookaTtroHoM. Cy-
MEePKUCIOTHI YK€ YyINOMUHAIUCh paHee B rnasax 3 u 4. Jlng camoit
cusibHOW OpeHcTenoBckoll kuciaorsl FSO;H 3HaueHue KuciaoTHOM
dynkuun I'ammera H, coctaBiser —15, a misg cmecu FSO;H u ca-
Mot cuibHOl kucnoTsl JIptonica SbFy  H,=—18. Haubonee nmoaxons-
LIMMU TSI TeHEepauuu KapOoKaTUOHOB Pa3IMUHBIX KJIACCOB 0Ka3aJIuCh
cuctemsl SO,FCl — SbFs win FSO;H — SbFy — SO, (xunk.), mo-
3BOJISIIOLLIME TeHEpPUpOBaTh KapOOKATMOHBI B MHTEpBaje TeMmIlepaTyp
ot 0 mo —120 °C.
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AJKuIbHBIE KapOOKATUOHBI B cynepkucioil cucreme SO,FCl —
SbFs reHepupyoT U3 AIKWIXJIOPUAOB U aNKUI(TOPUIOB, a NOHU3A-

uus cnuproB ocyuiecTBiasercsa B cucreme FSO;H — SbF; —
SO, (xuuk.):
SbF
RCI —————> KSbF,CI°,
SO,FC1
FSO;H —SbFs o  H® ®
ROH > ROH, — R + H;0".
SO, (xuak.)

Hekotopnle ankaHbl CIOCOOHBI K MOHU3ALIMU B CYIIEPKMCIION cpee
B pe3yJibTaTe OTIIECIJICHUS] TUAPUA-MOHA ¢ 00pa3oBaHUEM TPETUYHO-
ro kapOboxkaTrMoHa, Hampumep:

FSO;H — SbF; ® o
(CH;);CH > (CH;);CSbFsFSO3 + H, .

[lepBrUYHBIC, BTOPUYHBIC W TPETUYHBIC ATKUIXJIOPUABI, aJIKUIGBTO-
PUIbI U CIIUPTHI COBEPLIEHHO MO-Pa3HOMY BedyT ceOsi B CYNepKUCIO-
tax. I[lepBuuHble U BTOpuuHble crnupThl npu —110 °C B cucTemax
FSO;H — SbFy — SO,FCI nam FSO;H — SbF; — SO, mpotonupy-
I0TCSl C 00pa30BaHUEM KaTUOHA aJIKOKCOHMSI:

FSOs;H — SbF; ®
> RO
SO,FCl; —110 °C

ROH + H®

Katnonst CH;OH," u CH;CH,OH," crabuibHbl npu HarpeBaHun
pgo +50°C, oHM He OTUIEIUISIOT BOAY C OOpa3oBaHUEM CH3Jr u
CH3CH2+, KOTOpBIE BOOOILE HE BO3HMKAIOT B CYNEPKMCIIBIX Cpeaax.
o cux mop He yaajaoch 3apUKCUPOBATh B PaCTBOPE HU OZHOTO IIep-
BUYHOIO KaTHOHA RCH2+, KOTOPbI MOXHO OBLIO MASHTUMUIIUPO-
BaTh ¢ nomoluubio SIMP npu Hu3KUX Temmeparypax. MeTuia-KaTUOH U
STUJI-KaTUOH He o0pa3yloTcs M TPU B3aMMOACHCTBUM COOTBETCTBEH-
Ho CH;F n CH;CH,F co SbF;5 B pactBope xunkoro SO,. [Ipn HU3Knx
temriepatypax CH3;F Metunupyer nmo kuciopony okcun cepol (IV),
TOorAa Kak 3TWI-(QTOpua oOpa3yeT CMeCh IBYyX TPETUYHBIX KATUOHOB —
mpem-0yTWI- U mpem-TeKCUIKATHUOHOB:

@
CH,F + SbE; + SO, —> CH,0—S=0 SbF¢;

SbF
CH,CH,F 3> CH,=CH, + HSbF, ;
SO, (kumk.)
SbF; ® S
CH,=CH, + CH;CH,F > (CH;);C" SbF¢ .
SO, (xuuk.)
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MertaH, 3TaH M nponaH B cynepkucioi cpene SbFs — FSO;H
TakxKe 00pa3yloT mpem-OyTuiakaTuoH. axe BbIclIMe napaduHb U
HOJIUATWIEH 00pa3yloT mpem-OyTWIKATUOH B cynepkuciaorax. Coib
(CH;);C®SbF¢® crabunbHa nipu Temmneparypax Huxe —20 °C.

JlanpHeiilye IpeBpalleHus] ITPOTOHMPOBAaHHON (DOPMBI IIepBUY-
HBIX ¥ BTOPMYHBIX CITUPTOB, 32 MCKIIOYEHMEM METaHOJIa U BTaHOoJja,
3aBUCAIT OT CTPYKTYPHBIX (pakTOpoB M TeMmeparyphl. [IpoToHMpoOBaH-
Hast opma OyraHona-2 npu —60 °C npeBpalllaeTcss B mpem-0yTHIKa-
TUOH B pe3yJibTaTe OTLIEIUIEHUS BOAbl U IOCJIEAYIOLIE OYeHb Obl-
CTPOI TIeperpyrnnupoBKM BTOPUYHOTO B TPETUYHBIN KapOOKATHMOH.
ITpoToHMpOBaHHbINI NTEPBUYHBIN M300YTUIOBBIN CIIUPT JaeT mpem-0y-
TWIKATUOH Npu 6ojiee Bbicokou Temmeparype —30 °C, a OyraHon-1
npeBpaiaercss B mpem-0yTuiakatuoH Toiabko Ipu 0 °C. Bo Bcex atux
ciydasix oOpasyeTcsi TepMOAMHAMUYECKU 0oJjiee CTAaOMJIbHBIM TpeTHY-
HBI KapOOKATHOH:

FSO;H — SbFs; (=60)—(=110°C)_ (CH3)38 + HOP:

CH;);C—OH
(CHy)3 SO, (KuIK.)

—CH— : » CH;—CH—CH,CH; —>
CH; |CH CHyCH; SO, Gkmk.); —110°C | 7

OH ® OH,
FOOH — SOFs . (cHy,c®+ Hi0®:
SO, (xunk.); —60°C
FSO3H — SbF ®

(CH;),CHCH,OH 3 5 » (CH,;),CHCH,0H, —>

SO, (xkunk.); —60°C

FSO3;H — SbF;s
SO, (kuak.); —30°

2 (CHyC”+ Hi0%;

B ®
FSO3;H — SbF;s > CH;CH,CH,CH,0H,

CH;CH,CH,CH,OH
T80, (kunk.); —60°C

FSO3;H — SbF;5
SO, (xunk.); 0°C

> (CH3):C°+ H,0°.

DHTabMKS U30MEPU3ALUY BTOPUYHOTO KapOOKaTMOHA CH38HCH2CH3
B TPETUYHBIN (CH3)3C+—K3TI/IOH, COrJJaCHO OYEHb TOYHBIM KaJIOpH-
METPUYECKUM M3MepeHUsIM B cynepkucioTtax SO,FCl — SbFs, cocras-
Jsietr —14,5 kKaji/MoJib. AHAJIOTUYHO U3 BCEX M30MEPHbIX MIEHTAHOJIOB B
CYTIEPKUCIIOTaX TIOJIyJaeTcsl mpem-TIeHTUIKaTUOH, a U3 TeKCaHOJIOB —
mpem-TeKCUIKATUOH. TpeTUIHBINA 1-MeTMJIIUKIONEHTUIKATUOH
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MoJrydyaeTcsl B pe3yJbTaTe MOHM3AllMM BCEX M30MEPHBIX CIIMPTOB U

TaJIOT€HUIO0B:
o, (O
CH, CH
3 SbFs > —750,, —60°C
SO,; —60°C
X €] ‘%
S0,, —60°C X—CH2C

AHajormyHO TpeTu4HbI1 OMuMKIo[3, 3, 0]OKTWI-KaTMOH IIOJy4aeTcs
U3 BCEX CBOMX OMIIMKIMYECKUX ITPeIlIeCTBEHHUKOB:

X = CI; OH

cl
®
SbF;
J SO,FCl; —78°C

UpesBbluailHO HM3Kasl HYKJIeO(pWIbHOCTh aHUOHOB SbFée; SbFSXe
CIOCOOCTBYET IeperpynIIMpoBKaM MeHee CTaOMIbHBIX KapOOKAaTHOHOB
B M30MepHbIe UM 0o0Jjiee CTaOUIbHbIE MOHBI.

IIpyu noHm3auuu BTopuYHLIX ajkwidTopuaos mnpu —110 °C ¢ nmo-
moiupio SAIMP yaanock 3adukcupoBaTh 00pa3oBaHUE BTOPUYHBIX ajl-

KWJI-KaTUOHOB, KoTopbie Mpu —40 °C Haueao u3oMepusyroTcsi B Tpe-
TUYHBIE AJIKMAJI-KATHOHBI:

SbFs ®
> CH;CHCH,CH; —>
CH3|CHCH2CH3 SO,FCl; —110°C 3 503
SbF¢
SbFs Oy O
> (CH3);C"SbFg .
SO,FCl; —40°C (CHy)s 6
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C nomouupio auHamudeckoin SIMP-crieKTpockonuu yaaaoch olie-
HUTh pa3inyre B SHEPTUU MEXIY PasIUYHBIMM BTOPUYHBIMU U Tpe-
TUYHBIMM aJTKWIBHBIMUA KapOOKaTMOHAMM, KOTOPOE COCTaBJISIET B Cy-
nepkuciaoTax 10—15 kkaja/Moiab. DTH JaHHBIE OJIM3KU K PA3HOCTU DH-
TaJbIuii 00pa30BaHUS BTOPUYHBIX M TPETUUHBIX KapOOKATHMOHOB B
razoBoii (aze (tabdsa.9.10—9.12). PazymMHO MpearnosoxuTb, YTO pas3-
HOCTh SHTAJBLIIUM 00pa30BaHMS MEPBUYHBIX MU BTOPMUYHBIX KapOoKa-
THOHOB B CYIIEPKHCIOTaX TaKXe COOTBETCTBYET PA3HOCTU SHTAJBITMI
00pa3oBaHMS 3TUX MOHOB B Ta30BOil (hase, T.€. COCTABIACT IMPUMEPHO
20 xxkan/Monb. TakuMm 00pa3oM, M B pacTBOpax COXpaHSIETCS Ta XKe
MOCJIeNOBaTEIbHOCTh B CTAOMIBHOCTH AJIKUJIBHBIX KATMOHOB, YTO U B
ra3oBoii ¢pa3e: TPETUYHBIE > BTOPUYHBIC > TEPBUYHEIC.

SAMP-cnekTpocKomus B CYNepKMCBIX CpelaX I03BOJIMjIa WIEH-
TUGUIIMPOBATh M YCTAHOBUTH CTPOSHME CaMbBIX Pa3IMYHBIX KapOoKa-
TUOHOB: AJKWJbHbBIX, UUKIOATKUIbHBIX, OM- U TPULIMKIOAIKUIbHbIX,
OCH3MJIbHBIX, HUKJIOMPOIMMIMETUIBHBIX M1 MHOTMX APYTHX KapOoka-
TUOHOB, HampuMep:

— @
CH, CH,OH SbFs FSO{H= CH, CH,
SO,FCl; —78°C

B FSO,H; SbFs
D (f OH SO, —60°C > SH

H

SbF N )

CH3@CH2CH2CI SOZFCI’ —78°C > CH3O

SbF o
Br S0, —60°C

1-OpoMagamaHTaH 1-agamMaHTUILHBINA KaTHOH

SbF;
Cl SO,FCI; —150°C -
T 2-HOPOOPHUIIKATIOH

(cm. 9.7.4)

OnHako M B CyNEPKUCIION cpelie He yoajloch 3aMKCHPOBaTh 00pas3o-

BaHMe He3aMelleHHoro GeHsunbHoro katnona C¢HsCH,"™ u mepsuu-
+

Horo aumiibHoro karnoHa CH,=CH—CH,". CornacHo pacyeTHbIM
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Tao6numa 9.15

3nauenue pKg+ NI HEKOTOPBIX KapOOKATHOHOB
B BOAHBIX pacTBopax Kucjaot mpu 25 °C

Karnon pKR+ Karnon | pKi+
(n-Mey,NC¢H,),C* 9,36
(n-HOC¢H,),C* 1,97
(n-MeOC4H,);C* 0,82 CH; CH;
®
(n-MeOC¢H,),C*C¢H; —1,24 CH; 4%:§7C(CH3)2 —124
(n-MeC¢H,),C" —3,56 CH; CH,

e’ e | QD e

(n-FC4H,),C" —6,05 CH;

(n-CIC,H,),C" ~7,74 (M;Ce —2,3
(n-NO,C4H,);C* ~16,27 CeHs CeHs 131
(n-MeOC¢H,),CH* 5,71 LH,
(n-MeC6H4)2CH+ ~10.4 u30-C3H; — C3H;-us0 172
(C4Hs),CH" —133 C,H,-us0

(n-CIC4H,),CH" ~13,96
+4,7
(n-BrC¢H,),CH" —14,16

(KaTHoOH TPOITMJIMS)

JIIaHHBIM, #-METOKCUOEH3MIKATUOH Ha 14 KKaji/MOJb cTabuIIbHEe ca-
MOro OeH3uJI-KaTuoHa, TOorja KakK hapa-HUTPOOEH3UJIKAaTHOH Ha
20 xKayj/MolIb MeHee cTabuiieH, 4yeM OeH3MJI-KaTHOH. Tpuapuime-
TUJIKATUOHBI A1r3CJr U OUApUIMETUIKATUOHDI Ar2C+H 3HAYUTEIBHO
0osiee CcTaOUJIbHBI MO CPABHEHMIO C 3aMEILEHHBIMU O€H3UJIbHBIMU
KaTMOHaMu U TeM OoJiee ¢ ajKUI-KaTUoHaMU. TpuapuaMeTuaKaTu-
OHBbI U JUAPUJIMETUIKATUOHBI MOTYT OBITH T€HEPUPOBAHbBI U3 CITUP-
TOB yXX€ B CEpHOM KUCJOT€ U B BOAHOM CEPHOI KHUCIOTE. DTO OT-
KPbIBA€T BO3MOXHOCTb CTPOTOi KOJMYECTBEHHOW OLIEHKU OTHOCH-
TEJIbHOM yCTOMYMBOCTU 3TOro Tumna kKapbokatunoHoB. Hawuboiee
pacrnpoCcTpaHEeHHbI METOJl KOJUYECTBEHHOW OLIEHKU CTa0UJIbHOC-
T KapOOKATUOHOB COCTOUT B M3YUYEHUU WOHM3ALMU AUAPUI-, TPU-
apuIKapOMHOJIOB U HEKOTOPBIX AIPYTMX CIMPTOB B KUCJIOU cpene (st
100%-i H,SO, Hy=—11,9):
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o HSO, o
ROH +2H =——>= R®+ H;0°

CrabuIbHOCTh KapGoKaTHoHa RT MoXeT GbITh KOJIMYECTBEHHO OXa-
paxkTepu3oBaHa C MOMOLUbIO Mapamerpa pKg+, ONPENEISIEMOTO U3
YpaBHEHMUS
R+
pK,. = Hg +1gﬁ,

rae pKr+ — oTpulaTesbHasl BeJIWYMHA Jiorapudma KOHCTAHTHI paB-
HoBecust uisl TipeBpaiieHusi cnupra ROH B kap6okaton RY; Hy —
dyHK1MsA KMCIOTHOCTU pacTBopuTels (oobruHo cmecu H,SO, u H,O;
CM. I71. 3). 751 TOoro 4ytoObl ONpeneanTb BeIUUnuHy p K+ IUIsI KATUOHA
R*, cnupr ROH nomewiaior B pacTBOp CEPHOM KUCJIOTHI C M3BECT-
HbIM 3HaueHueM Hy. KoHueHTpaimio katnoHa R™ 1 HeMoHM3MpoBaH-
Horo cnuprta ROH ompenensior, Kak mpaBujao, M3 CIEKTPaJIbHBIX
JAHHBIX, U Jajiee BBIYUCHSIOT BeNMuuuHy pKp+. Takum meTonom ObuIU
ompesesieHbl 3HauUeHUs1 pKy+ A MHOTUX TpUAPWI-, TUAPWI-, TPU-
LUKJIONPONMIMETUIbHBIX M psla APYrMX KapOOKaTMOHOB, PE3yJbTa-
ThI IIpUBeIEeHbI B Ta0I. 9.15.

9.7.3. CTPYKTYPHBIE ®AKTOPBI, OIIPEJEJISIOIIUE
CTABUJIBHOCTb KAPBOKATHOHOB

JlanHble, mpuBeaeHHbIe B Taba. 9.11 — 9.15, M03BOJISIOT BbISIC-
HUTb, KaKue CTPYKTYpPHbIE OCOOCHHOCTU CIIOCOOCTBYIOT CTaOMIM3a-
UM WIM JecTaOuiu3aluuyd KapOOKaTMOHOB. B maHHOM paszneiie Mbl
pPaccMOTPUM CTPYKTYpHBIE (PAKTOPHI, BIUSIONIME HA YCTOMYMBOCTH
KapOOKAaTMOHOB, HE KacasicCh BIMSHUS COJIbBaTallUM, KOTopas, 0e3-
YCIOBHO, SIBJISIETCSI HE MEHee BaXKHBIM (DaKTOPOM, YeM CTPYKTYpHBIE
OCOOEHHOCTH.

9.7.3.a. AIKWJIbHBIE N HMUKIOAJIKNJIbHBIE KATHUOHBI

Kak yxe HEOgHOKpaTHO OTMEYaJloch B MPEAbIAYLIUX pasaesax,
U3 TPOCTEUIINX aJKUJIbHBIX KATUOHOB HauMMeHee CTabWieH KaTUOH
CH,", a HaubGosee cTaGuiIbHBI TpeTHuHble KaTMoHbl R;C*. Habmio-
JaeMbIiA psii MEPBUYHBIM < BTOPUYHBIM < TPETUYHBIA OOBSCHSIETCS
TMNEPKOHBIOTAlIMEe M MHAYKTUBHBIM 2(h(HEKTOM aJIKUJIbHBIX TPYII.
l'unepkonbloralys METUJIBHOM TPYINIbl (CM. V1. 2) oOycJIOB/IeHa B3a-
MMOJIEMCTBMEM METUJIbHOI TPYIIbl C BAKAHTHOI p-OpOMTaJIblO Kap-
OOoKaTHUOHHOTO 1LIeHTpa. Hanmpumep, 111 3TUJIBHOTO KaTUOHA BO3MOXK-
HbI CJIe[yI0lllMe ajJbTEPHATUBHBIE CXE€Mbl, OMUCHIBAIOIIUE TUIIEP-
KOHBIOTALIUIO:
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. —C\ (Me30MepHOE CMEILEHNE 2JIEKTPOHOB
H H cBsazeit C—H)

H ® H
b 8H Mo
C— D S =
H H

(MHOTOCTPYKTYpPHOE ONKMCAHKME B TEOPUM PE30HAHCA)

(B3aMMoOIEIiCTBIE KAHOHUYECKOM (B3anMoeiicTBIE THOPUIHBIX
opoutan CH;-rpymnrisl opoutaneit CH-cBsizeit
C BaKaHTHOI p-OpOUTAIBIO) C BaKaHTHOI p-OpOMTAIBIO)

VBenuueHue 4uciia METWJIbHBIX TPYIIN, CBSI3aHHBIX C KapOOKaTHOH-
HbIM LIEHTPOM, MPUBOAUT K YBEJIUUEHUIO CTAOMIBHOCTU YaCTHULIbI
BCJICIICTBHE OOJIBIIEH MeTOKATM3auy TTOJOKUTEIEHOTO 3apsiia.

JI1s1 TaKOTro B3aMMOAECHCTBUSI HEOOXOIMMO, YTOObI BaKaHTHAsI Op-
OuTasb KaTMoHa OblIa p-opbutaibio. OTcioga ciaenyer, YTO aJlKWJib-
Hble KaTUOHBI AOJIKHBI MMETh IUIOCKYI0 TPUTOHAJIbHYIO CTPYKTYDY.
KBaHTOBO-XxuMuueckue pacuetsl, a Takke MK- u AMP-cnekTpsl no-
Ka3bIBalOT, UTO TUIOCKAsl KOHGUTypallusl aJKWJIbHBIX KaTMOHOB JAeii-
CTBUTEJILHO camasl BbirogHasi. CorjiacHO pacueram, Tjiockas KOH(pu-
rypamnus MpearnodYTUTeNIbHA Maxe IS METHJIBHOTO KaTHMOHA, B KOTO-
POM THUIEPKOHBIOTAlUSl HEBO3MOXHA. OOBSICHEHHE COCTOUT B TOM,
YTO IIECTh BAJE€HTHBIX 3J€KTPOHOB Iockoro karmona CH;' pacro-
JIOXEHBI Ha TPeX Sp’-TMOPUIHBIX OPOUTANSIX aTOMa yIJIepoia, W T0-
3ToMy GMXe K spy, ueM B nupamuaanbHom katuoHe CH,', rie
OHHU PaCIOJIOKEHBI Ha MNPUOJIU3UTEIHLHO Sp3—FI/I6pI/I,£[HbIX opouTaIsx,
IMOCKOJIbKY S-XapakTep y spz-op6mam/1 0oJblile, YeM y sp3.

[MopsinoK yCTOMYMBOCTU MPOCTHIX AJKUIbHBIX KaTMOHOB MOXKHO
TakXe OObSICHUTH (+1)-3((heKTOM aJKUIbHBIX TPYIMI, KOTOPBIA IO-
HUKaeT KOHIEHTpALMIO 3apsija Ha KapOOKAaTMOHHOM IlieHTpe (Kak
MpaBWIO, 3apsLKeHHas YacTUIla TeM yCTOMYMBee, YeM MEHbIIle KOH-
LEHTpaLusl 3apsiaa).
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ILuxknoankuiabHble KaTUOHBI, coAaepKallue 5-, 7- Win 8-4ieHHbIe
LIMKJIBI, CTA0MJIbHEE COOTBETCTBYIOIINX AlMKINYECKUX AHAJIOTOB. DTUM,
B YaCTHOCTHU, OOBSICHSIETCS TOT (PakT , YTO paBHOBECHE

H H
S CH,CH,CH-C~CH; == .
CH, CH,CH,CH,~C—CH,

CH;4

B CYMNEPKUCIOTaX CIBUHYTO BieBO. OOpa3oBaHUe KapOOKATMOHHOTO
LIEHTpa B IOJIOBE MOCTa MOCTHUKOBBIX CUCTEM IMPOUCXOJUT C OOJIbIIUM
TPYJAOM, TaK Kak B 3TOM cllydyae TPM CBSI3U yrjiepoja He MOTYT Jie-
KaTh B OIHON TJIOCKOCTU. Tem He MeHee |-amamMaHTUI-KaTUOH JIETKO
o0pasyeTcsl B CyNEepKUCIoi cpene (cM.npeabiayuuii paszaen). Cuura-
eTcsl, uTo B l-ajmaMaHTUJIbHOM MOCTMKOBOM KaTHMOHE KaTHUOHHBIK
LIEHTP MOXeT ObITh MOUTHU TIJIOCKMM, HECMOTPSI Ha TO UTO MOJOXU-
TeJIbHBIN 3apsii JOKaJIM30BaH B rojioBe MocTa. JIpyrum rnpumMepoM siB-
JisieTcst 1-mpuc-romo0appesinibHbI KaTUOH, MoydeHHbId npu —78 °C
B CyNepKUCION cpeae. B faHHOM ciydyae HeyCTOMYMBOCTh MOJIOXKEHUS
KapOOKATUOHHOTO LIEHTPA B TOJIOBE MOCTa KOMIIEHCUPYETCSl YBEJU-
YeHUEM YCTOWUYMBOCTM 3a CUET COMPSIKEHUSI ¢ TpeMsl LMKJIONPONUIb-
HbIMU TpyrnnaMu (cM. 9.7.4.B):

/
®
1-mpuc-roMobappeTIbHBIN KaTUOH

BaxHbIM (hakTOpOM, CTAOUIU3UPYIOIIUM aJKUJIbHBIN KapOoKa-
TUOH, SIBJISIETCSI HAJIMUMe B TOJOXEHUU, COCETHEM C KapOOKaTHOH-
HBIM LIEHTPOM, TFeTepoaToMa C HEMOAEIEHHOW 3JEKTPOHHOUW Mapoi
KHUCJI0pOaa, a30Ta WM rajgoreHa. Hampumep, METOKCUMETUJIbHBIN
KaTUOH MOXHO TIOJYYWTh B BUIE YCTOMYMBOTO TBEPAOTO BEIIECTBA
CH;OCH, SbF~. CtabuibHOCTb MOMOGHBIX HOHOB OOYCJIOBJICHA TTe-
pPEKpBIBAHMEM BaKaHTHOW p-OpOUTANM C OpPOUTATbI0 HETOIEeIEHHOMN

99

"C—X  (X=OR, NR,, Hal u 1.11.) .

Bl
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ITo Toii ke mpUYMHE OTHOCUTEIBLHO CTAOWJIbHBI M allMJIbHbIE Ka-
tioHbl RCO™. AuletuibHbiii KatioH CH;CO" ycTOMYMB TOYTH TaK XKe,
Kak mpem-OyTUILHBIN (Tabi. 9.12):

OQ_K)% T.e. (R— Q)
, .

9.7.3.6. AJUIMJIBHBIN, BEH3UJbHBIM U MOJUAPUIMETUJILHBIE
KATHWOHDI

Ecnu monoxkuTenbHO 3apsDKeHHBIM aToOM YIjiepoaa HaXOIWUTCS B
conpskeHun ¢ nBoiiHOM C=C-CBsI3bl0, YCTOMYMBOCTh KaTMOHA I10-
BBILLIACTCS BCJICACTBUE YBEIMYCHHUsI OEIOKAIM3aLMU IOJIOXKUTEIbHO-
ro 3apsga. B ainibHOM KaTHOHE 3apsii IPUHAIIEKUT IBYM KpalHUM
aToMaM, MO3TOMY aTaka HyKJIeodujaa paBHOBEPOSITHA IO 00OUM
KpailHUM TIOJIOKEHUSIM:

Nu: /_\ H /\ :Nu

+1/2

H H

MonekyasipHO-OpOUTAIbHOE OMUCAHKWE AJUITWJIBHOTO KaTMOHA, TaHHOE
B IJI. 2, moKa3biBaeT, yTo MmiaotHoctb HCMO Ha ueHTpaJibHOM aTtome
yrJiepoja paBHa HYJIO, BCJIEACTBUE Yero HyKJaeohua HUKOTIA He aTa-
KyeT LIEHTpaJIbHBI aTOM aJUIMJIBHOTO KaTHOHA.

YcroiiurBble aJlTJIbHBIE KATUOHBI MOJY4YaloT B KOHLIEHTPUPOBAH-
HOI CepHOM KHUCJIOTe MpU PacTBOPEeHUU B Hel 1,3-AuMeHOB; Hampu-
mep, 1,3-gumeruii-1,3-UMKIONEHTaIMeH B 3TUX YCJIOBUSX 00pasyer
KaTHOH, TOJHOCTbIO CMMMETpPUYHAsI CTPYKTypa KOTOPOro aoKa3aHa
cnexktpamu SAMP:

H,SO,

CH3 CH; CH3 CH;
H H

JAMBUHUIMETUIIBHBI KATUOH 0OoJjiee YCTOWUYMB, YeM aJUIMIbHBIC.
BaxkHpIM TIpMMepoM TaKMX KATUOHOB SIBJISIIOTCS apeHOHMEBBLIE MOHBI,
WTPAOIMe POJIb KITIOUEBBIX MWHTEPMEINATOB B 3JIEKTPOGUILHOM apo-
MaTUYEeCKOM 3aMelleHUu (cM. 1. 13). TpuBUHUIMETUIIbHBIE KATUOHBI
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YCTOMYMBBI JIMIIIL TIPU HU3KUX TeMIleparypax Bo (BTopcyabd®oHOBOI
KHCIIOTE:

beH3WIbHbBIE KaTMOHBI aHAJOTMYHO AJIJIBHBIM CTaGI/IJ'II/ISI/IPOBa—
HBbI 3a CUCT ACJIOKAJIM3ULIMUM 3apsdia IO LECIM CONPAXKCHUA:

@
®
CH2<—>Q:CH2<—> @@:CHZH
X X X
®
e G

Takue KaTMOHBI OTHOCUTEJIBHO YCTOMYMBBI B BUae cojeit ¢ SbFy
B cynepkuciorax. Eie 6osee ycToiuuBbI AUAPUI- U TPUAPUIMETUIIb-
HblE KaTHOHBI. [IaBHO M3BECTHO, YTO TPU(PEHWIXJIOPMETAH MOHU3U-
pyeTcsl 10 MOHHBIX Map ¥ YaCTUYHO A0 CBOOOAHBIX MOHOB BO MHOTIMX
PaCTBOPUTENIAX, HEe 00JANAOUX HYKJIEODUIbHBIMU CBOMCTBAMHU, Ha-
npumep B xuakom SO, 6e3 nobasnenust SbFs nin FSO;H:

Ph,CCl === Ph,C°+ C°.

Hns TpuapuaMeTUIKaTuOHOB Ar3C+ TPU CBSI3U LIEHTPAIBHOTO aroma
yrjiepoja JexaT B OJHOH IJIOCKOCTH, a TpU OEH30JIbHBIX KOJbla pac-
MOJIOXEHBI MO YIJIOM 54 ° Ipyr K ApYry, YTO NPUIAET KaTUOHY (op-
My nponeiepa. [ToBopoT apoMaTHYeCKUX KoJiel OTHOCUTENbHO APYT
Jpyra BO3HUKAET M3-3a OTTaJKMBaHUsI MEXJIy aToMaMU BOJAOpOIA B
opmo-TojoxXeHuu. TpuapuaMeTuibHble KapOOKaTUOHBI 001aJal0T OT-
HOCHUTEJIbHO BBICOKOI CTAaOMJIBbHOCTBIO BCIEICTBUE ACIOKAIU3ALNU
MOJIOXKUTEIBLHOIO 3apsijia MO TpeM OEH30JIbHBIM KOJIbLIAM 3a CYeT 3¢-
(bekTa p-m-COMNpPSIKEHUSI.
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B Ta6x. 9.15 mpueneHsl 3HaueHUS pKp+ U1 psAa OTHOCUTEIBHO
YCTOMYMBBIX KApOOKATUOHOB AW- U TpUAPUIMETWIbHOTrO psiaa. JIerko
3aMETUTh, 4TO 2JeKTpoHonoHOopHbIe 3amecturenu (OR; OH; NR,),
obnamatromue +M-3(pdeKToM, YBEeIMUMBAIOT CTAOMIBHOCTh KapOoKa-
ToHOB. C Ipyroil CTOPOHBI, 371eKTPOHOaKIIeNTOopHbIe 3amectutean CN;
NO, u npyrue, obnanarowne -M- n -I-3¢dekToM, MOHMXKAIOT yC-
TOMYMBOCTh KapOOKATMOHOB, UTO OTpaxkaeTcss B OCOOEHHO HU3KMX
9KCMEPUMEHTANBHBIX 3HaYeHUsAX pKp+. TpudeHnamMeTunpHblil KaTu-
OH U TpU(eHUJIKapOUHOJ HAXOAATCSd B PABHOBECHU B PABHOU KOH-
neHTtpaun B 50%-i BomHOI cepHoii kuciuore. nsa 4,4”,.4”-tpume-
TOKCUTPU(MEHUIMETUIbHOTO KaTuoHa u 4,4’,4”-TpUHUTPOTPHU-
(EeHIIMETHIPHOTO KaTMOHA paBeHCTBO KoHueHTpaumii R® 1 ROH
JOCTUTAETCSI COOTBETCTBEHHO B 2%-ii u 88%-i1 BOOMHOI CEpHOM KHC-
note. AnapuiMeTnibHble KaTMOHBI Ha 6—7 enuHuil pKp+ MeHee yc-
TOUYMBBI, UeM TPUAPUJIMETUJIbHBIE, UTO OTpaXkaeT KyMYJISITUBHbBIN
3P deKT apMIbHBIX TPYIII Ha CTaOMIBHOCTh KapOokaTnoHoB. K coxa-
JIEHW10, OEH3MJIbHbIE KaTMOHbI HE HACTOJIbKO YCTOMYMBBI B paBHOBE-
CUU C HUCXOJHBIMU OEH3UJIOBBIMU CIUPTAMU, YTOOBI MOXHO OBLIO
TOYHO W HAJEXHO OINPENENIUTh I HUX 3HaueHus p K+ [Tomumo tpu-
ApUJIMETUJIbHBIX U JUAPUJIMETUIIbHBIX KaTMOHOB C TMOMOIIbIO BEJIU-
YuH pKRr+ MOXET OBITH OLIEHEHA YCTOWYMBOCTH TPULMKIIOMPOITMIME-
TWIbHBIX, TPUAPWUJI- U TPUATKUJILIMKIONPONEHUIbHBIX KapOoKaTHuo-
HOB. B Tabim. 9.14 BKIIOYEHBI TaKXKe BEIVYUHBI PKp+ IUISI KATUOHOB
TPONUJIMS U UMKJIONPOINEeHWIUs, 0bjlafalolnuX CBOMCTBAMU TUMWY-
HBIX apoMaTu4eCcKux cuctem (T71. 12).

9.7.3.8. HUKJIOIMMPOITUJIMETHUJIbHBIE KATMOHDbI

LuxnonponuiMeTUIbHbIM KaTUOH YCTOWUYMBEEe OCH3WIBHOTO, Ouc-
(LUMKJIONPOMNUI)METUIbHBIA KaTUOH yCTOHYMBee NUGMEHUIMETUILHO-
ro, a mpuc-1UMKJIONPONMIMETUIbHBII KaTUOH YCToiuMBee TpUbEeHUI-
MeTuJabHOro (cM. Tabna. 9.14). Takum oOpa3oM, LMKIONPOMUIbHAS
rpynna cujbHee CTaOWIM3MpyeT KapOOKaTHOH, YyeM (eHMJIbHas.

Ocobast yCTOMYMBOCTb HUKIOMPONMUIMETUIBHBIX KATUOHOB MOXET
ObITh OOBSICHEHA B paMKaX TEOPUU MOJIEKYJISIPHBIX opOuTaneit
caenyomuM obpazoM. PaccMOTpUM LUKIOMPONMMIAMMETUIMETUIbHBIN
KaTMOH, KOTOPBI JIETKO IIOJIlydaeTcsl MpU pacTBopeHUM B 96%-ii
H,SO, 1 nostoMy neTaibHO MCCIeT0BaH:

CH;
| _ HS0,

I>~?_OH |>—C ® + H;0™.
CH;
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Cnektpsl IMP u npyrue naHHble MOKa3bIBAIOT, YTO 3TOT KATUOH
Oosee crabuieH B KoHdopMmauuu A, yeM B KoHpopmauuu b, T.e. Ba-
KaHTHas p-opOUTaIb pacrojiaracTcsl MapajuiebHO TIJIOCKOCTH TpeX-
YWIEHHOTO LIMKJIA:

Me 1\{'[6 Me
/
5 Me ®
H H
A b

bapbep BpailieHUs1 Mexay KoHpopMmausaMu A 1 b oueHb BeJUK U
coctaBisieT 14 KKai/mMonb. DTO OOBSICHSIETCS TeM, YTO B KOH(DOpMa-
1M1 A BakaHTHasi opOUTaIb OUeHb CUJIbHO B3aUMOJIEMCTBYET C OJHOM
U3 ABYX BbIpoxXAeHHbIX B3MO 1MKJIONPONaHOBOro KoJjblia, 8 UMEHHO
¢ toii opoutanbio B3MO (1), koTopasi He UMeeT HyJeBOro BKJaaa OT
OJIHOTO M3 aTOMOB yriiepoja (MOJEKYJIsIpHbIe OpOMTaIu LIMKJIOpoIaHa
paccMaTpyBaIUCh B T 2):

B3MO (1)
BaKaHTHasI
p-opbuTab
KapOOKaTUOH-
TR HOTO IIeHTpa
B3MO (2) @ @

B pesynbTaTe MpoOMCXOOUT 3HAYMTEBHBIM MEPEHOC 3apsiia OT LUKJIIO-
MPOMNaHOBOM IpynIibl K KapOOKATUOHHOMY LIEHTPY, YTO MOXHO MOSIC-
HUTb clieAyolleil (opmynoii:

®)

B3MO (1)

Takoit 3pdekT, Bo-NepBbIX, CTA0OWIM3UPyeT KoHpopMaunio A 1, Bo-
BTOpPBIX, JIeaeT IUKJIOMPONUIMETUIBHBIN KaTUOH HOCTaTOYHO CTa-
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ouabHBIM. OH XapakTepeH TOJBKO IS LUKJIONMPONMWIbHBIX TPy 1
rcye3aeT yxKe TP IMepexone K MUKIOOYTHIMETHIBHBIM TPOU3BOIHBIM.
BcenencrBue B3aMMOIECTBUSI ¢ BAKAHTHOI p-OpOUTANbIO LIMKIIO-
MPOIMIbHAS TPYMIa aHAJOTUYHO (DEHMJIBHON M BUHMJIBHON MOXET
MPOSIBIATh 3(MGHEKT yyacTUsi COCETHEN TPYMIbl B Sy-peakiusix.

9.7.3.r. BUHUJbHBIN U ®EHUJIbHBIN KATUOHBI

OTU KAaTUOHBI MaJOCTAOMJIbHBI, IIOCKOJbKY OpOMTa/b, HEeCyllas
MOJIOXKUTENbHBIM 3apsifi, OPTOrOHAJbHA TW-CUCTEMaM M HE MOXET C
HUMHU B3anmojeicTBoBath (1. 6). [1o3ToMy HEyIMBUTEILHO, YTO HU
BUHWJIbHBIM, HU (DEHUJIbHBIA KAaTMOHbI JO HACTOSIIEr0 BPEMEHU B
pacTBOpax CYMEepKUCIOT B BUAE YCTOMYMBBLIX YaCTHUIl HE MIAECHTU(DU-
LIMPOBAHBI.

CunTaercs, 4YTO BUHWIbHBIE KaTMOHBI MMEIOT JIMHEHHYIO CTPYK-
TYpY, a He TPUTOHAJIbHYIO:

®
Rl\ 1 R’

3 RN -
R O R ®

OTHUM, B YaCTHOCTHU, OOBSICHSIETCS 0OJIee BHICOKAsI CTAOMIbHOCTD apuJl-
BUHWJIbHBIX KATMOHOB, BbIpaxkalollasicsi B TOM, UTO COEAUMHEHUS TUIa
R,C=C(Z)Ar moryT pearmpoBaTb M0 MeXaHU3My Syl.

9.7.4. HEKIIACCUYECKHUE KAPBOKATHUOHBI

Hexnaccuueckum kapboxamuoHom HA3bIBAECTCS TOJOXUTEIbHO 3a-
PSDKEHHAs 4acTULA, B KOTOPOW NETOKATU3ALUS MOJOXUTEIBHOTO 3a-
psiia OCYLIECTBIISIETCSI ¢ MTOMOLIBIO MHOTOLEHTPOBBIX MOJIEKYJISIPHBIX
opbuTaseit, oOpa3oBaHHbIX MEPEKPbIBAHMEM ATOMHBIX OpOUTael Mo
o-tuny. Hanmpumep, aluabHbIA KaTUOH CH2=CHCH2Jr SIBJTSIETCST KJTac-
CMYECKMM, TOTIa KakK roMoautmibHblii Katnon CH,=CH—CH,CH,"
B KOH(OpPMALIMU, B KOTOPOI BAKAHTHAsl p-OpPOUTAIb MOXET MEPEKPhI-
BaTbCsl C W-OPOUTAIBIO, PACCMATPUBACTCS KAaK HEKJIACCUYECKUIA:

(m-menoKanu3arus) (o-nmenokanu3anusi)
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B annunbHOM KaTuMOHE TpU B3aumMmojeicTBywoliue p-AO mepe-
KPBIBAIOTCS IO T-THUITY, 00pa3ysl AeJOKaIN30BaHHbBIC T-CUCTEMbI, TOT-
Ja KaK B TOMOQJTMJIEHOM KaTHMOHE OCYIIEeCTBISIETCS TepeKphIBaHMe
O-TUIIa, TTOCKOJIbKY BaKaHTHasi p-opoutanb Ha C(4) B3auMoaeicT-
ByeT ¢ p-opboutanamu Ha C(1) m C(2) nuiub OGHOI CBOeil moJieil.
Hanuuue m-cBga3u mexay C(1) u C(2) npuHUMOKUAIBHO HEBAXHO,
TaK KaK BaKaHTHas OpOMTAJb JIOKAJIM30BaHA JIUIIb C OMHON CTOPOHBI
IJIOCKOCTH TBOWHOM CBSI3M, YTO OOYCJIOBIMBACT pas3iinyve B CUMMET-
PUM MEXIY aJUIMJIbHBIM U TOMOA/UIMJIBHBIM MOHAMU. AJUTMJIBHBIN Ka-
THUOH MMeEET T-CUMMETPHUIO, TOTAa KaK TOMOAJIMIbHBII — G-CHUM-
Metputo. Ha cxeme 9.5 npuBeaeHbl MprUMepbl KJIACCUYECKUX U HEKJIac-
CHYECKUX CTPYKTYp KapOOKAaTHOHOB.

Cxema 9.5

Knraccuueckue cmpykmypoi

RO

H O(DH H QO’ -k @
H’}{C ) H’}{C O H”“H
51 H

STUJI-KaTHOH 1-TOpaTHII-KAaTHOH WOH VOH
OCH30JIOHUST  ATUJIEH(PEHOHUSI

Heknaccuueckue cmpykmypol

H
H
LIAKJTOMCTIVIT-KaTUOH 2-HOPOOPHWI-KATUOH
CIQ
H,C------ -CH
2 "t 2
H
7-HopOopHeHWT-  OMUUMKIIO[3.1.0]reKcMn-  MOH LMKIIONPONaHOHMS
KaTUOH KaTUOH (LIMKJIOTIPOITaH, TIPOTO-

HUPOBaHHBIN "TIO pedpy")
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B dopmynax HekJlacCMYECKMX MOHOB NMYHKTUPHBIMU JIMHUSIMU
0003HaYal0T MHOTOILIEHTPOBbIE (OOBIYHO TPEXLIEHTPOBBIE CBSI3U), a
CIUIOLLIHBIMU JIMHUSIMU — HOPMAJIbHBIE KJIACCUYECKME BYX3JEKTPOH-
Hbl€ G-CBSI3U.

Hexnaccuueckue KaTMOHBI MOXKHO T€HEpUPOBATb B COJbBOJIUTH-
YEeCKMX peakiiusX MyTeM OTIUETUIEHUST YXOMASILIEH IpymIibl ¢ ydacTUEM
WJIM COCEIHEeN m-CBSI3U (M-TyTh), WJIM COCEAHEU G-CBI3U (G-MYTh),

HaIpumep:
S b
Z ////
H
H

H HEKJIACCUYECKU I
KaTHOH

OpHako caMm (hakT ydyacTUsl COCEOHEN TIPYIIbI He 00sS3aTeIbHO
yKa3bIBaeT Ha 00pa3oBaHME HEKJIACCHMYECKOro MOHA, TaK KaK aHXM-
MEpPHOE COAEHCTBUE MOXET MPUBOAUTH U K KJIACCUUYECKOMY KATUOHY:

(Kmaccu4ecKuii KaTUOH)

Joka3ath 00pa3oBaHUe HEKJIACCMUECKOIO MOHA YPE3BbIYAHO TPY/I-
HO, TaK KakK BCEIla CYIIECTBYET aJlbTepHATUBHOE OOBSICHEHUE SKCITEe-
PUMEHTATbHBIX JAHHBIX HE 4Yepe3 HEKIAaCCUYeCKUI KapOOKaTHMOH, a
yepe3 O4YeHb OBICTpOE PaBHOBECHE MEXIY ABYMS KJIACCUYECKMMU
CTPYKTypaMU:

R
N ® _- ObICTpOE ~_ ® /
_-C—C¢ B —_ ~C—C.

- /(1) )N\ paHoBecne 77 (1) (QN\

ITpu ObicTpoM mnepexoae rpynnbl R ot C(1) k C(2) u HaobopoTt
CBOICTBA 3THMX aTOMOB yIJIepOAa YCPEOHSIOTCS, U MOJIydaeTcsl KapTu-
Ha, HEOTJIMUMMAas OT TOM, KOTopasl Habaonanach Obl B cyyae Hekjac-
CHUYECKOro MOoHA. B oueHb ObICTPOI paBHOBECHOI M30MEpU3alMKU Kilac-
CUYECKUX CTPYKTYP MOH C HEKJIACCUYECKOU CTPYKTYPOU MOXKET SIBJISITBCS
WM OYeHb KOPOTKOXHUBYIIMM WHTEPMEINATOM, WU TEePEeXOTHBIM
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coctosiHueM. ITogoOHbIe TIepexoHble COCTOSIHUSI XapaKTepHbI JJ1s psiaa
BHYTPUMOJICKYJIIPHBIX TEPErpynnyMpoBOK, KOTOPbIE paccMaTpUBaIOT-
¢ B UL 26 (4. 3).

M3-3a 9TUX U Apyrux TPYAHOCTEN CYLIECTBOBAHUE HEKJIacCUUec-
KHUX MOHOB, MPUBEIECHHBIX HA cXeMe 9.5, Helb3sl CUYUTATh MOJTHOCTBIO
ycTaHOBJIEHHBIM. Haunbosee Beckue q1oKa3aTesbCTBa B MOJIb3y HEKJIac-
CUYECKOI0 CTPOEHMS IOJIyYeHbI ISl 2-HOPOOPHWI-KAaTUOHA. DTU J0-
Ka3aTeJbCTBAa, OCHOBaHHbIE Ha HU3KoTemIeparypHoil AMP-cnekrt-
POCKONMUU B CYMEPKHUCIBIX Ccpenax, MOAPOOHO PacCMOTPEHBI B
1. 26 (4. 3).
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10.1. KITIACCU®HUKAIIVA PEAKIIUN DJIVNMUHUPOBAHUA

Peakuun sasumunuposanus (OTIIEIIICHUSI) MOXHO KJIacCU(DUIIN-
poOBaTh B COOTBETCTBUM C OTHOCHUTEJIBHBIM PACIIOJIOXKEHUEM aTOMOB
yriepoaa, OT KOTOPBIX MPOMCXOAMUT OTIICTIJICHUE IBYX aTOMOB WU
rpyni. Eciau ob6a oTimieruisiiolnnx ¢pparMeHTa CBSI3aHbl ¢ OQHUM U TEM
K€ aTOMOM YIJIepojia, TaKOi TpOLEeCC Ha3bIBaeTCsl O-2JMMUHHUPOBA-
HueMm. B pesynabrarte o-ssumunuposanus odOpasyetcsl He3apsiKeHHas
BJIEKTPOHOAC(UIINTHAS YaCTUIIA C IBYXKOOPAWHUPOBAHHBIM YIJIEPO-
JIOM, M3BECTHasl IOI Ha3BaHUEM KapOeH:

l|{2 }Fz
R—~C—X ——> R—C: +HX.
l\-l KapOeH

Peakiiuy o-3J1MMUHHUPOBAHHUS ¢ 00Opa3oBaHUEM KapOEHOB MOJI-
poOHO paccMarpuBaloTcs B IU1. 5 (4.3). Ecim nBa oTLIETUISIIONIMXCs: aToMa
WJIX TPYNIBI aTOMOB CBS3aHBI C COCETHUMU (BUIIMHAIBHBIMU) aTO-
MaMH yIjiepona, TaKoil TMpoliecC HasbIBaeTCs [-aaumunuposanuem. B
pe3yjbTaTe B-3JMMUHUPOBAHMSI 00Opa3yeTcs T-CBSI3b:

H H

| |
R‘—$—$—R2 — > R'CH=CHR® + HX .
H X

Peaxiiumn SJIMMUHUPOBAHUA T'PYyIIl, OTACJACHHLIX APYr OT Apyra
OOIHHM, IBYMA U OOJIbIIMM YUCJIOM aTOMOB yrjaepoaga, HOCAT Ha3Ba-
HHUA COOTBETCTBCHHO Y-, 0- U T.O. SJIMMUHUPOBAHUA. HpOZ[YKTaMI/I
QJIMMMHUPOBAHMA B OTUX CaydadX ABJAIOTCA HUKIMYCCKUE COCIHNHC-
HUA — MNPOMU3BOIHLIC LIMKJIOIIPOIIaHa, L[I/IK)'IO6YTaHa n T.1o.

CH
2

~
H,

Y -9JIMMUHNPOBAHUE

J1y1s1 TOro, YTOOBI MPOU3OILIIO 3aMBbIKAHME LK1, MOJIEKYJIA 1OJIK-
Ha MIPUHATH CTPOTrO ONpPeEeIeHHYI0 KOH(POPMALIMIO, T.€. TOJKHO ObITh
OrpaHUyEeHO BpalleHUe BOKPYT HECKOJIBLKMX YITIEPOI-YITYPOIHbIX CBS-
3eil. DTO NMPUBOAUT K BO3PACTAHUIO SHEPIUU AKTUBALMU LIMKJIM3ALUN
AG* = AH* — TAS” 3a cYeT MOHMXEHUs SHTPOIUU aKTUBALMU AS™.
Tt B-3MMMUHUPOBAHKS HEOOXOOMMO OTPAaHMYMUTL BPALUIEHUE TOJb-
Ko BOKpYr ogHoil C—C-cBsasu. CiemoBaTebHO, B-3IMMUHUPOBAaHME
B NPUHLMIIE JOJKHO OCYIIECTBIATLCH JIETYE 10 CPABHEHMIO C IIPO-
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1eccaMy OTILEIUICHUSI, MPUBOISIIIMMHA K oOpa3oBaHMIO LMKiaa. Lnk-
JJooOpa3oBaHWe CTAHOBUTCS KOHKYPEHTHOCIIOCOOHBIM TOJBKO TOT/A,
Korma y y-, 6- wiu 06oJjiee OTHAJEHHOro aToMa yrjepoaa HaxOoduTCs
cuibHas snekTpoHoakuentopans rpynna CN, COOH, NO, u ap.,
HaTnpuMep:

NaNH,

CICH,CH,CH,CN — > [>>—CN + NaCl + NH; ;
a¢up
(67%)
0 0
| 2NaOH I
CICH,CH,CH,~C—CH,CH,CH,Cl ————> c—] +
H,0, 50 °C (52%)
+ 2NaCl + 2H,0 ;
Zn; 80 °C
BrCH,CH,CH,Br —» \/ + ZnBr,.
C,H,0
2 (70%)

B 37001 m1aBe OyayT paccMOTPEHbI peakuuu B-3JIUMUHUPOBAHUS,
KOTOpBIE IIPUBOIIT K 00pa30BaHUIO AJIKEHOB.

10.2. MEXAHU3M B-DJIMMUHUPOBAHUSA

J1st peakuuyl (-2JIMMUHUPOBAHUSI BO3MOXHBI TPY MEXaHU3Ma,
pas3TMJaloIrecs OCIeT0BaTeIbHOCTBIO OTIIEIIECHUST IPOTOHA M YXO-
ngueit rpynnsl X: El, ElcB n E2.

10.2.1. E1-BJIMMUHUPOBAHUE

B mexanusme E1 (3IMMUHUPOBAHME MOHOMOJIEKY/ISIDHOE) CTaJUCH,
OIpeIeIIAIoNIeil CKOPOCTh BCETO TIporiecca, SIBISIeTCS MOHU3ALMS Cyo-
cTpara ¢ obpa3oBaHMEeM KapOOKaTMOHA, KOTOPBIN CTaOMIM3UpPYeTCs B
pe3ysbTaTe OTIIEIUICHMS IPOTOHA OT [B-YJIepOMHOTo aToMa B OBICTPOit
CTaJuu, He BIMSIONIEH Ha CKOpOCTh peaklnu (Sol — pacTBOPUTEND):

MEIJICHHO OBICTPO
R' CH2|CHR <—> TR CHZCHR X m’
o)

X
1 2 @ C)
— > R CH=CHR" + H,080l + X"
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IlepBast cragusi MOHOMOJIEKYJISIDHOTO 3JIMMMUHUpOBaHUs El maeHTUY-
Ha OIpenessIIonieil CKOPOCTh CTaIuM PeakMM MOHOMOJIEKYJISIPHOTO
HykjieodwisHoro 3amenieHns Syl (mr. 9). IMostomy oba Tuma peak-
umii, 1 E1 u Syl, onuceIBalOTCS OAHUM M TEM K€ KWHETUYECKUM
ypaBHeHUeM v = k;[RX], roe ckopocTb peakuuu HE 3aBUCUT HU OT
KOHIIEHTpAILIMM, HU OT MPUPOILI OCHOBAHMS, OTIICTIISIONIETO IIPO-
TOH BO BTOpOM, ObIcTpoit ctamnm El-miporecca. Pakrtuyeckn Kapbo-
KaTUOH, OOpas3yIolIMiics B pe3yibTaTe MOHM3ALMU CyOcTpara, ydacT-
BYeT B ABYX MapasuleJbHbIX, KOHKYPUPYIOIIMX PEaKkUUsX: MPUCOEAM-
HEHUsl HyKJIeo(hWIbHOIO areHta K KapOOKaTMOHHOMY LEHTPY (Syl )
U OTILEIJICHUSI TIPOTOHA OT B-YIJIepOIHOr0 aroma Mpv NEWCTBUU TOTO
ke ocHoBaHus (£1). B mogapisitoliieM OOJBIIMHCTBE CIydyaeB POJib HYK-
neodunpHOro areHTa npu Syl-mexaHusme U ocHoBaHus npu El-mexa-
HM3ME BBITIOJIHAET pacTBOpUTENb. B KOHKyprpymx Syl- n El-peakunsx
JOJIsI MPOAYKTa COJIbBOJIM3a OKa3bIBA€TCsl 3HAUMTEJILHO BbIIIE, YeM
ajKeHa, o0pasylollerocsl B pe3ybTaTeé MOHOMOJIEKYJISIPHOTO 3JIMMU-
HUPOBAHMS, HapUMeEp:

80% EtOH—20% H,0;
< > (CH,);C—OH + HCl
N

(CHy):CCl— (83%)
80% EtOH—20% H,0; ® ©
= > (CH,),C=CH, + H;0 + CI
(17%)
CH
C,H,OH; 40°C [
cH, ~— 51> CH;CH,—C—OCH,CH, + HCI
CH,CH,—C—Cl— CH; (64%)
| C,H,0H; 40°C
CH, 22" 5 CH,CH=C(CHj),+CH,;CH,~C=CH,
El |
(30%) CH,
(6%)

IIpu cpaBHEHMM POIACTBEHHBIX PEaKIWil IJIST OBYX COCOIWHEHWH, OT-
JIMYATOIINXCS TOJBKO YXOISIel Tpynmoil X, O4eBUAHO, YTO CKOPO-
CTU UX JOJIKHBI OBITh Pa3IMYHbI, TOCKOJbKY CKOPOCTU peakius Syl
u El omnpenensitorcs ctagueit monmsaunuu cBsazu C—X. OmHako Iocie
oOpa3oBaHUsI KapOOKATHUOH B OOOMX Cllydyasix MpeTereBaeT OAHO U TO
Ke TIpeBpallleHhe, TaK KaK TPUPOoJa YXONSIIEH TPYMIbI HE BIMSET
Ha BTOPYIO CTaaWIO Mpolecca. DTO 03HAYaeT, UTO B UAEATbHOM CIy-
Yyae COOTHOUIEHUE MPOAYKTOB peakiuit Syl/El NOTKHO OBITh OAM-
HAKOBBIM W HE 3aBUCETh OT TPHUPOIBI yXomsimei Trpymmbl (Ti. 9).

188



HeiicTBUTENbHO, IIpU cobBOIM3e B 80%-M BOIHOM 3TaHOJE IIPU
65 °C mpem-6ytuxinopuna u (CH;);C-S"(CHj;), nonyyator mpem-0y-
TUJIOBBIA CITUPT U M300YTWIEH B OOTHOM M TOM K€ COOTHOILIECHUH,
XOTSI CKOPOCTHM PeakUMil CHIBHO OTIMYAIOTCS:

o> (CH;3);C-OH<§ —— —
E— 3634 CIIMPT—BO/Ia;
(64%) 65°C, 4:1 _(CH3)3C(§)(CH3)2

(CH3)3CC1 — 65°C, 4.1

CIIMPT—BOJA; (CH3)2C:CH2 CIIMPT—BOJIA;
65°C, 4:1 (36%) 65°C, 41

PazymeeTtcsi, Takoii pe3yabTaT HaOMIOZAETCSl TOJLKO [JIsSI IPOLIECCOB C
y4acTueM «CBOOOZHOTO» KapOokaTuoHa; mist Syl- u El-peakuuii c
y4acTHUEM HMOHHBIX Tap COOTHOIICHUE TMPOIYKTOB COJbBOJIM3A U M-
MMHUPOBAHMS 3aBUCHUT OT MPUPOABI YXOMSILEH TPyImbl. Tak, Harpu-
Mmep, npu conpBoinze (CH;3);CX B MeHee MmosisipHOM, YyeM BoJa, pac-
TBOpUTEJE — 3TaHoyue — A0Sl El-3IMMMHUPOBAHMSI PE3KO BO3pacra-
et u uamensiercst B psyny Cl> Br> S*(CH;),.

s E1-31MMUHUPOBAHUS, TaK XK€ KaK W JJisl IPYTUX IIPOLIECCOB
¢ oOpa3oBaHMeM KapOOKaTMOHA B KayecTBe MHTepMeauara, Xapak-
TEPHBI MEPErPYNIUPOBKH, BKIIOYAIOIINE aHMOHOTPONHYIO 1,2-MuUTr-
pauMio TMAPUA-UOHA WIM aJKWIbHOM Tpymmbl. B kayecTBe mpumepa
MOXHO TIPUBECTH KMCJIOTHO-KaTaJIU3UPYyEeMYIO AeTUapaTaluio 3-Me-
tua0yraHona-2 B 80%-ii cepHOIl KUCIIOTE:

H H
\&/ H
H OH H@61>ICT]:)O H O MEUTEHHO Ia
CH;— (IZ C —-CH, <= CHy— (II C —CH,; <= CH— C C —CH,—Hg
CH3H CH3H CH3H
BTOPWUUHBIN KapOOKaruoH
@
1,2H-caBur —H, l —H?
CH3\ Il—l
CH2 C C —CH, CH/CZCH—CH3 CH3—([3—CH=CH2
H CH3H 3 CH;
TPETUUHBIN
KapBGOKAaTHOH —H®
® X
Vo
_CH;
CH,),C=CH-CH CH,=C
(CHy) } 2 TCH,CH,
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IIpumepoM ckeneTHOI mM3oMepu3aluy KapOokaTuoHa B El-31uMUHM-
POBaHUU MOXET CIYXUThb AeruapaTauus 3,3-muMeTwiOyTaHoja-2:

(,:Hs 85%-a H3PO, ,CH3 C,:Hs
CH3 C C CH3 —°> (CH3)2C=C(CH3)2+CH2=C - CH_CH3

CH, o0 100°C (80%) (20%)

ObICTPO MeJIJIEHHO
(CH3)3C—(IZH—CH3+H = (CH3)3—(IZH—CH3 -

OH HON
He H

CH3 ® 1,2-caBur CH,4 CH3
<—CH3IC CC3—> CH3IC CH —CH,

CH; CH,~Hp
TPETUYHBINA KapOOKATHOH
AR
(CH,;),C=C(CHjy), CH,=C—CH—CH;,
|
(80%) CH,
(20%)

OO0wmM npaBujioM st E1-31MMUHUPOBAHUS SIBJISIETCS TPEUMY-
1IECTBEHHOE 00pa3oBaHMe HauboJiee 3aMelLeHHbIX TTPY TIBOMHON CBI3U
AJIKEHOB, T.€. aJIKEHOB, COAEpPXKAlllMX MaKCUMaJIbHO BO3MOXHOE YuC-
Jo ankwibHbIX Tpynn npu C=C-cBs3u, Hanmpumep:

85%-1 H;PO;
Qo BRE Q Qe
\ 160—170 °C
o s

mpanuc-

[ 45%-1 H,SO,

I
OH 20 °C (86%) (14%)

B Mexanuszme E1 yxoasiiasi Tpymra OTAeNsIeTCsl 10 TOro, Kak Ipouc-
XOAUT OTUIEIJIEHUE MPOTOHA U3 KapOokaTuoHa. [loaToMy Hampasie-
HUe oOpa3oBaHUsl ABOWHON CBSI3U OMpPEAeIsieTcsl OTHOCUTEbHOM YC-
TOMUMBOCTBIO JIBYX WJM TPeX BO3MOXHBIX aJKeHOB. M3 MaHHBIX 1O
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TEeIUIOTaM TUAPUpPOBaHUS (TJ1. 5) M TEma0TaM CrOpaHUs CICAYET, YTO
C POCTOM YMCJia aJKWJIbHBIX 3aMeCTUTesield BO3pacTaeT U TepMOAU-
HaMuyeckKasl CcTabuJabHOCThL ajikeHa. Takum obpazoMm, npu El-a1u-
MUHUPOBAHUN TPEUMYIIECTBEHHO, HO HE MCKJIIOUUTEJIHLHO 00pasy-
eTcsa HanOoJjiee 3aMEIIeHHBIN IIpU ABOMHOI CBSI3W U, CJIEHOBATENIb-
HO, HauOoJiee CTAaOUIBHBIM ajlKeH. DTa 3aKOHOMEPHOCTh OblLIa
9KCIIepMMEHTAIbHO OOHapyXeHa pycCKMM ydyeHbIM A.M.3aiileBbiM
(1875) m HOCUT Ha3BaHUWE hpasusa 3aiiyesa, KOTOPOE SMITUPUUEKU
TIpe/IcKa3bIBaeT HarmpaBlIeHUEe 3MMMUHUPOBAHUSA HE TOJbKO mpwu El-,
HO yacTo U npu E2-mexaHusMe 2JMMUHUPOBaHUSI. OHO HE BBIMOJ-
HsETCSl B TeX ciydasiX, Korja HauMeHee 3aMellleHHbIM aJlkeH OKa-
3BIBAeTCS IO CTePUUECKUM TpUUYMHAM Oojee ycToiWumBbIM. Ha-
npumep, ipu El-s3numuHupoBaHuu u3 1,2-nudeHun-2-xjaoprponaHa
C¢HsC(CH;)Cl —CH,C4H; nmomnyuaetcs 60% CH,=C(C4H5)CH,C4Hs,
HECMOTpPSl Ha TO, UTO B MPOJAYKTEe JMUMMUHUPOBaAHUS, MO 3aillieBy,
C¢H;C(CH;)=CHC¢H; nBoiiHasg cB43b cONpsDKeHa C ABYyMS OE€H-
30JIbHBIMU KOJIbLIAMHU.

DIMMUHUPOBaHKE TPOTOHA U3 KapOOKaTMOHA HE OTJIMYAeTCs CTe-
PEOCENIEKTUBHOCTBIO. [IpOTOH oOTilEmIsieTcsl OT B-yIIepoAHOro aromMa
KaK W3 cuH-, TaK U U3 anmu-mnojoxeHus. Ilostomy peakuuu Fl
HecTepeoceneKTuBHb. MoHomonekysipHoe oTieruienue HCI ot meH-
TWIXJIOpUIA JaeT CMeCh 00OMX M30MEPHBIX aJKEHOB B COOTHOILIEHUU
npumepHo 1 :2:

CH3\ ,CH;3

. CH3CH(CH3)2 + CH3@CH(CH3)2

(32%) (68%)

B omymume ot atoro E2-smuvunupoBanne HCl n3 MmenTumxnopuga (M.
CJIeIYIOIIMI pa3esl) MPoTeKaeT CTPOro crepeocrneunuyHo, KaK aHmi-
JaKCcUaibHOE OTILEIJIEHUE MPOTOHA M XJIOPUA-MOHA ¢ oOpa3oBaHUEM
TOJIbKO OJIHOTO MEHTeHa C JABOIHOI cBs3blo B mosioxkeHuu C(2)—C(3).
HpyruMm eiiie 6osiee HaMISIAHBIM MPUMEPOM HECTEPeOCeIeKTUBHOCTU pe-
aKklMii, nmpoTekawlmx no El-mexaHu3my, MOXET CIYKUTb COJbBOJIU3
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3-xj0p-3MeTUIIreKcaHa B MetaHosie. B aToil peakiiuu obpa3syercs 11eCTh
Pa3IUYHBIX TPOAYKTOB, TSITh M3 KOTOPBIX IPEICTaBISAIOT COOOI M30-
MEpHBIE aJIKEHBI:

T 60 °C T

OH
Cl 3 OCH,

CH3\ o _H CH3\ o

+ Cc=C + C=C
CH,CH,CHs”~ SCH;  CH;CH,CHs~ “H

CH,
+

CH,;CH CH,4
+ AN C— C/ s

CH,4 He_
+ Cc=cC
H SCH,CH;  CH;CHs~ “CH,CH,

+

+ CHyCH,CH,C=CH, .
CH,CH,

IToaTOoMy HEynMBUTEIBLHO, YTO peakuuu FEl-3IMMUHUPOBAHUSI HE WUT-
paloT 3aMEeTHOI POJIM B OpraHuM4eckoM cuHTede. Hampumep, mis mo-
JIydeHUs aJTKeHOB M aJKMHOB MPEATNOUTEeHUE CIeAyeT OTAaTh IpoIlec-
cam E2-31MMUHUPOBAHMUS.

10.2.2. E1cB-MEXAHHNU3M BJIMMUHUPOBAHUA

Mexannsm FElcB, Takxke Kak MexaHu3Mm FEl, BKJIoYaeT JBe CTa-
JUU, HO B OOpaTHOU IOCeaoBaTebHOCTU. Omujenienue MpOTOHA
MpPELIeCTBYET OTPBIBY YXOMSILUEH TPYIIIbI:

C) S) €]
B: + R1$H—|CHR2 — Rllcw—lcm{2 + BH—>R1|C= CHR? + Xt
Y X Y CX Y

DTOT ABYCTAOIWIHBIA MEXaHU3M SIBIISICTCS KapOaHWOHHBIM, ITOCKOJIb-
Ky WHTEpPMEAMaTOM CJYXUT KapObaHUOH, a cuMBoj ElcB ykasbiBaer
Ha TO, YTO YXO.sIlas TPYIa OTIIETUISIETCS OT COIPSKEHHOro Cyo-
cTpaTy ocHoBaHMs. Mexanu3M FElcB omnuchiBaeTcss KMHETUYECKUM
YpaBHEHMEM BTOPOTO TIOpSITKA C TICPBBIM TTOPSIAKOM IO OCHOBAaHUIO
B u mo cybcrpary: v = k[cyoctpar][B ]. TeM He MeHee peakius sB-
JIIETCSI MOHOMOJICKYJISIDHOM, MOCKOJBKY B CTaauM, JUMUTHPYIOLIEH
CKOpPOCTb, YJ9aCTBYyeT OIHA YacTHIIA.
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Peakiiuu, mporexaroniue 1no ElcB-mexaHu3My, OorpaHUYe€Hbl TaKUMU
cybcTpataMu, KOTOPBIE COAEPXKAT BJIEKTPOHOAKIEITOPHBIE 3aMeCTH-
TEMW TIpU B-yIJIEPOJHOM aToMe, CTAOWJIM3UPYIOIIUE TPOMEXYTOTHO
obOpasylonuiics KapoaHMOH. DTOT MeXaHU3M HanboJjiee BEpOSITEH B TOM
cllyyae, Korma yxopsuiasi TpyIIia HaxoOUTCsS B [-MOJOXKEHUM K
KapOOHUIIBHOM, LIMAHO-, HUTPO- WU CYIb(MOHWIBHOW TpyIIle, CIO-
COOHBIM CTAOMIM3NPOBATh OTPUIIATEIBHBIA 3apsii Ha aTOMe YyIjepoaa
B KapOOHMOHEe, o0pasyllleMcs TpU OTIICTUICHWMW IIPOTOHA M3

R2CH(X)—CH—Y, rie Y=C(O)R; CN; NO,; SOsR; COOR, a X —
e
yxoJsiias Tpyrimna.

C npyroii cropoHbl, ElcB-MexaHU3M CJeayeT OXWAaTh IJIsl CyO-
CTPATOB, COIEPXKAIIUX CUIbHYIO 3JIEKTPOHOAKIIENTOPHYIO YXOMISIILYIO
rpyrmy: F, N*(CHj;);; OSO,CF; u ap. Tot ke camblii MeXaHM3M OJDKEH
ObITb xapakTepeH miad neHraranoreHstaHoB Tuna CHCLCF; u nmono6-
HBIX TIOJMTAJIOTeHAIKAHOB, COMEPXKAIINX JOCTATOYHO <«ITOIBYDKHBIN»

aTOM BOIOPOJA, MPU OTIUEIIJICHUM KOTOPOro 00pa3yeTcsl OTHOCUTEIb-
HO CTaOWJIbHBIM KapOaHWOH:

© e
OH, oricTpO ©

CHClL,CF; <—> C

- €}
CLCF3 Nemnenmo CClL, =CF, + F.

st OOBIMHBIX aJKWJITAJIOTEHUIOB M aJKwicyiabdoHaToB ElcB-mexa-
HU3M He peanmsyercd. Haubosee mpocTbiM, HO, K COXAJIEHUIO, HE
YHUBEpPCAJIbHBIM TECTOM Ha MexaHu3M FElcB, mo3BOJISIOIUM OTJIUYUTD
ero ot E2-mexaHu3Ma, SIBJIsIeTCS MeTOJ MeuyeHbix aToMoB. IlepBas
craaust KapbaHnoHHoro ElcB-MexaHuU3Ma 3akjIoyaeTcss B 00paTUMOM,
KaTajqu3upyeMOM OCHOBaHMEM OOMEHE MPOTOHA MEXIY CyOCTpaToM M
cpenoil. Ecau pacTBOpUTENb CONEPXKUT AEHTepUld B TMAPOKCUIBHOM
rpyIine, pereHUupUpyeMoe MCXOJHOE COeAMHEHME TaKXe IOJIKHO
COJlepXaTh NEWUTEPUil, HAIIpUMED:

) {o e
CCl=CHCI + 0D == (1= Ca—>Ca=cal + ¢,
C
a
oD~ l

2 Dy
CCl,=CCl =—= CCl,=—CDCl.
oD®
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© 2
OH,H,0 = o
DCClL—CF, o——>> c1(|:—CF2fr§ —>CL,C—CF,+ F.
©
oH) Cl
e H,0

Cl,C—CFy==—= Cl,C—CF;.
OH® 7|

B oboux ciyyasix Haimuuue 37eKTPOHOAKLENTOPHBIX aTOMOB TajoreHa
MoBbIIaeT KUCIOTHOCTE C—H-CBSI3M M CTaOMIBLHOCTH OOPA3YIOLINXCS
KapOaHUoHOB (cM. 171.3, u.1). OmHaKo B APYrux ciaydasix, Harpumep mpu
FElcB-smumuanpoBanun u3 cyoctpatos tuna Z—C¢H,CH,CH,—X He
HaOMIOAAeTCsl M30TOIHOIO OOMEHa IpOTHs Ha AeuTepuii, T.e. M30TOII-
HbIIi OOMEH MMEET MECTO JaJleKO HE BO BCEX ClIydyasx KapOaHHOHHOIO
mexaHu3Mma. M30TonHbIlE OOMEH OTCYTCTBYET B TOM Cllydyae, Korma mep-
Bag cTaaMsl OTUICTUIEHUS MPOTOHA CTAHOBUTCS CaMOW MENJICHHOM, a
0o0pa3oBaHUe TPOAYKTa MPOVCXOAUT ObICTpee, YeM BO3BpaT KapOaHUO-
Ha B UCXOJHOE coemmHeHne. B aToM ciydae mepBasi cTamyss CTAHOBUTCS
MO CYILECTBY HeOOpaTUMON.

HanpasneHue snumuHupoBaHus npu ElcB-mexaHusMme oripene-
JISIeTCSl TIPEeXJe BCEro KMHeTHueckoi kuciaoTHocTbhio C—H-csazeit,
KOTOpasi B CBOIO O4Yepe/lb OINpelessieTcsl MHAYKTUBHBIM U Me30Mep-
HBIM 3(pdexTamy OIKaiIImx 3aMecTUTeNIel B o-moyioxkeHnn. B rmase 3
yXe ObUIO OTMEYEHO, YTO aJKWIbHbIE TI'PYMIbl YMEHBIIAIOT KUCIOT-
HocTb C—H-CBs3M BTOPMYHOTO M TPETUYHOIO aTOMOB yrjiepoaa. DTo
00YCIIOBJIEHO JecTabuian3auueil KapOaHMOHA aJKWIbHBIMM 3aMEeCTH-
TeJSIMU, BCJAEACTBME 4YEro OTHOCUTEJbHasi CTaOMJIbLHOCTh KapOaHUO-
HOB M3MEHSIETCS B POy MEPBUYHBINA > BTOPUYHBIA > TPETUYHBINA, KO-
TOPBIN MOJHOCTbIO OOpaTeH psiy CTaOMIbLHOCTU KapOoKaTuoHOB. U3
3TOTO CJIEAYET, YTO KUCIOTHOCTh KOHLIEBOM CH;-rpymiibl 1oKHA ObITH
BBIIIIe, YeM KUCJIOTHOCTb BHYTPEHHUX BTOpUYHBIX CH, M TpeTUUHBIX
C—H-cBazeit. Takum obOpa3om, npu KapoaHuoHHOM FElcB-mexaHus-
M€ BJIMMUHUPOBAHUSI ClIeAyeT OXMIaTh OOpa3oBaHUsI HaWMMeHee 3a-
MEIIEHHOTO TePMUHAJIbHOIO oJiehbrHa.

[TpocTpaHCTBEHHBIE TMPEIMSITCTBUSI TakKe CIOCOOCTBYIOT OTLIEI-
JIEHUIO MPOTOHA OT MEePBUYHOTO, a HE BTOPUUYHOIO U TeM Oojiee Tpe-
TUYHOTO aroma yrjaepoaa. OTo uMeeT ocoboe 3HaUeHMe IS POCTpaH-
CTBEHHO 3aTPYIHEHHBIX OCHOBAHWI, TaKWUX, KaK (CH3)3CO_K+;
(C,H5);COK"; (u30-C3H;),NC,Hs; Li"N7(C3H;-u30), u ap. Ipexn-
MOUTUTEJIbHOE OTLIEIIEHWE TTPOTOHA U3 HEe3aTPYACHHOTO TMOJOXEHUS
Mpy NMEPBUYHOM aTOME YIjepoja BedeT K 00pa3oBaHUIO MEHee 3aMe-
IIIEHHOTO aJIkeHa. Takoe aHTu3alilieBcKoe HarpasieHue ElcB-anumu-
HUPOBAHUS PEe3KO OoTaMyaeT ero oT Fl-MexaHu3ma, I1e BBITIOJTHSET-
cs TpaBwiIo 3aiiuena.
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10.2.3. E2-MEXAHW3M. HAIIPABJEHUE E2-B5JIMMHWHUPOBAHUSA

B peakmusax OMMOJIEKYISIPHOTO SIMMUHUPOBaHUS E2 IBe TPYIITBI
OTLLUEIUISIIOTCSI ONHOBpeMeHHO. [Ipupoma aTHX rpynn ObIBaeT pasind-
Ha, HO Yallle BCETO 3TY POJIb BEHITTOJHSIIOT YXOISIas Tpyrma (HyKIeo-
(yr) u MpoToH OT B-YIJIepOMHOTrO aTroMa:

£
B )
1 2,8 'H R | 2 ©
R'CH,—CHR+B: —> v«----y/ |—>RCH=CHR+BH+X .
| Rl N X
20 MO

CH5(CH,);CHCH3+(CH3);CCL__ 006 CH;CH,CH,CH=CHCH+

1
+ CH3(CH2)3CH:CH2

(6%)

C,H;OH
CH3CHCH2CH3 + C2H50Na — CH3CH:CHCH3 +
| 80 (81%)
Br

+ CH3CH2CH:CH2

(19%)

(CH;);COH

CH3(CH2)3|CHCH3 + (CHp;COK — = —>

Cl
— > CH;CH,CH,CH=CHCH, + CH,CH,CH,CH,CH=CH, .

(9%) O1%)

OTwierieHUue MPOTOHA W YXOJSIIEH TPyMIibl WKW ABYX APYIUX TPYMIl
MPOUCXOJUT B OJHY CTaiul0 OJHOBPEMEHHO U XapaKTepu3yeTcsl Ku-
HETUKOU BTOPOTO TMOpsiiKa: MepBbIM MO CyOCTpaTy U TMEpPBBIM MO OC-
HOBAaHUIO, aHAJOTUYHBIM s peakunu Sy2-3amelieHus. [lo cymie-
CTBY, 00e peakuuu: £2 u Sy2 KOHKYPUDPYIOT IpYyr ¢ ApyroMm. Pazmm-
yye MexXay ABYMSI 9TUMMU MpolieccaMy 3aKJI0YaeTcsl B HAlpaBlIeHUU
aTaky peareHTa: yacTulla C HEIOJACJICHHOW Mapoil 2JEeKTPOHOB ara-
KyeT aToM YIjiepoja M NEeWCTBYeT KaK Hykieopun B Sy2-peakuuu,
b0 OHa aTakyeT BOAOPOJA W JEHCTBye Kak ocHoBaHUe bpeHcrena B
E2-npouecce.

XapakTepHoil yepToil E2-mexaHu3Ma SIUMUHUPOBAHMUS SIBIISIETCS
HajJu4yre OOJIbIIOrO IO BEJIMYMHE M30TOMHOro addeKra mpu 3aMeHe
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aTOMOB BOJOpOJA TpU B-yrjaepoaHOM aToMme Ha neiTepuii. CKOpoCTh
Br

/
peakuuu otweniaeHus DBr us CD;CH—CD; mon JNIEMUCTBUEM DTU-

JlaTa HaTpusl B 3TaHOJE B 6,7 pa3a HUXKE, YeM CKOPOCTh OTILEIICHUS
HBr or CH;CHBrCH; B tex xe ycnoBusix, T.e. ky/kp=06,7. Bennuu-
Ha u3ortonHoro agdexTa ky/kp ans E2 peakuuii, Kak MpaBuio, W3-
MeHsieTcs B nuarnasoHe ky/kp=3 — 8.

B pamkax knaccudpukalMy Mexau3dmMoB 3JIMMUHUpoBaHus Ha FEl,
ElcB n E2 oyeBumHo, yTo E2-MexaHM3M 3aHMMAaeT IPOMEXKYTOUHOE
MOJIOKEHWEe MEXIy ABYMSI APYTMMU MpeaeabHbIMU MexaHusMaMu El u
FElcB. TlepexonHoe coctosiHue B E2 peakLUsiX MOXKET MEHSIThCS B BECh-
Ma IIMPOKHUX Mpeeax B 3aBUCUMOCTI OT OTHOCUTETLHOI CTeTIeH! pac-
werieHus: csizeit C—X u C—H. Paciueruienue ceszeit C—X u C—H
MOXET OCYLIECTBJSITbCSI HE CTPOro COINIACOBAHHO, U BO MHOTHUX CJy-
yasix pa3pblB OMHOI CBSI3U OINEPEXKaeT pa3phbiB APYroil CBSI3U. DTa uaes
JIeTJla B OCHOBY «T€OPHUU TEPEMEHHOIO TIEPEXOMIHOTO COCTOSIHUST» IS
E2-mexanusma. «Teopusi mepeMeHHOIo MEPeXOJHOTO COCTOSIHUST» IS
E2-peakuumii mpenmnosnaraer, 4ro E2-31MMUHMPOBAHUE, MPOTEKalollee
yepes «El-mogobHoe» MepexoaHoe COCTOsSIHWME, OyIAeT MOAYMHSITHCS
3aKOHOMEPHOCTSIM, XapakKTepHbIM mis1 El-snmumunupoBanusi. C npy-
roil CTOpoHHbI, E2-3nuMuHupoBaHue ¢ «E1cB-nomo0HbIM» TTePEeXOaHBIM
COCTOSIHMEM JIOJDKHO MOMUYMHSITbCSI 3aKOHOMEPHOCTSIM, XapaKTEePHBIM
o1 ElcB-mexanusma. Ha puc. 10.1 mpuBeneHbl CTPYKTYpBI HEPEXO.I-
HBIX COCTOSIHUM, TUIWYHBIE I «T€OPUM TEPEMEHHOTO COCTOSTHUS»
peaKkuuii 3TMMUHUPOBAHUS.

IIpeanoutuTenbHOE HampaBieHUE SJIUMMHUpPOBaHUS wis E2-me-
XaHU3Ma 3aBUCUT OT KOHKPETHOW MPUPOAbI MEPXOAHOIO COCTOSIHUSL.
JBa 9KCTpeMaabHbIX MEPEXOIHBIX COCTOSIHUI E2-3TMMUHUPOBAHUS 110
CBOEMY BIMSIHMIO Ha HarlpaBJieHUE OTILEIUIeHUs OyayT MOXOXM Ha

yBEeNMYEHME KapBaHMOHHOTO XapakTepa YBE/IMYEHME KapOOKATUOHHOMO XapakTepa
d .

« >

5- 8-

H-B H-B H--B H
H-B \‘
F 3 +8 7
X B
\ X
35— Vo
Eics X Eice X E2- X E1- X E1
noao6Hoe CUHXPOHHOE nogo6Hoe

\ J

~
E2 —nepexonHbie COCTOSIHUS
Puc. 10.1 CrekTp nepexoaHbIX COCTOSIHUM peakIyii SIUMMUHUPOBAHUS F2
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nepexogHbie coctostHusg El u ElcB-mexanusmoB. B ciydae, 01u3kom
K FElcB-rpanuue E2-mepexogHOro COCTOSIHMSI, MEXAY IIPOTOHOM U
OCHOBaHMEM MMEETCS CUJIbHO pa3BUTasl CBsI3b. YXOJsllasi rpymra
OCTaeTcsl ellle MPOYHO CBSI3aHHOH C CyOCTpaToM, MOATOMY oOpa3oBa-
Hue aBoitHoi cBsiz3u C=C B IMepexoJHOM COCTOSIHUM Pa3BUTO CJIado.
B ciyuae, 61uskom K El-rpaHulle, IepexoaHOe COCTOSIHME XapaKTe-
pU3yeTcsl BbICOKOI cTerneHbto pacuieruieHus cBsizsu C—X u mpakTu-
yecku HeszatpoHyTolt cBsizblto C—H. B ctporo cunxpoHHoii E2-peak-
LIMA ABOWHAs YIJEPOI-YIJIEpOAHAs CBS3b B MEPEXOIHOM COCTOSIHUM
yXXe B OCHOBHOM OOpa30BaHa 3a CUYET CUHXPOHHOTO pacllerieHus
o0eux cBsizeit C—X u C—H. E2-s1MMuUHMpPOBaHKME, KOTOPOE MpOTeKa-
€T Yepe3 IMEePEXOJHOE COCTOSIHME C Pa3BUTOM JIBOMHOWM CBSI3bIO, TPU-
BOJIUT K HauOoJiee 3aMEIlICHHOMY TP JBOMHOM CBA3M QJIKEHY B Ka-
YeCTBE OCHOBHOTIO MPOJYKTa, MOCKOJIbKY €ro CTabWJIbHOCTbh OTpaxKe-
Ha U B NEPEXOAHOM COCTOSSHMU. TakuM obOpaszoMm, HampaBlieHUE
CUHXPOHHOIO E2-371MMUHUPOBAaHUSI COOTBETCTBYET IpaBuiIy 3aiilieBa.
DTO Xe MpaBWIO ONpeaesieT HampapieHue FE2-31UMUHUPOBAHUST C
E1-nogo06HBIM NEPEXOAHBIM COCTOSIHMEM. ECiu mepexomHoe coCTos-
Hue FE2-31MMUHUPOBHUSI UMEET SIBHO BhIpaxkeHHbIN FElcB-KapbaHu-
OHHBII XapakTep, HamnpaBJeHUE OTILIEIUIEHUS] OMpenessieTcsl Jerkoc-
ThIO OTpbIBA MPOTOHA, MO3TOMY B MPOJAYKTaX peakuuu mpeodagaeT
HanMeHee 3aMElEeHHBIA MPU IBOWHON CBI3U aJIKEH.

3a10/r0 10 Pa3BUTHUS 3TUX TEOPETUUECKUX 000OIIEHUIT ObLIN CO-
OpaHbl dKCIIEpUMEHTAJIbHbIE JaHHbIE, MOATBEPXKAAIOIINE BbIBOIbI CO-
BpeMeHHoOI Teopuu. bosiee cTa jeT Hazan ObLIM CHOPMYIUPOBAHBI
JIBA YMCTO SMIUPUYECKUX MpPaBUJIa, OINPEACISIONIUX HaIlpaBJIeHUE
anuMUHUpoBaHus. CorjacHo mpaBuily 3aiilieBa, ONMMMCAHHOMY B pa3-
nene 10.2.1, B pe3yabTaTe OTLIEIUIEHUs] B KauyeCTBE OCHOBHOIO IIPO-
JlyKTa TojlydyaeTcs HauOoJjiee 3aMellleHHbI ankeH. JIpyroe rnpaBuiio
obu10 chopmynupoBaHo A.l'opMaHOM TpU U3YYEHUU SJIUMHHUPO-
BaHUS TPETUYHBIX aMMHOB U3 TMAPOKCUIOB TeTpaaJKuIaMMOHMs. DTa
peakuus, Takxke orkpbitass ['opmanoMm B 1851 r., mpuBoaUT K oOpa-
30BaHMIO0 HAaMMEHEee 3aMelEHHOro Mpu IBOWHOM CBS3M ajkeHa. B Ta-
KMX cJy4yasix TOBOpSIT, YTO OTUIeIUIeHUe cieayeT npaBuiy l'odpma-
Ha, Hamnpumep:

150 °C
CH;—CH,—CH—CH; — >~ »

O
N(CH;0H®

CH;CH,CH=CH, + CH;CH=CHCH;+ N(CH3);+ H,0.
(95%) (5%)
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CH,;
CXs s
N(CHy;0H®  HO

+ N(CHy); + H,0.

120—150 °C

e yone

99 %) (1 %)

IMpaBuma 3aiineBa n ['opmaHa odepumBalOT KpaliHMUE TPaHWLIBI B Ha-
rpaBieHun E2-suMuHUpPOBaHUs. PealbHOE COOTHOIIIEHNE M30MEPHBIX
MPOIYKTOB SJIMMUHUPOBAHUS, PA3TMYAIOLINXCS TTOJOKEHUEM TBOMHOMN
CBSI3M, 3aBMICUT IJIABHBIM 00Opa3oM OT MPUPOIBI YXOISIIENH TPYIIbl B
cybcTpaTe, MPUPOILI OCHOBAHUS M IPOCTPAHCTBEHHBIX (DaKTOPOB B
cyoctpare. B Ta6n. 10.1 nmpuBeneHbl gJaHHBIC MO BIMSHUIO YXOISIIEH
TpyNIbl Ha HampaBlieHWe E2-3TMMUHUPOBAHUS U 2-TeKCWMITbHBIX U
2-OyTHJIBHBIX CUCTEM B COITOCTABUMBIX YCIIOBUSIX.

Taoauma 10.1
BinsiHue mpupoAbl YXOAsieil rpynnbsl Ha Hanpasjenue E2-31MMAHHDPOBAHUS

Cybcrpar OcHOBaHNe, PacCTBOPUTETh % ankeHa-1 % ankeHa-2
CH,(CH,),CH—CH,
X _
X=I CH,0 ; CH,0H 19 81
X=Br CH,0™; CH,0H 25 75
X=Cl CH,0 ; CH;0H 33 67
X=0Ts CH,;0 ; CH,0H 30 70
X=F CH,0™; CH,0H 69 31
X=I (CH,),CO™K*; (CH,),COH 73 ”
X=0Ts (CH;);CO™K"; (CH;);COH 83 17
X=cl (CH,);CO"K"; (CH,;),COH 91 9
X=F (CH,),CO™K*; (CH,);COH 97 3
X=N*(CH,), OH ; HOH 98 2
CH,CH,CH—CH,
X
X=I (CH,),CO™K*; IMCO 21 79
X=Br (CH;);CO™K"; IMCO 33 67
X=Cl (CHy);CO™K™; IMCO 43 57
X=0Ts (CH,),CO™K"; IMCO 61 39
X=S8"(CH,), C,Hs0; C,H,O0H 74 26
X=N*(CH,), OH; HOH 95 5
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Honst onecduHa ¢ KOHLEBOU NBOMHON CBSI3bIO MPU 3JIMMUHUPOBAHUU
6Mop-aJIKWITAJIOTEHUIOB BO3PACTaeT B PSIy

[<Br<Cl<OTs<<S"R,<F<N'R;,

T.€. TI0 Mepe TOro, KaK yXonsiias TpyIra CTaHOBUTCS OoJiee 3JeKTpo-
aKLIeNTOPHON U 0oJiee XKeCTKUM OCHOBaHUeM JIbonca. DieKTpoakier-
TOpHBIE TPYNIIbI 3a cueT /-3hdekTa BhI3bIBAIOT 00Jiee CUIIbHYIO TTOJSI-
pU3alMI0 CBSI3W PB-yIJIEpOJHOTO aToMa C BOJOPOAOM, UTO OOsierdaer
OTUIEIJIEHUE MPOTOHA MPU JICUCTBUM CUJIbHBIX OCHOBAHUM, TaKUX, KaK
mpem-0yTUIIAT Kajlusl, aMUJ HaTpusl, TUU3OMPONUIAMUL JTUTUSI U JIp.
[lepexonHoe cocTosiHue E2-3TMMMHUPOBAHUS TP HATMYUU CHIIBHBIX
3JIEKTPOOTpULIATeNbHBIX yxomsaiux rpymm (F, N+R3, S+R2) U CUJIb-
HBIX OCHOBaHUI MUMeeT SIBHO BbIpaxkeHHbIN ElcB-xapakrep, U HampaB-
JIeHVEe 3JMMMWHUPOBaHUs COOTBETCTBYET IpaBuiay l'odmaHa. Msirkue
K€ YXOISIMe TPYMIbl Hom W OpoM, 00Jiagaioliue CpaBHUTEIBHO He-
BBICOKOW 3JIEKTPOOTPULIATEIbHOCTbIO, CMOCOOCTBYIOT CUHXPOHHOMY
FE2-31MMUHUPOBAHUIO 110 IIpaBUIly 3aiilieBa.

DTa 3aKOHOMEPHOCTb OTUETJIMBO CJEAYyeT M3 JaHHbIX, TPUBEIEH-
HbIX B Tabj. 10.1, rae cooTHolIeHHWe rekceH-1/TeKceH-2 mpu OTIIeT -
nenun HCI ot 2-xmoprekcana usmensercs ot 0,5 go 10, 1.e. B 20 pa3
MpU 3aMeHe MeTUJIaTa HaTpus Ha mpem-OyTunar Kanus. s 2-6pom-
2-MeTuJ0yTaHa HalpaBJeHUe BJIUMUHUPOBAHUS TMOJHOCTHIO
WHBEPTUPYETCS TIPU TEepexone OT ATWiaTa Kalus K mpem-OyTUIATY
KaJus:

CH;
| o ® 80 °C
CH3CH2C_CH3+ C2H50 K
| C,H;OH
Br
T
—> CH3CH=C(CHj), + CH3CH,—C=CH,.
(71 %) (29 %)
CH;
| 0 ® 0 °C
CH;CH,—C—CH; + (CH3);COK ———7—>
| (CH3);COH
Br
s
E— CH3CH:C(CH3)2 + CH3CH2C:CH2
(28 %) (72 %)
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HarmpapieHue >IMMUHUPOBAHUS TAKXKE 3aBUCUT U OT IIPOCTPAHCTBEH-
HbIX (pakTopoB. CUIIBHO MPOCTPAHCTBEHHO 3aTpyAeHHBbIE OCHOBAHUS
CIIOCOOCTBYIOT ACTUAPOrajOreHUPOBAHUIO B COOTBETCTBUMU C IIPABU-
oM T'omaHa. DTo, MO-BUAMMOMY, CBSI3aHO C T€M, YTO aTOM BOIO-
pona C—H-cBs13u BHYTpHM YIJIepPOA-YIJIEPOAHON LIENMU CTAHOBUTCS Ma-
JIOAOCTYIHBIM JIJISI TIPOCTPAHCTBEHHO 3aTPYIHEHHBIX OOBEMHBIX OCHO-
BaHMI, TaKWX, KaK 3-3TUJINEHTAHOJAT-3 Kajaus, TUU3OMPOIUIAMULL
U Jp., HallpuMep:

CH
OF g Orone O
o (CH9:COH.
(75 %) (25 %)
+ KCI + (C,Hs);COH.

CH;3 o @
CH;CH (ll CH w’ CH;CH,C=CH, +
ST T (GHgcoH TR T
Br CH3
(89 %)

+ CH3CH:C(CH3)2 + KBr + (C2H5)3C_OH
(11 %)

10.2.4. CTEPEOXUMMUA E2-DJIMMHUHUPOBAHUA

HawnGosnee BaxkHOII OCOOEHHOCTHIO F2-31MMUHUPOBAHUS SIBJISIETCS
ero crepeocnenuduaHocTs. [Ipy CHHXPOHHOM 3IMMUHMPOBAHUU He-
00X0IMMO, YTOOBI p-OpOUTaIM ABYX aTOMOB YIJIEpOaa, OT KOTOPBIX IIPO-
WCXOOUT 3JIMMUHUPOBAHUE, ObUTM TapayuiebHbl. TONBKO B 3TOM CIy-
yae BO3MOXHO OOpa3oBaHUE T-CBS3U. [Jis1 3TOro HeoOXOAMMO, UTOOBI
MSTh aTOMOB, YYacTBYIOIIMX B PeKIUM (IBa aToma yriepojaa, BOAO-
pon, HyKJIeodyr 1 OCHOBAaHME), JIeXKald B OJHOI IUIOCKOCTU. DTO MO-
KeT ObITb JOCTUTHYTO ABYyMsI criocobamu. I'pyrmbel X 1 H moryTr Haxo-
JIUTBCS B MPAHC-TIONIOKEHUU TI0 OTHOIIIEHUIO APYT K APYTYy, TOTHAa ABY-
rpaHHBINA Yrojl mMexay Humu cocTapisieT 180° (koHdopmanusa A), ecnu
K€ OHM HaxXOmATCS B yuc-TIOJOXEHWM, ABYTPAHHBIA YTOJ COCTABIISICT
0° (xoHdopmanusa b). Kondopmauust A Ha3bIBaeTCsl aumu-TiepUILIa-
HapHOU; SJIMMUHUPOBAHUE W3 aHmu-TIEPUTIIIaHApHONW KOHMOpMaLu
aumu-niepuruiaHapHbIX rpynn H m X HasbIBaeTcs anmu-3TMMUHUPO-
BaHneM. KoHdopmauusi 5 HOCUT Ha3BaHUE CuH-TIEPUILIAHAPHOM, 2JIM-
MUHHpOBaHME U3 KOHpopmauuu b cun-niepuruiaHapHbix rpyrnno H u X
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HAa3bIBAIOT CuH-DIUMUHMpPOBaHMEM. M3BeCTHBI MHOTOUMCICHHBIE TTPH-
Mepbl 000MX BUIOB 3JIMMUHUPOBaHMS. B o0leM ciyyae anmu-31uMu-
HUPOBaHUE MPEANOYTUTEIbHEE CUH-ITUMUHUPOBAHMS, TOCKOJIBKY
SHeprusl aKTUBAIIMU SIMMUHUPOBAHUS M3 0ojiee CTAOMJIBHOM 3aTop-
MOXEHHOU KoH(popmaluu A OObIMHO HIMXKE, YeM UISI aHaJOTMYHOM
peakiy U3 MeHee CTAaOMIbHOI 3acIOHeHHON KoHgopMauuu b

X
H H
X
3aTOPMOXKEHHast 3aCJIOHeHHAs
KoHbopmarus (A) KoHpopmartust (D)

HauGonbiiee 4yucio ucciienoBaHUN CTePEOXUMUU E2-3IMMUHU-
pPOBaHUSI BBIMOJHEHO ISl TTPOU3BOAHBIX LIMKJIOTrekcaHa. s IUKII0-
TeKCWJIBHBIX CUCTEM XapKTepHa OYeHb BBICOKAs MPEATNIOUTUTETLHOCTh
AHMU-3TUMAHUPOBAHMS U3 KOH(GOPMALIUM, B KOTOPOI TTPOTOH U yXO-
JA1as TpyIina 3aHUMAloT aKCHabHbIe TooxkeHus. [ 1uKiorekca-
Ha HauOosiee cTaOuIbHON (opMOIl sBIsieTcsl KOHMOpMaLUsl Kpeca,
IIe aTOMBbl BOAOpPOAA WM 3aMECTUTENM 3aHMMAalOT 3KBaTOPHUATbHbIE
(e) nnm akcuajabHble (a) MONOXEeHUs (ITOAPOOHO cM. TIL. 24, 4. 3). cunu-
DIMMUHUPOBAHNWE M3 MPOU3BOMHBIX IIUKIOTeKCaHa DHEPTETUYSCKU U
MPOCTPAHCTBEHHO HEBBITOAHO IOTOMY, UTO BOIOPOM, YXOHsIas
rpymnmna X 4 IBa aToMa yrjiaepoaa, OT KOTOPBIX MPOMCXOAUT OTIIETLIe-
Hue HX, He ymexaT B OMHOW TUIOCKOCTHM, M IBYTPAHHBINA YTOJd MEXIY
HUMU pe3Ko oTanyaercsa u ot 0 u ot 180°:

cun-OmumuHnpoBanne 3 CqH;; X MOXeT MpoucxoouTh Kak a, e-
unu e, a-oriierienne HX. ObGa 3T BapuaHTa, Kak HETPYAHO 3ame-
TUTb, HE YIOBJIETBOPSIOT YCJIOBMUIO KorulaHapHoctTu H u X. Bromy
YCJIOBUIO YIOBJETBOPSIET TOJBKO aHMU-PIUMUHUPOBAHUE, Korna u H
U X anmu-niepyuIUiaHapHbl U 00a 3aHMMAIOT aKCUaJIbHbIE MOJIOXKEHUS
(Tak Ha3blBaeMO€ aumu-IUAKCUAIbHOE JIMMUHUPOBAHUE).
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M3BecTHO OrpoMHOE UYMCIO MPUMEPOB AHMU-TUAKCUATIBHOIO OT-
LIeTJIeHWsT M3 MPOM3BOAHBIX 1IMKIoTreKcaHa. B kauecTBe Haubolee
SIPKOTO MpUMepa IpUBEIEeM OTILIEIJIEHWe XJIOPUCTOro BOIOpOJa U3
MEHTWJIXJIOpUJIA MU HEOMEHTUJIXJIOopuAa Mo JeWCTBUMEM 3TuiaTa Ha-
TpUSl B 3TaHOJE, AJISI KOTOPOrO yCTaHOBJIeH E2-MexaHu3M. MeHTWJI-
XJIOPUJT MOXET HaXOAUTbCS B JIBYX KPECIOBUIAHBIX KOH(OpMalLMUsX,
IJle 9KBaTOpHaJibHbIE U aKCUAJIbHbIE 3aMECTUTEIM MEHSIOTCSI MecTa-
MU, U 3aMEeCTUTE]Ib X, aKCHaJIbHbIM B OMHOI KpECJIOBUIHOI KOH-
¢dopMaLy, CTAaHOBUTHCS 3KBATOPUAILHBIM B JIPYTOM KPECIOBUIHON
koH(popMauuu. OaHa U3 KOH(MOpMaLU MEHTUIXJIOpUaa, B KOTOPOM
BCE TPU 3aMECTHUTENISl SKBAaTOPUAJbHBI, HAMHOTO (Ha 4 KKaJi/MOJb)
Oosiee cTabuabHa, YeM Jpyrasi, IJie BC€ OHU aKCUajbHbI (CM. . 24,
4. 3). OnHako E2-3JIMMUHUPOBAHKE OCYILIECTBIISIETCSI cTepeocneludu-
YeckM M peruocrienduiecku u3 KoHGOpMaluu ¢ aKCUaIbHBbIM I10-
JIOKEHUEM aToMa XJiopa B pe3yjbTaTe aumu-OTIIEIJIEHUs XJIopa U aK-
CHAJILHOTO BOJOPOJa MPY COCEAHEM aToMe yrjepoja:

H (CH5),CH
a a

H'e
—— eH —
He 7 a
CH
Cl 3
CH,
s
CHY{  CH,

Y MeHTUIXJI0opUIa ¢ aKCUAJIbHBIM PaCITOJIOXEHHMEM XJI0pa MMEEeTCSI
eIMHCTBEHHBII BOMOPOI B aKCHUAJIbHOM IIOJOXEHHMH IIPU COCETHEM
yriIepoje, T03TOMY CTePEO3JIeKTPOHHbBIE TPEOOBAHUS aHMU-DTUMUHU-
poBaHUSI 00YCJIOBIMBAIOT 00pa3oBaHME 2-MEHTEHA B KauyecCTBE €IMH-
CTBEHHOTO TIPOMYKTa 3JIMMUHMPOBAHUS M3 MEHTWJIXJIOPHWAA, HECMOT-
PsI Ha TO YTO TaKOE HAIIPaBJICHUE OTIICTUICHUS TTPOTUBOPEUMT IIPABUITY
3aiilieBa 0 HauboJIee 3aMEILIEHHOM TP IBOMHOI CBS3U IPOIYKTE BJIU-
MMHUpPOBaHMs. B oTiMyre oT MEHTWIXJIOpUIA B €ro 3MMepe HEOMEH-
TWIXJIOpUIE aTOM XJIopa B HauboJsiee CTaOMJIbHON KOH(opMaliy Ha-
XOJUTCSI B aKCHAJIbHOM MOJOXeHUU. AToMbl Bogopoga rnpu C(2) u
C(4) Takxke akcuanabHbl. B pesynbrare otmerenuss HCI or HeoMmeH-
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TUIXJIOpYAA 00pa3yeTcsl CMech IBYX M30MEPHBIX MEHTECHOB B COOTHO-
meHu 3 : 1 B MOJTHOM COOTBETCTBMU C MpaBUJIOM 3aiilieBa, IMOCKOJIb-
Ky 3-MEHTeH TepMOAMHAMMYECKM CTaOWIbHee 2-MEHTEeHa:

I CH, CH;
CH; H H

(CH3),CH CHON& H
P — +
4 " C,H;OH H H
H CH(CH;), H CH(CHjy),
3-MeHTEeH 2-MeHTEH
(75%) (25%)

Bununanesbie 1,2-muOpoMuabl MOKHO AeOPOMUPOBATh MO, ICCTBH-
€M pPa3IMYHBIX BOCCTAHOBUTEILHBIX PEareHTOB, TAKMUX, KaK MOAUI-UOH,
TpudeHundochun u ap. CrepeoxuMus 3TOW peakluu Oblia ycTa-
HOBJIEHA C MOMOIIbLI0 MedyeHoro 1,1,2-TpubOpoMuurKiIOorekcaHa, Io-
JIY4EHHOI'O IIPUCOEIMHEHUEM M30TOIIa 82Br2 K HEMEYEeHHOMY OpoMm-
LIMKJIOTeKCeHY. PannoakTMBHOCTh 82Br2, WCTOYHMKA Y-U3ITyYeHMS, TI0-
3BOJISIET OMNPEIEIUTh CTEPEOXUMUUYECKUN XOJ DIMMUHHUPOBAHUS C
OYEHb BBICOKOM CTENEHbIO TOUHOCTU, HEAOCTYIITHOW APYTUMH METO-
JamMu. HemeueHblii OpOMIIMKIIOTEKCEH OOJKEH OBITh €IMHCTBEHHBIM
OPOAYKTOM B CJIydae aumu-3JIUMUHUPOBAHUS, B TO BpeMs KakK IIpu
CUH-ITIUMAHUPOBAHUM NOJKEH OBITh ITOJIydeH OPOMIIMKJIOTeKCEH,
MEYEHBIN 82Brz. HebpomupoBaHue 1,1,2-TpubpoMiIMKIOreKcaHa Mo
IeficTBUEeM HMOOUA-MOHA MPOTEeKaeT CTepeocIeun(puIecK KakK aHmu-
SJIMMUHUPOBAHNE:

Br Br
\\ BI->l< CH3O H
H

OpnHako Takas Ype3BBIYalfHO BBICOKAsT CITOCOOHOCTb K aHMU-DIIH-
MUWHUPOBAHUIO XapAaKTEPHA TOJIBKO IJISI LIMKJIOTEKCUIbHBIX U KOHIIEH-
CHPOBAaHHBIX IIMKJIOTeKCHJIBHBIX cUCTeM. 7151 UKIIOB ¢ IPYTMM YHC-
JIOM aTOMOB YTJIEpOJa aHmu-3TUMUHUPOBAHUE YXKe He SIBJISIETCST eIUH-
CTBEHHBIM HampaBlieHHeM peakiuu. s kecTKo (hUKCHMpOBaHHOM
OULMKINYECKON CUCTeMbl HOpOOpHMITaJoreHuaoB (Oouuukio[2.2.1]-
refnTaHa), TAe ABYTPAHHBINA YroJ MeXIy aTOMOM TajoreHa M BOIOPO-
JIIOM B 9K30-TIOJIOXKEHUU Onu30K K 0°, pealiusyercsl cuH-3IMMUHUPO-
BaHME TaJOTeHOBOJOPO/A:
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S}
B:
CUH-SJIMMWHHNPOBAHNEC (&)
- Hy x% ps

X
H

D

H

i

3H60—/Y H " oaxso-

anmuy-DIUMUHUPOBAHUE HE TMPOUCXOAUT MOTOMY, UTO NIBYIPAHHBIN
yroJl Mexay rpynmnoid X U 3H00-BOIOPOIOM cocTaBisieT nuiib 120° u
M3-3a KECTKOM CTPYKTypbl OMLIMKIIO[2.2.1]renTaHa HE MOXET JOCTUT-
HYTb BEJIMUMHBI, O0Ju3Koi K 180°, HEOOXOAUMOW IJi aHMuU-3TUMUHU-
poBaHUsI. AHAJOTUYHO OOBICHSETCS U CUH-DIMMUHUPOBAHUE U3
TUAPOKCHAA TUKIOOYyTUITpUMEeTIIaMMOHMS 110 T'ohmaHy. B aTOM cityyae
M3-32 MAJIOTO pa3Mepa LMKJIa MOJIeKyJa TakKe HE B COCTOSTHUM TTPUHSITh
KOH(bOpMaILUI0, HEOOXONUMYIO [N aHmMu-3AUMUHUPOBAHUS C
JBYTPAHHBIM YIJIOM, OaM3KuM K 180°:

H

o T

120 °C

(CHy,01° + N(CHs); + HOD

H

T Z®

B mpyrux cimydasgx cuTyaudst He CTOJIb OTpene/icHHa, KaK B BBITICTIPH-
BeJCHHBIX TTpuMepax. OTIIeTUIeHNEe BOIBI OT TMAPOKCHUIA IIMKIIOICH-
TUITPUMETUIAMMOHMS ocyluecTBisiercs: Ha 50% kak cun- u Ha 50%
Kak aumu-3MAMUHUpOoBaHue. s mpanc-2-GeHUIIINKIOTEHTUITO3H -
JlaTa CKOPOCTh PEaKIINU CUH-DTAMUHUPOBAHUS TION JCHCTBUEM mpem-
OyTuiaTa Kajaus B mpem-OyTUJIOBOM criupTe A0 |-eHWIuKiIoneHTe-
Ha B JECATH pa3 MPEBBIIIAET CKOPOCTh KOHKYPHUPYIOIIETO ¢ HUM TIPO-
lmecca aHmu->IAMUHUAPOBAHUS, TIPUBOISAIIETO K 00pa3oBaHUIO
3-(eHMIUMKIIOIEHTeHA:

AHMU-3JIMMU- H CUH-SITUMU-

HUPOBAHNC HUPOBAHUE
CH:<~7+—~~v.CH —_—
G/ 67’5 (CH;);COK: ~¢ @ (CH;);COK:

N

(CH3);COH; 2 (CH,),COH; C.H:
5 H OT: 3)3 s 6
© %) 50 °C 5 50°C 91 %)
3-cbenm- mparc-2-GheHun- 1-peHm-
LIMKJIONIEHTEH HUKJIOIICHTUJITO3WJIaT MKJIOIIEHTEH

Kpome Ttoro, ckopoctb E2-snumunupoBanust TsSOH u3 mpanc-2-de-
HWJILMKJIONIEHTUITO3WIaTa HAMHOTO IPEBBILIACT CKOPOCTh £2-31MMU-
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HupoBaHus TsOH u3 uzomepHoro emy yuc-2-GheHWILUKIONEHTUITO-
3UjaTa B TeX XK€ YCIOBUSIX:

H aHmu —C—)J'[I/IM]/IHI/IpOBaHI/IC‘
(CH3);COK; (CH5);COH;
CH¢ 0T 50 °C CoHt
yuc-n30Mep

COOTHOIIICHUE TIPOLIECCOB CUH- U aHMU-ITUMAHUPOBAHUS 3aBUCUT OT
TOTO, HAXOAUTCS U OCHOBaHHUE B (hopMe arjoMepara MOHHBIX Iap
WM CBOOOIHBIX MOHOB. ATJIOMEpaThl MOHHBIX Iap XU MOHOMEpPHBIC
HMOHHBIE TIApbl CIIOCOOCTBYIOT CUH-DJIUMUHMPOBAHUIO 32 CYET KOOPIU-
HallMM KaTMOHA MeTajla C YXOSIIEW TPYIIIIOii:

c— o =" +ROH+KX
§7 /7N

C Ipyroii CTOpOHEI, JJIT CBOOOIHOIO aHMOHA JOJDKHO OBITH OoJree Xa-
pakTepHO aHmu-3TUMAHUPOBAHNE W3 KOH(MOPMAIIUU, TIe YXOISIlas
TpymIia ¥ BOJOPOI HAaXOIATCS B aumu-TIEPUIUIAHAPHOM TTOJIOXKEHUMU.
JeiiCTBUTEILHO, COOTHOIIeHWE |-(eHUIIMKIIONeHTeHa 1 3-(heHMI-
LUKJIOTIEHTeHa — TIPOOYKTOB CuUH- W aHMU-dIUMUHUPOBAHUS W3
mpawuc-2-GeHUILMKIONEeHTUITo3ruaata — usMeHsiercss ot 10: 1 B or-
CYTCTBHE CBSI3BIBAIOIINX KaTHMOH Kajus I100aBOK a0 1:2,5 B mpucyT-
ctBum 18-kpayH-6-Tonmmacdupa. 18-KpayH-6-mmonnadup obnamaeT yHU-
KaJbHOM CITOCOOHOCTBIO K 00pa30oBaHUIO CTAOMIJIBHOTO KOMILIEKca C
KaTMOHAMHW KaJlus M HATpus B pe3yJbTaTe BKIIIOYEHUS KaTHMOHA B I1O-
Jocth LMkiaa (cMm. 1. 11). CBsi3biBaHME KaTHOHA Kalusl B CTAOMJIbHBIN
KOMITJIEKC TIPUBOAUT K Pa3pylIeHWI0O WOHHBIX acCOIMATOB mpem-0y-
TUJIaTa Kajiis W JPYTUX aJKOTOJISITOB IIEJIOYHBIX METAJJIOB BIUIOTH IO
MOHOMEPHBIX MOHHBIX TTap W CBOOOIHBIX HOHOB. DTO COMPOBOXIACTCS
3HAYUTEJILHBIM M3MEHEHUEM CTePECOXUMUN E2-3TMMUHUPOBAHMS, TIe
MpeobITafaloIuM CTAHOBUTCS YK€ axmu->TAMUHUpoBaHKe. OmHAKO
Jaxke CO CBOOOIHBIM, HEe CBSI3aHHBIM B MOHHYIO Tapy mpem-OyTHIaT-
WOHOM U JIPYTUM aJIKOTOJIITOM, peaqu3yloTcsi 00a KOHKYPHPYIOIINX
rpoliecca — cuH- N aumu-3MuMUHUpoBaHue. [IpenMylecTBeHHOE CLH-
SJIMMUHUPOBAHNE HEOTHOKPATHO HAOJIONAIOCh B PSIAY IIMKIOOKTHIIb-
HBIX ¥ TWKJIOISIMITEHBIX TTPOU3BOAHBIX — COSIWHEHUWI ¢ TaK Ha3bIBa-
€MBIM CpeIHUM pa3MepoM IIMKJIA.

anmu-DIMMIHUPOBAHNE TaJIOTeHOBOIOPOAA B AlIMKIIMYECKOM PSITY
ObUIO TIepBOHAYAJIBLHO AOKa3aHO Ha IpuMmepe 2-OpoM-3-meiitepodyTa-
Ha, KOTOPBIM OBbLT MCITONB30BaH B BUAE apumpo-nzomepa. s spumpo-
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¢dopmbl 2-0poM-3-aeiiTepoOyTaHa BO3MOXKHBI YEThIpE peaKLMOHHBIE
KOoH(opMaIum, Kaxkmas U3 KOTOPBIX Oiaromaps neiTepueBoil MeTKe
MPUBOIUAT K 00OPa30BaHUIO XapaKTEPHOTO IS Hee MPOAYKTa peaKlnu
snuuMmuHupoBanus HBr wiau DBr.

DTO JIerKO MPOWIIIOCTPUPOBATH C TOMOIIBIO CIEAYIOININX YpaB-
HEHWIA:

Br

CHy H CH AHMU-2ITAMU- H CH;
H——D 3 HupoBaHue DBr
H——2Br CH q -

CH; D 3 H
apumpo-2-6pom- mpaHc-0yTeH-2
3-nmeitTepoOyTaH

Br D
CH
CH; D 3
anmu-3nuMuHupoBaHrie HBr
H H
yuc-0yTeH-2
Br
H CH,
cun-anumuHupoBaHre HBr
D >
mpaHc-0yTeH-2
Br
D CH;
cun-3MMuHApoBaHre DBr

CHgs ot H>H CH H

yuc-0yTeH-2

b0 ycraHOB/IEHO, YTO B pe3yibTaTe JIMMUHUPOBAHUS U3 2-O0poM-
3-geiitepobyraHa oOpa3yeTcsl mpaHc-OyTeH-2, He CoaepXKalluil Aeii-
Tepusl, U NeHTepUpPOBAHHBIN yuc-OyTeH-2. DTO COIJIACYETCSI TOJIBKO C
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MEXaHU3MOM aHmu-3TUMUHUpOBaHusgI. Ha 3ToM ocHOBaHUM OBLIO
chopMyIMpoOBaHO 00lIee TMPaBUJIO 00 awmu-3JIUMUHUPOBAHUN TIPU
F2-mexaHuzMe B psiiy aJIKMJITAJIOTEHUIIOB M alIKWCyJibdoHaToB. Of-
HaKO TaK Xe KakK W IJIsI TIPOM3BOIHBIX IIMKJIOAJTIKAHOB, peajabHasl CH-
Tyalusl oKazajach 3HAUUTEJIbLHO CJIOXHEe, YeM TepBOHAYATbLHO TIpeI-
nosaraaock. s roMOJI0roB 2-rajjoreHoOyTaHOB — 3-TaJIOT€HI€KCaHOB,
KaTUOHA 3-TeKCUIATPUMETWIIAMMOHUS U PSIAa IPYTUX Gmop-aJKUra-
JIOTEHUAOB M CyJb(OHATOB HAOIIOMACTCS KaK aumu-, TaK U CUH-DITU-
MUHUpPOBaHUE MHpu GopMalbHOM E2-MexaHU3MeE, MIPUYEM CTEPEOXH-
MUSI DJIMMMHHUPOBAHUS OYEHb CHUJIBHO 3aBUCHUT OT TIPUPOIBI YXOMIS-
el rpynnbl U ocHoBaHus. B T1a6n. 10.2 mpacraBieHbl JaHHbIE IO
crepeoxumun E2-snuMuHMpoBaHus Wi psga emop-AlkX.

Taonuma 10.2
Crepeoxumus E2-31MMHHUPOBAHMS ANMKJIMYECKMX CYOCTPaTOB

% anmu- | % cun-
CoenHeHue OcHoBaHMEe U pacTBOPUTEIb | JIUMUHHU- | SJIVUMUHU-
poBaHMsSI | POBaHUS
CH3(|3H—|CHCH3 (CH,),COK; (CH,),COH 100 0
D Br
CH3CH—|CHCH3 (CH,);COK; (CH,),COH 100 0
D OTs
CH,CH—CHCH, (CH,),COK; IMCO 100 0
@,
D N¥(CHy)j,
CH3CH2C|H—?HCH2CH3 (CH,),COK; (CH,),COH 32 68
D F
CH,;CH,—CH—CHCH,CH, (CH,),COK; (CH,),C—OH 20 80
D N®(CH,),
CH3(CH2)3C|H—C|H(CH2)3CH3 (CH,),COK; IMCO 38 62
D
CH3(CH2)3C|H—C|H(CH2)3CH3 (CH,);,COK; (CH,),COH 93 7
D OTs
CH,(CH,),;CH—CH(CH,);CH; | (CH,),COK; IMCO 24 76
D N®CH,),
CH3(CH2)3C|H—(|ZH(CH2)3CH3 (CH,),COK; C.H 20 80
D F
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Kak cnegyeT u3 maHHBIX, IpuUBeAeHHBIX B Ta0a. 10.2, cun-31MMUHU-
pOBaHME CTAaHOBUTCS OCHOBHBIM ITPOLIECCOM TP Tepexoe K 3JIeKTPo-
OTpULIATEILHBIM YXOISIIIMM TpyrnmnaM — (GTopy, TpPUMETWJIaMUHY TIPU
HCTIOb30BaHUHY B KaueCcTBE OCHOBAHUS mpem-0OyTuiaaTa Kanus. Takum
obpazoM, misg E2-mexaHusma [-3JIMMUHMPOBAHMSI BO3MOXHO Mapa-
JIEIBHOE CuH- W aHmu-3JMMUHUPOBAHUE. DTO HEOOBIYHOE SIBICHUE
IOJIyINIO HA3BAHUE CUH,aHMu-IUXOTOMHUY . B KauecTBe TpuMepa CuH-
U aHMU-TAXOTOMUU U3 OMHOTO CyOCTpaTa pacCMOTPUM OTIIETUICHHE
TpUMETUIAMMHA M3 KaTMOHA (OeLiI-5)-TpUMEeTWIAMMOHUS.

CHe. H H_ CgHy

(CH5);COK
CH3(CH2)3—CH—CH2(CH3)3CH3 —_—> +
R (CH;);COH
N(CHy)3 H “CH,H “CH,

Hcronb3yss MeyeHHbIE NEeWTeprueM MCXOMHBIE COCIMHEHUsS, a TaKKe C
[IOMOUIBIO APYTUX METOMOB, YAAJIOCh HE TOJIBbKO A0KA3aTh HAIUYUE CUH-
U aHmMu-3IMMUAHUAPOBAHUS, HO TakKXKe PACCUMTAThb CTENEHb YJYacTHsI
YeThIpeX BOZMOXKHBIX PeaKIIMOHHBIX KOH(MDOPMALIMil B KOHKYPHUPYIOIITUX
npoieccax 3AMMUHUpPOBaHuUA. a9 KaTuoHa (meuui-5)-TPUMETU-
JIAMMOHUSI MOXXHO TPEACTaBUTb IBE awmu- W IBE CuH-TICpUILIaHApP-
Hble KOH(OpMalIMK, Kaxaas U3 KOTOPBIX MPUBOIUT K 0Opa3oBaHMUIO
XapaKTepHOTO IJIs1 Hee TIPOMYKTa CuH- U AHMU-IIMMUHUPOBAHUS.

CH3);N* K
(RN . NHCHa,
CUH-DITAMU- QHMU-DTTAMA- || CH,
HUPOBaHNE, HMPOBaHNKE,
62% 9%
= > D
H H “CH,
GHY  CHyy — “Hf e H
) PaHC-aTIKEH B
CH N+ N*(CH
(CHy), CH H (CHy)s
CUH-DITAMU- AHMU-STIAMU- ~ 1 H
HUMPOBAHUE, HUpOBaHWEe, 4
2% 23%
C H
4 H C4H H* H
yuc-alkeH T

* .
dichotomy — neneHue 11eJ0TO Ha JIBe YacTH.
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HetpynHo 3ametutsh, 4to okojiio 90% mpanc-netieHa-5 moiyvaercst B
pe3yibTaTe cuH-3IMMUHUpPOBaHUsI U3 KoHpopmauuu A. Haubosee
TOpa3UTEIbHBIM OKAa3bIBAETCS TO OOCTOSITENILCTBO, YTO ITOUYTH BECh UlC-
JeleH-5 obpasyeTcss BCICICTBUE aHmMU-3IUMUAHUPOBAHUS, W 3TO OT-
HIETIJICHUE TIPOMCXOAUT W3 DHEPTreTUYECKU HEBBITOTHON KOoHbopMma-
muu 1. Jyist Toro 4toObl mpou3ouuio E2-3IMMMHUPOBAHUE, OCHOBA-
HMe B IOJKHO OTLIENUTH MPOTOH, OTMEYEHHBIN 3BE3M0YKOM. B
KoHdopMalu b 3TOT NPOTOH 3KPaHUPOBAH OYTWIbLHBIMU TPYHIIAMU
¢ o0enx CTopoH, a B KoH(popMmauu I OH 3KpaHUPOBAH TOJIBKO C OJHOM
CcTOpoHHbI. [loaTOMY IpU aumu-31TUMUHUPOBAaHUU U3 KOoH(popmauuu I’
yuc-aJKeH TOJKEH TMOJy4YaTbCcsl B OOJBbIIEM KOJMYECTBE, YEM €ro
mpanc-u3oMep U3 KoHgopMauuu b, 4To U HAOIIOHAETCS B JICMCTBU-
TeabHOCTU. Kpome Toro, ecinm aumu-3IAMUHUPOBAHME 3aTPYIHEHO
HACTOJIBKO, YTO peain3yeTcsl KOHKYPEHTHOE CuH-2IIMMUHUPOBAaHNE,
npeBpaiieHne b—anmu—mpaHnc MOJKHO TIONABISITHCS B OOJbIIeHt
CTeTNIeHU, YeM TipeBpaineHue [—aumu—uyuc. A cun-3TUMAHUPOBAHUS
SHEPreTUYeCK! M TPOCTPAHCTBEHHO HamOoJjee BBITOTHON OKa3bIBAeT-
cs1 KoHpopMmauusi A, MeHee 3acIOHEeHHasl, yeM KoHdopmauus B,
TMO3TOMY CUH-DIIUMUHHUPOBAHUE MPUBOIMUT MPAKTUUYECKU TOJBKO K
mpanc-ankeHy. TakuM oOpa3oM, B OOILUEM CJllydae mpaHc-alKeHbl 00-
pasyloTcsl MPEUMYIIECTBEHHO TIPU CUH-ITUMUHUPOBAHUM, TOTJA Kak
yuc-aJIKeHBbI TIOJIyYalOTCsl TIPAKTUUECKU IIEJTMKOM B Pe3ybTaTe aHmu-

SJMMUHUPOBAHUSI U3 COEIUHEHUI RICHX—C—R’:

/ N\
Hy H,
¢ anmu-smuvmnanpoBanne HpX
R! H
H R "
b
yuc-aJKeH
X
H, rL H
cun-3mumrHApoBaHne HpX
H; >
R! r2H H g2

mpaHc-anKeH

3HaHMe 3aKOHOMEPHOCTEU cuH- U aHmu-3JIUMUHUPOBAHUS TTO3BOJISIET
B psiie ClyyaeB BbIOpaTh ONTHMAaJbHBIE YCJIOBUS, CIIOCOOCTBYIOLINE
MOJIYYEHHUIO aJIKeHa OIIpeleeHHOU KoHdurypauuu. Tak, Hampumep,
U3 UMKJIOAEUMIXJIOpUAA NPU AEHCTBUM AUIMKIOTEKCUIAMUHA B
HETOJISIPHOM cpefie (reKcaH) MoayJyaeTcsl MpakTUYeCKU YUCThI mpaHc-
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LIMKJIONEILIEH B PE3y/IbTaTe CUH-IIMMUHUPOBAHUS. aHMU-DIAMUHUAPO-
BaHHUE XJIOPMCTOTO BOAOPOJAA M3 TOTO K€ LMKIOMEHMIXIOpUIa yaaeT-
Cs1 OCYILLECTBUTh B CHIbHO mossipHoM JIMCO (e2”'= 49) nox neiicTBu-
eM mpem-OyTHIIaTa KaJldsl, TIPOMYKTOM pPEaKIMM B 3TOM Clyyae OKa-
3BIBACTCS YUC-TTUKIIOACIICH.

IIpeuMy1IeCTBEHHOE CLH- 3JH/IMI/IHI/Ip0BaHI/IC HaOJIIONAJIOCh JaXe U3
HepBI/I‘{HbIX COC,Z[I/IHCHJ/H/I ooweir opmyasl R RZCHCHDN+(CH3)3OH_
ecm R!' u R? — pa3BeTBIIEHHbIE AJIKUJIbHBIE TPYyMIIbl. B aTOM ciiydyae
KoHopmanus /I, TIpUBOISINAS K CUH-DIIUMUHUPOBAHUIO, TAKXKe CTe-
pUYECKM MEHee HallpsDKeHa II0 CpaBHEHUIO ¢ KoHdopMmauueir E, us
KOTOPOI OCYIIECTBIISIETCSl aHmu->IMMUHUPOBaHNe. B koHpopmaium
FE Tpu 00beMHBIE TPYIIIILI HAXOMSATHCS B 20u/-TIOJOXEHUN:

@ ®
N(CH3)3 (CH3);N o
R. R?
R2
H D H D
1
H* R
E i/}

HecmoTpst Ha TO 4TO B HacTosiliee BpeMsl HailieHbl MHOTOYMC-
JICHHbI€ TIPUMEPbl KOHKYPUPYIOLIETO CUH- U AHMU-3JIUMUHUPOBAHUS,
(akTOpHI, OMpenensionie CTePeOXUMNIECKEe OCOOCHHOCTU SIIMMU-
HUPOBaHUSI, BCE €lle OCTAITCS MPeaIMEeTOM MHOTOUYUCIEHHBIX UCClie-
JIOBaHUM W auckyccuil. He uckioueHo, 4to B OyaylleM 3TO MpuBe-
JIeT K KOPEHHON PEeKOHCTPYKIIMM CaMOil KiacCU(pUKAIIUUA MeXaHU3-
MOB 3JIMMMHUPOBaHMUSI.

aHmu-DJIMMUHUPOBAHWE CTAHOBUTCSI OCOOEHHO TMPEAINOUYTUTEb-
HBIM, €CJIM B KaueCTBE OCHOBAHWS HCIOJB3YIOT Ci1abble OCHOBAaHUS,
Takue, Kak XJopui-, QTopua-, alerar- u TUODEHOSIT-UOHBI, BMECTO
CUJIbHBIX OCHOBaHWUM — mpem-OyTUJIaT-MOHA U JPYTUX aJKOTOJISITOB.
aHmuy-DIIMMUHUPOBAHUIO B 3TOM CJIydae CIIOCOOCTBYET MCMOJIb30BaHME
JATOJISIPHBIX aliPOTOHHBIX PacTBOpUTENE, a Takxke Hoaua-, OpomMua-
MOHOB U CYJIh(D)OHATOB B KAYECTBE YXOJSILEN TPYMIbl B TPETUUHBIX U
BTOPUYHBIX aJKWJIMOAUIAX, AJKUIOpOMUAAX U aJKUJICYJab(oHaTax:

La -
IIMCDA 80 °C

B CH; (76 %) CH;
CH,);CCOOK
CH;(CH,);CH—CHj (3)3—> CH;(CH,),—CH=CH—CHj.
| JIMCO; 100 °C
Br 95 %)
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10.3. IPOCTPAHCTBEHHASI OPUEHTAIIVS ABOMHOM
CBSI3U B ITPOJYKTAX DJIUMHUHUPOBAHUS

CaMOCTOSTeNIbHYIO MPOoOJeMy B peakUusIX dSAMMUHMPOBAHUS CO-
CTaBJsieT 00pa3oBaHUE yuc- U mMpanc-U30MepHbIX ajnkeHoB. Ilpu ot-
LIETUIEHUM TaJIOTeHOBOIOPOAA OT BTOPUYHBIX WJIM TPETUYHBIX aJTKWII-
raJloreHUI0B (akTuyecku obpasyeTcsl He OBa, a TpU ajlkeHa. Tak,
Harnpumep, npu E2-31MMUHUPOBAHUU U3 2-OpOMIIEHTaHA TMOJy4YaloTCs
HeHTeH-1, yuc- 1 mpaunc-nIeHTEHbI-2 HapsSAy C 2-3TOKCUIIEHTAHOM —
TPOYKTOM Sp2-3aMelleHrs] OpoMa Ha STOKCUJIBHYIO TPYMIY:

C,H;0K®
CH3(|:HCH2CH2CH3 > CH2=CHCH2CH2CH3 +
L C,H;OH; 60 °C 25%)

CHj, CH,CH; CHj, H
+ C=C + ,C=C_ +
H H H CH,CH,

(14%) (41%)

+ CH3CHCH2CH2CH3 + KBr + CH3CH20H .

OCH
25 20%)

AHajornyHo npu otierieHnn HX mo 3aiiueBy M3 coenaMHEHU 00-
et hpopMyIIbl RICHQCHXR2 BO3MOXHO OOpO30BaHUE ULUC- U MPAHC-
AJTKEHOB:

1
®© R R R H
. / / S}
R'CH,CHR® B% > \/CZC\ + \/c=c\ + BH + Xz
X H H H R’

X=F; CI; Br; I, OTs; OSO,R .

KoHdurypauus ankeHa TeCHO CBsI3aHa CO cTepeoXxumumeinn E2-siu-
MuHupoBaHusl. [1pu anmu-31MMUHUPOBAHUN Yuc-adKeH o0pa3yeTcsl U3
KoHpopMauuu A, a mpauc-ajJkeH — U3 KoHdopmauuu b:
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R H
R H
y B )
—_— + HB + X:
R H
R H
H
KoHdopmarust A UuC-alIkeH
X
H
TR 8 .
—_— + HB + X:
R H
R
H

MpaHc-aJIKeH
KoH(opmanust b

KoHndopmanusi b sHepretuyecku 0oJjiee BbIrOAHA, yeM KOHGopMa-
musi A, IOCKOJIbKY B KOoH(MopMauuu A ABe ajJKWIbHbIE T'PYIIIbI Ha-
XomsaTcsl OvKe ApYyr K Apyry, yeM B KoHdopmanuu b. ITostomy mipu
SJIMMUHUPOBAHUU OOpa3oBaHUE mpaHc-ajlKeHa NOJXKHO ObITh Mpe.-
MMOYTHUTENIbHEE, TIPUYEM TOJISI mparc-u30Mepa MOJDKHA BO3pacTaTh IO
Mepe yBeslnuyeHusi obbema 3amectutesnsi R. Tak, nmpu oTLIENIEHUU
OpPOMUCTOrO BOJOpPOA OT 2-OpoMOyTaHa Moj AeiCTBMEM 3TUJlaTa Ha-
TPUS B CIIMPTE COOTHOIIEHUE mpauc- U yuc-OyTeHOB-2 COCTaBISET
npuMmepHo 3: 1, mis aHajmoruyHou peakuuu 1,4-nudeHun-2-6pom-
OyraHa oHa Bo3pactaeT g0 50:1. B o0uem ciayyae COOTHOIIEHUE
MPaHc-yuc-n30MepPoOB TIPU aHMU-ITUMUHUPOBAHUN PEIKO ObIBAcT
OoonpwmmM, yeMm 4 : 1 wim 5: 1.

OnHako CTepuYecKoe OTTaJKMBaHUE NBYX aJKUJIbHBIX IPYIN He
e€IMHCTBEHHBIN (PaKTOp, BIMSIONINI HA COOTHOIICHUE yYUC- U MPAHC-
M30MEPOB MPOAYKTOB awmu-E2-371UMUHUPOBaHUS. DTO COOTHOIIE-
HHUE 3aBUCUT TaKKe OT MPUPOIBI YXOMSIIeH TPYIIbI M OCHOBAaHUS.
Hdnsa crepryecku He3aTPYIHEHHBIX OCHOBAHWI TIPU 3IUMUHUPOBA-
HuM HX 13 BTOPUYHBIX U TPETUUHBIX AJKWITAJIOTEHUIOB U AJTKWJI-
Cynb(pOHATOB BENMUYMHA Mpauc-/yuc-OTHOLIEHUS 3aKOHOMEPHO
YMEHBIIIACTCST B DALY

I>Br>Cl>F.

CH;OK
CH;CH,CH,CH,CHCH; —————— CH;(CH,);CH=CH, +
| CH;OH; 60 °C )

212



CH3CH2C{12 P CHyCHCH,  CHj

+ C=C - C=C
RN 7N
H CH; H H
(2) (3)
(1) (2) 3)
X = 9% | 63% | 18%

X=Br| 27% | 56% | 17%
X=Cl| 33% 50 % 17 %
X=F| 69% | 21% | 10%

st 2JIMMUHUPOBAHUS U3 2-TaJOT€HT€KCAaHOB IOJ AEUCTBUEM
METHJIAT-MOHAa B METAHOJIE BEJIMYWHA MpaHc-/yuc-OTHOIICHUS W30-
MEpPHBIX TeKCEHOB-2 yMeHblaeTcs ot 3,5 no 2,1 mpu 3ameHe ioma Ha
(GTOp B KavecTBe yXOmSIIel TPYMIIBI, XOTs mMpaHc-U30Mep OKa3bIBa-
eTcsl TpeodiafgalolMM Mpy 0ok yxonsiueit rpymre. ITonoxkeHue
pe3KO M3MEHSsIeTCsI, KOrla B KauyeCcTBE OCHOBAHMSI MCIOJb3YIOT CTe-
pUYECKH 3aTPYACHHBIE AJIKOTOJATH TpeTUUHBIX cnupToB: (CH3);COK,
(C,H;5);COK mmm mmankwiamugel utuga LIN[CH(CH;),],. Otn oc-
HOBaHUs MPEXJIe BCEro MU3MEHSIOT HampaBieHUE JMMUHUPOBAHUS B
CTOPOHY MPEMMYIIECTBEHHOro oOpa30oBaHMsI ajKeHa-1 B COOTBETCT-
Buu ¢ npaBuioM l'opmana. Kpome Toro, HaGiwomaercsi 3HAYUTEb-
HOe M3MEHEeHWEe B COOTHOIICHUU MpaHc-/yuc-n30MepoB 0Opasyrolie-
rocsl B MEHbBIIIEM KOJMYECTBE aJikeHa-2:

(CH5);,COK
CH3CH2CH2CH2CHCH3 —>CH3CH2CH2CH2CH:CH2 +
HCHs (e com
(1)
CH,CHCH,  H CH,CH,CH,  CHj

+ Cc=C + CcC=C
H _ cu d H
2) 3 Q)
(1) () (3)
X = 78 % 15% | 7%

X=Br| 91% 5% 4 %
X=Cl| 9% % 1 % 3%
X=F| 8% 3% 14 %
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M3 2-xjmoprekcaHa B 3TOM cCiydyae oOpa3yeTcs IMPUMEPHO paBHOE KO-
JIMYECTBO MpaHc- U Ulc-TeKCEHOB-2, a u3 2-(pToprekcaHa M TO3WJIAT
reKcaHojia-2 yuc-u3oMepa 1mojyJaeTcs B TpU pa3a OoJIbllIe, YUeM MPaHc-
rekceHa-2. Mi3MeHeHUEe COOTHOIIECHMS yuc- U MpaHc-N30MEPHBIX aj-
KEHOB B 3aBUCHMOCTU OT TIPUPOIBI YXOMSIIEH TPYMIbl M OCHOBAHUS
MOKa ellle He HAIIIO YAOBJIECTBOPUTEIHLHOTO OOBSICHEHMS.

CoennHeHUs C ABYMSI XMPAJIbHBIMU aTOMaMH YIJepoaa CyIIecT-
ByIOT (IJ1. 8) B BUIAE IBYX IMAaCTEpPEOMEpPOB: mpeo-HopMbl (B CUM-
METPUYHBIX COENMHEHUSIX €l COOTBETCTBYET pauemar R,S-) u apumpo-
dbopmbl (B CI/IMMMeTpI/I‘{HbIX COCI[I/IHCHI/IHX eii COOTBETCTBYET Me30-
¢opma). JIuacrepeomMepnl R!CHX—CHXR? 1o pa3HOMY BeIyT cebs
B peakuMsIX aHmu-snuMuHupoBanus. [1pu aTom U3 mpeo-GopMbl o-
JlydaeTcsl mpauc-, a U3 Ipumpo-GOpMbl — yuc-u3oMep. Y apumpo-
(bopMBbI WIST aHmu-3TUMUHUPOBAHUS PEAKIIMOHHOCIIOCOOHBIMU SIB-
JISTIOTCS ABe KOH(OpMalMM, Kaxmas M3 KOTOPBIX MPUBOIUT K 00pa-
30BaHUIO yuc-aJIKeHa:

X R’ ,
H_ X BC? B(? X R
— > -
H R! H R!
2 H R
R H
yuc-aJIKeH

Y mpeo-hopMbl PeaKIIMOHHOCITIOCOOHOM IUISI aHmMu-3TUMUHUPOBAHUS
OKa3bIBaeTCs Takasi KoHpopMawwsi, tae rpymmsl R! 1 R? HaxomsTes B
aHMU-TIOJIOXKEHUM NIPYT K APYTY:

X

2 X
RA_ X 0 R
_b
H R! " 1

i R

mpanc-ajaKeH

B xauecTBe mpuMepa, WILTIOCTPUPYIOIIETO CTEPEOXUMUIESCKIIA Pe3yIbTaT
aHMU-3ITAMUHAPOBAHUST M3 ABYX AMACTEPEOMEPOB, MPHUBEIEM TaHHBIC
no snumuHupoBaHuio HBr u3z 2-6pom-3-metwineHraHa. OTiiernjeHue
HBr ot nByx auactepeomepoB 2-OpoM-3-MeTWJINEHTaHa MpOTeKaeT
MOJIHOCTBIO CcTepeocrelnUIHO KaK aHmu-3J1MMUHUpPOBaHe ¢ oOpa-
30BaHUEM 3-MeTuineHTeHa-2. DnumuHupoBaHue HBr uz (R, R)- wiu
(5,8)-n3omepa NPUBOAUT K OOPA30BAHUIO MCKIIOUUTENIbHO FE-u30Me-
pa ankeHa, Torma kKak u3 (R,S)- wim (S,R)-nuacrepeoMepa mosydaet-
Csl TOJIbKO Z-3-MEeTUJITIeHTeH-2:
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H JH  cHcH,0°

CH, Br CH;CH,._ H
R.R- —> c=(’
CH Sen
He . _-CHs cHchH,dP 4 3
-7 _C\ - (F)-3-MeTurneHTeH-2
CHy \ “H
CH;CH, Br
S,5-
He. P cHcHo®
CH;’f \NCH,
CH3CH2 Br CH3~\ /H
S,R- —> \C=C
CH CH/ \CH
H . _-CHy cHcH,d? 30 3
CH3CH2///C C\\H (Z)-3-MeTnmeHTeH-2
CH, Br
R,S-

Ilpu cun-31MMUHUPOBAHUU U3 3aCJIOHEHHOU KoHdopMauuu
mpanc-aNKeHbl 00pa3yloTcs B 3HAUUTEIBLHO OOJIbIIIEM KOJTUYECTBE, YeM
WX YUc-N30MEpHI:

@ @
(CH3);Ny Rl H g2 H (CH3)3Ny
CUH-DITIMM- CUH-2]TAMU -
—_— -~
H HUPOBaHUE HUPOBAaHUE R2
R! R2 q H R2 R! H R! H H

mpamuc- yuc-

OTOT ciydyail ObuU1 onucaH paHee B paszaesne 10.2.4 Ha mpumepe (ne-
LUA-5)-TpUMETWIAMMOHUTUAPOKCUIIA, TI€ MPparHc-u3oMepa Mpu CuH-
SJIMMUHMUPOBAHUM monydyaetcsd B 30 pa3 Oosbliue, 4yeM uyuc-uaomMepa
MPpU CUH-IIIUMUHUPOBAHUM U3 JIPYTOM, MEHee yCTOMUMBOK KOH(oMma-
uuu. M3 atoro cienyer, 4To cuH-3JIUMUHUPOBAHUE OTIMYAETCS OT
aHmu->1MMUHUPOBAaHUS TOpa3ao 0oJiee BbICOKOW CTepeoCceeKTUBHOC-
ThIO B OTHOLIEHWU KOH(UTYpalMU TOJyYyarolIerocs ajkeHa.
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10.4. KOHKYPEHIIUA 3AMEIIEHUA
n SJINMMUHUPOBAHUA.
IMPUMEHEHUWE PEAKIIUI DJIUMHWHUPOBAHUSA
B OPTAHUYECKOM CHUHTE3E

PeareHT Y: uau pacTBOpuTesb MOXKET JEHCTBOBATh M KaK HYKJIEO-
(un1 mo OTHOILEHUIO K aToMy YIjaepoaa, M Kak OCHOBaHUE IO OTHO-
LIEHUIO K aTOMY BOAOpOJA MPHU cOCeHeM yriepoaHoM atome. [Toatomy
peakuMu HYKJIeOo(pUIbHOTO 3aMelICHUS U DJAMMUHUPOBAHUSI KOHKY-
PUPYIOT IpyT ¢ ApyroM. B MoHOMOJIEKyIsipHOM Tpoliecce £1-MexaHu3m
KOHKypUpyeT ¢ Syl-MexaHu3MoM 3amellleHus1. JlelicTBUTeNbHO, Mep-
Bas cTaaus B MexaHudMme E1 coBmamaeT ¢ mepBOil cTaaueil MexaHu3-
Ma Syl U 3akioyaeTcs B MOHU3ALMKU cyOCTpaTa ¢ 00pa3oBaHUEM Kap-
6okatnoHa. Bo BTopoii cramuu El-mpoiuiecca pacTBOPUTEIb OTILEILIS -
€T MPOTOH OT P-yIJIEPOJHOTO aToMa, TOTAa Kak mpu Syl-mexaHuszme
MIPOUCXOAUT aTaka PacTBOPUTEJS MO TOJOXHUTEIbHO 3apsiKEHHOMY
aToMy yrjieponaa. DTo COCTaBsIeT eAMHCTBEHHOE pa3ivuyue ABYX POJl-
CTBEHHBIX peaklMil — oTwernaeHus 1 3amelneHus. Kak yxe Obu1o oT-
MEUYEHO paHee, Uil KapOOKaTUOHOB CKOPOCTDb «3axBaTa» HYKJIEO(MUIIb-
HOTO areHTa MpeBbIIIAeT CKOPOCTh ACNPOTOHUPOBaHUS, T.e. Syl > El,
M 9TO COOTHOILIEHUE MPAKTUYECKW He YAAeTCsl UBMEHUTb 3aMEHOM pa-
CTBOPUTEJISI WM HYKJIeOo(pUIbHOrO areHTa. bosee CUIbHBINA HYKJI€o-
(un cnmocoOCTBYET 3aMeleHMIO, a 0oJiee CUIbHOE OCHOBAHME BbI3bI-
BaeT M3MEHEHHE MeXaHM3Ma JIMMUHUPOBAHUSI C MOHOMOJIEKYJSIpP-
Horo FE1 Ha OumonexkyisipHbiii E2. M3MeHeHUe B COOTHOIIEHUU
NnpoaykToB Syl-3amenienuss U E1-3TMMUHUPOBAHUS MOXET OBbITh J0C-
TUTHYTO B MOHU3UPYIOIIMX, TOJSIPHBIX U HEHYKICOMUIbHBIX PacTBO-
pUTENISIX, TaKUX, KaK TPpUGDTOPMETaHCYIb(MOKUCIOTa, U CYIEePKUCIO-
tax FSO;H—SbF;, SO,CIF—SbF; wiu B Tex ciayyasix, Korna KapookaTu-
OHHBII LIEHTP CTEPUYECKM MOJHOCTbIO OJIOKMPOBAH Pa3BETBICHHBIMU
AJTKWIbHBIMU TPYIAMHU.

CooTHolLIeHUE TMPOAYKTOB Sy2-3aMelleHuss U E2-31MMUHUPOBA-
HUS 3aBUCUT OT LEJOro psina (pakToOpoB, BaxKHEHUILIMMU U3 KOTOPBIX
SBJSIOTCS TpUpoaa pamukaga B RX M OCHOBaHUSI, BBIMOJHSIOLIETO
OIHOBPEMEHHO M POJib HyKJIeouibHOro areHta. bosee cuiibHbIe OC-
HOBaHUS CIMOCOOCTBYIOT E2-3JIMMUHUPOBAHUIO, a 00Jiee CUJIbHbIE HYK-
JleoWIbHbIE areHThl — Sp2-3aMelleHUIO:

LiCl _
CH3|CH—?HCH3 WCH3$H—CHCH3+CH3|C—CHCH3,
CH; Br CH; CI CH;

(50 %) (50 %)
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o ®
CH-,COO K
CH;CH—CHCH; aH;TT>CH3CH—CHCH3+(CH3)2C=CHCH3,
CH; Br CH; OCOCH;
(11 %) (89 %)
CH,CH—CHCH GH0K (CH;),C=CHCH
J— . — .
777 T BGHO0H, 80 °C ’
CH; Br 99 %)

DTy 3aKOHOMEPHOCTH JIETKO IIPOCIICIUTh Ha MpUMepe 3-0poM-2-MeTHI-
OytaHa. C XJIOpUI-UOHOM E2-3TUMUHUPOBAHKE U Sy2-3aMelleHUe UIYT
C paBHBIMU CKOPOCTSIMU, HO C alleTaT-MOHOM M, OCOOEHHO, C 3THJIaT-
HMOHOM 3JIMMMHUPOBAHME CTAHOBUTCSI IJIaBHBIM WM JaXe SIUHCTBEH-
HBIM HarpapjieHUeM peakiu. [IpruMeHeHre 0ojiee CITbHBIX, IIPOCTPaH-
CTBEHHO 3aTpynHeHHbIX ocHoBaHuii — (CH;);COK, (C,H;);COK,
(u30-C3H;),NLi — mj1s1 BTOpUYHBIX aJIKUITAJIOTEHUIOB U aJIKWICYITb-
(oHaTOB pe3Ko cMellaeT HallpaBJIeHHE peaklMd B CTOPOHY SJIMMU-
HUPOBaHMS, a UISI TPeTUYHbIX RX FE2-31MMUHUpOBAHME CTAHOBMUTCS
CIMHCTBCHHBIM HAaIIpaBICHUEM PEaKIIUM:

CH;CHCH M&CH CH=CH, + CH;CHCH
3 | 3 CZHSOH 3 - 2 3 | 35

Br (87%)  (13%) OCHs
CH;CHCH MCH CH=CH

3 3(CH;,COH — 37 7%

Br (98 %)

OnHOBpPEMEHHO TPOMCXOAUT M3MEHEHWE HaIlpaBJIeHUs OTIIETUICHUSI,
KOTOpOe [JIs1 3TMX OCHOBAHMI oOIlpenessieTcs mpaBuwioM I'odmana:

CH3 0 ®

| W’CH CH=C(CH;), + CH;CH,C=CH
CH3CH2(|:CH3 (C2H5)3COH 3 - 3)2 3 2| - 2:

Br (11 %) (89 %) CHj

Hst Toro 4TOOBI TIIABHBIM HAIMpaBlIeHWEM PEaKINU CTajJo SJIMMUHM-
poBaHMe 10 3aiflieBy, IS TPETUUYHBIX ATKWITAIOTEHUIOB W ITUKIIOAT-
KWJITAJIOTEHUIOB B KaueCcTBE MUTHIPOTAIIOTEHUPYIOIIETO areHTa Heoo-
XOIMMO WCIIOJIB30BaTh XJIOPUI JIUTHSA, (PTOPUI Kaaus B TUTIOJISPHBIX
anpoToHHBIX pacTBopuTenax — JIM®PA, TMDPTA wniu AMCO:
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o Lidl R
AM®A; 80—100 °C 0

CH,Y CH;

7151 BTOPUYHBIX aTKWJITAJIOTEHUIOB M CYTh(OHATOB UISI DIUMHHUPO-
BaHUs 10 3aiilieBy B KayeCTBE OCHOBAHUS CIEAYeT MPUMEHSTb COJIU
TPUMETUIYKCYCHOI (TTMBaJMHOBOM) KUCIOTHI WM OPYroil cTepuyec-
K1 3aTPyIHEHHOW KHUCJIOTHI. DTM OCHOBAaHUS TNMPAKTMUECKU JIMIIIEHBI
CBOICTB HYKJIEO(DUIBHOTO peareHTa, TaK KaK KUCIOPOIHBIN LICHTP
KapOOKCUJIaT-MOHA TPUMETUIYKCYCHOM KMCIOTBI MPOCTPAHCTBEHHO
GJIOKUPOBAH ISl aTaKi 10 sp°-TMOPUAN30BAHHOMY aTOMY YIJIEpOIa,
u E2-31UMUHUPOBAHME CTAHOBMTCS MPAaKTUYECKU €IMHCTBEHHBIM
HampaBjJIeHUEM peaklIuu:
100 °C
CHj3(CH,),CH,CHCHj; + (CH3);CCOONa —————>
{ AM®DA

——> CH;3(CH,),CH=CHCH, + CH;(CH,);CH=CH, +
(94%) (6%)

+ Nal + (CH;);CCOOH.

[lepBuuHbIE AJKWJITAIOT€HUABl MOABEPralOTCsl AETMIPOTaIOreHU-
POBaHMIO U NAIOT AJIKEHBI B KAUECTBE [JIABHOIO MPOLYKTa TOJBKO MPU
HCII0JIb30BAaHMHM B KaueCTBE OCHOBAHMSI POCTPAHCTBEHHO 3aTPyQHEH-
HBIX TPETMYHBIX AMUHOB, TaKWX, KaK, HallpuMep, 3TUJIAUU3O0MPOINHU-
namuH (u30-C;H;),NC,Hs wnmn nuusonponuiaMu, JIUTHS:

(U30—C3H7)2NC2H5, 180 °C

H-C6H13CH2CH2BI' > C6H13CH:CH2,
99 %)
CH e ® CH
[ 3 [(CH3),CH],NLi T °
CH;CHCH,CH,CH,CI > CH;CHCH,CH=CH,.

TI®, 60 °C (87 %)

Euie Gosiee a(ppeKTUBHBIMU JeTUAPOTATOT€HUPYIOLIMMU areH-
TaMU SIBJISIOTCS OUIIUKIMYECKAE a30TUCThIe OCHOBaHUS — 1,5-ama-
3abunukiio[4,3,0]lnonen-5 (AbH) u ocobenno 1,8-mma3zadbumnkio-
[5,4,0]ynneuen-7 (ABY):
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N N
=z =z
N Q'/\J

1,5-nmazabuumkIio- 1,8-11a3abUIMKIIO-
[4,3,0]HoHeH-5 (JIBH) [5,4,0]yHoeueH-7 (JIBY)
ABY

CH,CH(CH,);CH;—> CH,=CH(CH,);CH,+CH,CH=CH(CH,),CH;.
]|3r C 1:4
CyMMapHblii Bbixon 90%

Crepuyecku 3aTpydeHHBbIE aJIKOTOJISIT-MOHBI TaKXe CIIOCOOCTBYIOT
JETUAPOTraJIOrCHNUPOBAHNIO MMEPBUYHBLIX AJKWITAJIOI€HMI0B, OAHAKO C
TKWICYIb(OHATAMU peain3yeTcsl TOJIbKO Sy2-3aMellieHue:

(CHy),CO K®
H-C18H37Bf > H—C16H33CH:CH2 + H—C18H37OC(CH3)3,
(CHy);COH, 80°C qccr (15%)
(CH5),COK
H-C18H37OTS > H-C18H37OC(CH3)3 .
(CH3);COH, 80 °C 85%)

CTpyKkTypHbIe (paKTOpbl B cyOCTpaTe TakKXKe UTrpaloT pelliarollylo
poJIb B KOHKYPEHUUM Sy2-3aMellleHus U E2-3TMMUHUAPOBaHUS. 3a-
MeIIeHNEe aTOMOB BOAOpOAA TPH C-YIIEPOTHOM aTOME Ha aKWMIIb-
HBbIe TPYNIIBI M3MEHSET HaIpaBlIeHWe PeakKlMd B CTOPOHY FE2-311-
MHWHHUPOBAHUS TIOA AeHCTBUEM CaMBIX pa3HOOOpA3HBIX OCHOBAHUIT B
psiny TIEPBUYHBIN < BTOPUYHBIN < TPEeTUUHBIN (IJ1. 9). Pa3BeTBieHue npu
B-yTIepogHOM aToMe TaksKe TTOBBIIIAET CTeNeHb £2-3TMMUHUPOBAHUS
M0 CPAaBHEHUIO C Sy2-3aMelIeHMEM. DTO CBA3aHO CO CTEPUYECKUMU
TIPETISATCTBUSIMHA UTST HYKJIeO(MIIBHON aTakKW CTepUUYECKN 3aTpydHEH-
HOTO [-3aMeIleHHOTO aJKWiaTajoreHuna. JlaHHble, TIpeaCcTaBIeHHbIe
B Tabx. 10.3, HAIAMHO WJLTIOCTPUPYIOT KOHKypeHUno E2- n Sy2-pe-
aKIWi TSI pasTIHBIX aJKUJIOPOMHUIOB.

PaszBeTBieHms ipy B-yriepoaHOM aTOMe, KaK 3TO CIIeAyeT U3 AaH-
HbIX Tab6J1. 10.3, cmoco6cTBYOT E2-31MMUHUPOBAHUIO, MTOCKOJIbKY CKO-
pocTb S)2-3aMelIeHNsT Pe3KO YMEHBILACTCS, B TO BPeMsl KaKk CKOPOCTb
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Tao6naumma 10.3
Bansnue pa3BeTBIeHHS NPH O- U P-YIJIEPOIHBIX aTOMax
Ha COOTHOLIEHHE NMPOAYKTOB S,2-3aMelleHuss U E2-31MMUHHDPOBAHHSA
B PeaKUUH AJKHJIOPOMHIOB C 3THJIATOM HATPUS B ITaHOJeE

CyocTtpar Temneparypa, “C | % Sy2-3a- | % E2-amamu-
MeELLICHHS HUPOBaHUS
CH;CH,Br 55 99,1 0,9
CH;CH,CH,Br 55 91 9
CH;CH,CH,CH,Br 55 90 10
(CH;),CHBr 25 19,7 80,3
(CH;),CHCH,Br 55 40 60
(CH;);CBr 25 - 100
CH3CH2(IZHCH2CH3 25 12 88
Br

CH3?H—(IZHCH3 55 5 95

CH; Br

E2-51iMUHUPOBaHUS M3MEHSIETCSI HE3HAYMTEIBHO. DIIEKTPOHOAKIIEIT-
TOPHBIE TPYIITBI B B-TIOJTOXEHUN TOBBIIIAIOT CKOPOCTh E2-3JTMMWHU-
poBaHus, U BbIXoA cTHpoisa npu B3aumoneiictsuum C¢H;CH,CH,Br
C 3TWiIaTOM HaTpus B 3TaHojie Ipu 55 °C Oojiee 4yeM BTpOE IIPEBHI-
LIIA€T BBIXOJ IPOIWIeHAa U3 1-OpoMITpoIiaHa B TeX K€ YCIOBUSIX.

Ha cootHoweHne nponykToB Sy2-3aMenienus U E2-31MMUHUPO-
BaHUS OKa3bIBAeT BJIMSIHUE TakxXKe TemIiepatypa. Ilpy mOBBIIIEHUU
TeMITepaTypbl CKOPOCTh PEaKLMU OTUICIUIEHUSI BO3PAcTaeT HaMHOTO
OBICTpee MO CPAaBHEHUIO CO CKOPOCTHIO 3aMElleHMSI.

10.5. SJIMMUHUPOBAHUE ITPU IINPOJIN3E
CJIOKHBIX D®NPOB, KCAHTOTEHATOB, OKCHU10OB
TPETUYHBIX AMUHOB U APYI'ME PEAKIINN

[penpimynme pa3melrbl 3TOM TIaBBl MOCBSIIEHBI PEaKIISIM SIMU-
HUPOBaHWS, MPOTEKAIOIINM IO TeTePOJUTHYECKOMY, MOHHOMY MeXa-
HM3My. M3BecTHO Hemasio MPUMEPOB Peakivii, IJIST KOTOPBIX XapakTe-
peH COBEpIIEHHO WHOM MEXaHM3M JIMMHHUpOBaHMs. Tak, Hampumep,
CJI0KHBIE 3hUPHI KapOOHOBBIX KUCIOT IIpy HarpeBaHuu 1o 400—600 °C
B OTCYTCTBHME KaKMX-JIMOO peareHTOB ITOABEPraloTCs MUPOJIM3Y B ra3o-
BoIT (pase ¢ 0OpazoBaHMEM AJIKEHOB M KapOOHOBBIX KHCIIOT:
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400600 °C \,
C —_—

ERN
H‘\CIO

O0=C—R

C=C/ + RCOOH

Ne
/ / AN

[ns oTol peaklMu TpeIIOXKEeH COIJIaCOBAaHHbBIM MexaHu3M E; c 1iiec-
TU3BEHHOM LIMKJIIMYECKON CTPYKTYPOM IIEPEXOAHOIO COCTOSIHUS, TIe
pa3pbiB CTapblX U 0Opa30BaHUE HOBBIX CBSI3€M MPOUCXOAAT COLJIAcO-
BaHHO B OAHY cTaauio. OMUcaHUI0 MeXaHMW3Ma MOoA0OHOro poaa mepu-
LIMKJIMYECKUX peakliuii mocBsilieHa 1. 25 (4. 3). 3aech Mbl OrpaHUYUM-
Cs JIMILIb KPaTKUM ONUCAHUEM CHUHTETUYECKUX BO3MOXHOCTEH 3TOro
MeTo/a TOJyYeHUsl ajkeHoB. HarmpaBieHue 3JIMMUHUPOBAHUS TPU
MUPOJIN3E CIOXHBIX 2(UPOB ALMKIMYECKOTO psijia HE OTJIMYAeTCs
BBICOKOU PErnocesieKTUBHOCTbIO M 4YaCTO HOCUT CTAaTUCTUYECKUU
XapakTep, T.e. ONpelnesseTcsl YKUCIOM aTOMOB BOIOpona Tpu PB-yrie-
ponHbiXx aroMax. Tak, Hampumep, NMpU MUPOJU3E 6mop-OyTUIaLeTaTa
nojiy4daercs 55—62% o6yrena-1 u 38—45% OyreHa-2, 4yTo OJU3KO K
COOTHOIIIEHMIO 3 : 2 M0 YKUCITYy UMEIOLINXCS aTOMOB BOAOPO/A MPU ABYX
B-yryiepoaHbIX aToMax:

CHy,C—O— CH— CH,CH; 222 "S CH,CH,CH=CH, +
CH, (55—62%)
+ CH;CH=CHCH; + CH;COOH.

(38—45%)

s cun-3IMMUHUPOBAHUSI KApOOHOBOM KMCJIOTHI HEOOXOAMMO Hajlu-
yye aToMa BOAOpOIA MpU B-yIJepoiae B yuc-TIOJOXKEHUUU MO OTHO-
IIEHUIO K CJIOXKHOR(UPHOM IpyIine. B almKIMyecKnx COeaMHEHUSIX 3TO
JIETKO JIOCTUTAeTCsI B pe3yjbTaTe BpallleHWsI BOKPYT MPOCTOM YIaepod-
VIJIEPOTHON CB3M 00EMX aJKWIBHBIX TPYMI B B-monoxkeHur. OmHaKo
IJIsI CIOXHBIX 3(HMPOB HUKIMYECKUX CIMPTOB, KOraa CBOOOIHOE
BpallleHue HEeBO3MOXHO, OTHIEIJISIeTCsI aTOM BOAOpPOAA B yuc-
MOJIOXKEHUN K CIIOXHOX(MUPHOI TpyIIie, U peaausyercsl cuH-3>TUMU-
HMpOBaHUE KapOOHOBOI KUCIOTHL. B MeHTHIIalIeTaTe UMEIOTCS 1Ba aToMa
BOJOPOAA B yuUC-TIOJOXKEHUU C OOEUX CTOPOH MO OTHOIIEHUIO K
alleTOKCUTPYIINE, W TPU TEPMHUECKOM OTIICIIJICHUM YKCYCHOM Kuc-
JIOTBI OT MEHTWJIalleTaTa o0pa3yeTcsl CMeCh JBYX M30MEPHBIX MEHTE-
HOB B COOTHOLUEHUM 65 : 35, 4TO pe3KO OTIMYAET ITOT THUIT IUMHUHK-
pOBaHUS OT TE€TEPOJUTHUECKOIO CTepeOCIeln(PUIECKOTO aHmu-311-
muHupoBanus HCl u3 MeHTWIXJIOpUIa Opy ASHCTBUM OCHOBAaHUS, THe
o0pasyeTcsl UCKIIOUUTEIbHO MEHTEH-2:
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G
CH—CH,

H 550 -°C s
H — CHOC\H +
H " o
CH; 0—C=0
CH,
/CH3 (”)
+ chC\H + CH;COH .
CH,

(35%)

Takum obOpa3oM, W T IMKJIWYECKUX CIOXHBIX 3(PUpPOB He Ha-
OJrofaeTcst Kakou-J1nbo OmpeaesicHHOW permoceaekKTuBHocTr. [lupo-
JINTUYECKOE PA3JIOKEHHE CIOKHBIX 3(HUPOB KAPOOHOBBIX KUCIOT KMEET
MpenapaTuBHOE 3HAYEHUE B TOM CjIydae, KOIla BO3MOXHO 0Opa3oBa-
HME JIMILIb OJHOIO ajKeHa 0e3 MPUMECHU M30MEPHBIX IPOAYKTOB, Ha-
puMep:

575 °C
AcOCH,(CH,);,CH,0Ac — CH,=CHCH,CH=CH, + 2CH,COOH

(63—71%)

CH,0Ac 550 °C CH;0Ac CH,

e +

(i)

[ns mojiydeHus1 BBICIIMX aJIKEHOB-1 € YMCJIOM YIJIEpPOAHBIX aTOMOB
OoJlee mecITH HAWIYYIIHWE Pe3yJbTaThl JOCTUTAIOTCS TIPU TTMPOJIN3E
CIMpPTa B CMECHU C YKCYCHBIM aHTHAPUIOM:

CH,0Ac CH, CH,

6 o
#-CisH3;0H + (CH;C0),0 —> C¢H3;CH=CH, + 2CH;COOH.
(68 %)
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[pyroii peakiueii, poACTBEHHOM CHUHTE3y ajJKeHOB MUPOJIU30M
5(UPOB KapOOHOBBIX KUCJIOT, SIBIISICTCSI TEPMUUECKOE pa3jIokKeHUeE
KCaHTOT€HATOB. DTa peakuust Obuia OTKphiTa B 1899 r. pycckuMm yue-
HbIM JI.A. YUyraeBeiM. KcaHToreHaTsl oOpa3yloTcs IpU B3auMMOJEHCT-
BUU CIHUPTOB C CEPOYIIEPOJOM B MPUCYTCTBUM TUAPOKCUOAA HATPUS
C TOCJEAYIOLINM aJIKUJIMPOBAHMEM HATPUEBOK COJIU THUOYTOJbHOM
KucaoTel MeTuniionunom. Ilpu HarpeBaHuu ao 130—200 °C metun-
KCaHTOTeHAaThl pasjaratorcsl ¢ oopasoBaHuem ankeHa, COS nu CH;SH:

| | cs | ] CHig ||
—C—C— 2> —C—C— ¢ —>—C—C— ¢ —>
| NaOH | | 7 | | 7
H OH H 0—C__ H 0—C__
SNa SCH;

900 ° /
BO200°C S e+ s + CHisH.

CKopocCTh pacuiernieHns] KCAaHTOTEHATOB, KaK M CJIE0OBAIIO OXUIATh,
YMEHBIIAETCSI B PSIy TPETUYHBIN > BTOPUYHBIN > IIEpBUYHbIN. Mexa-
HM3M 3JIMIMUHMPOBAaHUS M3 KCAHTOI'€HATOB ITOJHOCTHIO aHAJOTMYEH
MeXaHU3MYy MUPOJIM3a CIOXHbBIX 3(UPOB. B IepexomHOM COCTOSIHUM
B-BOMOPOMHBIN aTOM M KCAaHTOT€HATHAs TPYIIA JOJKHBI OBITh KOTLIA-
HapHBI. B KadecTBe TIpuMepa MOKHO TIPUBECTH TIpeBpalleHHe S-MeTHI-
KCAHTOTeHATOB 3pumpo- U mpeo-1,2-nndeHnnnponaHogoB-1 B coot-
BETCTBEHHO MPAHC- W LUC-0-METUJICTUILOCH:

CH, CH, .CeHs

.C¢Hs
R D CS, NaOH ™, |
” | |C\H 2) CH;l CH(P‘?\H
5 H OH 675 H(o

CH

apumpo-dopma NSCH
3

0
150-190 °C \c=c< +HS—C<
CHY H t"i S—CH,4

mpauc-o-METUICTUIbOEH COS+CH;SH
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CH3\ H CH}\ H
N 1) CS,, NaOH

= A
CeH5 | (l)H CgHs 2) CHsl CeHs I|{ ( |

mpeo-hopma %C\

150-190°c CHx_ M
1507130 "¢ C—C + COS + CH,SH

CHS  OCHs

YuUC-0.-METHJICTUITBOCH

IMuponus S-meTunkcaHToreHatoB 1o YyraeBy MpOBOAUTCS MpU Oolee
HM3KOH Temrmeparype, 4eM MUPOIU3 3(PUPOB KapOOHOBBIX KUCJIOT, YTO
CBOIUT K MUHUMYMY BO3MOXHOCTb M30MEPHU3ALUU 0OpPA3YIOIIETOCs
ajJKeHa. DTOT MeTOoA MpUMEHseTCS sl AeTHApPAaTalluid BTOPUYHBIX
CIIMPTOB U aNM(paTUIECKOTO, U LUKINYECKOTO PSIOB, HapUMED:

CH, H
| |
CHy—C—C—CH, 10§ (CH,),CCH=CH, + COS + CH,SH ,
CH, O—ﬁ—SCH3 (58 %)

S
C/ 150—190 °C
o— —_— + COS + CH;SH .
N
SCH,

CH,C H;

CH,C¢H; 95 %)

Y10OHBIM 1 TOCTYITHBIM METOAOM CHHTE3a aJKEHOB SIBJSIETCS TEPMM-
yeckoe paclierieHue N-OKCUAO0B TPeTUYHbIX aMUHOB mo A. Koymy

(1949):

H,0, 00 150 °C |
RYCH—CH,N R2—> R2 ——> R, C=CH,+R;N-OH.

RCO3H (H ‘

N®R2
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OmuvuHupoBaHue N, N-IHaTKWITHIAPOKCHUIaMUHA OCYILECTBIISIETCST KaK
crepeocneunUIecKrii cun-Tipoliecc Mo MexaHusmy E; yepe3 MsTu-
YIeHHOE MepxomHoe cocTosHre. Pacierienne N-oKcuma MpOruCXOIUT
o6bruHO Tipu 100—150 °C B BogHo-criproBoii cmecu [IMCO u TI'd.
Bbnaromapst crepeoceneKTUBHOCTM M OTCYTCTBHUIO TEpPETpYIIUPOBOK
peakuuio Koyna yacto MCHOB3YIOT IJIs1 MOJYYEHUS] mparc-1UKI0a-
KEHOB, ColepxKallux 0oyiee BOCBMHM aTOMOB YIJIepoia B LIUKJIE, a TaK-
K€ JJIST TIOMYyYEHMST 3K30-METWIICHIIMKIOATKAHOB:

S
CH,N(CH3), HO CHz—ll\T ~cH
2V . CH; 3.
H,0 — CH;0H, 20 °C
/CH2
10°C, + (CH3),N—OH.

(80—88 %)

ITosryyeHHBIN 3TUM CMTOCOOOM METUJIEHIIMKIIOTEKCAH HE COMEPXKUT Jaxe
MaJieiiliieii mpuMecu M30MEPHOIO |-MEeTUILUKIIOreKCeHa.

Cpean MHOTOUYMCJICHHBIX IPYTMX METONOB CHHTE3a ajIKeHOB B pe-
3yJbTaTe peaklnu [-3JTUMUHUPOBAHUS OTMETUM peakinio Kopu—
BuHTepa, KaTamm3upyeMoe OCHOBAaHMEM pacllellicHue CYIb(pOKCHIOB,
CEJICHOKCUIOB M CYJTh(MOHOB, a TakKKe IMMUHHMPOBAaHME M3 OOpPaHOB.

OpuTUHABHBIN W M3SIIHBIN METOH CHHTe3a OJe(UHOB B PE3yilb-
TaTe cuH-3IMMUHMpOBaHUs ObL1 npemioxeH WM. Kopu u P. Buntepom
(1963). Llukmmdeckre THOHKApOOHATHI TIPM HArpeBaHWM C TPUATKWII-
ochutom (apupomM dochopucToil KUCIOThI) paCIICTUISIIOTCS A0 all-
KeHoB. Mcxomuble TMOHKApOOHATHI MOJYYalOT MPHU B3aMMOACHCTBUM
BULIMHAIBHBIX (1,2-)arosi0oB ¢ TMoKapOoHumanmnmuaazonoM (N,N-au-
MMUIA30IMITHOKETOHOM) TIPM HarpeBaHWM B allpOTOHHOM cpelie B TO-
nyosne win TTd:

TOJIYOII,
/\ /\N 110 °C o . N A
_C U— —N — C_(|:\+ o) NH
OH OH 0 /O X
TI/IOKap6OHI/U'IILI/II/IMI/II[aSOJ'[ ﬁj UMUIA30]1
S
THOKapOOHAT
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N+ poR)y H2VS Se—cl + (ROYP=S + €O, .

N (75-95 %)

Peakuusi mporekaeT cTporo crepeocrneiu@GuuHo KakK CUH-3JIUMUHUPO-
BaHMeE, YTO TpeaorpeaesisieT KOH(PUrypauuo KOHEYHOTO aJikeHa,
HaIrpumep:

S
N=\_ |l =N
H—C4I‘I\9 C/C4H9—H 1) g/N—C_N\)
e i
2 “H 2) P(OCH
Hol oH ) P( 33
H-C4H9\ /C4H9_H
H H
92 %)

Kondurypauust ankeHa ompeneisieTcsl, TaKuM oOpa3oM, KOH(Urypa-
mueit 1,2-guona. Peakuums Kopu—BuHTtepa mpencTaiseT co0oit Iipe-
BOCXOJIHBIN cTepeocnelu@uieckrii cnocod npespaitieHus: 1,2-a11oa0B
B OJIC(PUHBL:

CH,

O 3
\ P(OC4Hy); ?‘j\
CHj /C_Sm CH + S=P(OC4Hy); + CO,.

0 (63 %)

CynbpOKCHUIBI, CeJIeHOKCUABI U CYIb(GOHBI, COAEpKAIIAEe aTOM
BOIOpOAa B [B-IOJOXEHUM, ITOABEPraloTCs [B-3IMMUHMPOBAHMIO IO
JIEeVCTBHEM aJIKOTOJISIT-MOHOB WM GoJiee CHJIBHBIX OCHOBAHWI B TIPO-
ToHHO# cpene wim JIMCO:

|f<| A, (CH;);COH wm ~ s

AMCO

R
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o.®
o C/ CH3;CH,O Na
~TAT>  IMCO e
<l
H SO,R

Cc=C_ + RSO, + CH;CH,OH .

HamnpaBneHue sJIMMUHUPOBAHUSI MOAYMHsIETCs TpaBuiy ['odmaHa.
Cynbdokcuabl U CeJIEHOKCUJIbI, COAepKallllue B O-TTOJOXEHUU BJIeK-
tpoHoakuentopHeie C(O)R, COOR unu CN-rpymmnbl, o4eHb JIETKO
MOABEPralTCcs TePMUUYECKOMY CUH-DIUMUHUpPOBaHUIO (cM. I1. 17) ¢
00pa3oBaHuEM 0.,3-HEHACHIILIEHHbIX KETOHOB, CJIOXHBIX 3()UPOB WU
HUTPUJIOB:

/ —60 ° V4
RIC—|CHI-(|ZHR2 20760°C. g1 cH=CHR® + CgHsSeOH .
o5 Hw

Heckonbko mo-apyromy MpOUCXOAUT KaTaau3UpyeMblii OCHOBAHUEM
pacmaj o-TaJoreH3aMelleHHbIX CYJIb(MOHOB. MexaHu3M 3TOM peakiiu
BKJIIOYAaeT 00pa3oBaHUE SMUCYIb(GOHA B pe3yJbTaTe BHYTPUMOJIEKY-
JIIPHOTO HYKJICO(DMIBHOIO Syi-3aMelleHUs] TaJIoTeHa C MOCICAYIOIIMM
otuierieHneM SO, U3 3nUCyIbdOHA:

©
oH® /\1

RCH,SO,CHR — | RC CHR |—>| RCH—CHR|—>
= NN ool
Cl s0; Gal SO,
SMUCYJILHOH

—> RCH=CHR + SO, .

ITpuBeneHHas Bbllle MOCIEI0BATENLHOCTb MPEBPALLIEHUI U3BECTHA KaK
peakuusi Pamb6epra—bakiyHaa.

IIpucoennHenue GopaHa K ankeHam (I 5, 4. 1) mpeacTaBiseT
coboil oOpaTUMBII TpoOLECC, IPU 3TOM paclleIlJIieHUe TPUaIKUI00-
paHOB ¢ mocienylouieil pekomouHauuein onepuHa u BH3 npusoaut
K 00pa3oBaHMI0 Hanbojee CTaOUIIbHBIX TpUankuidbopaHoB. Cpenu
TPpUAJIKWIOOpaHOB HanboJiee YCTOMUMBBIMU SIBJISIIOTCSI TaKue OOpaHBbI,
rae 00p CBsI3aH C KOHLIEBBIM aTOMOM yriepoaa. Takum obGpa3oM, T~
pOOGOPUPOOBAHKE AJTKEHOB HAET YHUKAJIbHYIO BO3MOXHOCTh CHHTE3a
aJIKeHOB-1 M3 M30MEPHBIX UM aJIKEHOB C JIBOMHOM CBSI3bIO, PACIIOJIO-
KEHHOM BHYTPU YIVIEPOA-YIJIEPOJHOMN LICIN:
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BH3 to
RCH—CHCH3<— (RCH,CH);B = RCH,CH=CH, + BH,

CH3

B nomnosiHeHMe K 3TOMY CYLIECTBYET €llle OAMH, 0oJiee HaIeXHBIA,
croco0 M30MepU3alMy HETEPMUHAIBHOIO ajJKeHa B TePMHUHAJIbHBIN
ankeH. Boicokokunsammii onedun R’CH=CH, MOXeT BHITECHUTb
Huskokumsmii RCH,CH=CH, u3 tpuankuibopaHna:’

t o
RCH,CH,CH,BR}+ R’CH=CH,—> RCH,CH=CH, + R*CH,CH,BR}.

Tak, Hanpumep, |-3TUILMUKIOTeKCEH MOXHO M30MEpU30BaTh B BU-
HWJILMKJIOTEKCAH C MOMOIIBIO CIAEAYIOIIEH MOCaea0BaTeIbHOCTH Mpe-
BpalLCHUI:

CHCH; CHCHy\ i, ch=CH,; ¢
: . 4
TTo 3
CH= (:H2 CH,CH,

nGl

(62%)
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11.1. OTHOATOMHBIE CIINPTbI

CrniupraMy Ha3bIBalOT COCIMHEHMS, KOTOPBIE CONMEPXKaT OMHY WU
HECKOJIbKO THIPOKCWJIBHBIX TPYIIT BMECTO aTOMOB BOIOpONA B ajiKa-
Hax. [lo 4MCny TMOPOKCUMIIBHBIX TPYII CIIMPTHI MOAPA3NENISIIOTCS Ha
OITHOATOMHBIE, JABYXaTOMHBIE, TpeXaTOMHbIe 1 T.n. C Apyroii cTopo-
HBI, OMHOATOMHBIE CITMPTHI MOXHO pacCcMaTPWBATh KaK MPOW3BOIHEIE
BOJIBI, TJ€ OMH aTOM BOIOpPOJAA 3aMeIIeH aJIKUIbHOUM Tpymnmoii. Jdim-
HBI CBsI3eil M BaJICHTHBIC YIJIbI B METUJIOBOM CITMPTE NPUBEICHBI Ha
puc. 11.1.

o

H (o) JivHa cBa3u, A BajeHTHBIR yronu
NN\ ]
H‘\\\\‘C H C_Ha 1510 H_C_H, 109
1‘1 O—H, 0,96 H—C—O, 110°
C—O0, 143 C—O—H, 109°

Puc.11.1. CtpoeHne METUIOBOTO CIIMPTa

Basenrtrsle yriel B 109 1 110° yKa3bIBalOT Ha sp°-THOPUIN3ALIIIO
HEe TOJbKO aToMma yrjiepoja, HO U Kuciaopoga. HdnuHa cBsssu O—H B
CIIMPTax MPUMEPHO TaKas Xe, YTO M B Bone. [IBe HermoaeleHHbIe TTaphbl
5IEKTPOHOB KICJIOPOA PACIIOIOKEHbI Ha Sp°~-THOPUIHBIX OPOUTAIISIX.

11.1.1. HOMEHKJIATYPA OJJHOATOMHBLIX CIIMPTOB

ITono6HO ApyruM Kjaaccam OpTaHUYECKUX COEAMHEHUWM, His
CIUPTOB CYIIECTBYET HECKOJbKO Pa3JIMUHBIX CIIOCOOOB Ha3BaHMS.
CornacHo omHOI cucTteMe HaszBaHuii, criuptbl ROH HasbiBaloT 1o
AJIKUJIbHOMW TpYIIIE:

CH;
|
CH;CH,CH,CH,OH CH3|CHCH20H CH3—(|Z—OH
CHj; CH;
H-OYTWJIOBBIM CIUPT MU300yTUIIOBBII mpem-0yTUIOBbIN
CIUPT CIIUPT

B oToit HOMEHKIIaType TOJIOXKEeHNE 3aMECTUTEN B aJKWILHOM TpyIINe
cnypra 0o0o3HavaeTcsl OyKBaMu I'peyecKoro ajadaBuTa:

T B o« p o
BI'CHzCHzCHzOH CH3OCH2CH20H

y-OpOMITPONUIOBBIA COUPT ~ [-METOKCUITWJIOBBIN CITUPT
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Ecnu 3amectuTeNnhs HaXomMTCsS Ha KOHIIE JUTMHHOWM 1IeTH, ero 000-
3HavyaloT MocjeAHe OyKBOUM ® rpeyeckoro ajgaBuTa, HarpuMep
o-6pomcniuptel Br(CH,),,OH. Takaga cucrema Ha3BaHUi HeynoOHa U
HEOIHO3HAYHa.

B npyroit HoOMeHKJaType, Ha3bIBAEMOW KapOWHOJIbLHOM, MPOCTei-
wmii cnupt CH;OH HasbiBaeTca kapOnHOJ. Bee ocTalbHBIE CIIUPTHI
paccMaTpUBalOTCSl KaK KapOMHOJ, B KOTOPOM aTOMBI BOJOpPOAA 3aMe-
IIEHBl Ha aJKWIbHbBIC WM apubHbIC TPYIIIIHI:

CHs (|7H3 (|?H3
CH;—CH—OH  CHy;—C—OH Cqs—C—OH
CH, CH,

METWISTUIKAPOMHOJ ~ TPUMETUIIKAPOMHON  ITUMETUI(eHUIKApOUHO

B 3Toif HOMEHKJAType JIErKO pa3MYaroTcsl MEpPBUUHBIC, BTOPUYHbIC
W TPETUYHBIC CITMPTHI, MMEIOILIMEe COOTBETCTBEHHO OJHY, ABE WU TPU
IPYMIIbl TIPU YIJIEPOJAE, CBA3aHHOM C TMIPOKCWJIBHOW Tpymroi. DTa
HOMEHKJIaTypa ya00Ha TOJbKO ISl CaMbIX MPOCTBIX CIIUPTOB, HO OHa
COBEpLICHHO HEYIOBJIETBOPUTEIbHA B CJIOXKHBIX CIIydasx IJIsT Ha3Ba-
HUSI CIIMPTOB, COAEpXalUMX IJUHHBIC, CUJIbHO Pa3BETBJICHHbIC al-
KWJIbHBIE TpynIibl. B HacTosiiiee BpeMsi 3Ta HOMEHKJIaTypa He peKo-
MEHYyeTCs.

B coBpemennoit Homenkiiatype MIOITAK nig Ha3BaHUSI CIIMPTOB
K Ha3BaHUIO YIJIEBOJOPOJA I00ABJSICTCS OKOHYAHUE «OJI», T.€. CIUp-
ThI MPEACTaBISIIOT CO00U Kiacc ajkaHoioB. JIjisi 0003HAaUEeHUsI KOPHS
Ha3BaHUs BLIOMPAIOT caMylo JJIMHHYIO LieMb, coiepxkallylo (yHKIIU-
oHabHYIO OH-rpynmy. BTy Lienb HYMEpPYyKT C TOro KOHIa, K KOTO-
poMy OJIKe BCEero HaxXOIWMTCS TMAPOKCUJIbHAS Tpymiia. 3aMeCTUTENHN,
B TOM UYMCJIE aTOMBI rajloreHa, 0o0O3HayvalTcsl B mpedukce, a Hyme-
pauust onpenensercs OH-rpynmoii:

(|:H3 C|:H3
CH3—(|3—CH—CH—CH3 CH;—CH—CH—CH,0OH

CH;CH; OH CH5—CH;,
3,4,4-TpUMETUJITICHTAHOJI -2 2-9TUi-3-MeTuaoyTaHou - 1
CH;—CH,—CH—CH,OH CHj

CH;—CH,)CI
OH

4-xy10p-2-3TUI0YTaHO- 1 yuc-3-MeTUILUKIIONeHTAHOI
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Hekortopble cnupThl TpyaAHO Ha3bIBaTh KaK ajKaHOJILL. st HUX ymo0-
Hee it CH,OH-rpynnbl BBOIUTh TEPMUH TUAPOKCUMETWI:

o

TMAPOKCUMETHILIMKIOOYTaH  mpaHc-(3-TUIpOKCUMETI )-
LIMKJIOTIEHTAHOJI

CH,OH HO.

~

11.1.2. IIOJYYEHUE OJHOATOMHBLIX CIIUPTOB
11.1.2.a. TUAPATALINA ATIKEHOB

KwucnoTHo-Katanm3upyemast THIpaTalysl aJKeHOB JIEKUT B OCHO-
B€ TIPOMBIIIICHHOTIO CII0cO0a IMOIyYeHUs 3TaHOIa U3 3TUJICHA W IIPO-
naHoJjia-2 u3 nponuieHa (ri. 5, 4. 1).

JsT moyydeHusl IPYTUX CIUPTOB 3TOT METOA MMeeT BeChbMa Oorpa-
HUYEHHYI0 00JIaCTh NPUMEHEHMS, MOCKOJBbKY TMApaTalus ajKeHOB
JacTO COITPOBOKIAETCST M30MEPU3AIIMeil YIIIEPOIHOTO CKeJleTa 3a CUeT
MEePErpyIMUPOBOK MTPOMEKYTOUHO OOpa3yloIInXcsd KapOOKaTHOHOB
(cM. 1. 5, 9), UTO CUJIBHO CYXaeT CUMHTETUYECKUE BO3ZMOXKXHOCTU 9TO-
ro, Ha TIEPBBIN B3IJISIA OYEHB IPOCTOTO, CIIOCO0a ITOJYYeHUS] BTO-
PUYHBIX ¥ TPETUYHBIX CIIUPTOB. B TabopaTOpHOIT TIpaKTUKE €TOo IO CY-
LIECTBY BBITECHUJI JAPYroil Crocod, OCHOBAHHBI Ha peakiMu OKCH-
MEepKYpHPOBaHUSI-IEMEPKYPUPOBAHUS aJIKCHOB.

11.1.2.6. OKCUMEPKYPUPOBAHUE — NIEMEPKYPUPOBAHUE AJIKEHOB

DTa peakiys MPUBOIUT K 0Opa30BaHUIO0 MHAWBUAYAJIBHBIX CIIUP-
TOB M HE COIPOBOXIACTCSI TeperpynupoBKoii. HampapieHue peak-
U COOTBETCTBYET MpaBUIy MapKOBHUKOBA, pPeaKIUs ITPOBOIUTCS
B OYEHb MSITKUX YCIOBUSX C BBIXOAAMM, OJIM3KMMHM K KOJMYECTBEH-
HOMY (MOAPOOHO CM. II. 5, yacThb 1):

1) (CH,CO0),Hg; TT—H,0
CHy(CHY1CH=CH, 5 - S

CH;(CH,);CH—CH,
OH (96%)

CH;

1) (CH,COO),Hg; TI® —H,0
CH >
} 3 2) NaBH,; H,0 > (o

OH
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11.1.2.8. THAPOBOPNUPOBAHUE AJIKEHOB
C INIOCJIIEAYIOIIWUM OKHUCIIEHUEM

I'mapoboprpoBaHue aJJKEHOB M ITOCJIEAyIOllIee OKMCIIeHHe Oopa-
HOB 1IEJIOYHBIM PACTBOPOM MEPEKKUCH BOJOpPOaa ObLIO MOAPOOHO pac-
CcMOTpeHO B m1aBe 5. OTMETUM TOJILKO, UTO HaIpaBJIeHHE IIpoliecca B
LIEJTOM COOTBETCTBYET aHTUMAaPKOBHUKOBCKOMY MPUCOSAUHEHUIO BOIbI
K JBOMHOU CBSI3U:

1) BH;; TT®
CH,CH,C=CH, ) BHy; > CH;CH,CHCH,OH (99%),
| 2) H,0,; NaOH |
H, CH,
1) Sia,BH; TT®
CH;(CH,),CH=CH, > CH;(CH,),CH,CH,OH (99%).

2) H202; NaOH

11.1.2.r. BOCCTAHOBJIEHUE AJIBAETUJOB U KETOHOB
AJTIOMOTUAPUIOM JIMTUA UIW BOPTUAPUIOM HATPUSA

0O06a pearenta (LiAlH, u NaBH,) BoccraHaBIMBalOT ajlbAETUAbI
0 TIEPBUYHBIX CIMPTOB, a KETOHBI 10 BTOPUYHBIX. boprumpua HaT-
pus MpeAnouTUTEIbHEe BCJICACTBUME MEHbIIEH CTOMMOCTU U OGe3omac-
HocTH B obpalieHru. OH MOXeT ObITh MCIOJIb30BaH axKe B BOTHOM U
CIIMPTOBOM pacTBOpax, TOTAA KaK aJIOMOTHMAPHI JIUTUS pearupyeT C
BOJOM M CO CIIMPTOM CO B3pPLIBOM M, KpOME TOrO, pasjlaraeTcs co
B3pbIBOM IIpu HarpeBaHuu Bhilie 120 °C B CyXOM COCTOSTHUU:

O 1) NaBH,; sranon

CH5(CH,),cZ = > CH,(CH,);CH,0H (85%)
2) H,0

1) NaBH,; stanon
HO@CHC @ > HO CH,OH (93%)
2) H,0
I
1) NaBH,;
e —eter
o) 2 HO OH

0 OH
= 1) LiAIH,, a¢pup
> (90%)
2) H,0
/9 1) LiAlH,
(CeH,CH-C oo 5% (CaHt,CHCH0H (97%)
3
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CH; CH3

H;C CH3 1) LAH,, smup HyC C
5
2) H,0® (93%)

Kampopa 9K30-00PHEOI

Onnako amomoruapun jutust ipu 0—10 °C BoccTaHaBIMBAET O, B-HEHA-
CHIIIEHHBIC aBACTUIBI M KETOHBI IO aJUIMJIOBBIX CITUPTOB, T.6. C CO-
XpaHEHWeM YTJIePOI-YTJIepPOMHON ABOIHOM CBsi3u. BoccTaHOBIEHNIO B
3TOM CJIy4yae TOABepraeTcsl KapOOHWIbHAs TPYIINa;

O timeamens 0" ('
2) H,0%; 0°C

(94%) (6%)
1) LiAIH,,
<<:>%CH CH— CHo-+ﬂ¥&ﬁi%-<:j>CH:CH—CHgHJ
2) H,0%; 0°C
(90%)

Ta xe camas peakuusi HUKIOreKceH-2-oHa ¢ NaBH, npusonut k cmecn
LIUKJIOTeKCEeH-2-0J1a M LIUKJIOTeKcaHojla B cooTHomeHuu 1,5:1 B
pe3yjibTare MPUCOENUMHEHUs] TUAPUA-MOHA KaK K KapOOHUJIbLHOMY YT-
Jiepoay, TaKk M K YIJIepoay IpU JABOWHOU yriepoa-yrjiepoaHON CBSI3U:

OH OH
<;>:0 1) NaBH,, oTaHon <;>< . <:><
2) H0® U i
(59%) (41%)

Jlyyiim peareHTOM 1Sl U30MpaTeIbHOTO BOCCTAHOBJIEHUS KapOOHWIIb-
HOI Tpynmbl B O,B-HEHACBIIEHHBIX AJIbACTUAAX U KETOHAX, HE 3aTpa-
IMBAIOIIMM KpaTHbIC IBOMHBIE YIJIEPOI-YIJaepoaHble cBsi3u (Ti1. 16,
4. 3), saBnsiercd auuzooyTuwiamoMuHuiruapun (ABAJI-H):

AVBAT-H (90%)
6enzoi, 10 °C
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11.1.2.n. BOCCTAHOBJIEHMUE CIOXKHbIX 5®U1POB U KAPBOHOBbLIX
KNCJIOT A0 NEPBUYHBLIX CIIMPTOB

INepBUYHBIE CTUPTHEI 00PA3YIOTCS TIPU BOCCTAHOBICHUM CIOKHBIX
3¢UpPOB U KApOOHOBBIX KUCIOT aJOMOTMAPUIOM JIUTUS B ddupe U
TI'®. OcobeHHo yno0eH B IpernapaTMBHOM OTHOLIEHUM METOH BOC-
CTAHOBJICHUSI CJIOXKHBIX 3(PUpOB amoMoruapuaoM autusi. CiaeayeT oT-
METUTb, UYTO OOPTUAPUI HATPUsI HE BOCCTAHABIMBAET CJIOKHOD(MUP-
HYI0O M KapOOKCWJIbHYIO TPYIbl. DTO MO3BOJISIET MPOBOAUThL CEJEK-
TUBHOE BOCCTaHOBJIEHWE KapOOHWUJIBLHON Tpymmbl ¢ momolnbio NaBH,
B MPUCYTCTBUU CIOXHOIMPUPHONH U KapOOKCWIbHON Ipymm. Bbixombl
TIPOIYKTOB BOCCTAHORBJICHMSI peKo ObiBatoT Hike 80%. CrioxkHbIe 3¢hUpbI
MOXHO BOCCTaHABJIMBATh W C TTOMOIIBIO OOPTUAPHIA JTUTHSI:

0)

V7 1) LiAlH;
cHcZoc,H, X LA, obup

° > C,H,CH,0H + C,H;OH
2) H;0 (90%)
1) LiAIH,

2) H,0®

——> CH,;CH,CH=CHCH,0H + C,H;0H
(91%)

CH,CH,CH=CHCOOC,H

1) L1BH4, TI®, 65 °C

CH,(CH,),,COOC,H

2) H3O (95%)
1) L1A1H4, sup; 36 °C
CH,COOH <:>—CH2CH20H
2) H O
97%)
CH;(CH,),CH=CH(CH,),cooH 1\ LA TT®. 65°C
OJIEMHOBAs KUCJIO0Ta 2) H;0
CHy(CHy), _ (CH),CH0H s
H™  m ’
Z-9-okTaneLeH- 1-omn
1) NaBH,
CH;—C—CH,CH,COOC,H;s —®> CH3|CHCH2CH2COOC2H5
2) H0

OH (85%)
STUJIOBBIN 3hUP
Y-OKCHBaJIepUaHOBOI
KHCITOTBI
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BoccraHoBiieHre KapOOHMJIBHOM TPYIIIBI KOMIDICKCHBIMU THAPHIA-
MU OTHOCHUTCS K peakIusM HYKJIeO(pWILHOTO TPUCOSTUHEHMS, Xa-
paKkTepHBIM I KapOOHMIBHONM Tpynmbl (T71. 16, 4. 3). Poxb Hykieo-
(mabHOTO areHTa B 3TOM CiIydae BBHITIOJNHSET TUAPHUI-WOH, TIPU 3TOM
aToM yrjaepoja KapOOHWMJIBHON TPYIIIBI MU3MEHSEeT TMOpUIM3AInIo C
sp* 10 sp>:

R R 0° e R OH

\8® 5 © ™\~ H;0 s
c=0° —H, & 2, ¢ + Hy0.
/ /N /7 N\

R R H R H

11.1.2.e. CHHTE3 CIIUPTOB 13 KAPBOHUJIbHBIX COEAVMHEHWM
C MOMOIIIBI0O MATHUMOPTAHUYECKMX COEMMHEHUM

3mech OyayT NpUBeASHBI TOJLKO OTAeJbHBIe mpuMepbl. [Toapo0-

Hee O CHHTEe3aX C MarHMiopraHWYeCKUMU COCAUHEHUSIMU CM. B
. 19 (4. 3):

1) CH,0; s¢up
QMgBr ® > QCHon (65%)
2) H;0

O 1) PhMgBr, sdup

—
(CH3),CHCH,CZ_ 5 > (CH),CHCH,CH—Ph (73%)
H 2) H;0 |
OH
OH
<:>:O 1) CH;CH,MgBr, :aqmp; <:>< (89%)
2) H;,0° CH,CH;

1) CH;MgBr, adup
CHj;(CH,);COOC,H;
2)

CH,
> CH;3(CH,),C_ (85%).
H,0® T en,

OH

11.1.2.x. BOCCTAHOBJIEHUE SITOKCHUJ0OB (OKCHPAHOB)
C ITIOMOIIbIO AJIIOMOTMAPUTA JINTUA

Onokcuasl on aeiictsuem LiAlH, B adupe unu TI'® npespaia-
I0TCS B CIIMPTHI. Peakiiysi cocTouT B HYKJI€O(UIbHOM aTake TMIPUI-
MOHA IO HauMeHee 3aMELIEHHOMY WJIM MPOCTPAHCTBEHHO HeE3aTpyad-
HEHHOMY aToMy yrjiepoia ¢ 00pa3oBaHMEM BTOPUYHOTO WJIM TPeTHY-
Horo crnupTa. PackpbiTue 3MOKCUIHOIO KOJblla MPOUCXOAUT B
pe3yJbTaTe aKCUaJIbHOW aTaku TUAPWI-UOHA.
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1) LiAIH ;; aup

C¢H;CH—CH, > CH;CH—CH;
Ny 2) H3OGa Cl)H
H
o 1) LIAIH,; adpup

(CHy);C 2 H©° (CC OH
H

CHj, /o\ Hoy LIAID; omp HO\

/c \ CH;---C——C==CH,

CH; 2 H,0® CH3/ \D

DHOKCUIHOE KOJIBLIO Pa3sMbIKAETCSl TaKKe ITON ACMCTBHEM IUAJIKMII-
KyrnpaToB qutus (r. 19, 4. 3). B kauecTBe nmpumMepa nprBeaeM oopaso-
BaHUE mMpaHc-2-METWILMKIOIeKCaHoa IPU B3aMMOACHCTBUU LIUKJIO-
TreKCaHOKCHUIA C AUMETUIKYIIPATOM JIUTHS:

H

o @ 1 -
O}o +(CHy,crL® D2 OH
2) H,0 "'}CIH3

11.1.2.3. BBAUMOJIENCTBUE AJIKMJITATOTEHWUI0B
U ATKHUJITO3UJIATOB C CYIIEPOKCHUIOM KAJIUA

OnuH M3 caMbIX COBPEMEHHBIX METONOB TOJYYEHUST CIIMPTOB 3aK-
JIIOYaeTCs BO B3aMMOICHCTBUM aJKWITAIOTCHUIOB M TO3WJIATOB C M3-
opiTkoM cynepokcuna kanust KO, 8 IMCO B npucyrcrBuu 18-kpa-
yH-6-T10;1M2Mpa:

RX + KO, A8KpaVH6 _  pom (35 759
JIMCO; 25°C
B kauectBe HO60‘IHBIX IIPOAYKTOB BCEraa IOJIy4yaroTCsda aJIKCHbI, BbI-
X0 KOTOpPbIX, €CTECCTBECHHO, BO3pPAaCTAaCT IIPU CHUHTEC3C BTOPUYHLIX
CITUPTOB. HpI/IMepOM MOXKET CIIY2>KUTH IMMOJYYECHUE okTaHoJia-1 m okra-
HOHa—2 n3 l—ﬁOHOKTaHa n 2—ﬁOHOKTaHa COOTBETCTBCHHO:

18-kpayH-6  _
CH4(CH,);CH,I + KO >
e 2 IMCO; 25°C

—> CHy(CH,)¢CH,0H + CHy(CH,)sCH=CH, + CHy(CH,),CHO
(63%) (3%) (12%)
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18-kpayH-6 o

CH3(CH2)5|CHCH3 + KO, IMCO, 25 °C CH;(CH,)sCHCH3*
I (48%) OH

+ CH;(CH,)sCH=CH, + CH3(CH2)4—CH=|CH

(48%) CH,

18-kpayH-6
(CH;3),C OTs + KO, W(CH3)3C --OH

yuc- (95%) mparnc-

3aMelleHUe TaJoreHa WIM TO3WJIOKCUIPYIIIbI Ha TUAPOKCUI COIMPO-
BOXIAETCS IMOJHBIM OOpalleHueM KOHMUIYpaLU Y aCUMMETpUYEC-
KOro aToma yriepoma, U u3 To3uiara (S)-okTaHosa-2 ObLT MOJyueH
(R)-okTaHON-2 ¢ onTUYecKou yuctoroir 97—99%:

A 1) KOy; 18 6; IMCO e
H""é—OTS ) 2, 16-KpayH-b, A > HOIIII%—H

i 2) H,0

H, CH;

[Ipy MCTTONB30BAaHNM CTEXMOMETPUUYECKIX KOJUYECTB aKMITAIOTeHH -
OB M CYINEpOKCHIa Kalusl BMECTO CIUPTOB 00pa3yloTcsl B3PHIBO-
ornacHble auankuinepokcuasl ROOR.

MetaHo MOJyYalOT B MPOMbIIUIEHHOCTH U3 okcuna yriepona (IT)
U Bozmoposia (CMHTe3-Ta3) Hajl CJIOKHBIM KaTaM3aTopOM, COCTOSIIIIAM W3
meau, okcuaoB iMHKa 1 xpoma (II1), B xxectkux ycnoBusx (ri1. 28, 4. 3):

CO + 2m, NTZMOTCnOs o hon
2 250°C, 50—100 at™ 3

MHTepecHO OTMETUTh, YTO Hajl POAMEBBIM WJIM PYTEHUEBBIM KaTalu-
3aTOPOM BMECTO METaHOJIa MOJyYyaeTcsl STUAEHIIMKOIb (T, 28, 4. 3):

Rh wm R
2C0 + 3H, — 5 HO—CH,CH,—OH.

11.1.3. CBOMCTBA OJTHOATOMHBIX CITUPTOB

MHorue cBoOMCTBa CIIUPTOB OOYCJIOBJIEHbBI HATUYMEM THAPOKCUIIb-
Hoi1 rpynibl. Temreparypa kurieHust MetaHoja Ha 150 °C Belle, yem
9TaHa, HECMOTPSI HAa TO UYTO MX MOJISIpPHbIE Macchl OJIM3KU. DTaHOJ
uMeeT Temriepatypy KurneHusi Ha 123° Bblilie, yeM miporiaH v T.a. C
JIPYroil CTOPOHBI, 3TAaHOJ KUMUT Ha 104° Bblllie, YeM MU30MEPHBIN eMy
razoo0pa3Hblii AUMeTUJIOBbIN 3¢hup (Tadu. 11.1). DTH ocobeHHOCTU
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Taonuuma 11.1
Dusnyeckne CBOMCTBA CIMPTOB U MPOCTHIX I(PUPOB
Temneparypa | Temneparypa | IlinoTHocTb,
Crnpr Popmya mianenus, °C | xurenus, °C r/MOJTb
1 2 3 4 5
MeraHon CH;0H -97 64,5 0,79
DraHon CH;CH,0OH —114 78 0,78
[Mponanon-1 CH3CH,CH,0OH —126 97 0,80
[Mponanon-2 CH3;CH(OH)CHj3 —89 82,5 0,79
Byranon-1 CH3(CH,);0H —90 117 0,81
Byranon-2 CH3CH(OH)CH,CHj3 —115 99,5 0,81
2-Metwmponanosn-1 | (CH3),CHCH,OH —108 108 0,80
2-Merummponanon-2 | (CH3);C—OH 25 82 0,79
(mpem-0yTUIIOBBII
CITUPT)
IMeHnTanon-1 CH3(CH,)4OH =79 138 0,82
IMenranosn-2 CH3CH(OH)CH,CH,CHj3; — 119 0,81
2,2-umerunnpona- | (CH3)3;CCH,OH 52 113 0,81
HoJ-1 (Heo-neHTH-
JIOBBII CITUPT)
LIMKJI0TIeHTaHO uuki0-CsHyOH -19 141 0,95
I'ekcaHoi-1 CH3(CH,)sOH =52 156 0,82
LukiorekcaHoa uukio-CgH; OH 25 162 0,96
Tentanosn-1 CHj3(CH;,)OH —34 176 0,82
OxkraHoi-1 CH3(CH,);0OH —16 194 0,83
Hownanon-1 CH3(CH,)gOH —6 214 0,83
Jekano-1 CH3(CH;)9OH 6 233 0,83
Tponen-2-o1-1 CH,=CHCH,0OH —129 97 0,86
(aJUTMJIOBBIN CIIUPT)
DeHnIMeTaHoIN CgHsCH,OH =15 205 1,05
(GEH3UITOBBIN
CIUpT)
JnbeHnameTaHon (C¢Hs),CHOH 69 298 —
(mueHUIKapOuHOI)
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IIpomonxenue Tabm. 11.1

1 2 3 4 5
Tpudenwimeranon (Cg¢Hs);COH 162 380 —
(TpudeHUITKapOMHOIT)

OTUIEHITMKOIb CH,0HCH,0H —11,5 198 1,10
1,2-ITponunenrnukons | CH3CH(OH)CH,OH —8 188 1,07
JIMATUIICHIIIMKOIb HOCH,CH,0CH,CH,0H -10 245 1,12
TpUASTUICHITTUKONb HOCH,CH,0CH,CH,— 5 285 1,12
—OCH,CH,0H
Imunepun HOCH,CH(OH)CH,OH 18 290 1,26
JAvMeTunoBIif 3bup CH;0CH,CH,0CHj; —58 85 0,86
STUJICHTTUKOJIS
(1,2-muMeToKCUaTaH,
MOHOIJIUM)
JIumeTusoBblit adup CH;0(CH,CH;0),CH3 —64 162 0,93
JIMOTUIICHIJTUKOJIST
(IUTIIM)
JAuMeTnioBblit abup CH3;0(CH,CH,0);CHj3 —45 218 0,98
TPUBTUIICHTTIUKOJIST
(TpUIrIUM)
JvMeTunoBelii acup CH;0(CH,CH,0)4CH3 —30 275 1,01
TeTPAdTUIICHIJIMKOJISI
(TeTpariaum)
Terparunpodypan —108 65 0,88
MonoaTunoBbIi 2hup C,Hs0CH,CH,0H —90 135 0,93
STUJICHIIMKOJIS
(3TUIILIEITIO30ITbB)
Monowmerunossiit a¢pup | CH;0CH,CH,OH —85 124 0,96
STUJICHTTUKOJIST
(METUIILIEIUIO30JIbB)
Monowmetunosslii a¢up | CH;0(CH,CH,0),H =70 194 1,01
JIMBTUICHTIIMKOJIS
1,4-Inokcan /\ 12 101 1,03
(0] (6]
—/
AHM30I CgHsOCHj3 —37 154 0,99
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CIUPTOB OOBSICHSIOTCSI 00pa30BaHUMEM MPOYHONM MEXMOJEKYISIPHOMU
BOJOPOJHOU cBsI3u. Hannure MexXMOJEKYISIPHBIX BOJIOPOIHBIX CBS3EH
00YCJIOBJIMBAET BBICOKME TEMIIEPATYPbl KMIIEHUSI HU3LIKX CIIUPTOB MO
CPaBHEHUIO C JPYTMMU COEAMHEHUSIMU OJM3KOW MOJISIPHOU Macchl,
a TakXXe MPEeBOCXOIHYI0 PAaCTBOPUMOCTb HU3ILIMX CIIMPTOB B BOJE, TJIE
BO3HUKAIOT MEXMOJIEKYJISIPHbIE BOJOPOAHbBIE CBSI3M MEXIY MOJEKY-
JlaMy CTIIUpPTa U BOJBI.
R R R
~ - 7/ -
-H-0--H—0~H—0T - O\RH\O“'H—O/

R R
11.1.3.a. CITUPThI KAK CJIABbIE OH-KHWCJIOThI

OO0pa3oBaHre MEXMOJEKYISIPHON BOIOPOIHON CBSI3UM B KOHIEH-
CHPOBAaHHOU (ha3e oIpenessseT pa3Tndre B KUCIOTHOCTU TIepBUY-
HBIX, BTOPUYHBIX W TPETUYHBIX CITMPTOB B Ta30BOM M KOHIEHCHPO-
BaHHOU (azax. B razoBoii (paze KMCIOTHOCTb CIIMPTOB YMEHbILIAETCS
B psany (. 3)

(CH,);COH > (CH,),CHOH > CH,CH,OH > CH;0H > H,0,

TOTIa KakK B BOXHOM pacTBOpe M B KOHACHCHPOBAHHOM (haze HaOIO-
JAeTCs TIPSIMO TIPOTUBOIIONIOXKHAST TTOCIIeTOBATEIBHOCTD:

H,0 > CH;OH > CH,;CH,OH > (CH;),CHOH > (CH,);COH.

B Taba. 11.2 npuBeneHsl BeIMUUHBI P K, HEKOTOPBIX CIIMPTOB B BOIHOM
pacTBoOpe, KOTOpbIe HAMISIIHO WJUTIOCTPUPYIOT YMEHBIIEHUE KHUCIIOT-
HBIX CBOMCTB TIpH TIEPexoie OT MePBUYHBIX K TPETUYHBIM criupTam. [1pu
BBEACHUM 3JIEKTPOHOAKIIENITOPHBIX 3aMecTUTeNlieil — (Topa, xjopa,
LMAHOTPYNIIbl U Ap. — BeJMYMHA PK, YMEHBILIAETCS, YTO COOTBETCTBYET
YCWJIEHUIO KUCIOTHBIX cBoiicTB, U (CF3);COH mno cBoeit Kuca0THOCTU
JIMILIb HEMHOTO YCTYyIaeT KapOOHOBBIM KHCJIOTaM.

Paznuune B KMCIOTHOCTH 3TaHoJa M 2-(pTOpaTaHOja, a TaKxKe 3Ta-
Hoia U 2,2,2-Tpu¢TOp3TaHONa MOXKET OBbITh OIMCAHO C ITOMOLIbIO
UHAYKTUBHOrO 3(p¢dekra (—I) atoma ¢propa. Ha puc. 11.2 npencras-
JIeHa BHepreTudeckas auarpamma Uil TUCColuanuu 2-GhTopaTaHoa.
CBoOonHas sHeprusi auccouuauuu AG, ° mis 2-GTopaTaHoNa HUXKE,
yeM AG, ° 111 ataHona (AG, ° > AG, °), nockonbky pK, (CH;CH,OH) >
> pK,(FCH,CH,OH). ComtacHO OCHOBHOMY 3aKOHY TEPMOANHAMUKU
I'n66ca, AG°=—RTInK, nostomy Benmuuunbl AG® u K,,.. odpaTHO
npornopiuoHanbHbl. [Ipoleccsl, XapakTepu3yloluecss MEHbIIUMU
3HAUEHUSIMN KOHCTaHTHI PaBHOBECHS, MMEIOT OOJIBIIYIO CBOOOMHYIO
DHEPruI0 U HA00OPOT. YMEHbIICHUEe CBOOOIHOM 3HEPruM IJisl IUCCO-
nuanuu 2-@TopaTaHoJa MOXET OBITh JIETKO MHTEPIPETUPOBAHO B
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Tabnuma 11.2
KuciaoTHocTh CIMPTOB B BOJHOM pacTBOpe

ROH pK,
(CH3);C—OH 18,0
(CH3),CHOH 17,1
CH;CH,0H 15,9
CH;0H 15,5
HOH 15,7
CICH,CH,OH 14,3
FCH,CH,0H 13,9
CF;CH,0H 12,4
CF;CH,CH,0H 14,6
CF;CH,CH,CH,0H 15,4
(CF3);COH 5.4

TepMHMHAX 2JEKTPOCTATUYECKOrO B3aMMOACUCTBUS AUIOJS CBS3U
CH—F® 1 oTpuLaTeIbHOTO 3apsija HA aTOMe KUCIOPOAA aTKOKCHII-

-0
MOHa F\ +0 CH, . IlomoxurenbHblil KOHEL, AUIIONS CBSI3U
CHy g
9) (0]
C"—F® pacrionoxeH 6IMXe K OTPULATEIBHO 3apsDKEHHOMY aToMy
KHCIopoaa, YeM ero OTpulaTelbHbI KoHell. IloaTomy smekTpocrta-
TUYECKWE CHMJIBI MPUTSDKEHUS TPeodIanaoT Haa OTTaTKMBAHUEM IBYX
OTHOMMEHHO 3apsSKEHHBIX YAacTHIl, a 3TO CTAaOMJIU3UPYeT aHUOH
FCH,CH,O  otHocutensHo anuoHa CH;CH,—O .

\

BHeprus

CH4CH,0%+H ®

AGS
FCH,CH,0%+H® 2
CH4CH,OH 272

FCH,CH,OH

KoopauHara peakuuu

Puc.11.2 DHepreTuyeckas auarpamMma Auccolaluy 2-(GTopaTaHosa U dTaHOJIA

242



Crabunn3zalusi aHuoHa 2-(TopaTaHoJIa TPUBOAUT K YMEHbILIEHUIO
cBobonHoit sHeprum auccounanuun FCH,CH,OH oTHocutenbHO
CH;CH,OH. Tor ke camblii, HO 3HAUYUTEILHO 0OJee CUJIbHBIIA OTpU-
LaTe/IbHbIM MHAYKTUBHBIN 3((heKT Tpex aToMOB (hTopa 00YCIOBIMBAET
yCUJIEHUE KUCJIOTHBIX CBOWCTB 2,2,2-TpudTopataHona. BeanunHa vH-
JyKTUBHOTO 3(deKTa yMeHbIIaeTcsl Mo Mepe TOro, Kak BOo3pacTaer
paccTossHue MeXIy OMIIOJIEM M aTOMOM, HECYLUMM 3apsia, U 3-PTop-
MPOIAaHOJ JOJIKEH MPOSIBISATh CBOMCTBA Oojiee caaboii KUCIOThI, YeM
2-pTopaTaHoN. ATOMBI TaJOT€HAa, CTAOMJIM3UPYIOLIME aJIKOKCUII-WOH,
obmamarotr —/I-3ddexToM, a ajJKWJIbHbIC TIPYIIbI, AeCTAOUIU3UPYIO-
1IMe ATKOKCUI-NOH, obnanatoT +/-3¢gdexrom. JlericTButensHo, pK, Tpe-
TUYHOTO OYTWJIOBOTIO CITMPTa B KOHAEHCUPOBAHHOM (ha3e U BOJE BHILIIE,
yeM JIJIs1 TIEpBUYHBIX M BTOPUYHBIX CIUpTOB (Tadi. 11.2). dpyroe BO3-
MOXHOE 00bsICHEHHE 00jiee HU3KOUW KUCIOTHOCTU mpem-0yTUIOBOTO
CIIUPTA, HE CBSI3aHHOE C MPOsIBJICHUEM +/-2(pdheKkTa MeTUIbHBIX IPYIII,
COCTOUT B TOM, UTO mpem-OyTWUJIbHAs TPYINa CO3MAeT CUJIbHBIE CTe-
pUYECKUe TPETSITCTBUS IS 00pa3oBaHUS MPOYHON MEXKMOJEKYISIP-
HOI BoJOpoaHON cBsI3u. Eciin obpa3oBaHMe CUIBLHON MEXMOJIEKYJIsIp-
HOI BOJOPOIHON CBSI3U B PAacTBOpPE UIpaeT pellalolilyto poJib B AUCCO-
LAl BoAbl, cupToB U apyrux O—H-kucnot (1. 3, 4. 1), TpeTuuHbIe
CIMPTHI TOJDKHBI 00j1amaTh cBOMCTBaMM Oojiee ciiaboii O—H-xuciaoTsl
MO CPaBHEHUIO C MEPBUYHBIMU M3-32 CTEPUUECKUX MPEMSITCTBUN IS
MEXMOJIEKYJIIPHON BOJNOPOIHOM CBSI3M.

Cnupthl Kak cinadble O—H-KHUCIOTBl pearupyioT ¢ 1IeJOYHbIMU,
IIEJTOYHO3EMEIbHBIMIA MeTaJUIaMU, aJIOMUHHEM, TaTueM W TaJlIv-
eM ¢ oOpa3oBaHWEeM MOHHBIX MM KOBAJEHTHBIX aJIKOTOJISITOB:

(CH4),COH + K — (CH3);COK + H,,
(CH3)2CHOH + Al — [(CH3)2CHO]3A1 + H2,
CH;OH + Mg — (CH;0),Mg + H,.

AJIKOTOJISITBI MOT'YT OBITh IOJIyYE€HBI IIPU IEMUCTBMU HaA CIIMPTHI CUJIb-
HBIX OCHOBAHUMN — TUAPMUAOB WM aMUAOB IICTIOYHbIX MJIN HICJIOYHO-
3C€MCJIbHBIX METAJIJIOB, a TAKXKE PCAKTMBOB rpI/IHI)Hpa.

CHI/IpTI)I IIPOABJIAIOT CBOJICTBaA HE TOJILKO CJa0bIX KHUCIOT , HO TakK-
XK€ M cladbix ocHoBaHuit JIplouca, T.e. oHU 00sagal0T aMUIIPOTOH-
HbeIMU cBoiicTBamu. Kak ocHoBaHus JIblorMca cnivpThl 00pa3yloT 10-
HOPHO-aKLECIITOPHLIC KOMIUICKCHI C TraJJOr€HUuAaMM M OKCUIaJIOTCHMU-
namu Qocdopa, cepbl unu ¢ Apyrumu kucioramu Jeouca. C
CUJIIBHBIMM MMWHECPAJIbHBIMU KUCJIOTaMU CIIUPTHI 06pa3y10T COJI aJI-
KokcoHUd. Ha sTmx cBoiicTBax OCHOBaHBI MHOTHE BaXKHBIE pe€akimmn
CIIUPTOB, CPEAN KOTOPLIX CJIACAYET BbIACIUTD 3aMCIICHUEC TUAPOKCUIIb-
HOI Tpynmbl Ha rajoreH, T.e. MpeBpallleHue CIUPTOB B aJKWIrajaore-
HUIbI, JeruapaTalyio CIMPTOB U dTepUdUKALMIO CIOUPTOB C MOMO-
1IbI0O OPraHUYECKUX U HEOPTraHMYECKUX KUCIOT U UX MPOU3BOIHbIX.
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11.1.3.6. BAMELIEHUE TUJIPOKCUJIbHOM T'PYTINbl HA TAJTOTEH.
MNOJNYYEHUE AJIKUITAJIOTEHUAOB

3aMeleHre TUIPOKCWILHOM TPYMITBI Ha TaJOreH MPUHAMIEKUT K
YyyCcly Hanbosiee BaXHBIX peaklyii B ITOBCEIHEBHOM ITPAaKTUKE Opra-
HUYECKOI0 CHHTE3a, UTPAIOIIMX KITIOUEBYIO POJIb B CAMBIX pa3sHOOOpas-
HBIX XUMWYECKUX TpeBpaiieHusix. CyliecTByeT OGOJIbIIOe YHUCIO0 METO-
JIOB 3aMEHBI TMAPOKCHMIIBHOW TPYITIIBEI CIUpTa Ha TajoreH. OHU OTIIM-
YaloTCsA Pa3INYHON PEermoCelIeKTUBHOCTBIO U CTEPEOCEIEKTUBHOCTBIO,
a BBIXOJBI CIIMPTOB KOJIEOTIOTCS B BechbMa IIMPOKUX mpenenax. Cra-
pble METOIbI 3aMelleHUs] THAPOKCWIA Ha TrajloreH OCHOBaHbI Ha pe-
aKIIMU CIHMPTOB C TaJIOTeHOBOIOPOJAMM, a TakKKe C TaJOoTeHUIAMM
WIN oKcurajoreHumamu ¢ocdopa u CepHI.

Iloayuenue aaxuazasozenudog u3 cnupma u 2ai02eH06000p0006
ROH + HHal — RHal + H,O

PeakiimoHHasi crmocoOHOCTh TaJIOT@HOBOIOPOJOB YMEHbILIAETCS B
psny HI > HBr > HCI >> HF. Ckopoctb peakuuu ¢ HF ciauiinkoM mana
JUTST TIPSIMOTO TIpeBpallieHNs] CIIMPTOB B anKuiI(Topuasl. CKOPOCTh pe-
aKlMM 3aMEUIEHUsI Pe3KO CHMXKAETCsl B Sy TPETUUYHBIA > BTOpUY-
HBII > MepBUYHBINA cupT. IS TOIydeHUs TPETUYHBIX aJKWITaJore-
HUIOB OOBIYHO JOCTATOYHO HACHITUTH TPETUYHBIN CITMPT ra3000pas-
HbIM TajoreHoBogopoaoM npu 0—10 °C unu obpaboTtaTh BOAHOM
COJISIHOI, OPOMUCTOBOAOPOIHON WM MOAMCTOBOAOPOIHONM KMCIOTOM
B TeUyeHue KOpOTKoro mpomexyrtka BpeMeHu npu 0—20 °C. JIas nomy-
YEHUsI TEePBUYHBIX M BTOPUUYHBIX AJIKWJIOPOMUIOB U aJKWIHOIMIOB
OOBIYHO TpeOyeTcs HarpeBaHWE CMECU CITMPTa, KOHIICHTPUPOBAHHOM
OGPOMKCTOBOIOPOIHON MM MOAMCTOBOIOPOTHON KUCIOTHI M KOHIIEHT-
PUPOBAHHON CEpPHOM KMCJIOThI B TeUeHUE HECKOJbKUX yacoB. Bmecto
KOHLIEHTPUPOBAaHHBIX BOAHBIX pacTBopoB HBr m HI MoxHO ucmnosib-
30BaTh OPOMMIBI M MOOUILI HATPUS M Kadus M KOHIICHTPUPOBAHHYIO
CEPHYIO KUCJIOTY. BbIXOabI aIKUATaJOreHUIOB 110 9TOMY METOAY OObIU-
HO cocTaBIsIIoT 75—90%:

48% HBr + H,SO,,

13 CH,CH,CH,CH,Br+ H,0

CH,CH,CH,CH,0H o

(95%)

<:><CH3 HCI (ra3) <:><CH3 L o
OH s¢up, 0°C al 2

(90%)

HCI; Zn(Cl,
— = »

CHy(CH),0H —5-5

CH,(CH,,Cl + H,0
(76%)
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HCI; H,0, 20 °C

(CH;);COH > (CH;3);CCl + H)O

NaBr + . HSOq4, 60°C
CH{CHCH,CH, Ao T ROML T 075

OH
—— CH3CHCH2CH3 + NaHSO4 + HzO
Br (60%)
KI+85% H3PO,
HOCH,CH,CH,CH;CHyCH,0H —-——> [(CH)l +KH,PO;+H0
(78%)

CrnupThl Kak ciabble ocHOBaHUs JIblorca Ipu IPOTOHUMPOBAHUU
00pa3yloT CoJIM aIKOKCOHUs. [IpoToHMpOBaHME TMAPOKCUIBHOM TPYII-
bl TIPEBPALLIACT «IUIOXYIOo» yxousinyto rpyiny OH B «xopoliyio» yxo-
JALLYIO TPYTIIY — BOJY:

@ ©
ROH + HBr RO H,Br.

MexaHN3M MOCIEeAYIONIETO HYKJIeO(PUIBHOTO 3aMeIeHUST 3aBUCUT OT
Mpupoabl paaukaga crnupta. sl mepBUUYHBIX CHOMPTOB peaainu3yeTcs
S\2-MexaHU3M 3aMelIeHUs] BOIbl B KATUOHE aJIKOKCOHUS Ha TaJOreH:

© Sy2
B + RCH,0H, —2= > RCH,Br + H,0,

e ®@ Sp2
I+ RCH,0OH, —%—> RCH,] + H,0.

XJIOpUA-UOH B TUAPOKCUICOAEPXKALIUX PACTBOPUTENISIX CUJIBHO COJIbBA-
TUPOBAH M TIPOSIBJISIET CBOMCTBA 0oJiee C1aboro HyKjIeo(MpuIbHOIO areH-
Ta MO CPaBHEHMIO C OpoMUI- W Honua-uoHamu. [TosToMy st mosyde-
HUSI JIKWIXJIOPUIOB TTPU B3aUMONIEWCTBUM TIEPBUYHBIX CIMPTOB C CO-
JITHOM KMCJIOTOM MCIOJB3YIOT 3JeKTPOGMMIbHBINA KaTajlu3aTop —
0e3BoMHbIN XxJTopua MHKA. CMech COJITHOM KUCJIOTHI M XJIOpUIA LIMHKA
HOCUT Ha3BaHMe peakTuBa Jlykaca. Xiopua LMHKA Kak XecTKas KUCaoTa
JIblorca KOOpAMHMPYETCs IO aTOMy KHUCJIopoda, oOJyierdyas TeM CaMbIM
3aMEILEHNE TWIPOKCUIBHON TPYMIIbL IO, ICHUCTBUEM XJIOPUII-MOHA:

RCH,0H + ZnCl,

®_H
RCH,—0_ e ,
ZnCl,
© @ /H e)
Cl +R/CH2—O\ o ———> RCH,Cl + Zn(OH)CL,.
ZnCl,
PeaKHI/IOHHaH CITOCOOHOCTh CIIMPTOB IIO OTHOHICHUIO K PCAKTUBY

Jlykaca ymenbmaercs B pany C(H;CH,OH > CH,=CHCH,0OH >
> R;C—OH > R,CHOH > RCH,0OH.
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TpeTUdHbIe CIIUPTHI W, MO-BUINMOMY, BTOPHYHBIC CITUPTHI B3a-
WMOJIEHCTBYIOT C raJOT€HOBOJOPOAOM Mo MexaHusMy Syl ¢ obpazo-
BaHMeM KapOOKaTHMOHA B KayecTBe MHTepMennara. [lpu rpeBpaiieHnu
TPETUYHOIO CIMPTA B TPETUYHBIN aJKUJITAJOT€HU B PEaKIIMOHHON
CMeCH B BBICOKOJ KOHIIEHTPAIIMM HAXOAUTCS OoJiee CUIIbHBINA HYKJIEO-

(buAbHBINA areHT, yeMm BoJa, — TaJOreHU-UOH:
@® ObICTPO ® MemJIeHHO @
R3COH + H R3C_OH2—‘R3C + Hzo

)
Hal; 6sicTpo R,C—Hal + H,0.
IToaTomMy KapOOKaTHOH CTAaOMIM3UPYETCsS HE BHIOPOCOM IIPOTOHA WJIUA
peKoMOMHALIMel ¢ MOJIEKYJIOM BOAbBI, a C IIOMOIIbIO 3axBaTa rajaore-
HUI-MOHA, KaK HauOoJiee CUJIbHOIO M3 KOHKYPEHTOB HyKJeodua.

Jpyroii BaxkHOU XapaKTepHON OCOOEHHOCTBIO IIPOLIECCOB C ydyac-
THEM KapOOKAaTHMOHOB SIBJISIIOTCS TMEPEeTrpyNniupoOBKU. ATOM BOAOPOIA
MPU COCEIHEM aTOME€ YIJIEpPOJa MOXET MUTPUPOBATH C IMAPOW 2JIEKT-
POHOB B BUAE THUAPUI-MOHA K KapOOKATMOHHOMY LIEHTPY. DTO CMe-
lleHWe HOCUT HasBaHue 1,2-ruapuaHoro casura. [logob6Horo pona
MeperpynnupoBKM HaOMI0IAI0TCS OYeHb 4acTo, UX POJib OCOOEHHO
BO3pacTaeT Toraa, Koraa B pesyibTarte 1,2-TUAPUAHOTO CABUra odpa-
3yeTcsl 0ojiee cTaOMIbHBINA KapOOKATHUOH:

PP e

Taxk, HanmpuMep, Mpy HarpeBaHUM 3-METUIOYTaHOJAa-2, HACBILIEH-
HOTro ra3o00pa3HbIM OPOMHUCTBHIM BOJOPOAOM, B Ka4eCTBE EIMHCTBEH-
HOTO TPOAYKTa peakuuu odpasyercs 2-0poM-2-MeTUI0yTaH BMECTO
2-0poM-3-MeTUI0yTaHa — «HOPMAaJIbHOTO» MPOAYKTa 3aMelLeHUs THI-
poKcwmiia Ha rajioreH. Himke mpuBeneHa mpeariojaraeMasi mociieoBa-
TEJTHLHOCTD TIPEeBPAIleHN, BKIIIOYAOIIas M30MEPU3AIUI0 BTOPUIHOTO
Kap0OoKaTHoHa B 0oJjiee CTaOMIbHBINA TPETUYHbIM KapOOKATUOH 3a CYET
1,2-TMApUAHOTO CABUTA:

CHCH-CH-CH, HBr; 0720 CHy—CH-CH~CHy 1o

OH CH; ®OH, CH3;

@ @
CH3—CH—(|3—CH3 —>CH3CH2—C|—CH3 —_—

CHj; CH3
Bre l|3r
—— CH3CH2(E—CH3 (64%)
CH;
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IMeperpynnupoBka HabJOmaeTCsi U B TOM cllydyae, Korjga jaBa Kap0o-
KaTMoOHa OJIM3KKU MO CTaOuabHOCTU. IIpy HarpeBaHUM ¢ OPOMUCTOBO-
JOPOAHOM KUCIOTOM M MEHTaHOJ]-2, U MeHTaHOJ-3 00pas3yloT cCMecCh
2-OpoMIleHTaHa M 3-OpOMIIEHTaHa, XOTS UM B Pa3IMYHOM COOTHOILIE-
Huu. [lo-BuaumomMy, o0a M30MEpPHBIX IPOAYKTAa OOpa3ylOTCs 3a CUeT
MeperpyninupoBKY IBYX BTOPUYHBIX KapOOKATUOHOB.

CH3|CHCH2CH2CH3H—B¥CH3CHCH2CH2CH3+ CH,CH,CHCH,CH,
OH Br (86%) Br (14%)

CH3CH2|CHCH2CH3H—BT>CH3FHCH2CH2CH3+ CH;CH,CHCH,CH,

OH Br  (20%) Br  (80%)
® 1,2-ruapuaHbIA CIBUT @
CH;CHCH,CH,CH; < P > CH,;CH,CHCH,CH;,
lBre lBre
Br Br

IleperpynmmpoBKa MOXET MPOUCXOIUTh HE TOJBKO TpH 1,2-MUT-
palMu TMAPUI-UOHA, HO TakKe B pe3yJibTaTe CKeJIeTHOM M3oMepu3a-
LIMM, KOTJAAa MUTPUPYET ajJKuJibHasg rpymmna. Tak, Hanmpumep, eciu
CTPYKTYpHbIE (haKTOPhI CIIOCOOCTBYIOT 0Opa30BaHUIO TPETUYHOIO Kap-
0oKaTHOHA, MEePBUYHBIN CITUPT TpeTeprieBaeT MeperpyniupoBKy Bar-
Hepa—MeepBeitHa. B kauecTBe npumepa NpuUBeAeM MpeBpalleHue
HEOIEHTUJIOBOIO CITUPTa B 2-OpOM-2-MeTUIOYTaH:

@ @
(CH3);CCH,0H + HBr — (CH3)2|CCH20H2:[(CH3)2C—?H2]—>
CH;

®
—— > (CHy),CCH,CH; —2— (CHy),CCH,CH

Br
CH; . H @V

I H | @
(CH3)3C—(|2H - (CH3)3C—|C—CH3: CH3—(|3—CHCH3 —

OH ®OH, CHj;

CH, o Br CHj
1,2-CH;3-cBur @ | Br [
> CHyC—C-CH; — > CHyC—C—CH;

CH;H CH;H
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IlenTaHon-1 B Tex e YCJIOBUSX 00pa3yeT TOJILKO 1-OpomriieHTaH 0e3
MPOAYKTOB TEeperpyniupoBKr, W 3TO TIpeBpallleHne, HECOMHEHHO,
npoTeKaer no Sy2-mMexanusmy. OQHAKO NEPBUUHBIE COUPTHI C PA3BET-
BJICHHOH IIEeTbI0 JAl0T YK€ HEKOTOpPOe KOJMYECTBO M30MEPHOTO
raJloreHumaa:

CH
HBr, H,S0, [

CHiCHCH,0H = 002t CHICHCH B+ CHy—C— B
CH, CH, CH;,
(80%) (20%)

Takum obpa3oMm, 3aMellleHHEe TUAPOKCUILHOW TPYMIbl CIHUPTOB
Ha TaJIoreH MoJ ACHCTBMEM TaJloTeHOBOAOPOIOB 0e3 M30Mepu3aluu
OCYIIECTBIISIETCS TOJIBKO JUISI TPETUYHBIX CITUPTOB U H-aJIKAHOJOB-1.
HOnsa monyyeHus WHAWBUAYAJIbHBIX aJKWJITAJIOTEHUIOB M3 CIIMPTOB,
CITOCOOHBIX K M30MEPHU3AllNN WM TIeperpynIMpoBKe, CIeAyeT IpH-
MEHSTh IPYTHe TIperapaTUBHBIE METOIHI.

Iloayuenue aaxuncaiozenudoé u3 cnupmog u 2aiozenudos gocghopa
Jlns1 mpeBpalleHusl CIMPTOB B aJIKWJITaJIOTeHU bl PUMEHSIIOT pa3-
JWYHBbIE TPU- U NeHTaranoreHunsl gocdopa: PBr;; PCls; POCl; win
Pl;, monmy4yaemslit U3 KpacHoro ¢ocdopa U ioaa HErmocpeACTBEHHO
BO BpeMsl peakuuu. 11 MepBUYHBIX M BTOPUYHBIX CIIMPTOB HA TPHU
MOJISI CITIMPTAa MOXKHO PAcXOA0BaTh TOJIBKO OAMH MOJb TPEXOPOMMCTO-
ro wiu Tpexitogucroro docgopa:

3 ROH + PBr; — 3 RBr + H3PO;.

lanorenunbl U oxkcurajoreHuabl Gocdopa OTHOCIATCS K YMEPEHHO
CWJIbHBIM KucJoTaM JIblorca, a MX aHMOHBI BBITIOJIHSIOT POJIb HYKJIEO-
(unbHOrO areHta. MexaHU3M peakiMu 3aMellleHUs TUAPOKCUIBHOM
rpynnbl Ha 6poM WM fon B peakuuu cnuptos ¢ PBry wiu Pl 3akimo-
yaeTcsl B 00pa3oBaHUU MPOTOHUPOBAHHON (POPMBI aTKUIIMOpoMdoc-
(uta B KayecTBe MHTEepMeaMaTa C IOCIEAyIolIel HYKJIeOohWIbHOMN
aTtakoil OpoMua- WM MOAUI-MOHA U OTIIEIUICHUEM YXOMSILEH TPYIIIIbl
HOPX,. IlepBas cragusi 3TOro mpolecca o CyIIECTBY MPeNCTaBIseT
coboli HyKJIleodrIbHOE 3amelieHre y atoma docdopa noj aeicTBueM
CIMpTa KaK HYKJICOMDWIbHOTO areHTa:

. ©]
RCH,0H + PBry —> RCH,—O—PBr, + B

H
e) ®
Br: + RCHz—(l)—PBrz —> RCH,Br + HOPBrm,.
H
OO6pazyroluiicst B pedyJsibTaTte aByxcraauiiHoro npouecca HOPBr, na-
Jiee pearupyer co CIUPTOM MO aHaJOTUYHOMY MEXaHM3My, U B KO-
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HEYHOM uTOre Bce Tpu aroma rajoreHa PBr; wim Pl; mpuHmmaror
y4yacTue B peakUUU 3aMELICHUs TUIPOKCHUIA Ha TaJIOTeH:
(CH;),CHCH,0OH + PBr; %» (CH;),CHCH,Br (60%),

37 °C
Q—CHQOH + PBr; m’ Q—CHzBr (80%).

3aMelleHue TUAPOKCUJIBHON TI'PYMNIbl HAa TaJlOreH MOJ ACUCTBUEM
PBr; v npyrux rajoreHuIOB W OKCUTAJIOreHUnoB ¢ocdopa mpouc-
XOAUT C WMHBEpPCHUEl KOH(UTrypaluud y aCUMMETPUYECKOTO aToMa
yrjaepoja, CBSI3aHHOIO C TUAPOKCUJIbHOHW Trpynmoil. 3amelleHUe
TUApPOKCHIa Ha rajoreH non aeiictBuem PBr;, Pl;, PCly, POCI;
4acTO COMPOBOXIAETCSI U30MEPU3ALNE U TTeperpynnupoBKamMu. DTo
HEyIUBUTEJbHO, €CJIU TPUHSATh BO BHUMaHUE, YTO TaJOTCHUAbI U
OKCHTaJIOTeHUAHI (hochopa MPOSIBISIOT CBOMCTBA TUITMYHBIX KUCIOT
JIrouca, cnocoOCTBYWOIIUX 3TUM HeXejdaTeJIbHbIM TPOILEeCcCaM.
IlenTanosn-3 B peakuuu ¢ TpexOpoMUCTHIM (GocPhopoM B >dupe
obpasyeT 85% 3-OpommneHTaHa U 15% 2-6GpoMIleHTaHa — MPOAYK-
Ta MeperpynnupoBKu. 3-MeTunbyTaHoI-2 ¥ HEONEHTUJIOBBIM CITUPT
¢ TpexOpoMucCThIM (ochopoM Takxke HalOT CMEeChb M30MEPHBIX
TraJloTeHUI0B, B KOTOPOIl TOMWHHPYET TMPOAYKT M30MEpU3alIUM.
CreneHb M30MepU3allMM U MEPEeTrpyNIUpOBKU 3AeCh HUXKE, YeM B
peaklusix 3aMelleHus1 moj aelictBueM HBr m apyrux rajsoreHoBo-
JIOPOIOB, HO BCEe-TaKM BeChMa BEJIMKA:

Bl“3

CH;CH,CHCH,CH; ————>  CH;CH,CHCH,CH; +
| a¢pup, 0°C
OH Br (85%)
+ CH3CH(BT)CH2CH2CH3
15
(15%) (|:H3
B
CHCH-CHCH; ———> > CH,CHCHCH; + CH;CH,~C—CHj
I atup, 20°C [ ] I
OH CH, Br CH, Br
(10%) (90%)
PBr
(CH3);CCH,OH —————> (CH;);CCH,Br + (CH3),CCH,CH; +
XUHOJINH |
(63%) Br
(26%)
+ CHiCHCH(CHy),
Br
(11%)
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IIprMeHeHNne TPETUYHBIX OCHOBAaHMM, TaKMX, KaK NMUPUIUH, XWHO-
quH, N,N-muMmetwrianwivH, B cmecu ¢ PBr;, Pl;, PCls, POCI; He-
CKOJIBKO YMEHBILAET HOJMI0 MPOAYKTA IEPErpylIupoBKY, HO HE yCT-
pansier ee. TakuM 00pa3oM, TaJOTeHUOBl U OKCUTAJIOTeHUAB! (pocdo-
pa HE MOTYT OBITb PEKOMEHIOBAaHBI B KaueCTBE PErMOCETIEKTUBHBIX U
TeM Oojiee pernocrneundUIecKuX pPearcHTOB TSl 3aMELIEHUs] CIIUPTO-
BOM TMIPOKCUJIBHOM TPYIIIBL. DT PEareHTHI CIIENYeT IIPUMEHSTD TOJIbKO
B HauOoJiee NMPOCTBIX CIIy4asx, e MEPEerpyrnnupoBKa M M30MEpHU3a-
LS HEBO3MOXHBI.

Iloayuenue aikuixaopudoé uz cnupmos u MUOHUAXA0PUOA

TuoHwIXTOPUA MpeBpalllaeT MEePBUYHBIE M BTOPUYHBIC CIIUPTHI
B aJIKUJIXJIOpUbI ¢ BbixogaoM 70—90%. TpeTuuHble CIIUPTHI IPEUMY-
IIECTBEHHO TMOABEPraloTcsl AeruapaTallii MPU B3aUMOIEHCTBUU C
SOCI, ¢ obOpazoBaHueMm ankeHOB. CienyeT pasauyaTb OBE Pa3HO-
BUIHOCTU 3TOM peakUMHU: B MPUCYTCTBUU WU B OTCYTCTBUE OCHO-
BaHUs (MUPUIVH, TPUITUIAMUH, TUMETUIAHWJIMH U IPYTHUe Tpe-
TUYHbIE aMUHBI):

acup

ROH + SOCI, Getson 1 D,

RCI + SO, + HCL

Panee monaranm, 4To B OTCYTCTBME OCHOBAaHUS 3aMellleHUE THUAPOK-
CWJIa Ha XJIOp MPOTEKAeT Kak BHYTPUMOJIEKYISIpHOE S)yi HyKIeohUIb-
HOe 3aMellleHre B IIPOMEKYTOYHO 00pasyrollieMcsl U3 CIIMpTa U THO-
HUJIXJIOpYZAA XJI0pCyiibdhuTe. BHYTpUMOIEKYISIpHOE 3aMEILeHUE TBYOKM-
CU cepbl XJOPOM B XJopcyiabbuTe mo MexaHusMmy Syl AOJIXKHO
MPOUCXOIUTh C TOM K€ CTOPOHBI, OTKyHa OTIICIUISIETCS YXOISIIAst
rpynmna SO,. CienoBaTebHO, BHYTPUMOJIEKYISIPHOE HYKJI€ODUIbHOE
3aMellIeHUEe JTOJDKHO COIPOBOXIATHCS IOJHBIM COXpaHEHUEM KOH-
urypanum y acCMMMETpMYHOIO aToMa yIJIepona:

R, H R! Q R! H
¢+ soc, —> \({f © o — ¢+ so,.
RZ/ \OH R2 c— R? \Cl
}_—LTIH 9TOro Ipolecca OB IpeaI0OKEH MEXaHM3M C YETBIPEX3BCH-
HBIM IHUKINYCCKHUM MEPEXOAHBIM COCTOAHUEM. B HacTodlee BpEMA
Haa€XHO YyCTaHOBJICHO, 4YTO Takou npouecc p€ajbHO HE IIPOUCXO-
IUT, a p€aKluu, IJd KOTOPLIX paHEEC Mnpeamnoarain SNl -MEXaHU3M,
B HeﬁCTBHTEHBHOCTH BKITIOHYAIOT 06pa3OBaHI/Ie MOHHBIX IMap B Kayec-
CTBC€ MHTCpMEIuara:

Rl 0 R! R!
N ~9® o ~N
CH-0-SZ —>  CH 0SOCl —> CH—CI + SO,.
RY el RY” R

MOHHasI T1apa
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[eraibHOE HUCCIIeTOBAHUE CTEPEOXMMUU TEPMUYECKOTO Pa3JIOXEHMUS
ONTUYECKU AKTUBHOIO 2-OKTUJIXJIOPCYJb(hUTA MOKA3JI0 SIBHOE HECO-
OTBETCTBUE C MEXaHU3MeM Syi. B oTCyTCTBUE pacTBOpUTENISE 0OpasyeT-
cs1 2-xmopokTaH ¢ 78%-M oOpalleHueM KOHMUIYpaLMu, YTO OIpeac-
JICHHO YKa3blBaeT Ha 3aMELIEHUE XJIOPCYJIbMUTHON IpyMIibl B PE3YJib-
Tare aTakyd XJIOpUA-UOHOB C Thiaa. [Ipu TepmMuUuecKOM paszioXeHUu
2-OKTWIXJIOPCYIb(UTa B AUOKCAaHEe HAOJIIOAAeTCsl COXpaHEeHUe KOH(PU-
rypauuu Ha 84%, HO 3TOT pe3y/lbTaT CIEAyeT paccMaTpUBaTh Kak
CJICAICTBYE OBOMHONM MHBepcUM KoHpurypauuu. B mepBoii ctamum avo-
KCaH B KayecTBe HYKJICO(WJIBHOIO areHTa 3aMelllaeT XJIopcyJb(pUT B
OOBIYHOM IIpoliecce OMMOJIEKYISIPHOTO HYKIEO(MWIHLHOIO 3aMEeILeHUS:

[ SN2, o SR+ o so

0  0:+RY \j S Lgl JIMOKCaH o 9= C 2
Bo BTOpOil CTaaMM XJOPHA-MOH 3aMellaeT AMOKCAH B OKCOHMEBOM
KaTHOHE:

©/ "\ Sy2 S\
ca®+ RO 025 Ra +0 O.
\__/ \__/

[BoiiHOe oOpallleHre PaBHOCUJILHO COXPAaHEHMUIO KOH(UTrypauuu y
ACHMMETPUYHOTO aToMa yriaepoaa. AHAJOTUIHO MOXHO OIHMCaTh TIpe-
BpalllcHWe CITMPTOB B XJIOPUABI WM OpOMMIBLI TOM OEHCTBUEM XJIOp-
OKHCH Ui OpoMoxkucu ¢ocdopa.

IMpn 3amenieHNN TUAPOKCHIIA BO BTOPUYHBIX CIIMPTAaX Ha TaJoOTeH
C MOMOLIbIO THOHUJIXJIOPUIA UJIU XJIOPOKHUCH (pocopa B PUCYTCTBUU
OCHOBaHMsI HaOmMomaeTcs odopaileHre KoHpurypaunu. B aTom ciygae
WMEET MECTO OOBIYHOE OMMOJIEKYIISIpPHOE HYKIIeODMIHHOE 3aMelleHIe

O—S{ IPyInbl B XJIOPCYab(MuUTe TMOJ AeMCTBUEM XJIOPUI-HOHA
Cl

KaK HyKJIeo(pUIbHOTO areHTa. MCTOYHNKOM XJIOpUI-HOHA CITY>KUT THI-

POXJIOPUA TPETUIHOTO aMUHA, OOpa3yIOIIUICS TPpU B3aUMOICHCTBUU

CIIMPTa, THOHWIXJIIOPUAA W TPETUIHOTO aMUHA:

H

R! . o Rl H
~ 2N -10°C -
< +SOC12+0W ;\ 0+ (]
R” “oH N R2 O_S\Cl NH CI,
H ® ©
1
N R 10ec. a M L P
R [OpS—cl obwp S 7 30, + d.
7 I R¥ R
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3amelleHde TUAPOKCHUIIA Ha rajoreH B peaklMyd CIUPTOB C TaJio-
TeHUJaMU U OKcUTajoreHuaaMu (ocdopa, MBILIbIKA, Cepbl U Ce-
nena (PCls, AsCls, POCl;, PBr;, SOCIl, u np.) B MpUCYTCTBUU
OCHOBaHMUS Bceraa NPUBOIUT K MHBEPCUN KOHGMUTYpaLMU Y XUpasb-
HOTO atoMa yriepoaa. JIJisi BTOpUYHBIX CIIMPTOB C 3aMeleHUeM KOH-
KypuUpyeT 3JIMMMHHUpPOBaHHE ¢ OOpa3oBaHMEM alIKEHOB, KOTOpPOE
CTAHOBUTCS JTOMUHUPYIOIIUM IJII TPETUUHBIX criupToB. [leperpyr-
MUPOBKY M M30MEPUM3aINK TIPU 3aMeleHUN TUIPOKCUIBHOMN IpyI-
Mbl MEPBUYHBIX U BTOPUYHBIX CIIMPTOB HA XJIOP IMOI ACHCTBUEM TH-
OHUJIXJIOPUIA B MPUCYTCTBUMU MUPUAMHA WM APYTOro TPETUYHOTO
ocHoBaHusl npu 0 ... —10 °C npoucxoasT B MeHbllIEl CTENEeHU M0
cpaBHeHMIO ¢ 3amelneHneM ¢ PBr; wim PCly B cmecu ¢ mupunm-
HOM, XOTSl U HE HMCKJIIOYAIOTCSl COBCEM:

SOCl,
+ j—

(58%) Cl (42%)
CH,
SOCl, |
CH;CH-CH-CH;— 2> CH,CHCHCH,+ CH,CH,~C—CH; ,
MUAPUAAH— | |

OH CH;  —adup, 20°C  Cl CH;(20%)  (80%) Cl

Nelel
CH,0H —— 2> CH,CI
MUPUITH—

SCH, 2bup, 20°C gy (91%)

cl

sOCl, |

[ MUPUIVH,

OH -10°C (95%)

ITloayuenue aaxunzcasozenudos uz cnupmoeé u Keasugpocghonuesvix coaei

CoBpeMeHHBIE METOIBI 3aMEIeHHUST CITUPTOBOM TMAPOKCHIBHOM
IPYMIbl Ha TaJIOTeH OTJIMYAIOTCS BBICOKOW pervo- M crepeocesiek-
TUBHOCTBIO. B mociemHue roabl ISl 3TOM 1IeM HauOOJbIlIee pac-
NpOCTpaHEHUE IMOJYYMJIN KBa3u@ochOoHMEBBIE COIM — adayKThI
apoMaTnyeckux (ocdUHOB C TrajoreHaMH, TeTparajoreHMeTaHaAMM
wiu N-raJloreHCYKUMHUMUAOM. Takue peareHTbl UCHOAb3YIOT IS pe-
rMocesieKTUBHOro 3amelieHuss OH-rpynmnbl B MATKUX YCIOBUSX U C
OYeHb BBICOKOU CTerneHblo MHBepcUM KoHbpurypauuu. TpudeHundoc-
(brH 00pa3zyeT cTabuIbHbIE KOMIUIEKChl C OPOMOM U XJIOPOM. DTU KOM-
TUIEKCHI MpeBpallaloT CIUPThl B alKWIraJloreHuabl. MeToa ocobeHHO
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yIOOEH [UIl BTOPUYHBIX U MEPBUYHBIX CIIUPTOB, I KOTOPbIX MOXHO
OXMIATh U30MEPU3ALIMN U TIEPETPYIITMPOBKU. 3aMelleHre TUIPOKCUIIa
Ha rajioreH mnoq nericrsueM komiuiekcos (C¢Hs);P - Br, m (C4Hs);P - Cl,
OTJINYAETCSI BBICOKOW PETMOCEIEKTUBHOCTDIO:

150 °C
(CH;);CCH,0H+(C4Hs);P - Cl —> (CH3);CCH,Cl+Ph;PO+HCI.

2 IM:
(92%)

ICH3 (|3H3
CH,CH-CHCH; + (CyHy):P - BrZ% CH,CHCHCH, +
OH lCH3 Br (44%)

+ CH,CH,CCH;+ Ph;PO + HB.
(155%) BI‘
+ (CgHy)sP - Br, 20°G élJr Ph,PO + HBr.
H OUTIIUM
J. (62%)
3H00-HOPOOPHEO 3K30—H0p60p1—H/UI6p0MI/I£[
CH; CH,0H _ CH;  CHyBr
+(CgHg)sP - Br,22C» + Ph,PO + HBr.
TIM®A
(70%)

B mepBoii cragny peakuny CIIMPT BBITECHSIET TaJIOTeHUI-UOH U3 KO-
BaJICHTHO TTOCTPOEHHOTO COCAWHEHUs MSATUBAJICHTHOTO (pocdopa ¢
oOpa3oBaHMEM MOHHOTO (pocoHMEeBOTO MHTEpMeaMaTa MM KoBa-
JieHTHoro ¢docdopaHa. 3aTeM 3TOT MHTEpMeauar MojBepraercss HyK-
JIeoMILHON aTake TaJOTeHUI-MOHOM C OTIIEIUICHHEM TPUDEeHWII-
dochuHOKCHIA, UTPAIOLLIETO POJIb YXOISIICH T'PYIIIHL:

,Br ® )
ROH + (C6H5)3P\B —> RO—P(C¢H;s);Br + HBr,
r

=) ®
Br + ROP(C¢H;); ——> RBr + Ph,P=0.

CorjacHo 3TOU cxeMe, KOHEYHBIM CTePEOXMMUYECKHUM pe3ysbTa-
TOM JOJDKHO OBITh OOpallleHue KOHGUrypaluud y aCUMMETPUYHOIO
aToMa yriepona, Mpu KOTOPOM IPOUCXOIUT 3aMellleHHue T'UIpOK-
CHJIa Ha TaJIOTeH.
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CriipThl MOXKHO TIPEBPATUTD B XJIOPUIBI UM OpOMUIBI TIPYU B3an-
MozaeicTBIM ¢ TpubeHMI(HOCHUHOM UM YeTBIPEXXIOPUCTHIM WIIN 4Ye-
THIPEXOPOMUCTBIM YIJIEPOIOM:

CH3|CH(CH2)5CH3 + (CgHg)P + CBr, Ht UG

OH
—> CH;CH(CH,);CH; + Ph;P=0 + CHBr;.
Br (90%)
H CCly; 80°C Cl
+(GHspP+CAy————> + PsPO + CHCl;
OH (57%) 1
5HO00-HOPOOPHEOJ 9K30-HOPOOPHWIXJIOPUL
CH; CH;
+ (C¢HszP + CCly ————>
CHM/\OH (CHs)3 4 cal,
repaHuo
CH; CH;
R —
CH3 N X Cl + Ph3P:O + CHC13
repaHUJIXJIOPHIT
(82%)
ICHZOH (|?H2Cl
HO-CH HO-CH
H;N; 0°C (0)
+(CHs)P+Ca, SN0 + PhsP=0+CHCl,,
(I) O
O—CHj O—CHj
CH; (96%) CHjs

MexaHu3M 3TOM peakluu Oojiee ClaoXeH. MSrKuii HyKieo(uib-
HbII areHT TpugeHuIGochUH aTaKyeT TeTpaxJIopu yIjiepoaa o aToMy
XJIOpa KakK MSITKOMY 2JIEKTPO(PUILHOMY LIEHTPY 3TOM MOJIEKY/Ibl. AHUOH
Cl;C™ — xopouiast yxoasuiasi rpynma, Tak Kak XJ1opodopm sBisieTcst
npocratouHo cuibHoU C—H-kucnoroit (. 3, 9. 1):

$ (S
PhyP-.. Cl ... CCls

Ph3P: + CICC13

- ©)
php— [ —— PhypCCly CP.
3 TCa,
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B mpucyTrcTBUM MEepBUYHOIO WJIM BTOPUYHOTO CIIMPTa oOpasyeTcs aj-
KokcudochoHreBasi COJib:

3+

#*
o= Ph3P:-C1-:CC13
Ph3P... Cl... CCI3 + ROH ——> N

e
® S)
—> PhyPOR + CHCl; + Cl.

XJI0puA-UOH aTakyeT aToM yrjiepoja B KaTHUOHE TpU(EeHUTATKOKCHU-
dochonnsa ¢ obpazoBaHMEM IIEPBUYHOTO MM BTOPUYHOIO aJIKWJI-
xjgopuaa U TpudeHmiphochUHOKCHUA:
e ©] SNZ
Cl + ROPPh; ——> RCl + Ph;P=0.
IMocmenHsast cramus TIpEACTaBIISIET COOOM OOBIYHOE OGUMOJIEKYIISIPHOE

HYKJIeo(UIbHOE 3aMelIeHUe, OBMXKYIIEH CUJIOW KOTOPOIo SIBISETCS
obpa3zoBaHue cTabuiabHOro TpudeHwidochruHokeuaa. Iasa uHTepMe-

©)] S]
muata PhsPOR, Cl  00bryHO mpuHSATO cTpoeHne $hochoHneBOi comun
C XJIOPUI-MOHOM B KauecTBe MPOTHBOMOHA. OIHAKO BO MHOTHUX CITy-
yasgx 0osiee 0OOCHOBAHHOWM SIBJISIETCS CTPYKTypa KOBaJIEeHTHOIo (oc-

OR
¢dopana Ph3P<Cl C MNAITUKOOPIMHUPOBAHHBIM aToMoM docdopa.

Takast cTpyKTypa moKazaHa IS IIPOCTPAHCTBEHHO 3aTPYIHEHHBIX CITHP-
TOB — HEOINEHTUJIOBOIO, 9HJ0- U 9K30-HOPOOPHEOJIOB, XOJeCTepuHa
u ap. B mobom ciyyae mpeBpallieHue CrUpTa B alKWITaJOTeHU I Mpo-
TeKaeT C oOpalleHheM KOH(UIypaluu.

OnHako BO3MOXKEH MHOM MeXaHW3M TIpeBpallleHusT CIIMpTa B aj-
KWJITJIOTEHUJ MPU B3auMoaeictBun TpudeHuadochbuHa, cnupra u
CCl,. ®ochonuesas conb Ph,P@CCl,;, Cl™, nonyuarowmascs 13 Tpu-
penundochuna u CCl,, MOXET pearupoBaTb CO BTOPOI MOJIEKYJIOM
tpudeHmidpochrHa ¢ odpazoBanreMm winga docdopa (. 16, 4. 3) u
muxjaopuna TpudeHmipochuHa:

@ Q
Ph;P: + PhPCClI;CI —> PhsP=CCl, + Ph3PCl,.
wmn docdopa

AnxokcudochoHreBass colb MOXET MOJyYaThCsl MPU B3aUMOE-
CTBUM uauaa U TpudeHmwIhochuHIAUXIOpUAA CO CIIMPTOM:

@ ©] @ [S]
Ph;P= CCl,+ Ph;PCl,+ ROH—> Ph;PCHCL,CI + Ph;POR CI .
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Hanee mpenjiaraercsl CIEAyIOLIAsl IOCAeI0BATEIbHOCTh IIPEeBPALLCHUIA

@ ©
Ph3PCHC12 Cl + Ph3P —> Ph3P:CHC1 + Ph3PC12 — >

©] © ©] ¢S]
ROH b Pen,cra + PhapOR C1°,

® o Sy2
Ph,POR + CI° —Y*—> RCl + PhP=0.

Mnuanelii myTh OoJiee BEPOSITEH B MAJIOTOJSIPHOU cpejie.

ITpouecc B 11eJ0M XapaKTepU3yeTcsl 10CTaTOYHO BBICOKOW peruo-
CEJIEKTMBHOCTBIO 3aMElleHNs] TUAPOKCUIA Ha TaJloreH JJISi OJHOATOM-
HBbIX U MHOTOATOMHBIX CMUPTOB. PeakuMoHHas CMOCOOHOCTb TMOHU-
XKaeTcsl B POy MEePBUYHBINA > BTOPUYHBIN > TPETUYHbIA criupT. ['mm-
pOKCUJIbHAsSI Tpylna y MepBUYHOrO aToma yrjiepoiaa MOXET ObITb
CEJIEKTMBHO 3aMellleHa Ha XJIOp MPU HAJTUUYUU BTOPUYHON CIIMPTOBOM
IPYHIIbl. DTOT METOJ, MOJIyYMJI MO3TOMY OCOOEHHO IIMPOKOE pacCIIpo-
CTpaHEHUE B XMMUU YIJIEBOJOB U MHOTOAQTOMHBIX CITUPTOB.

HaubGosee BBICOKOI PermoceeKTUBHOCTBIO 3aMELLeHUsI CIIMPTO-
BOTO TMJIPOKCHUJIA Ha TaJloreH OTJIMYaeTcsl METOI, IJle B KauecTBE MC-
XOIHOTO peareHTa ucnosabayercs komiuieke (CgHs);P ¢ CCL,COOC,H;
nm komruieke (CgHs);P ¢ CCIZ,CN, nanpumep:

CHy(CHy)y~CH=(CHy), CHy+ P(CH)s + cc13cooc2H5CT3CN>
OH
— CH,(CH,),~CH—(CH,),CH, + Ph;P=0 + CHCL,COOC,Hj ;
(83%)  Cl
CHy—CH—CH—(CH,),CH; + (CeHy)sP + CCLLON TN e
CH; OH al

|
CH;Cl  (40%) CH; (0,1%)
+ PhyP=0 + CHCLCN;

(CH3);CCH,OH+ (CgHg)sP+ CClLLCOOC,H 22— (CHy);CCH,CH

(95%)
+ Ph;P=0 + CHCL,COOC,Hs,
CH, al
vICH + (C¢Hs);P + CCI,CN > CHCH; +
OH CH,Cl, , -20 °C (92%)

+ PhP=0 + CHCLCN.
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3amMelneHne ruapokcuia B (5)-2-0KTaHoje MPOUCXoauT ¢ 95%-M
obpaleHueM KOH(UTYpalLyu.

3amMeleHue TMApPOKCUIa Ha XJIOP C TOMOIIbIO CUCTeMbl Tpude-
HUJADOCHUH — YeThIPEXXJTOPUCTBIN yriepoa U TpudeHuapochun —
CCl;COOC;,H;5 B MepBUYHBIX aJUTMJIOBBIX CIIMPTAX MPOUCXOAUT INpaK-
TUYECKN 0€3 aJNTUJIbHOU MeperpyrniupoOBKU:

CH _CH; I, 50°C CH CH,4
Se=c{ +(C6H5)3P+ cc144—> Sc=c{
H CH,OH H CH,CI
(100%)
THOH I CH,Cl,, 0-15°C
CHy=C—C—CHj + (CgHy)sP + CCLCCCl, >
H
o ot
—> CHy=C—CH—CH; + CICH,—C=CHCHj,
92%) Cl (2%)
H H T
Ne=c{ |+ (CeHysP+ CCLCOOC,Hy e ClE
cHy’ CH,OH
H + CHy—CH—CH=CH
—_— C:C\ 3 - = 7.
cry CH,CI 5
(98%) (0,5%)

OTCyTCTBYE aJUIMIIBHOM TIEPETPYIIITMPOBKY IS TIEPBUYHBIX aJUIH-
JIOBBIX CITUPTOB BBITOAHO OTIMYAET 3TOT METOA OT IPYIMX CIIOCOOOB
3aMeIIeHMST TUAPOKCUIIBHOM TPYMIIbl Ha TaJoreH.

B Hekotopsix ciayuasx BMecto komruiekca (CgHs);P-Hal, unu tpu-
beHundochrHa ¢ YeTBIPEXXTOPUCTBHIM YIJIEPOIOM YyAOOHEe B Kaye-
CTBE MCTOUYHMKA «ITOJIOXKHUTEITHHO 3apsDKeHHOTO TajJoTeHa» MCITOIb30-
BaTb N-XjJ0p- U N-OpOMCYKIIMHMMUA, OCOOEHHO TpPU CEJIEKTUBHOM
3aMeIIeHNH TTIePBUYHOTO CITUPTOBOTO TUAPOKCUIIA B TIPUCYTCTBUM BTO-
PUYHOTO:

CHZOH CH2BI'
0 1)(CiHy) P—NBS, IM®A, 50 °C OAO oo
OH 2)(CH,C0),0 g ¢ (66%).
AcO OCH
OCH, 3
OH OH OAc
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M3BecTHBI MHOTOYHMCJICHHBIC PAa3HOBUIHOCTU 3TON peakiiuu, Tie
BMecTO TpudeHunpochrHa UCIOIb3YIOT 00J1ee OCHOBHBIC 1 PeaKIy-
OHHOCTIOCOOHBIE TpUC(AMATKUIAMUHO)(GOCHUHBI, CPeau KOTOPbIX
Haunbosblee pacripoctpaHeHue noiayuun [(CH;),N|;P. [lpumenenue
3TOT0 peareHTa MO3BOJISET B OYCHb MSATKUX YCIOBHUSIX BBOIWUTH B pe-
AKLWIO U APYTrUue HYKJICO(MUIbHBIE ATEHTHI:

TI®; 25 °C

OH

cl (62%)
P DI(CHy),NJ3P, CCl; Tra; 30 °C T
Cos—C-CH,0H5 Ne “) 2 CgHs—C—CH,L.
CH, M CH, (70%)

Iloayuenue aaxuiazasozenudoé npu 3amewienuu cyab@hOHAMHOLU 2pynnvt
6 aaxuacyavhonamax na 2aiozen

DTOT METOJ IIMPOKO MCITONb3YeTCs IS 3aMEHBbI TMAPOKCUILHOM
IPYNIbl B MEPBUYHBIX M BTOPUYHBIX CIMPTaX Ha (GTOp, XJIOp, GpPoM
min ox. C 3TOi LEeIbI0 CIIUPTHI MTPeABAPUTENBHO 3TEPpUPULIMPYIOT C
ITOMOIIBIO XJIOPAHTUAPUAOB CYIb(POKUCIOT, OOBIYHO #-TOIYOJICYIIb-
doxnopuna (To3unxjopuaa), MeTaHCylabdoxaopuaa win TpudTopme-
TaHCYIb(OXIOpUIA:

O
/| mmpwumin; 0°C /]

ROH:+ n-CH CH,—$~ Cl—> n- CHiCH,3—OR + CSHSNHCI
O (0]

AM®; mapumiH
0°C
OcTatoK n-ToJyoJCYIb(MOKUCIOTH WX APYTOil CYyIb(POKUCIOTHI SIB-
JISIeTCsl MPEBOCXOAHOM yXOnsIIeil Ipynmnoi, U MOJA0OHO XJIOPCYJib-
duty, nerko 3aMmeniaeTcsl B MSATKHUX YCJIOBHUSIX TOA AeHCTBHEM ra-
JIOTeHUJ-UOoHA. AJNIKWICYJb(MOHATH B OTJIMUYME OT XJOPCYJIb(PUTOB
ROSOCI u ankunnu6pomdocduro ROPBr, nerko moryt ObITh
BbIIEJEHbl U OYMILEHbI. 3aMellleHUue TO3MJIOKCUTPYIIbl Ha rajioreH
00bIuHO ocyuiecTBiusietcs: B JJM®A, IMCO unu aneTroHe U co-

MPOBOXIAETCS TMOJHOW MHBEpcUeill KOHUTypaluu:

@ O
RIOH + R2S0,CI RIOSO,R? + CsHsNH CI
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Br

JIMCO; 25 °C |
CH3CH2|CHCH2CH3 + NaBr ————"—> CH,CH,CHCH,CH;;
OTs (85%)
CH, CH,4
)\/\)\/\ 1) CH;SO,Cl; IM®A; CsHN
CHy ™ X OH  2)LC; AM®A, 0-20°C
I€paHnoJI
CH, CH,
CHy ™ X Cl
TepaHUIXJIOPUI,
Nal
CI(CH,)s0OTs > CI(CH,)sI + NaOTs.

anetoH; 0—20 °C (82%)
U1t amIuIbHBIX CIIMPTOB 3aMeElleHUe CyJIb(OHATHOM TPYMIIbI Ha Ta-
JIOTEH, KaK IpaBUIO, COIPOBOXKIAETCS IeperpynImpoBKoii. J1oms mpo-
JIyKTa MEePEerpyIrmnmupoBKU 3aBUCUT OT CTPYKTYPHBIX (paKTOPOB U YCJIO-
BUI NPOBEACHUS peaKLMU, MPU HU3KUX TeMIIepaTypax peakiius
MpoTeKaeT 0oJjiee PErMOCeICKTUBHO:

1) CH,SO,Cl; CHN
2)LiCl; AM®A, 20 °C

R?HCHZCHZ
OH

I R—lCH—CHZCH2 + RCH=CH-CH,Cl

Cl
R=CH, (73%) (27%)
R=(CHy),C ( 6%) (94%)

B mocrenree BpeMs TS TTOTYIeHUS aTKWITATIOTEHUIOB U3 aTKUI-
cynb(OHATOB U APYTUX AIKUJITAIIOTCHUAOB IIMPOKOE MPUMEHEHUE
Halrea MeTon MexXda3zHoro kaTaamsa. Meton Mexda3sHOTO TepeHoca
peareHToOB ¢ WCIOJIb30BAHMEM B KAauecTBE KaTan3aTopoB (azoBoro
MepeHoca YETBEPTUUHBIX COJIelt aMMOHUS, KpayH-TIOJU3(GUPOB U
KPUIITAHIOB HE MMEET MPEUMYIIECTB TT0 CPAaBHEHMIO C OOBIYHBIM 3a-
MeIIIeHWEeM TIpU TTOTYYeHUN aTKWIHOAUAOB N ankuiadopomunoB. OmHa-
KO OH OKa3zaJicsd MCKIIOUYNTETbHO 3(DOEKTUBHBIM IJIST TTIOJTYIeHUS TIep-
BUYHBIX U BTOPMYHBIX AJIKWIXJIOPUIOB M TIEPBUYHBIX aTKWI(GTOPHUIOB.
OOBIYHO B KaueCTBe KaTtajm3aTopa NepeHoca u3 TBepaoii ¢ha3bl B pacT-
BOp MCITOJIB3YIOT KPayH-TOIMIDUPHI, HO IJI MOJIYYEHUS XJIOPUIOB
MOXHO TIPUMEHSITh M COJIM TeTPAaTKMIAMMOHMS:
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CH.CH,Br + KF —SKPAYH6 oy cpp + KBy
aueronutpu; 20 °C (100%)

CH,(CH,)(CH,Br + KF—oKPWHE oy CH) CH,F + KBr;
ALETOHUTPUIT 92%)
(%

® e
C,H,P(C,Hy)-B
16H33P(C4Ho)3 1 n-C¢H;CH—F + KOTs;

KF + n-CH, 3|CHOTS

H,O — Genson
CH, (57%) CH,
18-kpayH-6 .
KCl + u-CgH;,0Ts > n-CgH;,Cl + KOTs ;
aLETOHUTPUII (89%)

® ©]
CqH,-).NCH-ClI
(CgHy7)5 3 > 4-C,yH,Cl + NaBr.

NaCl + #-C,yH,Br >

11.1.3.8. AETUJPATALINA CIIMPTOB

ITpoTOoHUpPOBaHME CMIUPTOB B HEHYKJIEOMUIBLHOU cpeae MPpUBOAUT
B KOHEYHOM MTOTe K HIeruapatanuu. JlermapaTaiivsi CIIMPTOB MPOMC-
XOIMUT MPU HArpeBaHUM B KOHUEHTPUPOBAHHON CEPHOM KHUCIOTE,
(ocdhopHoli KuCI0Te WM B CYNEPKUCION cpene — CMecH MIATUdTO-
PUCTOI CcypbMbl U (PTOPCYNHHOHOBOM KUCIOTHI. KaTMoH anikKoKCOHUs
B pe3yJibTare OTUIEIJICHUSI BOAbI OOpa3yeT KapOOKAaTUOH B KauyeCTBE
HecTaOuJIbHOTO MHTepMearara. B HeHyKileohuIbHON cpene KapOoka-
TUOH TepsieT MPOTOH ¢ oOpa3zoBaHMeM ajkeHoB. Haubosiee meieH-
HOI cTamueil BCero Ipollecca OKa3bIBaeTCs IpeBpallleHHe KaTHOHa
AJTKOKCOHMSI B KapOOKATUOH:

-H,O, mMennenHo

R!CH,CHR? RICH,CHR? <
| -H ® | + Hzo

OH OH,
®

H*, 6bIcTpO

—H , OBICTPO
RICH2CHR2 —— > RICH=CHR? + H®

ITpuBeneHHasi MOCIENOBATENLHOCTD TMPEBPALLCHUN TUIIMYHA JJI pe-
aKLUi MOHOMOJIEKYIsipHOro sauMmunupoBanust El (rn. 10). Hanpasne-
Hue El1-a1MMUHUPOBaHMS ONpeesisieTcsl MpaBuioM 3aiilieBa, T.e. cpeau
NpPOAYKTOB peakluu mnpeobiagaeT Hambojiee 3aMelleHHBbIM Mpu
JIIBOVHOM CBSI3U aJIKEH.
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DIMMUHUPOBaHUE 10 MeXaHu3My E1 XapakTepHO ISl TPETHY-
HBIX U BTOPUYHBIX CIIUPTOB. BTOpuYHbBIE CIIUPTHI MOABEPralOTCs 1e-
TUIpaTalluy TIpM HarpeBaHWU ¢ 85%-i1 hochopHOI KUCIOTON TIpU
160—170 °C umm ¢ 60—70%-it ceproit kuciaortour pu 90—100 °C,
HallpaBjJeHUEe OeruiapaTalliyi COOTBETCTBYET IpaBujy 3aiilieBa:

62% H,S0,
| 90—95 °C 30%
OH (80%)

+ CH,CH,CH,CH=CH, + H,0,
(20%)

_85% H;PO,
CH; ————> <:%CH3 + <;}CH3 + H,0.
160—170 °C
OH . (79—84%)

Jeruaparanuyio TPETUYHbIX CIIMPTOB MOXKHO MPOBOAUTH Yxke B 20—50%-it
cepHoit kuciore mpu 85—100 °C:

45% H,SO, |
CH3CH2_|C_CH390T> CH;CH=C—-CH; + CH;CH,C=CH,.
(0% 0%) Ch,

TperuyHble CUPTHI AETUAPATUPYIOTCS TaK JIETKO, YTO BO3MOXKHA
u3bupartesbHasl Aeruaparanus auoja, CoAepxKalllero TPeTUYHYI U
MEPBUYHYIO TUAPOKCUIbHBIE TPYIIbI:

40% H,SO,
(CH3)2F—(CH2)3CH20H9OT>(CH3)2CH—CH(CH2)2CH20H
OH

Heruaparauuss MHOTMX CIIMPTOB COMNPOBOXAAETCS MEpPerpyrnnupoB-
KO#, 3akitovatouieiics B 1,2-MuUrpallMd ajkKWJIbHOW TPYIIbl WU
ruapua-uoHa. Takue TmeperpynnupoBKU TUIMUYHBI JISI MPOLIECCOB
C yyacTMeM KapOOKaTMOHOB B KAauyeCTBE MPOMEXYTOUYHBIX YaCTUILI.
HabGatogaeMblil MOpsSiAOK YMEHbIIEHUs pPeaKIMOHHON CIIOCOOHOC-
TU COUPTOB: TPETUYHBIA > BTOPUUHBIN > IIEPBUYHbIA U HAJIMYUE TIE-
perpyInmnupoBOK COTJIACYIOTCSI ¢ KapOOKAaTMOHHBIM El-MexaHu3MoM
JeruapaTalmu:
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H
(Hs 85% H3POy; 80°C |C 3 H
CH;—C—CH—CH; < CH3|C c —CH;
CH; OH CH gHz
CH CH
[ e © | ° _H®
CH;—C—CH—CH; —> CH3—|C—CH—CH3 e
CH,
—> (CH3),C=C(CH3); + CH,=C—CH(CHy), ;
(80%) CH, (20%)
OH H
| H2$O4, 80°C | /—\@
(CH3)2CHCH2—|C—CH3 ———— (CH;),CH-CH-CHCH; —
H

1,2-H-cnBur ® ®
(CH;),CH-CH-CH,CHj; —(CH;3),C=CH—CH,CHs+ H.

ISt IepBUYHBIX CIIUPTOB PEaTM3yeTcsl, BEpOSITHO, MHOW Mexa-
HU3M JeTUpaTallid B KOHUEHTPUPOBAHHOW cepHOi Kuciote. Ilep-
BUYHBIE CTIMPTHI MOABEPratOTCs ACTUAPATAIIMU B TOpas3ao 0ojee KecT-
KHUX YCJIOBUSIX 110 CPABHEHUIO CO BTOPUYHBIMU M TPETUYHBIMHU CITUP-
tamu. [1pomnanosn-1 naet mporwieH TIpu HarpeBaHuU ¢ 96%-ii cepHOit
kucioroit ipu 170—190 °C, B 3TUX Xe yCIOBUSIX U3 3TaHOJA IMOoJyda-
eTCsSl ATUJICH:

CH;CH,CH,OH 96% HyS04; 180°C CH;CH=CH,.

[MepBuyHBIE CIUPTHI MPU B3AUMOACHCTBUM C CEPHON KUCIOTOMN
JIETKO 00pa3yioT Tosyadupsl CepHON KUCIOTHI. £2-3TMMUHUPOBAHUIO
B 3TOM cJydae, IMO-BUIMMOMY, TTOIBepraeTcs moiayadup, a poib oc-
HOBAHUSI BBITTOJHSIET TMAPOCYJIbdaT-aHUOH WU BOJA:

7
RCH,CH,0OH + H,SO, RCH2CH2—O—S\\—OH + H,O0,

R-CH-— CHzos/O HSOP

RCH=CH, + H,S0, + HSO,.
g 170-190 °C

HO

HpI/IBe,I[CHHHﬁ MCXaHU3M ACrvuaparTaliii MEPBUYHLIX CIIMPTOB KaXCT-
cs1 bosee BEPOATHBIM, OJHAKO HCJIb34d MCKIIOYUTbL M MCXaHHU3M E2, B
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KOTOPOM CyOCTpaToOM SIBISIETCS KaTUOH aJIKOKCOHMSI, 8 OCHOBAaHMEM —
TUApOCyIbghaT-uoH:

RCH,CH,0H + H,S0,

@ e
RCH,CH,OH, HSO,,

e ®
HSO, + RCH,CH,0H, LRCHZCH2 + H,SO, + H,O0.

B Gosnee MArKux yclIOBUSIX TPU HarpeBaHWM TPOCTEHINUX Mep-
BUYHBIX CIIUPTOB ¢ 96%-11 cepHoii kucioToii rpu 130—140 °C mpe-
MMYIIECTBEHHO TMOJIYyJaloTCs MpOoCcThie 3upbl. MexaHu3M 2TOro Tpe-
BpallleHUS 3aKTI0YaeTCs B aIKWJIMPOBAHUHU TIEPBUYHOIO CIMpTa Jubo
non AecTBUEM Ioayagupa CEpHOU KMCIOTHI, JTMOO MHpU B3auMMO-
JNEWCTBUM C KAaTMOHOM aJKOKCOHHUS, KMHETUYECKH oD0a 3THUX Mexa-
HU3Ma Sy2-3aMelIeHUs] Hepa3IuuUMBI:

96% H,SO,; 135 °C
2CH,CH,OH > CH,CH,0CH,CH,,

H
CH;CH,0H + CH,080;H—> CH3CH2|8CH2CH3 + HSO,=—=
CH,
CH,CH,0CH,CH;, + H,SO,;
NN ® Il—l
CH;CH,0H + CH;CH,0Hy > CH,CH,OCH,CH; + H,0 ===

CH,CH,OCH,CH; + H;0"

OTUM CITIOCOOOM TOJYYalOT MPOCTEHIINE MPOCThie 3(PUPbl — IUITHU-
JIOBBIIA, TUITPOMNUJIOBBIA U IUOYTUIIOBBIA 3(UPHI U IMKINYECKUE MPO-
cThle 2(UPbI, HATpUMEpP TeTparuapodypaH UaM AMoKcaH. BropuuHbie
1 TPETUYHBIE CITUPThI B 3TUX YCIOBUSX ACTUAPATUPYIOTCS C 0Opa3oBa-
HUEM AJIKEHOB:

H,SO, konu. /~\
—_—

+ 2H,0;
-0 ¢ &P 2

(50—55%)
H,PO,; 260—280 °C
— ™
: :0: (99%)

Hpyroii HeJOCTAaTOK 3TOT0 CHOCO0a IOJydeHMSI MPOCThIX 3(UPOB 3a-
KJII04aeTcsl B TOM, YTO OH HeNpHeMJIeM IS TOJy4yeHUs] HeCUMMET-
PUYHBIX 2(DUPOB U3 IBYX CIUPTOB, TaK KaK B OTOM clyyae oOpasyeTcs
cMech BCeX TpeX BO3MOXHBIX mpoayktoB ROR, R'OR” 1 ROR'.
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Jist BHYTpU- WM MEXMOJIEKYJSIPHON JAeruapartaliiyd CHUpPTOB,
OCOOCHHO B IMPOMBIILIEHHOCTH, BMECTO CEPHON KMUCIOThI yaoOHee
HCTIOIb30BaTh B KAUeCTBE AETUAPATUPYIOIIETO areHTa 0€3BOIHYIO OKMCH
anoMuHus. ['eTeporeHHast KaTaluTUYeCKasl JeruapaTaiusl NepBUYHBIX,
BTOPUYHBIX U TPETUYHBIX CIIUPTOB Hal OKUCHIO adtoMUHMS Iipu 350—
450 °C npuBOOUT K ajKeHaM:

Al O,
CH,CH,OH . CH,—CH, + H,0;
0°C (98%)
A1203
OH ——> + H,0;
400—450 °C

(90%)
ALO3; 420470 °C

(CH3),~C(OH)—C(OH)(CHy),

——> CH,=C(CH;)—C(CH;)=CH, + 2H,0.
(70-85%)

KucnaorHo-karanusupyemas aervapaTanus CIOUPTOB HE OTIMYACT-
csl TpeOyeMoOl permoceJeKTUBHOCTbIO: U B OOJIBIIMHCTBE CJIydyacB
MOJIy4aroTCsd CMECH Pa3IMYHBIX M30MEPHBIX aJKeHOB. Tak, HaIpu-
Mep, TIpU AeruapaTtauuu okKTaHoja-1 ¢ momoiibso GochopHoil Kuc-
JIOTBI 00pa3yeTcs CMeCh OKT€Ha-2 M HeOOJIbIIOTO KOJMYEeCTBA OK-
TeHa-3, He cojlepkallas OXMAaeMOro okTeHa-1. DTo cBsSI3aHO C
JIETKOCThIO M30MEPU3alMKU U CKEJETHBIX MEepPEerpynmnupoBOK B MpPO-
MEXYTOYHO OO0Opa3ylolnxcs KapOoKaTHMOHaX. DTU cTapble METOIbI
CUHTEe3a aJIKEHOB M TIPOCThIX 3(UPOB IMOCTEINEHHO BBITECHSIOTCS
COBPEMEHHBIMU PETUOCEICKTUBHLIMU M CTEPEOCEIeKTUBHBIMMU CIIO-
cobaMu CO3JaHUSI IBOMHON yIJIepOa-yIrJIepOdHON CBSI3U.

11.1.3.r. TIOJYYEHMUE IMPOCTbLIX 5®HWPOB 10 BUIIbAMCOHY

Haubonee mpocToil MeTod MHOJMy4YeHHUsI IPOCTBIX 3(UPOB 3aKIII0-
YyaeTcsl BO B3aMMOIEUCTBUM AJIKOTOJSITOB IIEJOYHbBIX METAIIOB C aj-
KWITaJIOTeHUIaMU WK aJIKWICyJb(oHaTaMU. DTa peaklius ObLia OT-
KpbiTa A.BuibsimcoHoMm B 1852 r. u 10 cux MOp ocTraercss HauOosiee
O0ILIMM CMOCOOOM TMOJTYYeHHUsI TTPOCThIX 3(DUPOB:

2
RIONa + R2X S—N> RIOR? + NaX,

X=Cl; Br; I; OTs; OTf; OSO5R.
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B oriamyme or MeXMOJEKYJIIpHON OeruapaTaliiyd CIIUPTOB peaKIIus
BunbsiMcoHa mpuromHa Il CMHTe3a KaK CMMMETPUYHBIX, TaK M He-
CHUMMETPUYHBIX TIPOCTHIX 3(PUPOB:

TI®, 65 °C

(68%)
OK 0C
Q/ + CH,(CH,),sCH,0Ts ——>

JIMCO
OCH,(CH,),sCH,
’ + KOTs;
(85%)
OK + CH,(CH,);Br > O(CH,),CH, + KBr;
NO, NO,

(CH,),CH-ONa + CH;CH,Br — (CH,),CH-O-CH,CH, + NaBr.
TM®dTA,; 40 °C (85%)

[MonyyeHue mpocThix 3hupoB Mo BUIbsMCOHY MpeacTaBisieT coboit
OOBIYHYIO peaKlMI0 OMMOJNEKYISIPHOIO HYKJICO(MUIbHOTO 3aMelleHUs
Yy HachIIEHHOro aToMa yriaepoaa Sy2 ¢ MOMOIUbIO aTKOKCHI- WIN
(peHOKCHMII-OHOB. J[IJIsI Hee XapaKTepHBbI Te XK€ caMble OrpaHUYEHMSI,
yTO M JJIs1 ApYyTUX peakiuid. Ecnu npoctoii a¢up CoaepXUT BTOPUU-
HYIO WM TPETUYHYIO aJKWIbHYIO TPYIIY, €€ CJIeAyeT BBOOUTHL C IO-
MOILIbIO aJIKOTOJIATa, HO HE aJKWJITrajJoreHuna Wiu ajJKuicylabhoHa-
Ta, MOCKOJIbKY B OTOM cllydyae MMEEeT MECTO MPEeUuMYLIECTBEHHOE WU
HUCKIIIOUUTENbHOE E2-31MMUHUPOBAHUE:

(CH;);COK + CH3l ——> (CH;);C—0—CH; + KI,

HaI/IJ'Iy‘{H_[I/Ie PE3YJIbTATbl JOCTUTAIOTCA B TOM CJjIydyac, KOorga B KayeCT-
B€ AJKWJIMPYIOLICIO aréHra MCIIOJIB3YIOTCA INEPBUYHBIC AJIKWITAJIOIC-
HUIbI 1 CYJlb(I)OHaTbI, a TakKe aUIWiI- U OCH3WITaJOreHUIbI.

11.1.3.1. OKMCIEHHUE CIITMPTOB

OxucneHue NEPBUYHLIX CIIMPTOB B aJbACIHAbl M BTOPHWYHBLIX
CIIUPTOB B KETOHBI SBJISETCS OIHUM U3 BaXXHEHMIUMX MpPEeBpalLeHUN
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(PYHKIIMOHATBHBIX TPYMI U OLIEHKON M30MpaTebHOTO MeMCTBUS OKHMC-
JINTEJILHOTO areHTa:

[O] O 0
RCH,0H ——> R—C7 [©] R—CZ
H OH
MEePBUYHBIN CIIUPT aJTbIEeTU]L KapOoHOBast
KHMCJI0Ta
1 2 0] 1~
R ICHR ——> R'—CC 5
OH R
BTOPUYHBIN CIIUPT KETOH

TpeTuHbIe CIMPTHI B OOBIYHBIX YCIIOBHSIX HE OKWCISIOTCS, a B
OYEHBb KECTKUX YCIOBUSIX WX OKHCIIEHHE COIPOBOXKIAETCS HECTPYK-
LUEN YIIEPOJHOro CKeseTa.

Cpeny orpoMHOTO Yucja pa3HOOOPa3HBIX OKUCIUTENEN IS OKKUC-
JIEHUsI CIMPTOB HaubOoJjee IIMPOKOe MPUMEHEHME HAIIUIM peareHThI
Ha OCHOBE IMEPEeXOAHBIX METAIJIOB — Mpou3BoJaHble Xxpoma (VI), map-
ravua (VII) u mapranua (1V).

CaMocCTOsITeNIbHYI0 U HauboJiee CIOXHYI0 TPOOJIeMy TIPU OKHC-
JIECHUW TIEPBUYHBIX CITUPTOB IO ajbICTUAOB COCTABIISICT HaJbHEHImee
OKHCJICHUE aJbIeTUAOB 0 KapOOHOBBIX KMCIOT. s mpemoTBpailiie-
HMSI OTON peaklMu B KayeCTBE OKUCIUTENST MCMOJb3YIOT KOMILIEKCHI
XPOMOBOT'O aHTUAPUIA C TPETUUHBIMU aMUHAMU, KOTOPbIe YMEHbIIAIOT
OKMCJIUTEJIbHYIO CITOCOOHOCTh XPOMOBOI'O aHTUAPUIA U JENa0T OKHUC-
JIeHne 0oJjiee CEJIEKTUBHBIM. JIJIT CEIeKTUBHOTO OKWCIICHUS TIePBUY-
HBIX CITMPTOB IO ABACTUIOB B HACTOSIIEE BpPeMs JYUIIMMU pearcH-
Tamu sABAsIOTCA KoMmrieke CrO; ¢ AByMSI MOJSIMU MUPUIUHA:
CrO;- 2CsHsN (pearent Cappera—KosnuH3za) U xjopxpomar OUpH-

© ®
annug CrO;CICsHsNH (pearent Kopu) B xjopuctom MetuieHe. Kom-

meke CrO;5-2CsHsN kpacHoro mserta mosyyaeTcd MpU MEUIEHHOM
BBeneHun okcuga xpoma (VI) x mupununy npu 10—15 °C. Opanxe-
BBII XJIOpXpOMAT TIMPUINHUS TOJyJaeTcs TpU J00aBICHUN TTUPUIN-
Ha K pactBopy Cr;O0 B 20%-ii consanoii kuciote. Ob6a 3TUX peareHTa
pactBopuMbl B CH,Cl, wiu CHClj:
10 °C ® C)
C.H:N + CrO, + HCl———— C:H:NH - CrO:CI .
sHs 3 sHs 3
H,0
O0a peareHTa o0OecreyMBalOT OUYE€Hb BBICOKME BbIXOIbI aJlbIeru-
JIOB, OMHAKO XJIOPXpOMAaT MUPUAMHUS MMEeT BaKHOE TPEUMYIIECTBO
B TOM OTHOIIIEHWH, YTO ITOT PeareHT He 3aTparmBaeT IBOMHYIO WIN
TPOMHYIO CBSI3b U TOATOMY OCOOEHHO 3(h(PEKTUBEH ISl MOJYyYSHUS
HEHACBILIEHHBIX AJIbACTHUIOB.
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s mosiydyeHust o,-HEeHACBIIIEHHBIX aJbAeTUI0B OKUCIEHUEM
3aMEIIIEHHBIX aJUIMJIbHBIX CIIMPTOB YHUBEPCAIbHBIM OKMCIIUTEIEM SIB-
Jsgercss okeun mapraHua (IV) MnO, (tabu. 11.3). AKTUBHOCTb 3TOTO
peareHTa 3aBHUCHUT OT cIlocoba ero mojydeHusi. Hawnydinue pesyibra-
Thl JOCTUTaIOTCs ¢ okcuaoM Mapranua (IV), mojyyeHHBIM MPU OKHUC-
JICHUM cyJibdhata MapraHiia rnepMaHraHaToM Kajius B CJ1a0OLIET0YHOM
cpene. DTOT peareHT OKUCISIET B IETPOJIeiHOM 3¢Mpe WIM XJIOPUC-
TOM METWJIEHE HEHACBIILEHHbIE CIUPThl C OJHON WJIM HECKOJIbKUMU
JIBOMHBIMU WIW TPOMHBIMU CBS3sIMU O€3 M30MEpU3aLUU U Meperpyri-
MUPOBKM, UYTO C YCIIEXOM HCHOJIb3YETCS B CUHTE3€ MPUPOAHBIX CO-
CIUHEHUN.

Taonuma 11.3
OKuciienne NEPBUYHBIX CHHUPTOB 0 AJbJAECTHA0B

komiiekcom okcuaa xpoma (VI) ¢ mupuaunom CrO3-2CsH35N,
XJIOPXPOMATOM MUPUAWHHSA M oKcuaom mapranma (IV)

CrO;» 2C,HN
1) CH,(CH,);CH,0H > CH,(CH,),CHO  (93%)
CH,Cly; 25 °C; 10MuH

Cr0,- CHN- HCI
2) CH,(CH,);CH,0H > CH,(CH,);CHO  (78%)
CH,Cl,; 25 °C
CrO,=2C.H.N
3) O,N CH,OH e O\ @CHO (97%)
CH,Cly; 20 °C
CH; CH;
Cr0, *CsH N - HCl
N CH _CH___CHOH - >
4) CH; CH CH; CH; CHyCly; 25°C
LMTPOHEIIIOJN
CH; (|:H3
CH CH CHO
_— 2.
LIUTPOHEJTANb (82%)
C,H N «CrO, = HCI
5) HOCH,(CH,),CH,OH > OHC—(CH,),—CHO  (68%)
CH,Cl,; 25 °C
Cr0,= C;H,N« HCI
6) CH4(CH,),C =CCH,OH » CH;(CH,),C =C—CHO (84%)

CH,Cl,, 25 °C
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IIpomonxenue tabm. 11.2

CrO,- C,H,N- HC
CH,Cl,, 25°C, 24

7) CHyCH,CH(CH,), _(CH,)s —CH,OH

CH; H™ >H

— > CH;CH,CH=(CHy), _(CHy)¢—CHO  (80%)

CH, v ~H
14-mMeTwn-8Z-rekcanerieHarh — TMOJIOBOM (hepOMOH KaIpoBOTO KyKa

M Cr0, «C4H N -HCI
8) CHy(CH,);C =C (CH,);CH,0H -
N S CH,Cly, 25 °C
H C=C
/ \
H H
> CH;CHy)C H
N (82%)
c=cC (CH,);CHO
s/ AN 7
H Cc=C
/ AN
H H

57, 7 E-nonekanyieHaib— OCHOBHOM KOMITOHEHT (hepOMOHOB COCHOBOTO
¥ CUOMPCKOTO ILIETKOIPSIIOB

MnO
9) CH;CH, CH,OH — 2 s CH,CH, CHO (64%)
Ne—c” CH,Cl, win N /
f— . C=C
s N\ rekcan; 20 °C Vs N
H H H H
MnoO,
10) CH,—=CH—CH—C=CH > CH,—CH—C—C=CH (70%)
| CH,Cly; 20 °C I
OH
MnO,
11) CHj;(CH,),C =C—C=C—CH=CH—CH,0H >
CH,Cly; 25 °C
———> CHj;(CH,),C =C—C=C—CH=CH—CHO (90%)
CH, CH, CH, CH; CH; CH;
MnO CHO
CH,OH _Mn®s AN T
12) rexcan; 0°C CH,4 (80%)
pEeTUHOI peTHUHAIb
CH; (BUTaMuUH A) CH;
13) CH,0H CH; MnO, CHO CH,
—_—
o0 . (62%)
\CH3 rekcaH; 20 °C ‘CH3
CH=C(CH), CH=C(CH,),
XpI/I3aHTCMOBLII71 CImipT XpPISaHTeMOBbIﬁ ANIbACTUI
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Komriekebl XpoMOBOIo aHTUIpUIA C NUPUIAMHOM 3(hGhEKTUBHBI
W TSI OKUCJIEHUSI BTOPMYHBIX CIIMPTOB A0 KETOHOB C BBIXOJAMU, MPU-
OIMKAIOIIMMUCS K KOJIUYECTBEHHOMY:

CrO32CsHN
CH,(CH,);CH-CH; ——3-=5"5"  CH,(CH,)s—C—CH; (97%)
| CH,Cl,; 25 °C I
OH
(CH)C><:> opCOrGHNHEL - 4@10
3/3 - ° 3/3
CH,Cly; 25 °C 05%)
cH,QH
CH,Cly; 25 °
O/
TECTOCTCPOH

0 . 4—aH,Z[p0CTeH—3, 17-nuon
(MY>KCKOI1 TIOJIOBOI TOPMOH)

Yaiue Bcero, omHako, IJisl OKMCJICHUSI BTOPUYHBIX CIIMPTOB 10
KETOHOB B KayecTBE OKUCIWTEIsS UCMOJb3YIOT peareHT J[’koHca —
pacTBop cTporo paccuutaHHoro koinndyecrsa CrO; B BOOHOH cepHOI
kucaote. [1pu 3TOM cnupT, paCTBOPEHHBIN B alleTOHE, KaK Obl «TUT-
pyercs» atuM peareHToM mnpu 0—25 °C. IlpeumMmyllecTBo MeToma CO-
CTOUT B TOM, UTO OKHCJISIEMOE BEIIECTBO HAXOAUTCSI B PacTBOpE B
alleTOHEe, M peakLMOHHAs CMeCh pasiessieTcss Ha aBe (as3bl: HUXK-
HIOI0, coaepxaiuyto coiu xpoma (III), m BepxHIOIO, COAEpXKaIIyIO
OPOAYKTHI peakluu. JIpyroe BaxkHOe JOCTOMHCTBO peareHTa JIXKoHca
COCTOUT B TOM, UTO BTOPUYHbIE CIIUPTHI, COAEpXKAIIME NBOMHYIO WU
TPOMHYIO CBSI3b, OBICTPO OKHUCISIIOTCS 1O KETOHOB 0O€3 3aTparupa-
HUS KPaTHBIX CBSI3€Ml:

Cr0;~H,0-H,S0,
(CHy;c—  )—OH e <CH3>3C@iO
alIeTOH; (90%)
OH Cr0,—H,0—H,S0, _0
- (95%)
auetoH; 20 °C

0)

H
aueroH; 20 °C -

(88%)
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CH;CH=CH—-CH-C=CH 3 CH;CH=CH—-C—-C=CH,
| aneroH; 20 °C [l
OH O (75%)
C6H5|CH—CECH

OH

HepBI/I‘{HbIe CIIMPTbI OKHMCJIAIOTCA p€arcHTOM H)KOHCH. oo Kap6OHOBbIX
KHCJIOT. AJIB,Z[eFI/I,I[bI, HECOMHECHHO, O6paSYIOTCH B Kau€CTBC IIPOMECXK-
YTOYHLIX IIPOAYKTOB, HO OHM 6bICTpO OKMCJISIOTCS MOJ NEUCTBUEM
9TOI0 OKHUCINTECIA:

C.H.—C—-C=CH .
aneroH; 20 °C 67’5 0 (80%)

CH,;(CH,){CH,OH CH,(CH,);COOH (93%),

aueroH; 20 °C

CH,OH COOH
D< 22 Cr0;-H,0—-H,S0, D< (85%),

C¢H; aueroH; 20 °C C H;
HO—CH,—C=C-CH,—OH . > HOOC—C=C—COOH.

areron; 0 °C (58%)
MexaHu3M OKUCJIEHUS CITUPTOB MO IEUCTBUEM XPOMOBOTO aHTMI-

pYAa U XpOMOBOI KUCJIOThI IMTOAPOOHO M3y4YeH. DTa peakiivs BKIOYaeT
HeckoJibKo cranuii. B mepBoit craguu u3 cnupra u CrO; obpasyeTcst
CJIOXKHBIN 3(UP XPOMOBOI KUCIIOTHI. Bo BTOpPOIii, KitoueBOli, cTaguu

IIPOUCXOOUT OKMCIUTECJIbHO-BOCCTAHOBUTCJIbHOC OJIMMHWHHUPOBAHUCE,
IIPUBOIAIICE K 06pa30BaHI/IIO ajJlbacruga Mjin K€ToHa M 4aCTUlbl, CO-

nepxamneit Cr(IV). Ipu okuclieHUM OeUTeprupOBaHHOIO CD3(IZDCD3

OH

U HeIeUTeprMpOBAaHHOIO IPOIaHoJa-2 HaOMI0maeTcs] KUHETUYECKUt
uzotonHbiit 3bdexT kyy/kp=7. CToNb 3HAUUTETbHBIN MEPBUYHBIN KU-
HETUMYECKUI M30TOMHBIN 3(P(hEeKT MoKa3bIBaeT, YTO SIMMMHUPOBAHUE
SBJsIETCS HauboJjiee MeUICHHOI cTaaueil, oIpenesiolleil CKOPOCTh
Bcero mnpoiecca. Ilocneayroniye craauu, NpUBOAsIIME K 0Opa3oBa-
Huw coenuHeHuii xpoma (III), Bce ellle ocralTCSd MpPeaMETOM WH-
TEHCUBHBIX UCCIIENOBAHUN U TUCKYCCUN:

(1) R,CHOH + CrO; =——=
) 3JIMMUHUA -

VY oBarye £2 R, ® )
) RZ—C—OQMKOHP—> 'C=0 + BH + HO-CrV/
A AN R 0
| <70
Lk ©
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VYcraHopneHo, 4yTo yacTuibl, coaepxkaiiue xpoMm (IV), Takke nmpuHu-
MaloT yJyacTve B OKMCJICHUM CIUpTa, HO TO paIuKaJIbHOMY MEXaHMU3-
My, KOTOPBIN, MO-BUIUMOMY, TakKKe BKJIIOYaeT HECKOJIBKO CTaIlMii:

2R,CHOH + 2Cr(IV) 2R,COH + 2CK(II);

R,COH + Cr(VI) R,C=0 + Cr(V);
R,CHOH + Cr(V) —— R,C=0 + Cr(lll);
2Cr(V) Cr(IV)  + Cr(VI).

DTa cxema IoKa3blBaeT, HACKOJBKO CJIOXEH B JACHCTBUTEIHLHOCTU Me-
XaHU3M OKMCJICHMSI CITUPTOB C TOMOIIBIO KOMIIJIEKCOB XPOMOBOTO
aQHTUAPUIA WIM IO AEHCTBMEM BOTHOIO PacTBOpPa XPOMOBOM KHMCIIO-
Thl. OxucaeHnue noj AeiictBueM coenuHeHuit Cr(IV) MoXHO TOIHOC-
ThIO TIOJABUTH C MOMOIbBIO coyieid, comepxkawux noHbl Mn(II) mnm
Ce(III), xoropsie okucnsores Cr(IV). Karanutuuyeckue KojauuecTBa
Ce(IV) Takxe momaBIsIIOT 3Ty NOOOYHYIO peakKIUIO, MOCKOJIBbKY
Ce(1V) xaranusupyet aucrnponopuuoHupoBanue Cr(IV) na Cr(III)
n Cr(VI):

Ce(1V)
3Cr(IV)
J1st TpETUYHBIX CIIMPTOB, HE COIEpXKaIIMX aroMa BOIOpOIA IIPH
KapOMHOJIBLHOM YyIjiepoae, 3(PUphl XpOMOBOIl KUCIOTBI MOTYT OBITh
BBIJICJICHBI:

2Cr(IM) + Cr(VI).

0
7
(CH3),COH + CrO, (CH3)3C—O—C\1<—OH;
0
7 /)
(CH,);COH + (CH3)3C—O—C<—OH‘_—‘ (CH3)3C—O—C<<—O—C(CH3)3.
A\
0 0

PactBOop XpoMoBOTO aHTHMIpPUIA B mpem-OyTHIOBOM CITHPTE TaKXKe
WCIONB3YETCST JUISI OKUCJIECHUS IEPBUYHBIX M BTOPUYHBIX CIUPTOB.
PactBop XpomoBOro aHrmmpuma B YKCYCHOM KHUCIIOTE, MPEACTABIISIO-
I coboil HAa caMOM JieJie CMEILIaHHbBIM aHTUIPUJI YKCYCHOHM M Xpo-
moBoil kuciaor CH;COOCrO;H, Hepenko ynotpeOssieTcss B KauecTBe
3G GEKTUBHOIO OKHUCIUTENISI BTOPUYHBIX CITUPTOB 10 KETOHOB:

0)

4 7
CH;COOH + CrO; CH;~C~0-Ci_OH,

CrO
C¢Hs—CH—C(CH3); ————=— C¢HsC—C(CH3);  (64%).
on CH,;COOH I

271



MexaHu3M majdbHEUIIEro OKMCIEHUS ajbleruiaa Ao KapOOHOBOI
KUCJIOTBI TIO CYIIECTBY aHAJIOTMYEeH MeXaHM3MYy OKHUCJICHUS CITUPTOB.
B BomHoOIi cpene anbaerna HAXOMUTCS B paBHOBECHUM C T€MUHAJIBHBIM
1,1-guonoM, KOTOphIiA 0Opa3yeT CIOXKHBIM 3¢UpP ¢ XPOMOBBIM aH-
ruapuaoM. DnumuHupoBanue HCrO; ™ u3 aToro cioxHoro agupa rnpu-
BOOUT K KapOOHOBOII KHCJIOTE:

_OH
RCHO + HOH === RCH{
OH
H._ _OH o0
>c{ + ao, RCZ0- CK OH
R” “OH g
OH 0 0
[ ﬂ// E2 v //O ®
R—CyO-CEOH RC.  + HOo—c/ 4 BH.
| o OH o8

IToaTtoMy, 1151 TOro 4TOOBI M30€XKaTh AAJbHEMIIEr0 OKUCICHMS ajlble-
ruaa, OKHCJIEHUE MEePBUYHBIX CIMPTOB CleAyeT MPOBOAMThL B ampo-
TOHHOW cpefe MpY MOJHOM OTCYTCTBMU BJard. 3TOMY yCJIOBUIO B MOJ-
HOI1 Mepe yHnoBJIeTBOpsIOT peareHThl KosmnH3a u Kopu, 11si KOTOpbIX
B KayecTBE PACTBOPHUTEJS MCIIOJb3YIOT TIIATEIbHO O0E3BOXKEHHBIN
XJIOPUCTBI METUJICH.

Cpeny MHOXECTBa JPYrMX COEAMHEHUI TEepeXONHbIX METAIOB
JIMILIb HEMHOTHE HaIlTM MPUMEHEHUE B CUHTETMUECKON MPaKTUKe s
okucieHus cnuptoB. [lepmaHraHaT Kajausi MHOTIA MCIIOJIb3yeTCs st
OKMCJICHUsI B KUCJION cpefie IEPBUYHBIX CITMPTOB IO KapOOHOBBIX KHMC-
JIOT, 2 BTOPUYHBIX CIHUPTOB — 10 KETOHOB. MSTIKMM OKHCIHUTEIEM
MEePBUYHBIX CIIUPTOB B ajbAerMIbl OKazajcs KapOoHAT cepedbpa Ha
LeauTe. DTOT JOPOTOCTOSIIIMI peareHT YIoTpeOsieTcs MpU cTepeoce-
JIKTUBHOM MSITKOM OKMUCJICHUM JAOWIbHBIX LIUMKJIOMPOMMWI- U LIMK-
JIOOYTUJIKApOUHOJIOB:

0
7
HOCH, CH=CH,A2C0s/ueonnry_ 7 CH=CH,

—_—_—
\A/ Genszon; 80 °C \A/ (80%)

B oTmenbHBIX 1 OYEHB PEAKUX CirydadaX B Ka4€CTBEC ACIICBOTO OKHMC-
JINTEJIA NCITOJIB3YIOT A30THYIO KHUCJIOTY. HpI/I OTOM U NIEPBUYHLIE 1 BTO-
PUYHBIC CITMPTbLI OKUCIAIOTCA JO Kap6OHOBI)IX KHNCJIOT:

70%-s1 BomHast HNO O
- 3~ CICH,CH,CD (78%).
25°C ~oH

CICH,CH,CH,OH
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BropuuHble cnupThl MEpBOHAYAIBLHO OKMUCIISIOTCS A0 KETOHOB, KOTO-
pble Jajiee OKUCIISIOTCS C JeCTPYKLMEN yriiepogHoro ckeiera. Kiac-
CUYECKHUM IIPUMEPOM CJIIYXUT IIPOMBIIUICHHOE OKUCJICHUE LIUKIOTeK-
ca”ona 50%-11 a30THOI KUCJIOTOM IO aIUIIUHOBOM KUCJIOTHL:

OH 50%-s HNO;; V,05
O/ <o HOOC(CH,),CO0H  (60%).

B mocnegHue nBamuarth JIeT pa3paboTaH LENbIid psii HOBBIX, OpH-
TMHAJIBHBIX U UCKIIOUUTENIHHO 3(P(MEKTUBHBIX METOIOB OKHUCIEHUS
MNEPBUYHBIX U BTOPUYHBIX CIUPTOB C nomouipto AMCO unu Kom-
nexcoB IMCO ¢ kakuM-HUOYIb 371eKTPO(PUIbLHBIM areHToM. To3uia-
THl TIEPBUYHBIX CIMPTOB, TaKXkKe KaK U OCH3MITO3WJIAThl, OKUCISIOT-
cs B ajnpaeruabl npu HarpeBaHuu B JIMCO B teuenue 10—30 muH
npu 120—150 °C B mpucyTcTBUM ruapokapOoHaTa HaTpusl Kak cjiabo-
rO OCHOBaHWUSI:

® 9 n 150 °C II{ ® ©
(CH;),S—0 RCH20TSM R—|C}—OUS(CH3)2 OTs —»
4 H conp ankokcucyibdoHus
HCO3
NaHCO,
(CH;),S + RCHO + H,0 + CO, + TsONa.
(60—70%)

AMCO B 3TOil peakiM¥ HUCIOJHSET POJb HYKJIEOMUIbHOIrO areHTa,
KOTOPBI 3aMelIaeT TO3UJIOKCUTPYIIIY MO OObIYHOMY Sy2 MEeXaHU3MY
¢ 00pa3oBaHMEM aJIKOKCUCYIb(POHUEBBIX coseii. KaTMoH alKOKCUCYb-
(oHus ganee moaBepraeTcsi OKUCIUTETbHO-BOCCTAHOBUTEILHOMY DI -
MUHUPOBAHUIO MO MEXaHM3MY, aHAJIOTUYHOMY JUISI OKMCIUTEIbHO-
BOCCTAHOBUTEJILHOTO PA3JIOKEHUS CIOXKHBIX 3(PUPOB XPOMOBOM KHC-
JoTel. ['MapokapOoHaT WM KapOOHAT-WMOH SIBJISIETCSI OCHOBaHMEM B
aToil E2-peakuu 3JUMMUHUPOBAaHMS, MPUBOASIICH K albAeruay u
IUMeTWIcyabduay. B KauecTBe mpuMepoB MpuUBeAeM IOTyYeHUE Tem-
TaHaJIsI U napa-OpoMOeH3aIbIeruaa;

JAMCO; NaHCO,

CH;(CHy)sCH,0Ts — C s CH,(CH,);CHO + (CH,),S,
(70%)
JIMCO; NaHCO, 5 CHO CHLLS
ro + .
Br@CHZOTs 50°C r (CHy),
(65%)

BMecTO anKuiITO3MIaTOB MOXKHO MCIIOJIb30BaTh IEPBUYHBIC aJIKUJIra-
JIOreHUIbI, KoTophle Takxke okucissrorca JIMCO mnpu 150—180 °C 1o
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COBEPIICHHO aHAJIOTMYHOMY MEXaHM3My. DTO OKHUCJIeHHE TMEepPBUYHO-
IO CITMPTa B ajJbIerua TpeOyeT ellle OMHOM MOIMOTHUTEILHONW CTaauu
TpeBpaIlleHNs CITUPTA B TO3WJIAT WIIM TaJIOTEHUI, HEPEIKO C MCITOTb-
30BaHUEM HECEJICKTUBHBIX peareHToB. 11 MHOTOCTaAWHbBIX CUHTE-
30B CJIOKHBIX COENMHEHUI TaKOi IMyTb YacTO HEINpHeMJIeM U IOJLKEeH
OBITb 3aMEHEH OMHOCTAIUIMHBIM CEJIEKTUBHBIM OKUCIEHUEM. DTO J0C-
TUTaeTCsl MpeBpalleHrneM cjaboro HykjaeoduabHoro areHta JIMCO B
CUJTBHBIA 3JIEKTPOMIIHHBIN areHT, KOTOPBI HEIOCPEACTBEHHO pea-
TUPYET C MEPBUYHBIMM W BTOPUYHBIMU CIIMPTaMU B OYEHb MSTKMX
yenoBusx npu 0 °C u Huxke. Heobxomumyto akruBauuio JMCO mpo-
BOIST C TIOMOIIBIO CEPHOTO aHTHIPHUAA, TPU(GTOPYKCYCHOTO aHTUAPHU-
ma, N-xmopcykumHumuaa min N, N-IMIUKIOreKCUIKapOOIunMuaa
CgH||N=C=NC¢H,,. Bo Bcex ciyuasix B KauecTBe peaKI[MOHHOCIIOCO0-
HOTO MHTepMearaTa oOpa3yeTcsl aKTUBHMPOBAHHAsT aIKOKCHUCYIbMOHM-
eBas CoJIb, KOTOpas Jajiee TOABEpracTCs BHYTPUMOJCKYJISIPHON OKMC-
JIUTEJIbHO-BOCCTAHOBUTEIBHOM (bparMeHTaKU MO MEXaHU3My, aHajlo-
TUYHOMY JJIsI OMTMCAHHOTO BBIIIE OKMCIUTEIbHO-BOCCTAHOBUTEILHOTO
pa3ioXKeHUs CJIOXKHBIX 3(PUPOB XPOMOBOI KMCIIOTHI.

Jns oKucaeHUsT TIEPBUYHBIX M BTOPUYHBIX CIIUPTOB IO ajlbAeTH-
JIOB U KETOHOB B MSITKUX YCJI0BUSIX 3(pdekTuBeH komruiekc JIMCO ¢
SO;, obpasytouuiicss Mpu B3aUMONEUCTBUU MUPUIUHCYIHHOOTPUOK-
cuga ¢ JIMCO:

(0] CH, (0)

@/ o © @/ © / @
CHN-§-0' + 0-S CHHsN: + O-STO-S(CHy),
0 CH, 0

(0]
o/ @ 0°C ® S
R,CHOH + 0§ TO-S(CHy), R,~C-O-S(CHy), + HSO; ,
0 H

COJTb ATKOKCUCYJIb(hOHUST

o

® @ o
R2—|C}—OOS(CH3)2 R,C=0 + CsH,NH HSO, + (CH,),S.

H
T

SO; B KauecTBe 21€KTPODUIBHON YaCTULBI MOXET OBbITh 3aMEHEH YK-
CYCHBIM, TPUGDTOPYKCYCHBIM aHTMApUAOM WK N,N-IULHUKIOTeKCUII-
kapooaunmuaom (ALI). Hanbobliryio momyasipHOCTh 3aBOeBaia KOM-
ouHauuss AIMCO ¢ N,N-auuukioreKCuiakapooguumMuaoMm (MeTom
IMpuruepa—Moddara):
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(I)QN:C:N—O + 8—63)(CH3)2£®>QNH—(|::N{>,

O—S(CH3)2
) ch OH+ QNH C= N—<:> QN O
0—S(CHy),

+ R2 S(CH3)2

£

JumeTtuncynbbu MNpu B3aUMOIEUCTBUU ¢ N-XJIOPCYKUMHUMUIOM
JaeT XJIOPCYIb(POHUEBYIO COJb, KOTOpasi pearupyeT co CIUpTaMu yxKe
npu —30 °C ¢ obpa3oBaHMEeM KapOOHUJIBHOIO COCAUMHCHUS:

®

0 /o
C\ @ (&)
,N—Cl% N—S(CHy),Cl %
—C\\ TOJTyOI1, __4\< -
o} 0
N(C2H5)3 ® O
—> R,~C70—S(CH,),Cl T + .
2~ | } U( 3 (30)C R,CO + (C,Hs);NH Cl

H

IMpuBeneM st MILTIOCTPALIMA HECKOJIBKO MPUMEPOB OKHCIIEHUST CITUP-
ToB KomImiekcamu JAMCO:

MCO; LT
CH53(CH,)¢CH,OH ﬂ@ @’HH CH3(CH,)¢CHO (100%)

CsHsNHOCOCEF3; -20°C

CH3
Z[MCO ):[I_[F 0°C (93%)
C5H5NH OAC

TECTOCTCPOH
C8H17 C8Hl7

IMCO—SO3 (83%)
C5H5N; CH2C12

XOJIECTCPUH
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DTU METOJbl BHITECHUIU CTapblii TPOMO3AKMI CITOCOO OKUCIEHMS
BTOPUYHBIX crUpToB o OmnneHayapy (1937). Oxkucnenue no OmnreHa-
y3py 3aKIII0YaeTcs B HarpeBaHWM CIHPTA C aJIKOTOJISITOM aTFOMUHMUST
B TIPUCYTCTBUU KapOOHWJIBLHOTO COCIMHEHUS, KOTOPOE BBITIOIHSIET
dyHKIMIO aKienTopa ruapua-noHa. OKUCIEHNEe BTOPUYHBIX CIIMPTOB
no OmnmneHayspy IpeacTaBisieT co0oii oOpaTuMblil mpouecc (obpar-
Hasl peaklMsl Ha3bIBaeTCs BOCCTaHOBJIeHHEM Io MeepBeitHy—I1oHH-
nopdy—Bepneo). PaBHoBecre MOXHO CMeCTUTb BIpPAaBO, €CJIM B Ka-
YeCcTBe KapOOHMJILHOM KOMITOHEHTBI OyIeT BbIOpaH CHMJIBHBIM aKIIer-
TOp THAPUA-UOHA — M-XUHOH, (PIyopeHOH, OeH30(eHOH, XJIOpaHMJ
(2,3,5,6-Terpaxiop-1,4-6e H30X1MHOH):

R! R? A[O—C(CHyl; R R?

“CH-OH + C=0 = 2 'C=0+ CH-OH
R RY R RY
R Rl

CHOH +AI[OC(CH3)3];===(CH3);COH + C-O-Al[OC(CH3);]>
Rz/ R2/ l
RY R

S§GO-AIOC(CH )y + C=0—=
R*H RY

LN ;

C NN Al[OC(CH3)3],

7(’0

H
|

R \R“
R R
=== C=0 +  C-OAIOC(CH;)],
R R4 H

OkucneHne cripToB 1o OmreHay3py B TEOPETUYECKOM OTHOIICHUM
MPEACTaBISIET COOOM TMpUMeEpP OKMCIMTEIbHOro Ipolecca C IMepeHo-
COM TMIPHUA-MOHA OT BOCCTAHOBUTENSI K OKUCIUTEIIO B OIHY CTaauIO,
B TO BpeMsl KaK B paHee OINUCAHHBIX Mpolieccax OKUCICHUE CIUPTOB
OCYIIIECTBJISIETCSI B HECKOJIBKO TIOCJIEIOBATEIBHBIX CTAJAMH U COIPO-
BOXIAETCS TIOCAENOBATEIbHBIM TMEPEHOCOM OJHOTO WJIM HECKOTBKUX
3JIEKTPOHOB.
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O06acTh MPakTUYECKOrO MPUMEHEHUST oKucaeHus 1o OrnneHays-
Py B OpPraHMYEeCKOM CHMHTE3¢ B HACTOsIlee BpeMsi orpaHuMYeHa TjaB-
HBIM 00pa3oM OKMCJIEHUWEM BTOPUYHBIX CTEPOUIHBIX CIIUPTOB:

ot
CH; CH-(CH,);CH(CHj;),
CH; AI[OC(CHy)s]5; aueron
6enszom; 80 °C; 84
HO
et
CHs (63—70%)
_—
O/

Jns nmojaydyeHus1 ajqbAeTUI0B M KETOHOB M3 TEPBUUHBIX U BTOPUYHBIX
CITUPTOB BMECTO OKHUCJICHUSI MOXKHO BOCIIOJIb30BAaThCsl peakldeil Ka-
TAJTUTUUECKOTIO IEeTUAPUPOBAHUS. DTUM METOAOM B ITPOMBILIJICHHBIX
YCJIOBMSIX TONYyYaloT (popMajibAerua M3 MeTaHOJIa, MAC/sSHbBIN albae-
ruj U3 H-OyTUJIOBOTO CITUPTA U LIMKJIOTEKCAaHOH U3 LIMKJIoTeKcaHoa. B

KayecTBe Karajau3aTopa NEerMAPUPOBAHMST MCIOJB3YIOT Melb, ceped-
PO, XPOMUT MEIM:

(0]
CuO—Cr,03, ueonut; ¢° 7
(62%) H
OH
Cu, 600 °C 0
> + H,
(92%)

Cu wm Ag, 600 °C HC40

CH,0H
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11.1.3.e. SAHIUTHBLIE I'PYIIIIbI
g TUAPOKCUIBLHOM TPYIIIBI CIIMPTOB

ITpu ocylillecTBIEHUM MHOTOCTAAUMHBIX CUHTE30B CJIOXXHBIX Opra-
HUYECKUX COSAMHEHUI YacTO HEOOXOAMMO 3allIUTUTh ONHY U3 (PYHK-
LMOHAJBHBIX TPYIN U1 TOTO, YTOOBI OCYIIECTBUThL TpebyeMoe Tpe-
BpalleHue ¢ Ipyroi (pyHKUMOHaIbHOU rpymnnoi. Tak, Hampumep,
IUISI IOJIyYeHUs peakTuBa ['puHbsIpa U3 rajJjoreH3aMelleHHOro CIIMpTa
Br(CH,),,OH HeobxonnuMo npeaBapuTEIbHO «3alUTUT» THIPOKCUIIb-
Hylo rpyniy cnupra. [IpuMeHeHne Tak Ha3bIBaeMOM «3alllUThl» BKJIIO-
yaeT Tpu cTaguu: 1) oOpa3oBaHUE MHEPTHOIO MPOU3BOJHOIO, 2) BbI-
MoJiHeHWe TpeOyeMoro mpeBpallieHus ¢ ApYyroil (PyHKUIMOHATLHOM
rpynnoit u 3) cHgaTUMe 3aluTHOM rpymnbl. Hanbosnee yHuBepcasib-
HBIM U XOPOLIO ce0s1 3apEKOMEHAOBABIIMM METOAOM 3alUThl TMIPO-
KCUJIBHOW TPYIIIbl CIUPTOB SIBJIsIETCSl oOpa3zoBaHue 3¢hupa B pe3ysib-
TaTe KMCJIOTHO-KATAJIM3UPYEMOTrO MPUCOEAUHEHUs crnupTa K 2,3-Au-
TUAPOTINPAHY:

@
H
ROH + -
@ adup nwm TIO ROO (90—100%).

0)

2,3-auruapornupad 2-TeTparuaponupaHuIbHbIA
npocroi a¢pup

IMomoGHO ApyruM mpocThiM 3upam, TeTparuaponupanuibHblie (TTTI)
3(upbl MHEPTHBI MO OTHOLUEHUIO K HYKJIEOMUIbHBIM areHTam, CUJb-
HbeiM ocHoBaHMsAM (RMgX, RLi, NaH, NaNH,, RONa u np.), a tak-
Ke okucautesssM u BocctaHoButesnsiM. OaHako TTTI-rpynna yyBcTBU-
TeTbHA K KUCIOTHOMY PpACIIEIICHUIO, HApUMep JIETKO yaausercs B
pacTBOpe XJOPHUCTOrO BOAOPOIA B METaHOJE:

) atose Ol o won
R-0 CH,0H, 20 °C

o O° "OH

Huxe nmpuBeneH TUNMUYHBIN TTpUMep UCToab30oBaHus 3aiuTHoi TTTI-
TPYTIIIbL:

0

HOQ Br _ TFH—OO Br —
TI® o
1) CH;COCH, OH
— TFH—O—Q MgBr HO—Q C—CH;,
2) HCl, CH;0H \

CH,
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Hpyroii 3allMTHOI TPYINON SIBISIETCS TPUMETUJICUJIMIIbHASI TpyIIIa,
xotopasa Beoautcs ¢ nomoliubio (CH;3);SiCl. Ora rpynna nerko ynans-
eTcsl TMoJ AeiicTBUEM (DTOpUI-NOHA:

. N(C,Hs); . KF; HF
ROH + (CH;);SiCl Tro ROSi(CH3), T

ROH + (CH,);SiF .

OfHako TPUMETUJICWIWIbHAS 3allldTHasl Tpyrrna MajJoyCTOMYMBa I10
OTHOILIEHUIO KaK KMCJIOTHBIM, TaK MU OCHOBHbIM areHTam. OHa JIerko
CHUMAaETCSl Jaxe Mpu xpomaTorpaduu Ha cuiMKaresie. 3HAUUTETbHO
OoJlee ycToMuMBa mpem-OyTUIIUMETWICWIVIIBHAS TPYyIa, KOTopas
BBoauTcsl ¢ momoliubio [(CH3);Cl(CH3),SiCl u ynansgercs obpadbot-
kot KF wm (C4Hq),NF. [Ipe npyrve 3amutHble rpynisl — OEH3WIb-
Hasl U TpUudEeHUIMETWIbHAsl (TPUTWIbHASI) — BBOISATCS NPU B3aMMO-
JEeUCTBUU cniupTa ¢ OEH3UJIOPOMUIOM WM TPUGDEHUIXJIOPMETAHOM
(TPUTUIXJIOPUIOM) B MPUCYTCTBUM OCHOBAHUSI — TPETUYHOIO aMMHA.
CHsATHE 2TUX 3alUTHBIX TPYI AOCTUTAETCs KaTATUTUYECKUM TUAPO-
TeHOJM30M, a TPUTHUJbHAsSI Tpylna ynaiasercs Takxke AelcTBUeM
pactBopa HBr B nensiHoli YKCYCHOM KHUCJIOTE€ WJIM IIpU XpoMaTorpa-
(um Ha KpeMHeBoUl KuciaoTe. Bce 3TW rpynrbl 1Mo 00JIaCTU CBOEro
MPUMEHEHHUST YCTYyNalT TeTparuaponupaHUIbHON 3alluTe:

H,/Pt

RONa + CgH;CH,Br Jiga™ ROCH,CgHs ——>ROH + C¢H;CH ,

ROH + (CgHs)sCClg rx ROC(CoHs)s - o= ROH + (Cghlg)sCBr

CsHyN;
CHCl

Jyis 3al0UThl TUAPOKCUIBHOM TPYMIIbI ObLT MPEAIOXEH HOAMETUITHO-
MetusoBeiii adup (MU.Kopu, 1976):

RONa + ICH,SCH; ————> ROCH,SCH; + Nal.
AMD

BBemenne 3Toif 3alIUTHOI TPYMITHI MPUBOAUT K 0OpPa30BaHMIO
nojyTuoauetans hopMaibaeruia, KOTopblid, MOAOOHO APYTUM THOA-
LHeTalsiM, paclierisgeTcsl B oueHb MIrkux ycaosusix mpu 20 °C comnsi-
mu prytu (IT) unu cepedbpa B cucreme aueroH—Boaa. Cpeand Bcero
MHoroo6pasus 3amMTHbIX rpynn TTTI ocrtaetcsi Hanbosiee yHUBeEp-
CaJbHOM W YNMOTpeOMMOM 3allMTON CIMPTOBOrO TMAPOKCUIIA.
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11.2. IBYXATOMHBIE CIIUPTBI

CnupThl, coaepKalllue ABe T'MAPOKCUJIbHBIC TPYIMbI, HOCST Ha-
3BaHUE 0U0108.

B nomenknarype MIOITAK nmig mx Ha3BaHMS BMECTO OKOHYAHUS
«OJI» UCIOJIb3YIOT OKOHYAHME <«IUOJ», a LHUMPbl 0003HAYAIOT aTOMBI
yrjiepojia TJIaBHOM IIeNu, K KOTOPbIM IpucoennHeHbl ae OH-rpyri-
Ibl, HampuMep:

_OH
CH;~CH~-CH,0H CL
OH OH

1,2-nponaHauon mpatc-1,2-1UKI0reKCaHI o
(I)H (I)H
CHy—CH—CH~CH~CH,CH,0H CH-CH,CH,CH—CH;
CH; CH; OH
4,5 -gumetni-1,3-rekcaHanomn 1 -mmkstorexcmini- 1,4-neHraguorn

Takum ob6pa3oM, cucTeMaTHdecKass HOMEHKIIaTypa ITPOBOIUT TUd-
depenamanmio 1,2-, 1,3-, 1,4- 1 apyrux IHUOJIOB.

1,2-Inobl Ha3bIBAIOT TakKKe eaukoaimu, copepxammmu OH-rpymn-
Bl Y COCeOHMX (BUIIMHAJIBHBIX) aTOMOB yrjepoaa. Tak KakK TIIMKOJIH,
Kak MpaBUJIo, MOJY4YaloT TMAPOKCUIMPOBAHUEM alKeHOB (IJI. 5), 3TO
OTpakaeTcsT U B MX Ha3BaHUSX:

(|?H2—|CH2 CH3—|CH—CH20H

OH OH OH
STUJIEHTITUKOJTb TIPOTJICHTTTUKOTb
(1,2-aTanauon) (1,2-mponmaHaMo)

OTO HepeaKo MPUBOAUT K IyTaHUIIE U HEIOPa3yMEHUIO, MOCKOJbKY
cyhpUKe «eH» OOBIYHO O0O3HAYaeT HAJIMYME IBOMHON YIJIepOa-yIiie-
POIHON CBSI3W aJIKeHa, HO TJIMKOJW HE coaepxKaT ABOWHOI CBSI3MU.
IMoaTomy nis Ha3BaHUS MIMKOJICH JIydllle BCEro MoJib30BaThCsl HOMEH-
knatypoii MIOITAK, ycTpaHsioleil 3Ty HeonpeaeJaeHHOCTD.
I'emuHanabHbBIC OMOJIBI — AMOJIBI, coaepxaiuue ase OH-rpynmnsl y
OIHOTO M TOTrO Xe aTroMa YIJepojaa, HeCcTaOWJbHBI U pasjiararorcs C
OTLICIIJIECHUEM BOJbl U 00pa3oBaHMEM KapOOHUJIBbHOIO COEAUHEHUSI:

OH p
/ I_ZRr2
RI—C—R2 — R!-—-C-R* + H,0.

-
\
OH
280



PaBHOBecue B 3TOM TIpollecce CMEIIeHO B CTOPOHY OOpa30oBaHMS
KETOHA, TI03TOMY CaMM TeMUHaJIbHbIE TUOJIbl OOBIYHO HA3bIBAIOT THII-
paTaMu KETOHOB MM albaernaoB (m1. 16, 4. 3).

11.2.1. IOJYYEHHME JUOJOB

HaubGonee u3BecTHBIMU croco0aMu IojydeHus: 1,2-IMO0JI0B SIB-
JITIOTCSI pa3HOOOpa3HbIe peakliy CTEPEOCEICKTUBHOTO CUH- VI AHMU-
TUAPOKCUIMPOBAHUS AJIKEHOB, MOAPOOHO PAacCMOTPEHHBIE paHee B
oL 5 (4. 3).

KnaccuyeckumM MeTOAOM ITOJYyYEHUSI CUMMETPUYHBIX 1,2-mmo-
JIOB SIBJISIETCS BOCCTaHOBUTEJbHAs OTUMeEpU3alisd KeTOHOB. B kaue-
CTBE BOCCTAHOBMUTEJIbLHBIX ar¢HTOB OOBIYHO MCITOJB3YIOT aKTMBHBIE
IBYXBaJCHTHBIE METaJIbl — MarHuii, IIMHK, aMaJibTaMy MarHus B
alTpOTOHHOM HEMOJISIpHO# cpene — OeH3oze, Toayone, TI'D u ap.
OO0pa3oBaHue aJKOTOJISITOB 1,2-IMO0JIOB MPOUCXOAUT B JBE CTAOUMU.
B mepBoii cTagum KeTOH MPUCOECTUHSIET ONMH DJIEKTPOH M BOCCTa-
HaBJIMBaeTCs 10 aHUOH-pajuKaja, Ha3blBaeMOTO KeTujaoM. [ume-
pu3anus IBYX aHMOH-pPaIMKaJOB BO BTOPOM CTaAWM MPUBOIUT K
ajkorosaty 1,2-amona, KOTOPhIN Jajnee TUAPOIU3YIOT 10 BULIMHATb-
HOTO AUTPETHUYHOTO IHMOJIA:

(0] R_. ..
2 R—C/< + Mg —— >C—O:® Mg2® KETUJI
R R ) (aHMOH-paIUKa)
) - H,O R R
RzC_O:>Mg2® R2(l: |CR2 2, >C_Ci
) 0 0 R | 'R
~Mg~ OH OH

HOCKOJ’IBKY JNOJI, HOHY‘{aeMBIﬁ 9TUM METOAOM M3 all€TOHa, MMEET
TPUBHUAJILHOC Ha3BaHMC IMWHAKOH, 3Ta p€aKlud I10Jy4yujia Ha3BaHUEC
NUHAKOHOB0€E 60CCMAHO6AEeHUEe:

1) Mg; 6 CH;
JCH,CCH, ) Ms; Oerson c—C (43-50 %).
I 2) H0 CH{ | [ cH,
OHOH
TIIMHAKOH

[NprMeHeHNe OOIIEIPUHSATEIX pearcHTOB (MarHMs, IIMHKA WIN ajio-
MUWHUSI B GeH30JIe) NPUBOAUT K TOJYYEHUIO BUIIMHAILHBIX IWOJIOB C
BbIxogoM He Goiiee 40—50%. CoBpeMeHHBIe MOAUGUKALUM TUHAKO-
HOBOTO BOCCTAaHOBJICHUS ITTO3BOJIVJIM HE TOJIBKO PE3KO IMOBBICUTH BhI-
XOJI TIPOJYKTOB BOCCTAHOBUTEJIBHOM AMMEPU3allM KETOHOB, HO U
3HAYUTEJILHO PAaCIIUPUTh 00JIaCTh MIPUMEHEHUSI 3TOM peakluu, pac-
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MPOCTPaHUB €€ Ha apoMaTHMYecKue M anudaThuuyecKue ajbAeTHbl.
DTO CTajlo BO3MOXHBLIM OJiarogapsl NpOBEIEHUIO peakKUuW B MpPU-
cyrcteun TiCly, B TIT'® (M.Kopu, 1976). [MpuBeneHHbie HUXE
NpUMEPbl WJUIIOCTPUPYIOT CUHTETUYECKHUE BO3MOXHOCTU 3TOTO
MeTona:

CeH
zn;Ticl, | Cefls o NS

> — l .
CeHsCOCH; Tr®; 25°C, 2 4 CH3/C|: (f\CH3 O1%);
OHOH
¢}
7 Mg(Hg); TiCl,_

1-C;H,sC

> #-C,H,~CH—CH—C,H, < (80%);
\, TT0°C 13 T s (80%)

OH OH

CH Mg(Hg); TiCl,
3 TTd; 0 °C, 2,5 u

CH3—T|Z(CH2)2ﬁJ—
0 0

ITnHakoHBI 00pa3ylOTCsI TaKXKe IPU DJIEKTPOXMMUYECKOM BOCCTAHOB-
JICHNM KapOOHW/IBHBIX COENMHEHHMI. DTOT METOH ITOJy4Yrs HanOOJIb-
111ee pacrpocTpaHeHUEe MJIsi CUHTe3a LIMKIMYECKUX JUOJIOB C MajbiM
pazMepoM LMKJIa MPU BHYTPUMOJIEKYJISIPHON BOCCTAHOBUTEIbHON
mukm3anun 1,3- u 1,4-ITMKeTOHOB:

CH;
OJICKTPOBOCCTAHOBJICHUEC

|
CeHs— (¢S5 ‘crjon, ph=37
H,0

CH; CH;

MHTepecHO M BaXHOW B CUHTETUYECKOM OTHOIIEHWU MOIM-
(hukanueid MMHAKOHOBOTO BOCCTAHOBJIEHUS SIBJISIETCSI BOCCTAHOBU-
TeJbHasl AUMMEpU3aliusl KETOHOB WM albAECTMAOB, KaTaJlu3upyemas
COJIIMM TUTAHA HU3IIEH CTeMmeHW OKHCIeHMs. Takoll KaTaau3aTop
obpasyerca npu BocctaHoBiaeHun xnopuna tuta”a (II1) TiCly me-
JIOUHBIM METAJJIOM WM LIMHK-MeIHOU mapoii. B oriumume ot kiac-
CUYECKOro MUHAKOHOBOI'O BOCCTAHOBJEHUS, MPOIYKTaMU BOCCTa-
HOBUTEJbHON AUMEpPU3ALMU KapOOHWIbHBIX COEAWHEHWM, KaTaau-
3UPYEeMOM COJISIMU TUTAHA HU3ILIEH CTeNEeHU OKUCIEHUS, SBISIOTCS
AJIKEHBL:
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TiCls; Li
2 O W +TiO,,

79%

TiCly; K
2CH;(CH,);CHO === CH;(CH,);CH=CH(CH,);CH; + TiO,.

77%,  (yuc : mpanc=3:7)
JInst 5TOM peakLMy TMPETIOKEH MEXaHU3M, IJe MUHAKOHOBBIN ajKo-
ronst tutaHa (II) momBepraeTcst BHYTPUMOJIEKYISIPHOMY OKMCITUTENb-
HO-BOCCTAaHOBUTEJBHOMY pacIIEIUIeHWIO 10 ankeHa u TiO,:

Tiy
o} 0 R, R
R-ScEcl gt —— c=c_  + TiO,
1 \ 3 / 3
R R R! R

Y10GHBIM METOIOM IONyYeHUs mpauc-1,2-TUO0JIOB SIBJSIETCSI TUAPO-
0OpUpOBaHME CUIWIOBBIX 3(HUPOB CHOJIOB C IOCICIYIOIIMM OKMCIIE-
HHMEM IIIeJIOYHOI MepeKUChI0 BOMOPOIA. DTOT METOA OCOOCHHO YmoOeH
JUTSI TIOJTYYEeHMSI LIMKJIMYECKUX 1,2-1MOJI0B:

0 0Si(CH,),

1) LiN(Pr-i),; TT®, —78 °C
2) (CH,),SiCl; TT®, —78 °C

OH
OH
1) B,Hg; TI® -
2) NaOH—H,0,;
CH,ONa, CH;0H (81%)

OO01uUM MeTomoM TojydyeHus: 1,3-auOJIOB SIBIISIETCSI BOCCTAHOBJIEHUE
COOTBETCTBYIOIIMX ajibAoJiei (1. 17) B MITKUX YCIOBUSIX:

0]
Y
RICH—CHZ—C/ M» RICH—CHz—CH—R2.
| N AN T |

OH OH OH
BHXOZ[I:I IIPOAYKTOB BOCCTAaHOBJICHUA 60pFI/II[pI/I,£[0M HaTpus WIN
aJIIOMOTUIPUIOM JINTUSI OOBIMHO IJOBOJIBHO BBICOKME. [Ipyroii meron

cuHTe3a 1,3-11M0JI0B OCHOBAaH Ha peaklMy OKCUMEPKYypUpOBaHUSI-1e-
MEpPKypUPOBaHUsI COMPSKEHHBIX 1,3-1MEeHOB:
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1) 2Hg(OAc)y; TT®—H,0_
RCH=CH—CH=CH, 2) 2NaBH4; NaOH

—_— RCH—CHz—(llH—CH3.
OH OH

OKcuMepKypupoBaHUe MEPBOHAYAJIbHO OCYILECTBISIETCS IO 0oJjiee
pPEeaKIMOHHOCIIOCOOHOI KOHIIEBOW MBOMHOI CBSI3U C 0Opa30BaHU-
eM ajmioBoro cnupta. 'mapokcunbHasg rpynmna npu C(2) amiuio-
BOTO CIIMpTa HampaBjsieT BTOPYIO TUIAPOKCUJIbHYIO TPYyNIy B
noyioxenue C(4):

1) 2Hg(OAc),; TTP—H,0
2) NaBH,; NaOH -

CH;CH=CH—CH=CH,

e CH3|CH—CH2—(|ZH—CH3 (79 %).
OH OH
CrapuHHBII MeTOHd cuHTe3a 1,3-TimKosieil OCHOBaH Ha peaklnun
I'Ilpunca (1917). ®opmanbaerun B TPUCYTCTBUM KaTaau3aTOPOB KUC-

JIOTHOM TIPUPOABI TIPUCOEINHSETCS K aJIKeHaM C 00pa30oBaHUEM CMeCH
1,3-11o0j1a 1 UMKIMYECKOTO alleTaasi — IMPOU3BOIHbBIX 1,3-AMOKCcaHAa:

SLEN /° 25%- H,S0,
C=CH, + HC ——

ch/ \, HOH; 80 °C

0 +

C

CootHomenue 1,3-guona u 1,3-aAMoKcaHa 3aBUCUT OT CTPYKTYpPhI ajl-
KeHa. 151 ankeHOB ¢ KOHLEBOM NTBOMHOM CB3bIO B MPOAYKTaX Mpeod-
nagaet 1,3-puokcaH. CUMMETPUYHBIE AU3aMelleHHbIEe aJKeHbl MPUCO-
eAUHSIIOT (opMabAerusl B KUCION cpele ¢ oOpa3oBaHUEM IpeUMy-
LIeCTBEHHO 1,3-AM0JI0B, OOHAKO BBIXOAHI 1,3-IMOJIOB B peakIuu
IIpunHca HeBenuku. B HacTosllee BpeMsl 3TOT METO[, TTOJHOCTbBIO yTpa-
TWUJ CBOE 3HAYeHUE I CHMHTe3a 1,3-aMO0JIoB, XOTS HEpeaKO MCIIOJb-
3yeTcs IS TOJydeHUs MPOM3BOAHBIX 1,3-mMokcaHa.

[pyrue TUIBI AMOJOB OOBIYHO MOJYYAlOT BOCCTAHOBJIEHUEM CO-
OTBETCTBYIOLLIMX AUKAPOOHUIBHBIX COEAUHEHUIN KOMIUJIEKCHBIMU TUI-
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punamu. B KadecTBe mpuMepa MpUBEIEM BOCCTAHOBIEHHE IUATUIOBO-
ro a¢upa cebalMHOBON KUCIOTHI M 2,6-renTaHanoHa:

LiAlH,
C,H;00C—(CH,)s—COOC,H; WHO— (CH,),—OH (75%);

NaBH
(}QCOK}thOCH3aﬁE§>(Hg?H«HthHCH3@O%)

OH OH

11.2.2. CBOVICTBA JMOJIOB

s AnoJIoB XapakTepHbl T€ XK€ peaklWM, YTO W IJIs OMHOATOM-
HbIX cmupToB. Kpome Toro, 1,2-mMojbl MPOSBISIIOT HEKOTOpbIE CIIe-
nuduyecke cBOMCTBA, 00YCIOBIEHHBIE HATMUMEM JIBYX IMIPOKCHUIIb-
HBIX rpynn. OHU OymyT pacCMOTPEHBI B 3TOM pasierie.

11.2.2.a. AETUAPATALIUA

Ilpu peruapatanuMy AMOJOB BO3MOXHO MPOTEKAHUE Pa3JIUUYHbBIX
peaxkiuii, KOTOpble YacTO IPUBOISIT K 00pa30BaHUIO CIOXKHOI cMecHu
MPOLYKTOB, COCTaB KOTOPOW 3aBUCUT OT CTPYKTYpbl IM0OJia, MPUPO-
Jbl AeTUAPATUPYIOIIETO areHTa M ycJIoBUil peakiuu. O6cyxkaeHue 0y-
JIET COCPEelOTOYEHO TJIaBHBIM 00pa3oM Ha TeX peaklvsax, MeXaHU3M
KOTOPBIX HAaJeXXHO YCTAHOBJEH W KOTOpPbI€ UTPaAlOT 3aMETHYIO POJb
B opraHuuyeckom cuHrese. Jlerunparamus 1,2-1MOJ0B MOXET OCYIIe-
CTBJSTBCH IO TPEM MPUHUMIIMAIBHO Pa3JMYHBIM HampaBIeHUSIM:
1) mermaparanust 10 AUEHOB; 2) AeruapaTalus, COIPOBOXAaeMasl me-
pPerpyrnmupoBKOli, — TaK Ha3blBaeMasl «IIMHAKOJMHOBas IMeperpyr-
MUpoBKa»; 3) oOpa3zoBaHMEe LMKJIMYECKUX 3(UPOB U IMOKCUIOB. Bece
9TU peaklMU KaTaIU3UPYIOTCS KUCJIOTHBIMU areHTaMM, MO3TOMY B
o0lleM cllyyae Bce TpM HaIlpaBIeHUsI KOHKYPUPYIOT APYr C JPYroM,
T.€. AeruapaTalus IM0JOB OTHOCUTCS K HECEJIEKTMBHBIM MPOLIECCaM.
Tem He MeHee MHOTIA ymaeTcs IoJoOpaTh YCJIOBHUSI TaKuM oOpa-
30M, 4YTOOBI OJHO M3 HHUX CTajo IpeobiamawmiuMm. Jleruapartamus
JIBYTPETUUYHBIX WU ABYBTOPUUYHBIX 1,2-muojoB no 1,3-nueHOB Jer-
ye BCEro OCYIIECTBJIsIETCS MpU HarpeBaHuu ¢ 48%-it GPOMUCTOBO-
JIOPOAHON KUCJIOTOM:

48%-s1 HBr, ¢
(CH3)2?_(|:(CH3)2 > CH,—=C — C=CH, (62%).

OHOH CH; CH,
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Wi Ha okucu amomuHusa mpu 450—470 °C:

203

— A0 cp—c — c=cH, 70-85%).

(CH,),C |C(CH3)2 450470 ¢ ¢ 5 ( 5)
OH OH CH; CH,

B otimmume ot 3TOTO AeTHApATALIVS AUTPETUYHBIX, TUBTOPUIHBIX U TaKe
MEePBUYHO-TPETUYHBIX 1,2-A1O0JI0B, KaTalu3upyeMasi CEPHOM KUCIIO-
TOM, n-Tomyoscyiabhokucaoroit, kucioramu Jlstouca (BF; u np.), co-
nmpoBoXkmaeTcs 1,2-Murpanueil aJKWIbHOM, apuIbHOW TPYIIILI WIIA
ruapua-uoHa. I1pomykTaMu TeperpyImMpoOBKA SBJISIOTCS KETOHBI MU
aBICTUIBI. DTa TIeperpynmmpoBKa Obu1a oTKpeiTa P.durturom B 1859 1.
IpY AeruapaTaldy MMHAKOHA B MMHAKOJIMH C ITIOMOIIBIO KOHIICHTPU-
POBaHHOW CEpHON KHMCJIOTHI, TIOTOMY OHa TIOJyYWJia Ha3BaHUE Au-
HAKOAUHOBOU NepecpynnuposKU.

| | H,SO, xoHu. |
CH;—C — (I:_CH3 —— CH3—|C — le—CH3+H2O.
OH OH CH; O
TMMHAKOH TTMHAKOJTMH
Hexotopsie Haubosee TUMMYHbBIE TPUMEPbl MUMHAKOJMHOBOM MeperpyI-
nupoBKu 1,2-110J0B TipuBeaeHbl B Tabs. 11.4.
Ta6nuua 11.4

IMunakoanHOBasK neperpynnupoBka 3aMelmeHHbIX 1,2—)1“0.]10]3

96%-s1 H,S0,

(C(,HS)Q? — ?HC6H5 e (C¢Hy),CH —ﬁ—CsHS (100%)
OH OH o)
o O
15%-1 H,SO,; t 7
(CH),C — CH,0H —2~"22"%" o (CH,,cHC (100%)
3 2| 2 32 N
H
OH
35%-1 H,80,; 1°
CH,— CH — CH — CH, > cn3ﬁc112cn3 (81%)
T
OH I(I)
---CHCHs - gp L (,Hy),0 CCH,CH,
— 100
o OH CHCl, I><CH2CH3 (100%)
CH,CH,
OH
H,SO, kowt; 0 °C 5 (100%)
|
OH
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HaubGonbiiee 3HayeHue A1 OpraHMYeCKOro CHUHTe3a Ipuodpesa
MePEerpynnrupoBKa TUTPETUUYHBIX M TUBTOPUYHBIX 1,2-TMOT0B, TIpU-
BoAsIIAsl K KETOHaM, KOTOpasl XapaKTepu3yeTcsi BbICOKMM BbIXO-
IIOM KapOOHMJIBbHBIX coeagrHeHMii. B T1a6i. 11.4 ciaenmyer oco00O BBI-
JIeJUTh TMMHAKOJIMHOBYIO TMEPErpyrnnupoBKY LUKIMYECKUX AUOJIOB
¢ obpa3zoBaHUEM CIIMPOLMKINYECKUX KeTOHOB. OnuH M3 HauboJjiee
MPOCTHIX CIIOCOOOB CO3/MaHUSI COMPOLMKINUYECKUX COEIMHEHUU
3aKJIIOYAeTCsI B BOCCTAHOBUTEJLHON AUMEPU3ALUU LIMKI0aJIKAHO-
HOB C TOCJeayloleil MMHAKOJINHOBOM MeperpynmnupoBKO:

Mg(Hg), TiCl, st04 KoL
0 TONyOI g -

OHOH 9 10 4 3

O
7|

cripo|4,5]-nekaHoH-6

MexaHu3M MHUHAKOJIMHOBOIM TEperpymninupoBKA OYeHb IMOAPOOHO
uccaenoBaH. B mpocreiilliem ciyyae B Ka4ecTBE MPOMEXYTOUHOM yac-
TULIBI TIpY Oeruapatauuu 1,2-nuona obpasyercss KapOOKaTHOH, B KO-
TOPOM TIPOMCXOAUT 1,2-MUTpaIvsl aJKWIbHON WIM apuIbHOM TPYII-
bl ¢ oOpa3oBaHUEM MPOTOHUPOBAHHON (POPMBI KapOOHUJILHOTO CO-
eauHeHwus1. [leperpynnupoBKa 3aBeplliaeTcsl OTLIEIIEHUEeM MPOTOHA U3
OKCOHHMEBOI0 KaTHOHa:

| | | | -HO [T Ne
R—(lz — C—R<—_’R—? — C—R=—=R—C—C—R—>
1
OH OH OH\  OH, OH R
R! R!
_H69
—— > R—C (lj R<=R—C — C—R+H
©OH R o R

Takoit MexaHM3M HaxXOAMTCSI B COOTBETCTBUU C IKCIIEPUMEHTATbHBI-
MW TaHHBIMH, COTJIACHO KOTOPBIM M3OTOITHBIM OOMEH KWCIOpOoma I
NMMHAKOHA B CEpHOl Kwuciote, coaepxameil H,O, mpoucxonut B Tpu
paza ObIcTpee, yeM mneperpynmnupoBka. CrieluaibHbIMU OIBITAMU ObLIO
YCTAHOBJICHO, YTO KOH(UTYPALUS MUTPUPYIOIICH TPYIIIBI MTOJTHOCTHIO
COXpaHSIeTCST B TIPOAYKTE IePETPYIITMPOBKU:
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*C4H9—emop. C4* Hgy-emop.
40%-5 H,SOy; 1°
CH3—(|: — (|?(CH3)2 L S LN CH3—ﬁ — C(CHy), (66%).

OH OH (0] (S)

(9)- -
DTO yKas3blBaeT Ha BHYTPUMOJICKYJISIPHBII Xapaktep 1,2-Murpauuu
AJIKUJILHOM Tpymmbl. Bo MHOIMX ciydasix MUHAKOJIMHOBAs Ieperpyl-
MUPOBKA, IO-BUIANMOMY, TPOUCXOAUT KaK CTPOrO COTJTACOBAHHBIN
nmpouecc 0e3 oOpa3oBaHUSI KapOOKATMOHA B KauyeCTBE IPOMEXYTOY-
HOI yacTuibl. B cornmacoBaHHOM mpoliecce OTIIEeTUIEHUE BOIBI ITPOMC-
XOIUT M3 MPOTOHUPOBAHHON (DOPMBI AMOJIA C AHXMMEPHBIM COJCICT-
BUEM MUTpHUpYIOLIei Ipynibl. JIerko 3aMeTUTh, YTO TAKOW MEXaHU3M
He TpeOyeT oOpa3oBaHMSI KapOOKaTMOHA KaK HEOOXOAUMOIO YCIIOBUS
1T 1,2-MUTpaluy aJIKUJIbHON WJIM apUJIbHOM TPYIIITLL:

R' R R! R R!
|| || /
R—C — (ll—R+H®2 R—C —C—R—>R—C — CR!—
OH OH (on OH, ©OH R
oo [C)
Rl
a ®
——> R—C—C=R'+H.
SR

st TeTpaapri3aMeleHHBIX 1,2-TMO0JIOB OBIT YCTAHOBJICH MEXaHW3M
MeperpyIIMpPOBKY, B KOTOPOM B KayecTBE MPOMEKYTOYHOTO IPOIYK-
Ta IMOJIy4aeTCsl SMOKCUI:

H,SO, xoHi. H,SO, KOHIL.
(CeHs),C—C(C¢Hs), - 40 (CgHs),G—C(CgHs), ===
0°C \/ ‘
OHOH
— > (C4Hy),C—C—C,Hy
|
C H -0 C10H7—(X
[ 7 25%-5 HyS0, / H,SO, KoHIL
CHsmCH=C—Cyiy————> CHCH—C, i
OH OH O CeHs
C,H--a
—>C6H5|(|2CH< 0
o} CeHs
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Takum o6pa3om, B 3aBUCUMOCTU OT CTPYKTYPHBIX (haKTOPOB MeXa-
HU3M TIMHAKOJWHOBOW TeperpyImmUpOBKU 1,2-THOJTOB MOXKET OBITh
pa3mmuHbIM. OpOUTABHBIN KOHTPOJIb TMHAKOJIMHOBON M APYTUX POMI-
CTBEHHBIX €I TIeperpyImIpOBOK OYyIeT pacCMOTPEH B IUI. 26 (4. 4).
OTUJCHIIMKOAb U APYrUe MepBUUYHO-BTOpUYHBIE 1,2-mKMOJIBI 00-

e popmysbl R—|CH—CH20H MPpU HarpeBaHWUS C KOHLIEHTPU-

OH
poBaHHO# cepHoil M 85%-ii hochOpPHOI KUCIOTOM MU H-TOJYOJI-
cyJbhoKUcIoTol AatoT 1,4-1MOoKCaHbl — LMKIMYECKHEe TTPOCThie 3(Pu-
pbl ¢ AByMs1 aTomaMu kuciopoaa. Huknoneruapatauusi 1,4-11010B 1
1,5-1M0JIOB B TeX XK€ YCJIOBUSIX CIY>XKUT HanbOoJjiee BaXKHBIM CITIOCOOOM
MOJIy4YeHHUsT TIPOU3BOJAHBIX TeTparuapodypaHa M TeTparuapornupaHa
COOTBETCTBEHHO:

JOH  HO_ 0L
(|3Hz .\ (|3H2 H,S0, koHuL, 140 °C |CH2 (|:H2
CH2 CH2 CH2 CH2 + 2H20
N / N/
OH HO o
1,4-mokcan (50—55%)
CH,

85%-1 H,PO,, 260-280 °C, 90 atv /. N\ S,2
CH,CH,CH,CH, - >CH, CH, >
| I win Cay(PO,),, 320 °C [ %

OH :OH —CH,0H,
— [ e
CH H;0
0 2 H,
| N/
H O (98-99%)

HO(CH,);OH —————> 0 (100%)

CH,OH

CH,
85%-s1 H,PO, N

CH,OH CH,
(90-94%)

289



DTOT METOH HENPUIONeH ISl IOJIYyYEeHHUs OKCUpaHOB M3 1,2-I10JI0B,
OKCeTaHOB u3 1,3-110J10B U HUKIMYECKUX IIPOCTBIX 3(PUPOB C YUCIOM
3BEHbEB 1IMKJIA 0osiee 1IeCTU U3 ol,®-I1O0JIOB.

Jpyroii o011l cioco0 MoaydyeHUsT UMKINYEeCKUX 3(UPOB COCTO-
UT B KaTaJu3upyeMOM OCHOBAaHUEM 3aMbIKAaHWHU ITMKJIA, MCXOAS U3
MOHOCYJIb(hOHATa AMOJA:

ik
TSOCH,CH,CH,CCH,CH; ———> _CH,CH;
| CHN
OH CH,

(92 %)
C¢H;CH—CH—C=CH D TsCl, GH5N, 0 °C > i, M
R 2) NaOH — JIMD; 20 °C
OH OH C¢H; O C=cCH
(80 %)

11.2.2.6. OKUCIUTEJIBbHOE PACIIEITVIEHUE 1,2-AWOJIOB

B rnase 5 paccMaTpuBaoch HECKOJIBKO aJIbTEPHATUBHBIX BapUaH-
TOB OKUCJIUTEJbHON AECTPYKLIMU AJKEHOB B pe3yJbTaTe O30HOJIN3A.
AJIKEHBl MOTYT TakKXe MOJBEPraTbCsi OKMCIUTEIbHON AECTPYKLUU B
pesyibTaTe cuH- WIUN aHmu-TUJPOKCUIMPOBaHUS A0 1,2-1MOJIOB U
MOCJIEIYIOIIEr0 OKUCIUTEIBHOTO PACILEIUICHUS] BULIMHATIBHBIX AMOJIOB.
Cyl111eCTBYIOT [1Ba KJIACCUYECKUX METO/IA OKMCIUTEIbHOIO paclieruie-
HUS 1,2-AMOJI0OB U TIOJMOJIOB C TOMOILBIO MapaitogHoit Kucaotsl Hs10g
u ee coneit (JI.Mananpan, 1928 r.), a TakKke TeTpaaleTaTOM CBUHIIA
Pb(OOCCH3), (P.Kpure, 1931 r.):

KMnO,

CH;(CHy),CH=CH(CH,);COOH 5 -5= o

OJIEMHOBAasl KHCJIOTa
HslOg

—> CH;(CH,);CH(OH)CH(OH)(CH,);COOH pr—————

IpUMPO-TUON

—— CH;(CH,);CHO + OHC(CH,);COOH + HIO;

(76 %)
OH
Pb(OCOCH
Po(OCOCH;), + Pb(OOCCH3), + CH;COOH
CH,COOH
OH 0 (82%)
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TeTpaauerar CBMHIIA MOJYYalOT NMPU B3aUMOIEHCTBUU cypuka Pb;O,
1 YKCYCHOTO aHTHIPHUAA B YKCYCHOM KHUCIIOTE:

CH;COOH
Pb;0, + (CH;C0),0 —=————> Pb(OCOCH,),.

55°C
(70—=75%)

Hawnyuiye pe3yabTaThl JOCTUTAIOTCS MPU MCIIOJIb30BAHUM B KAvecT-
BE MSTKOI'O OKMCJIWTEJIS MapaliogHOM KUCJIOTHI, HO 00a MeToda OKMC-
JieHust 1,2-1MO0JI0B U TIOJMOJIOB YAauHO JOMOJHSIOT Apyr apyra. s
oKucjaeHus 1,2-110J0B, paCTBOPMMBIX B BOJIE WJIM B OMHAPHON cUCTeMe
Bonma — TI'®, Boma — muokcad, ucnonbdytoT HsIO, u ee comu, mis
OKMCJIEHUSI HEPACTBOPUMMbLIX B BOAE IMOJIOB — TeTpaalleTaT CBMHIIA B
OeH30J1e WIK B YKCYCHOI KucjaoTe. B 00oux BapraHTax OKUCIUTEIbHOMN
gecTpykKuuu 1,2-AMOJIOB B KauyeCTBE MHTepMeauraTa o0pa3yroTcs
LUKIYecKre 3(pupbl MOAHON MM CBMHLIOBOM KUCIOTHL. llnkimyec-
Kue 3(hUpbl 3aTeM MOJABEPralTCsl OKUCIUTEIbHO-BOCCTAHOBUTEILHO-
My SJAMMHHMPOBAHMIO C OOpa3oBaHMEM KapOOHWJILHBIX COETMHEHWI
U HofaT-voHa WIM alleTara CBMHIIA COOTBETCTBEHHO:

1
Rl R2 R\ /RZ
N +HIO,— c—cl —=
a [ [ H H |3K>| H
OHOH o) O
o. \¥
O0— \=O
HS oH
7 2 7
—»RC\+RC\ + 1—0 + H,0;
H H 0]
1 1 3
R R R\ _R
N\ ~ 4+ Pb(OCOCH,);—> C — —>
c—C ( 33 _ ~p4
R [OR R’ |Y>k>| R
OHOH 0\,70
/Pb\
CH,0CO°  OCOCH,
R N
—> _C=0+ ,-C=0 + Pb(OCOCHj), + 2CH;COOH.
R R

OOpa3oBaHMe LUKJINYECKNX CIOXKHBIX 3(UPOB OOBSICHSIET Oosiee ObI-
CTPOE OKMCIIEHUE Yic-N30MEPOB IIUKINYECKUX AMNOJIOB ITO CPABHEHUIO
C mpaHc-v3oMepaMHM, a TakKe 0oJjiee OBICTpPOE pacllellIeHUe mpeo-
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M30MEPOB AllMKINYECKUX THUOJIOB IO CPABHEHMIO C 3pumpo-hOopMOIi.
ITpoctpaHcTBeHHBIE (DAKTOPBI, KOTOPbIE 3aTPYIHSIOT 00pa30BaHUE LIMK-
JIMYeCKOTO MHTEpMEINaTa, YMEHBIIIAIOT M CKOPOCTh OKUCIIUTEILHOM 1e-
cTpykuMu. OgHAKoO TeTpaalleTaT CBUHLA OKUCISET Takke U 1,2-1uobl,
He CIOCOOHBIE K 00pa30BaHMIO LIMKINYECKOIro 3¢upa u3-3a 0O0JIbIIO-
TO PacCTOSTHMS MeXIy 00erMMU TUAPOKCHIBHBIMU TpymmamMu. Tak, Ha-
npumep, mpauc-9,10-1UruapoKcruaeKaaIuH OKUCISIETCS TeTpaaleTaToM
0 LMKIIOAeKaauoHa-1,6, XOTsI OKUCIIEHUE mpaHc-u3oMepa IpoTeKa-
eT B 300 pa3 MemieHHee, YeM yuc-u30Mepa, KOTOPBbIA MOXET 1aBaTh
LUKJINYECKUI MHTEPMEIHaT:

OH
OH 0 HO
Pb(OCOCH3)4 Pb(OCOCH3),
%
CH;COOH CH;COOH
OH 0
Mpanc-n30MEP Uuuc-n30Mep
2
rR! R

NN
?To—Puoco—Cng

Pb(OCOCH,) |
R'R*C—CRR ———— 3 5 Lo\ ¢ focom3 —
RY "R

OHOH
——>Rﬁm?+R}R4+PMOCOCHQf+ch00H

0

B rnmaBe 5 (4. 1) ObUIM OoMMCaHBI ABE PAa3HOBUIHOCTU OKUCIUTEIb-
HOI AeCTPYKLIMHU I1UOJOB. B 000MX cirydasix OKHMCIEHHMIO TIOIBEpPraeTcs
AJIKEH, a OKUCIUTENbHBIM areHToM ciiyuT napa KMnO,—NalO, wiu
napa OsO,—NalO,. Ilepmanranar kanus wuiau okcun ocmus (VIII)
OKUCJISIIOT aJIkeH M0 yuc-1,2-auona, a rmepuoaaT HaTpUs pacllieruisieT
JIMOJ 00 KapOOHWIBHBIX COeAMHEHUN 1 pereHepupyeT noHsl Mn (VII)
umm Os (VIII).

Jlpyrue peareHTbl IJisI OKMCIMTEILHOTO paciueryieHus: 1,2-muo-
JIOB MO CEJIeKTUBHOCTU M JOCTYITHOCTH YCTYMAIOT MOTHON KUCIOTEe U
TeTpaaleTary CBUHLA. DTO oTHOcuTcs K conssMm uepus (IV), BanHa-
o (V), denunitogosoaueraty C4H;I(OCOCH;3),. B HekoTopsIx city-
yasgx I OKMCJCHMSI TMOJIOB B HEWUTPaJIbHON cpelae MPUMEHSIOT Tie-
poxcun Hukenss NiO, u okcua mapranua (IV):

NiO,
—(CH— —_—
C¢H;CH ?H CeHs Gomon 50°C 2CeHsCHO (85%)
OH OH
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OH 0)
MnO,
CH,yCl,, 20 °C

OH O

WHTepecHBIM M CBOEOOpPA3HBIM AOMOJHEHUEM K PEaKIMsIM OKKC-
JICHUSI SIBJSIeTCSl peaklusl AeTUAPOKCUIUpPOBaHUS 1,2-AUOJOB IO
Kopu—Buntepy (1. 10). JIluon npeBpallaioT B LIUKINYECKUI TUOKAP-
O0oHar 1,3-1MoKcoJIaH-3-TUOH C MOMOIBIO TUOKAPOOHWJIAUUMMUIa301a
C TOCHeayIoluM creliuGuieckuM cun-snuMuHupoBanuem CO, mon
JeiictBreM Tpuaiakuidochura man TpuankuiadochuHa:

(90 %)

R H Ry ~H 1
~C-0OH C—0 (R'O);P
[+ NTN-CoNTINERE e | SC=S
C—OH | | [Tl /CTO
R "H S R 'H
R ~H CUH-DTTIMU- R H
C—O0._ . HUPOBAHUE C
— | C: |+ RO)pP=S———>CO, + |
c-0” /C\
Y H R "H
KapoO€H
P N“ > N—C—N"N
v § = o o
C¢HsCH—CH—CgH - =
R T T992) P(OCHy)s CH? g
OH OH
92 %)

11.3. ITIPOCTBIE D®UPbI

11.3.1. HOMEHKIJIATYPA ITPOCTBIX D®UPOB

CoracHO TPUMBUAJIBHOIM HOMEHKJIAType, MpocThlie 3GhUpPbl Ha3bl-
BAlOT MO pajMKajlaM, CBSI3aHHBIM C aTOMOM KHCJIOpoAaa, 100aBisis
CJIOBO «2(Up»:

(CH;),CH—OG,H5 (CH;),CH—0—CH(CHj3),
M30MPOIUIBTUIIOBBII 3(Up IMA30IPONUIIOBBIN 3hup
CH;—0—CH,CH,CH,CH;
H-OyTUIIMETUIIOBBIN 3(DUp
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ITo Homenknarype MIOTTAK acdupsl paccMaTpuBalOT KakK aJlKOK-
cuankaHbl. KopeHb Ha3BaHUs orpenessieT HauboJjee JIMHHAs aTKWIb-
Has TpyImna:

CH,CH,

1,2-11MeTOKCHUATaH 3-IIPONMOKCUTEKCaH

i

CH;,
1-3TOKCU-4,4- TUMETWITIEHTaH

[Tpocteie aupbl uMeOT Ty ke reomerputo, uro u H,O. BaneHTHbII
yron C—0O—C cootserctyer 112° s CH;0CH;, uto 61mM3K0 K TeT-
DPas’IPUUECKOMY VIV M YKa3bIBACT HA Sp°-XapaKTep THOPUAN3ALIAN aTo-
Ma kucjopoga. IIpocTbie 3(pupbl OTHOCSATCSI K YKUCIY MajOopeaKIMOH-
HOCMOCOOHBIX BEIECTB 1 CTAOMJILHBI MO OTHOILIEHUIO KO MHOTUM pe-
areHtaM (MeTaJUJIOOPraHUYECKUM COCAMHEHUSIM U Op.), HO OHU
YYBCTBUTEJbHBI IO OTHOIIEHUIO K KMCIOPOAY M JIETKO 00pa3yioT
B3pbIBUATHIC THUAPOIIEPOKCHUIBI, KOTOPBIC SIBISIOTCS MPUYMHON B3PbI-
Ba MPU HEOCTOPOXKHOM OOpaIICHUM.

11.3.2. IIOJIYYEHUE ITPOCTbBIX D®UPOB

CyliecTByeT TpU OOIIMX METOAa MOJydeHUs] MPOCTHIX 3(UPOB:
MEeXXMOJIeKYJIIpHasl AeTUApaTals CIIMPTOB, aTKOKCUMEPKYpHUPOBaHUE
aJIKeHOB UM peaklus A.BuibsiMmcoHa.

11.3.2.a. MEXMOJIEKVYJISAIPHAA AETUAPATALMSA CIIMPTOB

DTOT HanboJjiee CTapblii CIIOCOO MOJIyUYEeHUsI IMPOCTHIX 3(PUPOB OMu-
caH paHee B 3Toi m1aBe. OH MPUTOAEH MU TIOJYYEHUST CUMMETPHY-
HBIX MPOCTHIX 2(PUPOB M3 HEPA3BETBACHHBIX MEPBUYHBIX CITUPTOB:

H,SO, KoHII.

BrCH,CH,0H — 3=~
(72%)

TpeTtuuHble CIMPTHI B 3TUX YCJIOBUSIX 00pa3ylOT alKeHbl B pe3yJibTaTe
BHYTPUMOJIEKYJIIPHOU aeruaparaivu. MeTon HempuroaeH sl Mojy-
YeHUsI CMELIaHHbIX 3(DUPOB, 3a UCKJIIOUEHWEM TaKOro ciiydyasi, Korjaa
ONWH CIIMPT TPETUYHBIN, a BTOPON — MNEPBUYHBINA:
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KHSO,

P

100 °C

—> (CH;);C—0—(CH,);CH; + H,0.
(68%)

MesxmonekynsipHas IeruapaTaiusl CIIMpTOB UMeeT KpaliHe OrpaHuJeH-
HOe 3HauyeHWe B IMpPaKTUKE OPraHMYecKOro CHMHTe3a. B MpombiiiieH-
HOCTU 3TUM CIIOCOOOM TTOJIy4YaloT AMAITWIOBBINA, TUOYTWIOBBIA U Ps
JIpyrux mpocteiimx 3¢upoB. ['opazgo 0ojiee BaXHBIMU OOLLMMU Me-

TOIaMM CHHTE3a MPOCTHIX 2(UPOB SBISIOTCS AIKOKCUMEPKYPUPOBa-
HHUE alKeHOB M peakivs BumbsmcoHa.

(CH;)C—OH + CH,CH,CH,CH,0H

11.3.2.6. ATIKOKCUMEPKYPUPOBAHUE AJIKEHOB

AJNKOKCHMEpPKypHUPOBaHUE aJIKEHOB IO CYIIECTBY aHAJTOTUYHO OK-
CUMEpPKYpUpoBaHMIO (IJ1. 5, 4. 1), eAMHCTBEHHOE pa3jiMuue COCTOUT B
TOM, YTO POJIb «BHEIIHEr0» HYKJICO(MPUIBHOTO areHTa BBHIMTOJHSET
CIIMPT, KOTOPBIM MCITOJIB3yeTCs B KayecTBe pacTBopuTens. s moiy-
yeHus 3¢pUpoB, coaepKallluX TPETUUHYIO WIM BTOPUUHYIO aIKUJIb-
HYIO TPYIIy B KauecTBe 3JIEKTPOGMIBHOTO areHTa, ILeJecoo0pa3Ho
HCTIONIb30BaTh TpU(MTOpaleTaT pTyTH:

1) Hg(OAc),; aTaHoM
CH;(CH,)s—CH=CH, 2

NaBH,; sranon
— CH3(CH2)5$HOCH2CH3.
CH; (92%)

[Mocnenyoliiee AeMepKypupoBaHUE OCYILIECTBIISIETCS] C TTOMOIIbIO OOp-
ruapuna Hatpusi. CyMMapHBIi pe3ybTaT COOTBETCTBYET MPUCOEINHE-
HUIO CIIMPTA IO JBOMHON CBS3M aJK€HAa B COOTBETCTBUU C IPaBUJIOM
MapKOBHUKOBA:

@ 1) (CF4COO0),Hg; (CH3)2CHOI-£
2) NaBH, -

—»Qo CH— CH3,
(98%)

1) (CF3C00),Hg; (CHy)COH_
C,H,CH=CH, 3 NeBH,

CH; (93%)
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MexaHu3M peakiMy TOJHOCTBIO aHAJIOTMYEH MEXaHU3My OKCHUMEpKY-
pUpoOBaHUS alKeHOB (L. 5, 4. 1).

11.3.2.8. CUHTE3 [MTPOCTbIX 5®HNPOB I10 A. BUJIbAMCOHY

Dra peakliMsl pacCMaTpUBalach paHee B DTOIM Ke IJIaBe:

19 @ 1
RX + ROM ——> ROR + MX.

Tak MOXHO TIOJIyyaTh KaK CUMMETPUYHBIE, TaK M HECUMMETPUUIHBIE
a¢pupbl. MexaHu3M peakiiuu U 00JIacTh €€ IIPUMEHEHUST 00CYKIaInCh
paHee. DTa cTtapas peaklyds HEOXMIAHHO oOpesia BTOPOE POXKICHHUE
Tocjie OTKPBITUS HOBOTO KJlacca MPOCTHIX 3(UPOB, TaK Ha3bIBAEMBIX
KpayH—nonuaq)MpOB*. KpayH-nonuagupaMu Ha3bIBalOT MaKpPOLIUKIIM-
yeckue Mnojau3apupsbl, coaepxalue HECKOJbKO aTOMOB KucCJopoaa B
nukie. Bece KkpayH-IoamaGUphl XapaKTepu3yloTCsl peryIsIpHO CTPYK-
TYpOH, Te Kaxable IBa aToMa KUCJIOpOoIa B LIMKJIE CBSI3aHBI MOCPEI-
CTBOM JIBYX METWJIEHOBbBIX 3BEHbEB, T.€. (POPMaIbHO KpayH-TOJU3pu-
pPBl MOXHO paccMaTpuBaTh KaK TMPOAYKTHI IUKJIOOJIUTOMEPU3AIIUU
OKMCHU 3TWieHa. B Ha3BaHMSIX KpayH-noau3(dupoB nepsast uudpa yka-
3bIBaeT Ha pa3Mep LMKJa, a BTopas ONpeesisieT YMCIO aTOMOB KUC-

JIOpOIa B LIMKJIC.
(0 0

S N R

O O o) 0 [ j

o O G JL
— o_° o/ K/O\_/O\)
12-xpayH-4  15-kpayH-5 18-kpayH-6 24-xpayH-8

IepBolif KpayH-TIoNMAGUp TrbeH30-18-KpayH-6 ObuT TTomyueH K.Ile-
JepceHoM B 1967 T. ¢ TOMOIIBIO peakiuy BuibsMcoHa MeXIy AWHAT-
PUEBOI COJIbIO MUpOKaTeXMHa U OMC(2-XJTOPITUIOBBIM) 3(UPOM:

+

ONa  CICH,CH,OCH,CH,Cl T oNa
0-CH,CH,~O—CH,CH,—O
—CX JQtE
0-CH,CH,~O—CH,CH,-O

" Crown (aHII.) — KOpOHa.
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Hpyrue KpayH-TonudGUpbl TakKe IMOJAy4aloT MpU KOHIEHCALMU IU-
raJIoTeHUJIOB WJIM JUCYJIb(OHATOB ¢ AMaHMOHOM auojioB. Hampumep,
npuBeneM cuHTe3 18-kpayH-6 (J1.Kpam) Kak Hambojee BaXHOTO U3
KpayH-noJn3(pupoB u 24-kpayH-8-noavuacpupa. Beixoa LMKIMUYECKUX
KpayH-TI0JIM3(UPOB OUYEHb CHUJILHO 3aBUCUT OT MPUPOJBl KaTMOHAa
OCHOBAHMUSI:

FOH ATy oY

0 0 KOH 0 0
C " ) H,0—TI® [o Oj (40-60%)
0 0
o a_/ o/
18-kpayH-6

(\OH TsO/_\O’} o/_\o/w

[0 y o) Towm [ O] (15%)
0
K/O OH TsO\) o K/O O\)
N N
24-xpayH-8

Haubonee Boicokmit BbIxoa 18-kpayH-6-T1oamadupa HabmonaeTcs mpu
WCIIOJIb30BaHUM aJIKOTOJISITOB Kajust, a s 12-kpayH-4 — ajKoroJs-
TOB JUTHSI. BBIXOOBI 000MX KpayH-TOJM3(GUPOB MagaloT MPaKTUIECKN
JIO HYJISI, €CJIM B KayeCcTBe OCHOBaHUsI OepeTcsl TMIAPOKCU TeTpaasKu-
JIJAaMMOHMSI. DTO yKa3bIBaeT Ha TO, YTO KAaTUOH UTpaeT poOJb MaTPULIbI
npu 00pa3oBaHUM LIMKJIA, COAEPXKAIIEro OINpeaeIeHHOe YHUCIO aTOMOB
Kuciaopoaa. Pazmep 1ukiIa omnpeaensieTcsi KOOpAMHALIMOHHBIM UYKUCIOM
KaTHOHA IiejoyHoro meramia. KoopamHaumonHoe uuciao K* mo
OTHOILLIEHUIO K KHUCJIOPOACOAECPKAILMM JIMTAHIAM PaBHO 1IECTH, IMO3TO-
My KaTMOH Kajiisg Hanbosee 3¢h@eKTUBEH MpY TMojydeHun 18-kpayH-6-
noausdupa C LIECTbIO aTOMaMy KUCJIOpOJa B LIMKJE. AHAJOTMYHO
KATUOH JIMTUSI C KOOPAWHAIIMOHHBIM UYMCJIOM YeThIpE CITOCOOCTBYET
3aMbIKaHUIO 1IMKJA, COAEPXKAIIEro CTOJIbKO XK€ aTOMOB KHCJIOpOJa:

OTs
§OH TO™y oo § 80%0 59N
O N)CHOOK OOy O o0y e

0 0" TID | ' 0
(_OH TsO0._/ Lo/ Lo/

BnausHue katnoHa Ha pazMep oOpasylollero LMKJa MOJyYuWio Ha3Ba-
HUE MaTPUYHOrO, WU <«TeMILIaTHOro», addekTa.
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KpayH-nonuagupsl 00pa3yioT cTaOMIbHBIE KOMIIIEKCH C KaTHO-
HaMU HEMepeXOJHbIX U MepPeXOAHbIX MeTalaoB. CTaOUIBHOCTb 3TUX
KOMIIJIEKCOB 3aBHUCHUT OT COOTBETCTBMSI JAMAMETpa KAaTUOHA pa3Mepy
MOJIOCTU KOJIblIa, a TakXXe OT KOOPAMHAIMOHHOIO YMcja KaTMOHa
MeTaa. Katron nutust ¢ auamerpom noHa 1,20 A o6pasyeT cTabuib-
HBI KOMILIEKC ¢ 12-KpayH-4-nmoamna¢pupoM C IMaMETPOM II0JIOCTU
kombla 1,2—1,5 A; xatuon Hatpus (d=1,9 A) maetr Haubonee cra-
OWJIBHBINA KoMIUIeKC ¢ 15-kpayH-5 (d=1,7—2,2 A), KaTMoH Kanus
(d=2,66 A) — c 18-kpayH-6 (d=2,6—3,2 A). Katuon wnesus c
d=3,38 A o6pasyeT mpouHbIil KOMILIEKC C 24-KpayH-8-Monu3hupoM
C IMaMeTpoM TOJIOCTH Kojbla nopsinka 4 A. KoMruiekcoobpazoBaHue
KpayH-NoJu3(UpPOB, UX CEPHUCTBIX WM A30THBIX AHAJOIOB, a TaKXe
TMOUIIUKIINYECKNAX KpayH-COSAMHEHNIT — TaK Ha3bIBaeMbIX KPUIITAH-
JOB — C KaTMOHAMHU METAaJIJIOB COCTABJISIET MHTEPECHBI CaMOCTOSI-
TeJbHBIN pasies COBPEeMEHHON aHAJUTUYECKON XUMUM:

O O
N O O N  kpunrann|[2,2,2]
CAp

O O

_/

11.3.3. CBOMCTBA ITPOCTBLIX D®HUPOB

B XxuMuuyeckoM OTHOILLIEHUM MPOCThbie (PUPHI XapaKTePU3YIOTCS
BBICOKOII MHEPTHOCTBLIO IO OTHOLIEHHWIO KO MHOIMM peareHTam,
0COOEHHO OCHOBHOI TIpupoabl. OHM He pPaCIICIUISTIOTCS METajjio-
OpPraHMYEeCKUMU COEIWHEHUSIMU, TUAPUIAMA W aMHUAAMU IIeI0Y-
HBIX METAJUIOB, a TaKXe KOMILJIEKCHBIMM TUIpHaaMu Oopa U allo-
muHud. IIpocThie 3¢huUpbl NpakKTUYECKM HE3aMEHUMBI B KauyeCTBE
pacTBoOpuUTeNei TPpU MOJAYYeHUM MarHUHAOPTaHUYECKUX U psiga ApYy-
IMX MeTaJUIOOpraHMYecKuX coeamHeHuii (ti. 19, 4. 3), a Takxke s
peak i BOCCTAHOBJIEHUS AJIOMOTMIPUIOM JIMTUS U €r0 IPOU3-
BoaHbIMU. CoOJbBaTUpPYIOLIAs CIIOCOOHOCTh 3(UPOB KaK pPacTBOPU-
TeJIei OCHOBaHA Ha MX CBOMCTBAX XeCTKMX ocHoBaHul JIbonca. Ta-
KMe XEeCTKME OCHOBaHUS, KaK AUATWIOBBINA 3(up, TeTparuapody-
paH, IMMETOKCUATAaH, AUMETUIOBBIN 3DUP IUITUICHTIUKONIS,
JMOKCaH W Apyrue, odopasyloT MPOYHbIe KOMILIEKChl ¢ peakKTUBaMu
I'punabsgpa RMgX, nutuitopraHM4eCKMMHU COEIMHEHUSIMU, COAEP-
KalIUMHU XKECTKME KUCIOThI, — KAaTMOHBI MarHUSI WIW JTIUTUS. Dbu-
pBl 00pa3yloT OYEHb IMPOYHBIE KOMIUIEKCHI C XKECTKMMM KHUCJIOTa-
mu Jlpronca — BF}, AlBl‘3, A1R3, SbCls, SbFs, an14, ZnC12 n
T.0. coctaBa 1:1 mnu 1:2:
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® S

CH,CH,
CH;0CH,CH,0CH; + ZnCl, —> CH,0® (?CH}
20
a’ a

Kak ocHoBaHus Jlptorca mpocTble 3(pupbl 00pa3yloT KOMILUIEKCHI C
raJloreHaM¥, B KOTOPBIX 3(HpP UTPaeT pojb JOHOpPA, a TaJloTeH — aK-
enTopa. PacTtBop itoma B adupe oKpallleH B KOPUYHEBBIA IIBET B
OTINYHMEe OT (PMOJETOBOM OKpacKM Homa B pacTBOpe B allKaHax

8- 5+ R

I—I ... O\ . CaBur MakcuMyMma TOIJIOIICHMS TIPU KOMILIeKCooOpa-
R

30BaHUM TIO3BOJISIET OLEHUTH MPOYHOCTH KoMruiekca. Kpome toro, B

yIBTPa(prOIETOBOI 00JIACTU TTOSBISIETCS HOBasl M0JIOCA TTOMIOLIECHUSI,

Ha3blBaeMas TOJIOCOM TepeHoca 3apsiaa. Takue KOMIUIEKChI MOJIYyYMIIA

HazBaHUe komniaexcos ¢ neperocom 3apsoa (KI13). Doupsl oOpasyror

COJIM TPUATKWIOKCOHUSI MPU B3aMMOJEUCTBUU C OYEHb CUJIbHBIMU aJl-

KUJUPYIOLIMMU areHTaMu:

SbFs | R
R0 + RIF > LSO ®SbFy.

MeToabl MoJydyeHUsT COJieli TPUATKUIOKCOHUSI ObUIM pa3paboTaHbl
I''Meepseitnom B 1937—1940 rr. TpustuiiokcoHnitbopdTOopua Jerko
MoJjlyyaeTcsl mpu B3aMMOJEUCTBUM 3(upara TpexTopucToro dopa c
SNUXJOPTUAPUHOM B abCOIOTHOM 3upe:

a¢up; 36 °C ® o

(90%) CH,0C,Hs

B Hacrosiee BpemMs COMM TPUANTKUIOKCOHUS TOJYyJalOT TIPU B3au-
MOJEHCTBUM MPOCTHIX 3(GUPOB C adKuATpudIaTaMyud WINW aJlKUJI-
(ropcynbdoHatamu. KaTMoH TpUAIKUIOKCOHUS — CUJIbHEHILIMWIA aji-
KWIMPYIOIIMI areHT MOYTU JJs JIIoOoro, gaxke cjiaboro HykJeo-
(punbHOrO areHTa:
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® ©
CHCl,

R,0 + FSO;R—> R,0080,F°
® o @ e)
RC=N: + (GH3);0 BF; Gy RCEN—GHSBE,
® 0O
ROH + (C,Hy),0BF, —> ROC,H,

® O @ ©

1 2 2

R R CEC) R
— _— —C=
(lj, = C\R3 1 \R3
M OC,H;s

Ha cnoco6HocTy mpocThix 2¢bUpOB AaBaTh COJIM OKCOHMSI OCHOBAHBI
CITOCOOBbI pacIlEIJICHUsI MPOCThIX 2(UPOB MOI IEHCTBUEM OPOMUCTO-
BOJIOPOJHOM WJIM MOIMCTOBOJOPOJHON KMCJIOTHI, a TakxKe Tpurajaore-
HUIOB Oopa.

11.3.3.a. KUCIIOTHOE PACIUEITJIEHUE IMMPOCTLIX 5O POB

ITpocTeie apuphl pacuiemisitorest mpu HarpeBaHuu 10 120—150 °C
¢ KOHIIeHTpUpoBaHHBIMU (48%) BomHBIMU pacTtBopamMu HBr mmm HI.
Dra peakums 6buta oTtkpbiTa B 1861 1. A.M.BymiiepoBbiM Ha mipuMepe
pacIIeTUIeHUsT 2-3TOKCUTIPOITAHOBOM KUCJIOTHI T10f, aeiictBreM 48%-it
MOIMCTOBOIOPOIHOM KUCIOThI. B CTOJb XK€ XeCTKMX YCJIIOBUSIX pac-
LLIEIJISIIOTCS IIpOoCcThie 3¢Upbl (PeHOJI0B, HAIlpUMeEp:

140 °C
CH3—|CH—COOH + HI ——> CH;CH,I + CH3—|CH—COOH,

OC,H; OH

150 °C

C6H50CH3 + HBr ———> C()HSOH + CH3B1‘.
OpHako 3¢uphl, coAepxKallue TPETUUYHYIO aJKWJIbHYIO IPYIINy, pac-
HICTUIAOTCA OYEHb JIETKO:

H,0; 10 °C
C¢H,,0C(CH3); + HBr —2—=——> C¢H;;OH + (CH;);C—Br.
Kucnornoe PaCICIICHNE TTPOCTBIX 3(1)I/Ip0B CJIEAYET pacCMaTpu-

BaThb KaK TUMWYHBINA cllydall peaklMM HYKJIeOo(UIbHOTO 3aMelleHuUs
Yy HachIlIEHHOro aroMa yrjiepoja. B 3aBucuMocTy OT mpHUpOAbl ajl-
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KUJIbHBIX TPYIIN, CBA3AHHBIX C KUCIOPOAOM, peaiusyercs: Spy2- win
Syl-mexanusm. Ecnu adbup conepXuT nepBUYHbBIE WU BTOPUYHBIE ajl-
KUJIbHbIC TPYMIIbI, PEAIU3YeTCsl Sy2-MEXaHU3M, B KOTOPOM OpOMUA-
WK Hoaua-uoH aTakyeT IMPOTOHMPOBAHHYIO ¢opMy 3(dupa Mo MeHee
3aMeIeHHOMY aTOMY yIJIepoja:

e @ Sr2
I + Rl—(l)—Rz =N R!T + R¥OH.
H

B tom cnyyae, xorma adup cOAepXKUT MEPBUYHYIO W BTOPUYHYIO ajl-
KWIbHBIE TPYIIIbI, pacllelIeHMe OTIMYAeTCs BBICOKOM permocesek-
TUBHOCTBIO M, KaK IPaBUJIO, 00Opa3yeTcsi TOJNLKO OOWH M3 JIBYX BO3-
MOXHBIX CHUPTOB (BTOPUYHbBIIN) U TOJHKO MEPBUYHbBIN ajJKuaraaore-
HUA. XJIOpUI- U (PTOPpHUI-MOHBI B BOAE CUJIBHO COJIbBAaTMPOBAHBI 32 CUET
BOJIOPOIHBIX CBsI3Ei 1 00J1a1aI0T HU3KOM HYKJICO(PUITBHOCTBIO, TIO3TOMY
COJITHAsT M OCOOEHHO IJIaBUKOBAasl KMCJOTHI HE NPUTOIHBI IS
KHUCJIOTHOTO PaclUETUIEHUsI MPOCTBIX 3(UPOB MO Sy2-MEXaHU3MY.

IIpoctrie 3¢gupnl, comepXxaline TPETUYHYIO aJKWJIbHYIO, OeH-
3WIBHYIO WM aJUIWJIBHYIO TPYMIly, pearupyror no Syl-MexaHusmy
¢ oOpa3oBaHMeM KapOOKaTHMOHA B KayeCTBE ITPOMEXKYTOUHOM dYac-
TULBI. DTU peakKlMU UAYT B OUYeHb MITKUX YCJIOBUSIX, a B Ka4eCTBE
kuciaoTHoro areHta smecto HI m HBr MoxHo mcmonn3oBaTh
TPUPTOPYKCYCHYIO KHUCIOTY:

CF;COOH; 0 °C
<:>—0(:(CH3)3 : > <:>—0H + (CH5),C=CH,.
(90%)

Pacuiennenue 3¢upoB ¢ MEepBUYHBIMU M BTOPUUYHBIMU aJKWUJIbHBIMU
rpynmnamu ¢ nomouibto HI u HBr ocyiiecTBisiercss B oueHb KeCTKUX
yCclIoBUsIX. B mpemapaTMBHOM OTHOILIEHMHU Topa3fgo 0osee ymoOHBIMU
peareHTamMu 111 910 Lenu saBstorcsa BCly; wm BBr;. B stom ciayvae
paciieruieHde uaeT yxe npu —20 °C. DTo HeoOX0AMMO TpY HAJTUUUU
JIpyrux (byHKUMOHAIbHBIX TPYIN WM TOTAa, KOrjJa BO3MOXHA M30Me-
pu3alus yriaepoaHoro ckesjera:

1) BCl;; -10 °C;
CHCl,
NaOH; H,0

CH;CH,CH,0C¢Hj; 2 C¢HsOH + CH;CH,CH,CI,
(75%)
1) BBrj; nenran; 0—20 °C‘
2) NaOH; H,0 B}
— > CH;(CH,);Br + CH;(CH,),CH,0H.
(77%)
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11.3.3.6. PAIUKAJIBHBIE PEAKLIMU TTPOCTLIX 5®U1POB

IMomo6HO ankaHaMm, IMPOCThIe 3(UPHI BCTYNAIOT B PEAKILIMIO Pamu-
KaJIbHOTO TaJIOTeHWPOBAHUS, OMHAKO TaJIOTCHUpOBaHUE 3(HUPOB OTIH-
YaeTcsl BBICOKON PETMOCEIIEKTUBHOCTBIO M OCYIIECTBIISIETCS B 0-T10-
JIOXXEHME 110 OTHOLUCHMUIO K aToMy Kucjopoma. CTojib BBICOKas pe-
TUOCEJIEKTUBHOCTD TaJJOTeHUPOBAHUS OOBSICHSICTCS OTHOCUTEIBHOM

crabunbHocThio pamukana CH;—CH—O—R | rge necnapenublit

BJIEKTPOH Ha 2p-0pOuTaly IMepeKpblBaeTcsl C HEeMNojeJIeHHON Iapoit
2p-2leKTPOHOB aTOMa KUCJIOpoJa.

hv,
CH,CH,0CH,CH; + C12M> CH3(|JH—O—CH2CH3 + HCI,
Cl
hv;
-20 °C
CH3(|JH—O—CH2CH3 + C12—>CH3—|CH—O—(|3H—CH3 + HCI.
Cl Cl Cl

ATOM rajioreHa B o-raJloreH3aMelIeHHbIX 2(hUpax Jerko 3aMellaeTcst
o JIeMCTBUMEM pa3sHOOOpa3HbIX HYKIeO(PUIbHBIX areHToB. CKOpOCTb
peakiliuyi C o-TajoreH3aMelleHHbIMU 3(pupaMu B 103-10° pa3 BBIIIE
M0 CPaBHEHUIO C COOTBETCTBYIOLIMMU AJTKUJITaJOTEHUIAMU:

CH;0CH,CI + KCN M CH;O0CH,CN + KClL
ITpoctbie 3(pupbl MPOSIBISIOT MOBBILIEHHYIO CKIOHHOCTb K ayTOOKMC-
JIEHUIO B MPUCYTCTBUM KHCJIOpPOAA C 0Opa3oBaHUEM T'MIPOMNEPEeKUCEd.
OTa peakiysi, HECOMHEHHO, MPOTEKAET MO LIEMHOMY paaiuKalbHOMY
MeXaHM3MYy. AYTOOKMCJIEHHe HAYMHAETCs ¢ 00pa30BaHUs paaukaia npo-
croro adupa, 3PMOEKTUBHBIM KaTaanu3aTOPOM ayTOOKUCIEHUSI MOXET
OBITb JIIOOOI UCTOUHUK CBOOOJHBIX PAIUKAIOB. AyTOOKHCIEHUE 3(DUPOB
MpeacTaBasgeT OOJbIIYI0O MOTEHIMATbHYIO OMACHOCTh IpU padoTe C
adupaMM B KauyecTBE paCTBOPUTENEN, MOCKOJbKY THAPOIEPOKCUIbI,
HaKaruIMBalollMecsl B OCTaTKe MpU MEeperoHke, MOryT NEeTOHUPOBATH
npu ciaboM Ieperpese.
3apoxcoenue yenu:

X+ + RCHy~OCH,R—> RCH—OCH,R.
Pazeumue yenu:
RCH—OCH,R + 0—0 —> R(liH—OCHzR,

0—0-
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0—0-.

——> RCH—OCH,R + RCH-OCH,R u T.1.
O—OH

[MosToMy TMAPONEPOKCHUIBI AOKHBI OBbITh TILATEIbHO YOAJICHBI U3
J1000ro Mmpocroro adupa [0 MEPErOHKU C MOMOIIbI BOCCTAHOBUTE-
neit — coneii xene3a (II) wim onosa (II).

11.3.4. OKCHUPAHBI (BITIOKCHbI)

OxkcupaHamu (CTapoe Ha3BaHHUE BIIOKCHMIbI) Ha3bIBAlOT TpPEX-
YJIeHHbIE LUKINYECKUEe COCAMHEHHUS, COlepXKalle OIUH aTOM KUC-
Jopoaa B uukie. OKCUpaHbl OTHOCSTCS K YMCIY COEAMHEHUI, 00-
JJalalol X BbICOKOW PEaKIIMOHHOW CIMOCOOHOCTHIO, KOTOpas Mpo-
SIBJISIETCSI B peakLUsIX PacKpPbITUSI TPEXUJEHHOro ILMKJa TOJI
JNeCTBUEM CaMbIX pa3HOOOPa3HbIX HYKJIE€O(MUIbHBIX PeareHToB. DTU
CBOICTBA OKCHPAHOB PE3KO OTIMYAIOT MX OT APYTUX IUKIMIECKUX
MPOCTHIX 2(UPOB, TaKUX, KaK TeTparuapodypaH WM TeTparuapo-
MUpaH, CTaOMUJIbHBIX MO OTHOIICHUIO K OOJBIIMHCTBY HYKIEODUIb-
HBIX areHTOB.

11.3.4.a. [IOJIVHEHUE OKCHMPAHOB

W3 n1Byx o0LIMX METOJOB CMHTE3a 3MOKCUIOB OJUH YK€ ObLI IpU-
BeJeH B IJ1. 5 (4. 1). ANKEeHbI OKUCJSIIOTCS TIEPKUCIOTaMU B HETIOJSIP-
HOI1 cpeme ¢ oOpa3oBaHWEM 3TMOKCUAOB. MeXaHM3M M O0JacTh TPH-
MEHEHUS 3TOM peakLUru MoApoOHO pacCMOTPEHHI B Tj1aBe 5. 31ech Oy-
IyT OpUBEIEHBI TOJBKO ABa mpumepa. Jpyroil obummii crocod
MOJYyYEeHUSI SMOKCUIOB 3aKJIYAEeTCS B JEeTUAPOraJiore HUPOBAHUU
raJIOTeHTUAPUHOB TI0J JIeiCTBUEM OCHOBAHUSI:

CH H CICH,CH,Cl
3\C:C/ + @CO}H #}
/ AN
H COOC,H;
CH, H
. Se—¢” (70 %)

/ AN
H \o/ COOC,H;
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CGHG; 25 °C
CH,(CH,);CH=CH, + COH 40—

Cl
—> CH;4(CH,);CH—CH, (81%)
3 2J5 Ny / 2 o

CH,CI
@+ COH —> (}o (78%)

cl
OH o®
R NG A
- —C= /c—c< — /C—
X Qx >

B cymHocTH, 3TOT Tpolecc MpeacTaBiaseT co00il BHYTpUMOJIe-
KYJSIpHBIN CUHTe3 3(pUpoB Mo BUIbIMCOHY, rae ajaKoroisaT-UOH
HUTpaeT pojib HyKJIeO(UIBHOIO areHTa, a TajJloreH — YXOZsIlelt rpyI-
mbl. MicXomHble TaJOTeHTUAPUHBI MMOJYYalOT MPU B3aMMOIEHCTBUU
N-OpomcykuuHuMuga uiu N-XJTOPCYKLUMHMMMUIA C ajlKeHaAaMHU B
ouHapHoii cucteme JIMCO — Boma WIM JIPYroro OpraHUYECKOro
pactBoputessa ¢ Bogoil. CTtepeoxummuyeckue TpeboBaHUsI, Hajlarae-
MbIe Ha TIpeBpallleHre TaJOTeHTUAPUHA B AMOKCHUI, JErKOo IMpociie-
IUTh Ha TIpUMEpPE peakUUU yuc- U mpauc-2-XI0pIUUKIOTeKCaHOOB
C OCHOBaHUSAMU. DIOKCHUI TOJIy4aeTcsl TONbKO U3 mpaHc-u30Mepa.
st TOro 4ToObBl B COOTBETCTBUM CO CTEPEOXMMUYECKUMU TpPebo-
BaHUSIMU 17 Sy2-MexaHu3Ma MpPou3ola aTaka ¢ ThlIa, HEOOXO-
IUMa awmuy-IuakcualibHasi TeOMeTpUsl XJOpPruapuHa, a el obja-
JaeT TOJbKO MpaHc-u3oMep:

NaOH
H H20
Si2 O
—_

(73%)
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lajoreHrMIpUHHBIN METOJ, CO3IaHUS OKCHPAHOBOIO ILIMKJIA ObLT MC-
MOJIL30BAaH IS MOJIyYeHUsI UCKIIIOUUTENIbHO CBOEOOPAa3HOIrO COeIMHEe-
HUS — cuH-OCH30JITPUOKCHUAA, XapaKTEPU3YIOLIErocsl JOBOJILHO BhI-
COKOI CTaOMIIBHOCTHIO:

HO OH
H H O,
KMnO, H H KOH o
. s —5 ° e S CH OH
B Br H,0, 0—5 °C Bf Br 3
0] o) O

ITpocTteitiinit 1 Hanbojiee BaXHBIE M3 OKCUPAHOB — OKUChH 3TUJIE-
Ha — TIOJIy4aeTcsl B MPOMBILIJIEHHOCTU KaTaJUTUUYECKUM OKUCJIEHUEM
STUJIEHA:

Ag/A12O3

CH=CH, + 0, 5507330 °C

CH,—CH 75%).
Lo (%)

11.3.4.6. CBOMCTBA OKCUPAHOB

B oTnnune OT OOBIYHBIX MPOCTHIX (PUPOB IJIsI OKCUPAHOB Xa-
pakTepHBI peakUMU pacllelJIeHUs HaTpsSIKeHHOTO TPEXWICHHOTO
UKJIa TOM AeiiCTBUEM CcaMbIX Pa3HOOOPa3HBIX HYKICOMUIbHBIX
areHTOB: THUIAPOKCHUI- U aJTKOKCUI-MOHOB, aMWHOB, PEaKTHBOB
I'puHbspa, ruapua-uoHa, TUAJKUIKYNpaToB U aAp. PackpwiTue
TPEXWIEHHOTO IIUKJIA MO NeHCTBUEM 3TUX HYKIeO(MMIbHBIX areH-
TOB MPOUCXOOUT MO Sy2-MEXaHU3MY CTPOTO cTepeocneludUuyHo ¢
oOpailleHMeM KOH@uUrypauuu. DT0 MOXHO MPOUJLIIOCTPUPOBAThL Ha
MpUMepe PaCKPBITUS OKCHUPAHOBOTO KOJbIIA IUKJIOTeKCEHOKCHUIA
MoJ IefcTBUEM THUAPOKCUI-MOHA ¢ OOpa3soBaHUEM MCKIIOUMTEb-
HO mpanc-u3oMepa 2-oKcHunKiaorekcanona. CTtepeoxuMnIecKre oT-
HOIIIEHUS B PSAAY MpeBpallleHUil aJlkeH — 3MoKCcua — 1,2-11oJ pu-
BeleHHbI B II. 5 (4. 1).

R T AT
e
M HO H HO H
H,O
AP LR HO_
OH

H H OH
(70%; »HaHTHOMEDDI)
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HanpasieHue packpbITHs OKCMPAHOBOTO IIMKJIA MOJHOCTbIO COOTBET-
CTBYEeT TPeOOBAHMSIM, XapaKTEPHBIM IJisI IPOILIECCOB OMMOJIEKYISIP-
HOro HykJjeo(uibHOTo 3amelleHus. [Ipu HaauuuM B OKCUPAaHOBOM
LIMKJIe JIKUJIBbHOTO WM apUJIbHOTO 3aMEeCTUTENs aTaka HyKJIeoduib-
HOTo areHTa HampaBsSIeTcsl MPEeUMYILIECTBEHHO IO He3aMEeIIeHHOMY,
TIPOCTPAHCTBEHHO 0oJiee MOCTYITHOMY aToMy YIJjepoja:

Q

LT e®
\
CH—CH—CH—cH, SCONa_ oy CpCH—ch,——
| CH,CH,0OH |
CH, OCH,CH;
g
— > CH,CH(OH)CHCH,
OCH,CH,
0] [SXC)
X H CH,0Na
—

C6H5—(|ZH—CH2OCH3 (85%)
OH

MexaHu3M TUAPOJM3a U aJKOroJM3a OKCUPAHOB MOXET IOJI-
HOCTBIO M3MEHUTHCS TIPU TPOBEAEHUM pEeaKLMU B KHUCJIOU cpele
WIA B NPUCYTCTBUM 3JEKTPpO(PUIBHOro KataauzaTtopa. B ObICTpoii
1 o0paTUMOIl MepBOM CTaAUU IIPOMCXOIUT IPOTOHUPOBAHUE OK-
cUpaHa IOo aToMy KUCJI0opoAa ¢ oOpa3oBaHUEM OKCOHUEBOTO Ka-
TuoHa. Bo BTOpOIi, MeaJleHHOM, CTaAuu MPOTOHUPOBaHHas Gop-
Ma MmojaBepraeTcs HyKJeodUIbHON aTake BOAOH, CIUPTOM WU Ta-
JIoreHUA-uoHOM. [IpoTOHMpPOBaAaHUE OKCHUpaHa PEe3KO YCKOpPSEeT
pPacKpbITUE KOJIbLA MPU B3aUMOIECHCTBUU C HYKIEOMUIbHBIM areH-
TOM MO Sy2-MeXaHU3MY:

ch, m CHOH

CH,—CH, + H® == CH CI’—?LHO CH,CH,—X
- _ _
N ) o, 2

!

H
B 3aBuCcHMMOCTH OT CTPOEHHUSI OKCMpPaHa MEXAHM3M PACLIETITIEHUS] TPEX-
YJIEHHOTO LIMKJIa MOXET U3MEeHSIThes OT Sy2 1o Syl. Ecnu B pesynbra-
TE PACKPBITUS LIMKJIA 00pa3yeTcsi OTHOCUTENBHO YCTOWYMBBIA TPETUY-
HBIIl KapOOKATHMOH, KaTaJIU3UPYEMbIN KHMCIOTON COJIBBOJIM3 OKCUPAaHA
MPOTEKaeT Mo Syl-MexaHU3My:
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R
H Oblct PO AN MeUIEHHO
—

Hamnpagnenue packpbiTusi okcupaHa Ipu Syl-mMexaHu3Me MOJTHOCTBIO
MPOTUBOIIOJIOXXHO TOMY, KOTOpOe HaOIIofaeTcs Mmpu Sy2-MexaHu3Me.
Ecnu peanusyercst Syl-mexanusm, HykieobuIbHasl aTaka HarpaBisi-
eTcs 1o HauboJiee 3aMellleHHOMY aToMy yriiepoaa. I[1pu KOHKYpeHLIUn
S\2- u Syl-MexaHU3MOB PacKpbITHE IUKJIA HE OTIIMYAETCS BBICOKON
pPEeTMOCENIeKTUBHOCTbIO M TPUBOAUT K OOpPa3oBaHMUIO CMECHU ABYX
M30MEPHBIX MPOAYKTOB COJbBOJIMTUYECKOIO PaCILEIICHUsT OKCHpaHa.

BzauMopeiicTBue OKCHpPaHOB C MarHUMOPraHMYEeCKMMU COEdU-
HEHUSIMU CIIeIyeT paccMaTpuBaTh KaK OMMOJIEKYISIpHOE HYKJIeO-
(unpHOE 3aMellleHre y HACBIIIEHHOTro aToMa yrjiepoaa OKCHpaHa
MoJ AeliCTBMEM KapOaHHMOHA METaJJIOPraHUYEeCKOro COeAMHEHMS.
PackpbiTHIO LIMKIIA CIIOCOOCTBYET O0Opa3zoBaHUE KOOPAMHALIMOHHO-
ro JOHOPHO-AaKIUENTOPHOTO KOMIUIEKCAa MEXAY aTOMaMH KMCJIOPO-
Ja U MarHusi, KOTOpO€ MOXHO pacCMaTpuBaThb KaK B3JIEKTPO(PUIIb-
HBII KaTajlu3 B peakUMu HYKJICOMDUIbHOIO 3aMeIIeHUS:

R! RY
>C—CH2 + R2MgBr 2P, /CH—CH2R2 —
H g BrMgO
H)O 1 2
R!CH—CH,R>.
NH,CI | 2
OH

Kaxk CJICAYET M3 NPUBCACHHOIO YpaBHCHUA, INPOAYKTAMU 9TOU peak-
IHUN ABJIAIOTCA CIIMPTHI. OKCI/IpaHOBblﬁ IWKJT pa3MBbIKA€TCA TAaKXKE 1O/
JIEVICTBUEM JUAJIKWIIKYIIPAaTOB, MPUYEM 3aMCIICHNEC IMPOUCXOAUT IIPpHN
HauMME€HEC 3aMCIICHHOM aToOME yriepoaa:

1) (CH3),CulLi; sa¢up

CH,(CH,),CH—CH » CH,(CH,),CH-CH,CH..
3(CH,); o (EHSG ,CH;

0o OH

(98%)
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BoccraHoBieHEe OKCUPAHOB € IMOMOIIBIO aTFOMOTMAPUIA JIUTHS,
KaK U CJIeJ0BaJI0O OXUIAATh s Sy2-MeXaHU3Ma, NMPUBOAUT K PACKPbI-
TUIO LIMKJIA TPY HauMMeHee 3aMelleHHOM aToMe yriiepoaa ¢ oopaso-
BaHMEM HauboJiee 3aMelICHHOIO CIUpPTA:

1) LiAlH,; TT®; 0 °C Q (83%)
CH, 2 HO CH;

’

O OH
CH; o H 1) LIAID,; -0 °C HO M
AN ) 4 9up; 0 °C CHj--C—C~= CH; (74%)
N 2 H0;0°C \
CH,CH, CH, CH,CH; D

Haumenee 3aMElIECHHBIN CIIMPT II0JYy4Ya€TCd IIpHU BOCCTAHOBJIICHUUN
HECUMMETPUYHBIX OKCHPAHOB I[I/I60paHOM:

CH; o0 H
/N :
2 D BHs obMp_ - py,) CH—CH—CH,,
2) H,0 |
CH; CH; OH

OKCHpaHOBBI TIMKJT pacCIIeIUIgeTcs TakKe MPU TTOMOIIM KaTaJTuTH-
yeckoro rugporeHonnsa. Hamboisiee 3@OEKTUBHBIM KaTaJau3aTOPOM
TUAPOTeHOIM3a B HEWUTpaJIbHOW cpefe sIBJsIeTCs MNaulaiuii Ha yrie,
MPY THIPOTEHONM3E B 3TUX YCIOBUSX TTOJIyJaeTCsT HanboJee 3aMelleH-
HBI cniupT. OQHAKO TIPU THAPOTEHOJM3E B HEUTPaIbHOU cpelc B
NpUCYTCTBUM HUKeNs1 PeHest kak Katajau3aTopa IpeobagacT HauMeHee
3aMELLIEHHBIN CITUPT:

CHy—CH(CH,);COOC,Hs + Hy ———>

PA/C  CHCH—(CH,)COOCH;,

aTaHoI; 1 atM
OH (80 %)

Takum oOpa3oMm, KaTalUTUYECKUN TUAPOTEHOJM3 OKCHUPAHOB HE OT-
JinyaeTcsl TpeOyeMOoi permoceseKTUBHOCTbIO:

Ni N
150°C. 70 ane HO(CH2)CH (85 %).

H, + CH,—CH—(CH H
2 C\i) /C (CH,);CH3;

OKcupaHbl UHOT/IA MPUMEHSIOTCS B OPUTMHATBHOM CIIOCO0E TIpe-
BpAILlEHUsT OJHOTO T€OMETPUYECKOrO M30Mepa ajlkeHa B APYroi cTe-
peoMep. DTO B3auMmoripeBpalleHue FE- U Z-U30MepoB aJIkEHOB OCHO-
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BaHO Ha peaklUy Ne30KCUTeHUPOBAHMS (OTUIEIJICHUSI KUCI0pOIa)
OKCHUPAHOB B aJKEeHbI MOJ ACHCTBUEM TPETUUHBIX (hochUHOB, HAMPU-
Mep TpudeHundochurHa. OKCHpaHOBBIN LMK PACKPBIBACTCSI B PE3YJib-
Tate HykjaeoduabHOW aTtaku TpudeHuapochuHoM ¢ odOpazoBaHUEM
OetanHa. [1pu BpaleHUU BOKPYT MPOCTOU YIaepon-yIrjepoaHON CBSI-
34 B OeTauHe U IOCJEAYIOLIEeM CUH-DIMMUHUPOBAHUM TpUudeHuagpoc-
(uHOKCcuaa obpasyercsl ajJkeH, KOHGUIypalus KOTOPOro IMpPOTUBO-
MOJIOXXHa KOH(MUTypalMu HMCXOIHOTO OKCHpaHa:

Rl o . R4 Rl ) O@

VAW (CeHs)3P

Cc—C
2/ N ; S\2
R R

/ BpalleHne
Rz,ﬁ:@ C;R4 p—>
3

R
(CgHs);P®
" R 2MMHHUPOBAHUE S
R2/C Cc=C + (C¢Hs);P=0.
| \ O 2/ \ 4

PCHy), © R R

R

McxonmHblil OKCHUpaH TOJIy4aeTcsl MPU CTePeoCelIMPUIecKOM 3ITOK-
CUIMPOBAaHMM aJIKeHa C TMOMOIIbI0 MepkKuciaoT. [loaToMy mpuBeneH-
Hasl HIKE TOCIeq0BaTe/IbHOCTh MPEeBPAILEHUN 1aeT B UTOre U3MEHe-
HUE KOH(pUrypauuu ajakeHa:

R! R R' o0 R
e ¢ wmCICHCOH . /\/
/CZC\ > /C—C\ —
3
R2 R R2 R’
R' R
C.H.).P; ¢ /
2/ \ 4
R R

IIpocreitiimii U3 OKCMpaHOB — OKKCh 3TWJIEHA — IIMPOKO MC-
MOJB3YETCS B MPOMBIIUIEHHOCTU IS TOJYYEHUS STUJICHTJIUKOIISA,
TUATUIEHTJIMKONS, TPUITWICHIJUKOISI, UX MOHO- U AWAIKUIIOBBIX
3(UPOB. DTUIICHIIMKOJb MOJYYaeTCs MPU KUCIOTHO-KATaATU3UPYEMOM
TUAPOJIN3E OKMCU ITUJIEHA:

/\ 1%-51 H,S0,
CH,~CH, + HOH ——————> HOCH,CH,0H.
H,0; 70 °C

(90%)
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AHAJIOTUYHO M3 OKMCHU 3TWIEHA W STUICHIVIMKOJIS IIOJIydaeTcsl Au-
STUJIEHIVIMKOJb, a U3 OKUCU OTWJIEHA U JUSTWICHIJIUKOJISI — TpU-
STUJICHIJIMKOJIb:
/O\ @
H
CH,—CH, + HOCH,CH,0OH —> HOCH,CH,—0—CH,CH,0H.

I[Monumepusaumsg OKMCH 3TUJIEHA B TIPUCYTCTBUU CHJIBHOIO OCHOBa-
HUSI MPUBOAUT K OOpa30BAHMIO ITOJMATUJICHIJIUKOJICH C MOJISIPHOI
MAacCOi OT HECKOJIbKMX COTEH J0 CTa ThICSY B 3aBUCUMOCTH OT YCJIO-
BUI TOJIMMEPU3ALINU:

HO® + CH,—CH, —> HOCH,CH,0° —>
N

]
m’ HOCH2CH2—O—CH2CH2O —>

(6]
CH,—CH,
N
n 6]
— > HO—(CH,CH,0),,;,H.
ITocKONMBKY STUJIEHIIMKONb U IPYTUE TUOJIBI CONEPXAT ABE (PYHKIMO-
HasnbHble Tpynnbl OH, nmoaumep pacter ¢ 06oux KOHUOB. IToauatu-
JICHTJIMKOJIb, MMEIOIINI TOProBOe Ha3BaHUE «KapOOBaKC», WIU
«TBUH», HaXOAWUT LIUPOKOE NMPUMEHEHUE B KayecTBE CMAa30YHBIX Ma-
cesi, TaacTuUuKaTopoB, nap@roMepHbIXx Ma3eid U B ra30->KMIKOCTHOM
xpoMaTtorpaguu.

MoHOaJIKUIOBbIE U OUATKWIOBbIE 3(PUPHI STUIECHIJIMKONS, JU-
STUJIEHIJIMKOJISI UCTIOJIB3YIOTCS B KaueCTBEe pacTBopuTesieii. MoOHOaIKU-
JIOBblE 2(UPbI STUJIEHIIMKOJS (LE/JI030/1bBbI) TOJIYyYaloTCsl B pe3yiib-
TaTe B3aMMOJECHCTBUSI AJIKOTOJIITOB C OKUCHIO 3TWiIeHa. MOHOAJKUIO-
Bble 3(PUPbI AUATUICHIJIMKOAS (KapOUTOJbI) TMOIyJaloTCs B peakiuu
11eJIJ1030J1bBa C 9KBUMBAJIEHTHBIM KOJMYECTBOM OKMCHU BTUJIEHA:

CH;0H
CH3;0Na + CH,—CH, ——> CH30CH;,CH,OH (MeTWILIE/11030/16B).
N/
o

Hamnbosnee BaXXHBIMM pPACTBOPHUTEISIMU, MPOWU3BOIHBIMU TIIMKOJEH,
SABJISTIOTCST TUMETHJIOBBIE 3(UPHI STWICHTINKONIS (MOHOIINM, IHAME-
TOKCUATAH), AUMETUJIOBBI 3(UP AUITWICHTJIUKONS (AULJIUM), AUME-
TUJIOBBIN 3(Up TeTPadTHIICHIINKOJS (TeTpariuM). Bece ot ampoToH-
HbIe MaJIOTIOJISIPHBIE PACTBOPUTENI OOJIAJalOT MPEBOCXOIHONM COJIbBA-
TUPYIOLIEH CIMOCOOHOCTBIO MO OTHOLIEHUIO K KAaTMOHAM ILIEJOYHBIX U
IIEJT0YHO3eMEJTbHBIX METAJUIOB M UPE3BBIYAtHO HIMPOKO HMCITONB3YIOT-
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Cs B peaklMsIX TUAPOOOPUPOBAHMS, PEaKIMSIX METaUIOpraHMmIeCcKUX
COCIMHEHUI M B IPYTMX CaMbIX Pa3HOOOPA3HBIX MPEBPALLEHUSIX B Op-
raHU4ecKoil xumuu. [duMeTrioBbie 3(UpPbl MOHO-, AW- M TETPadTHU-
JICHIJIMKOJIEH ITOJIyYaroT METWJIMPOBAHMEM MX MOHOMETUJIOBBIX 3(DHPOB

TUMETHIICYJIB(ATOM B IIEJIOYHOI Ccpefe:

(CH;0),S0, + HOCH,CH,—0O—CH,CH,0CH; —>

1:13—8H> CH,0CH,CH,OCH,CH,0CH,
2 TTUTITAM

11.4. TUOJIBI U CYJIb®UIbI

Tuonet RSH u cynbdunst R'SR? cllenyeT paccMaTpuBaTh Kak Mpo-
M3BOAHBIC CIIUPTOB U 3pupoB. Troasl B HomeHKnatype MIOITAK nme-
IOT OKOHYaHWUE THOJI:

?H
CH3CH2|CHCH2SH CH;CH,CHCH,CH;
CH;
2-MeTui-1-0yraHTHOoa 3-MeHTAHTUOJI
QSH CH;CH,CH,SH
LIMKJIOT€KCAHTU O 1-TIportaHTHON

CrapyHHOE Ha3BaHME CEPHMCTBIX aHAJIOTOB CITMPTOB — MepKarl-
TaHbl 1 SH-Tpymnmbl Kak MepKaITo- TeIlepb PeaKO YITOTpeOIseTcs.

Cynbduabl Ha3bIBalOT aHAJIOTUYHO MPOCThIM 3¢dupam. B coorBeT-
CTBMM C OOIllIell HOMEHKJIATYpOi Mepes CIOBOM CyJIb(Mua maeTcs Ha-
3BaHME JBYX aJIKWJIBHBIX WJIM apWIbHBIX TPYMII, HAaIIpUMED:

C¢H5SCeH5 CH;—S—CH,CH,CHj
JIUhEeHUICYTbMUIT METWIIPOTTUIICYTbMOU
CH;
CH3—|C—S—(CH2)6CH3
CH,

rentuii-(1, 1 -auMe T )3TUACY UL

ITo Homenxkiiatype MIOITAK cynbduabl Ha3bIBaIOTCS alKUITHO-
ankaHamu. IIpedukc ankuntno-(RS) nmomodeH mpedukcy anikokcu-
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B Ha3BaHMU MNPOCThIX 3(pupoB. Kak u y npocTbix 3¢pupoB, O6ablast
W3 aJKWIBHBIX TPYMI JaeT Ha3BaHUE TJIABHOMW IeNM ajiKaHa:

CH3—S—CH2—CH2—|CH—CH2—CH3

CH;
3-metu-(1-MeTUnTHO)IeHTaH

CH3—(|ZH—S—CHz—CHz—CHz—CHz—CH3

CH;
1 -(M30mPONUITHO ) [IEHTaH

Homenknatypa MIOITAK nast cynbduaoB npuMeHsIETCSI TOJIbKO
IS COCAWHEHWI CIIOKHOW CTPYKTYpHI, B 0oJiee MPOCTBIX CIIydasx
TTOJIB3YIOTCST OOIIel HOMEHKJIATypoOil, Ile WX Ha3bIBAlOT JTWAJKWII-
(apwn)cynsdpumamu. Huke mpuBeneHO CTpOeHUE TIPOCTEMIIEro U3 THO-
JIOB — METaHTHOJIA:

H
b —S
H//f “H
H
JlnmHa cBs3H, /& BasienTHBIN yron, rpan
C—H 1,10 H—C—H 110
C—S 1,82 H—C—S 108
S—H 1,33 C—S—H 100

ITo cTpoeHMI0O METAaHTMOJI HAallOMWHAET MeTaHoJ, HO cBs3b C—S
3HauMTeNbHO HauHHee cBa3u C—O. bapbep BpallleHUsI BOKPYT CBSI3U
C—S rakoit xe, kak u jis cega3u C—O, u cocrapuser 1,1 Kkai/MoIb.
THoBI TIPOSIBIIIOT CBOMCTBA 0OJice CHIIBHBIX KWCJIOT, YeM CITHPTEHI,
nopo6Ho Ttomy kak H,S (pK,=7,05) nuccounnpoBaH CHUIbHEE, YeEM
Bona. g tmonoB pK, namensercs B uHteppaie 9,5—11, T.e. tuapo-
KCUJI-MOH TpeBpalllaeT TUOJbl HalleJO0 B THOJIAT-HOH:

S}
C,HSH + OH == C,HS® + H,0;
pK,=10,6 pK,=15,7.

Caa3b S—H 3HauuTenbHO MeHee moiisipHa, yeMm cBsizb O—H, u tuonnl
CBSI3aHbBI MEXIY COOOM OYeHb C1a00i MEXMOJIEKYJISIPHOI BOIOPOIHOM
CBS3bI0 B OTJIMYME OT CIMPTOB. DTO MPOSIBIsIETCS B 0ojiee HUBKOM
TeMIlepaType KUMeHus THOJoB. Tak, HapuMep, 3TAaHTHUOJI KUITUT TpU
37 °C, torgma kak staHon — ripu 78 °C.

Haub6onee BaxHbIM (pU3MYECKUM CBONCTBOM THUOJIOB SIBIISIETCS
OTBpATUTEbHBINM 3amax. YensoBeueckrii HOC pacmo3HaeT 3amax THhoJja
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B KOHILIEHTpaluu 107-107 MoJib/n (T.e. 1 M1 THona B 50 MMJIJTMOHAX
JIUTPOB BO3MyXa), HE JOCTYITHON JIsI MHOTHX CIIEKTPaJIbHBIX U XPO-
Marorpa@uyecKux MeTomoB. THONBEI B O4eHb HM3KON KOHIEHTpaLU
BBOIST B IPUPOIHBIN Ta3 I TOTO, YTOOBI IO MX 3aIlaxy MOXHO ObLIO
OIpEJEINTh YTEUKU Taza B MoMelleHuu. M3BeCTHBI CBOMM TMPOTHUB-
HBIM 3aITaXOM XOPeK CKYHC BBIACIISET ABa MPOCTBIX THOJA: 3-METUI-
1-OyranTnon m 2-0yteH-1-Tuoi.

11.4.1. IIOJYYEHHUE THOJIOB

CaMbIif cTapblii METOI TIOJIyYEeHMST THOJOB OCHOBAaH Ha peakIiuu
OMMOJIEKYISIPHOTO HYKJICO(UILHOTO 3aMEIIeHMST TaJoTeHUA-NOHA B
TMEePBUYHBIX M BTOPUYHBIX AJIKUJITAJOTEHUIAX TTOA JEMCTBUEM THIPO-
cynbdua-uoHa:

NaSH + RBr STanonr RSH + NaBr,

CH3(CH2)14CH2BF + NaSH W CH3(CH2)14CH2$H + NaBr.

20 °C (60 %)

BbIXompl THOJIOB, MOJTYYEHHBIX 3THM CIIOCOOOM, Y4acTO OBbIBAIOT HEBHI-
COKHM, TIOCKOJIBKY THOJNST-WOHBI OYEHb JIETKO TOABEpPrafoTCsl JalTbHEl-
IIeMy aJIKVJTMPOBAHUIO, TIPUBOISIIEMY K 00pa30BaHUIO CUMMETPUYHBIX
qankuicyabbunos R,S. JIns Toro 4toObl cBeCTH K BO3MOXKHOMY MU-
HUMYMY 3Ty TOCJEAYIOIIYIO peaKInio, HeoOXOIUMO WCITOJh30BaTh
GOJTBIIIOI M3OBITOK CBEXENPHUTOTOBJICHHOIO THIPOCYJIb(uaa HaTpUs.

CoBpeMeHHBII METOJ CHHTe3a THOJIOB 3aKJII0YaeTCs BO B3aMMO-
JEVCTBUM AJIKVJITAJIOTEHUIOB WIIM aJIKWICYIb(MOHATOB C THOMOYEBH-
Holi. TuoMoueBMHA B 3TOM peaKLMU MTpaeT POJIb CEPHUCTOTO HYKIIEO-
(una, n aTKMIMPOBaHWE OCYIIECTBIISIETCS MCKITIOUUTEIBLHO MO aTOMY
cepbl THOMOYEBHUHEI ¢ 00pa3oBaHMEM S-aJIKMJITUYPOHUEBOI comn. Pac-
HIeTICHNE S-aJIKUJITUYPOHUEBOM COJIM TTOM IEUCTBUEM ILEJIOYM TIPH-
BOIUT K THOIY:

®
NH
C.H:Br + S—C/ 2—>CH S—C¢NH2 Bre (90%)
613D N sradoin, 78 °C 6713 \NH2 e
® TUOMOYECBUHA
NH

2 5,2 D NaOH: Hy0
NH, 2) HC; H,0

=
CeH,;8—CZ

(83%)
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I[pyrI/IMI/I PAa3HOBUAHOCTAMM OTOIo METOAA SABJIAIOTCA AJIKHUJINPOBAHUC
THoale€TaTa Kajlnud WJIM KCaHTOréHaTta Kajluvsda C MOCICAYIOINM HICJI0Y-
HbIM THUIPOJJIMU30OM:

/O //O NaOH
74 al
+ RX—> —_—— +
HS e ® RX™ CHC 50+, o RSNa
S K SR

+ CH,COONa 15> RSH + CH,COOH,
2

S

Vi 7/ 1) NaOH
—0)— + —_— —0)—

CH,;CH;—O C\SK RX CH,;CH;—O C\SR2—>) HCE H,0 RSH.

KCaHTOreHar KaJiud

11.4.2. CBOMCTBA THOJIOB

Hexortopble 13 CBOWCTB THOJIOB IO CYIIECTBY aHAJOTUYHBI CBOW-
CTBaM CITMPTOB. AHMOHBI THOJIOB BCTYIAIOT B peakluio BuibsgiMcoHa,
MPUBOISIIYIO K TOJAYYEHUIO THOR(MUPOB (CYIbPUAOB):

RIS® + RX M5 RISR? + X©,
Tuonar-uoHsl SBISAIOTCS OoJiee CUJIBHBIMU HYKJI€O(MWIbHBIMU areH-
TaMM, YeM aJKOTOJSAT-UOHBI, 1 CKOPOCTb 00pa3oBaHUs TUOA(PUPOB B
10°-10* pasa mpeBbllIaeT CKOPOCTb PEAKLMU IS MX KHCIOPOLHBIX
aHaJIOTOB. DTO TMO3BOJISIET OCYIIECTBISITH PEAKIIMIO B MATKHUX YCIOBUSIX.
MeTton Mexda3zHOro KaTajau3a MCKIIUYUTEIbHO 3(PGEeKTUBEH s
CHHTe3a CYJb(hUIOB:

e e
CH,(CH,);S Na + CH,l CH;,(CH,);SCH; + Nal

(71%)

® €]
o @ N(C,Hs),CH,C(H,CI
@—s Na“ + CH,;CH—(CH,);CHj (GHCHGH
| H,0 — C.H; 70 °C
Cl

- >
sTtanoin, 78 °C

O
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@ )
N(CsH7)sCH3Cl™
H,0 — CgHg, 70 °C

o ®
CH3(CH2)3S Na + CH3_(CH2)6_CH2C1

—_— CH3(CH2)3_S_CH2_ (CHz)G_CH3 + NaCl.
(90 %)

Cynbhuabl MOTYT ObITh TAKXKE MOJIYYEHBI B pe3y/bTaTe IIPSIMOTO B3aM-
MOJEUCTBUS Cydbduaa HATPUSI C ABYMsI MOJISIMU QJIKUJIMPYIOIIETo
areHTa:

CUCHLCI + NS TvHA — 1,07 100 °C s + 2NaCl,

(73—78 %)

@ o
PC,Hi5(C4Ho)sBr
2CHy(CH,)CH,Cl + Na§ — o -
i N(C;Hg)yCl 3 HyO — CHg; 20 °C
—> CH3—(CH,)5s—S—(CH,)sCH3 + 2NaCl,
90 %)

® o

PCiH33(CyHg)sBr

H,0 — 6enHson; 20 °C

—_—> (CH3)3CCH2_S_CH2C(CH3)3 + 2NaBr.
(81 %)

Bricokast HyKIIeo(MIBHOCTb aToMa Cephl B CYTb(PUIax OTKPLIBaeT
BO3MOKHOCTD IIJIST TIOJYYEHUST Ccojieil Cylb(pOHUS B pe3yiIbTaTe aJKh-
JIUPOBAHMS CYIb(PUIOB:

2(CH3)3CCHQBI' + NaZS

[CRC]
(CH;),S + CHsl (CH;)3SI .

—°>
anetoH; 20 °C
I[Tomo6GHO CBOMM KHMCIOPOIHBIM aHAajoraM, CYJIb(hOHUEBBIE COJU MO-
IyT OBITh MCHOJIB30BaHbl B KAUeCTBE aJKWIMPYIOLIMX arecHTOB B peak-
LIUSIX OMMOJIEKYJIIPHOTO HYKJIEO(DUIBHOIO 3aMeIleHNsT V aToMa yrjie-
pona cynb(GOHUEBON COJIN:

e @ Sy2
HO: + CH, & S(CHs), —> CH3OH + (CHy),S.

Ponb yxopsiieit rpynmnbl B 9TOM peakilM¥ WUTPaeT AUMETUIICYIbMUI,
HO, HECMOTpsl Ha Hajluuue (hOpMaJbHOTO MOJIOXKMUTEJIBLHOTO 3apsia,
(CH53),S asngerca xynuei yxondwen rpynnoii no cpasHeHuto ¢ OTs - u
Br -uonamu.
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OxuclieHre THOJIOB Pe3KO OTIMYAeTCSl OT OKMCJICHUSI CIupToB. B
3aBUCUMOCTH OT TIPUPOIBI OKUCIUTENS TPOMAYKTaMKU OKHMCIICHUS THO-
JoB saBisitorest aucyibduapl R—S—S—R, cynbdpuHoBbie RSO,H wnu
cynbdoHoBele RSO;H kucnorsl. IIpu aeiicTBUM TakKuX OKUCIWTENEH,
KakK ion, 6poM, nepokcua Bogopoaa, MnO,, THOIbI OKUCISIIOTCS 10
IUCynb(GUIOB:

2RSH + I, - R—S—S—R + 2HI,
JIUCYIbGhUIT
2RSH + H202 — R—S—S—R + 2H20.
Hucynbduabl Jerko BOCCTaHABIMBAIOTCS OOpPaTHO [0 THOJOB LIMHKOM

B YKCYCHOI7I KHMCJIOTE MJIN JIYYIIE€ BCEro paCTBOPOM ILICJIOYHOIO METajllila
B XKMIAKOM aMMMUMaKe:

1) Na; xunk. NH;, -33 °C

RS—SR >
2) H,0; NH,Cl 2RSH.

IlepKuCIOTHI, HampUMEpP Mema-XaoprepOeH30iiHas KUCIOTa, B
HCKJTIOYUTETBHO MATKUX YCIOBUSX OKUCISIOT THOJBI IO CYJIb(PUHO-
BBIX KUCJIOT:

O
0 0)
Y4 CH,Cl,, =30 °C e/
RSH + C\ > R—
cl O0—0—H OH
cyJib(bruHOBast
KHCIOTa

CubHbIE OKMCIUTEIN — a30THAsI KMUCIOTa WX TIepMaHTaHaT KaJlusl —
OKHUCJISIIOT TUOJIBL IO CYJIB(POHOBBIX KHUCIOT (IIPOAYKTOB MCUEPIILIBAIO-
ILIETO OKMCJIEHUSI OpPraHMYeCKUX COSAMHEHUM Cephl):

4 HNO,, #° 4
NC\}SH o N@SO3H ©00
_ ) _

KMnO 7
RSH ——% RS—OH,
H,0 N

KMnO,
(36%)

Cynbuabsl OKUCISIOTCS IOCIeA0BaTeIbHO 0 CYJIb(POKCUIOB U
Jajiee 10 CyJIb(hOHOB:
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©

0 ®,0
® 74
risp2 104 Rls/ Ol rig” g2
R \O@
cyJibhoKCcu CyJb(OH

Cpenu OorpOMHOTO KOJMYECTBAa Pa3HOOOPA3HBIX OKUCIUTENIel Hau-
JIy4dIliue pe3yabTaThl IS TIpeBpalleHusl Cyab(GUIOB B CYIb(POKCH-
Ibl TOCTUTAIOTCS MPHM MCIOJb30BAaHUM MeTamepuogaTa HaTpus
NalO,4, mema-xnopnepOeH30MHON KUCIOTbl U mpem-0yTUITUIIO-
xjoputa. Cpeau HUX HauOoJiee LIMpoKo npumeHsierca 0,5 M Boa-
HBI pacTBOp MeTalepuomaTta HaTpus. DTOT peareHT oOecreuyrBaeT
OYEHDb BBICOKYIO CEJIEKTUBHOCTh OKHCIIEHUS CYIbMOUIOB 10 CYIb(HOK-
CUIOB IIpaKTUUEeCKU 0e3 mpuMecu Cyjab(oHa U IPYTrUX IMOOOYHBIX
MOPOAYKTOB, eciu okKucieHue mnposoautcss npu 0 °C B OMHapHOIL
CHCTEMe BOJa — OpPraHWYeCKUN pacTBOPUTENb (METAaHOJ, TUOKCAH,
alleTOHUTPUI):

NalO, ®
CH,(CH,);SCH, H,0: 0°C 16 % CH;(CH,);—S—CH, + NalO5;
O
~CH,0H (96%) O
NalO @/Oe
C¢H;SCH, W CgHs—S_  + NalOy.
(99%)  CH;
NalO,

> |sed)| + Nalo,,
CH,0H—H,0; 0 °C s

(87%)

MexaHU3M OKHUCJICHMS CYJ'IB(I)I/II[OB nepmuoaaTromM, IO-BUAMMOMY, aHa-
JIOTUYCH MCEXaHU3MY pacClICIICHUA 1,2-F)II/IKOJ'ICI>1 1 BKJIIOYAaCT LIMK-
JINYECKUM MHTECpMECIHAT:

Q
€] R\ @ O H20 \® S) &)
RSR +10; —> S, /1\\ ——> S—0+10;.
X0) o )
OxkuciaeHue CYIIB(I)I/I,Z[OB 0 CYHB(bOKCI/IZ[OB Ioa HeﬁCTBHCM mema-XJjiop-

MepOCH30MHOM KHUCIOTH U mpem-0yTWITUIIOXJIOPUTA MOXHO ITPOMII-
JIIOCTPUPOBATh CJICAYIONIMMU TIPUMEpaMu:
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Cl

Cl
CO5H, 0—-20 °C
> + COOH
CH,Cl, @

S %
0° (96%)
S}
cH,0H | Re @
— 2 >

R,S + (CH,),C —0—Cl ~S—OC(CHy;| —>

R

CH;0H R
— 2
R

Crapblii crocod oKucIeHUs cyabdpuaoB 10 cyiabdokcuaos 30%-M Bom-
HBIM TIEPOKCHIOM BOIOPOAA B YKCYCHOM KHUCJIOTE WM alleTOHE TP
20 °C mocTeneHHO yTpauMBaeT CBOE 3HAUE€HHUE B J1aOOpaTOPHOI Tpak-
THKe, TaK KaK Hapsay ¢ Cyab(pOKCUIOM, KakK IIpaBujIO, o0OpasyeTcs
HEKOTOpOE KOJIMUECTBO CYJb(oHa:

NS © .
S—0" + HCI + (CH5),C=CH,.

Oe
®/ &)

C,HsCH,SCH; + H,0, % C,H,CH,SCH; + C,H,CH,S CH,.
(77%) 10%) 0°

Okucnenue cyibGOUIOB 10 CYIb(MOOHOB OCYIIECTBISIETCS MOM ACii-
cTBUeM 6onee cunbHbIX okucauteneit (KMnO4 HNO; m ap.):

©

0
C.H.SC.H KMnO, o CH%/—CH 78%
6756 CHZCOOH, 70 °C ~° 5\096 s (78%).

OxucneHue cyiabGuaoB B xkecTkux yciaoBusx npu 90—100 °C ¢ momo-
1IbI0 M30bITKA MEPOKCHUIA BOAOPOJA WU mpem-OyTUITUIPOIEPOKCH -
Jla B YKCYCHOM KMCJIOTE MpPEICTaBJIsIET COOO camblif pacrpoCTpaHEeH-
HBI METOJ TOJIydeHUs CYJIb(OHOB:

90 °C
CH3(CHy) 1557 (CHysCH3 * B0y coon™
@/Oe
— CH3(CH2)15_S\T éCH2)15CH3 + Hy0.
(98%) o
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CynbhoKcuabl TakKe OKMCISIOTCS OO0 CYJIb(MOHOB IIPU B3aUMO-
nevicteun ¢ H,O, B yKCYCHOI KUCIOTE WM aLETOHE, 3Ta pPeakLUsl
Katanusupyercsa oxkcugamu BaHanus (V,05) m Boabdpama (WO; u
H,WO,):

O@

® WO;; 90 °C @
o° (84%)  O°

CynbdoKcuabl NMpUHALIEXAT K YUCIY COEAMHEHUI C TPEeXKoop-
JTUHUPOBAHHBIM aTOMOM cepbl. IIpupoaa cBsSI3u cepbl U KUCJIOpoaa B
cyibdokcuaax B TeUeHUE JUIMTEIbHOIO BpeMEHM Oblja TMpeaMeTOM
JUCKYCCUI M OCTphIX cropoB. JUisi Cyab(POKCHUAHOUN TpyImnbl OOBIYHO
HCIIONB3YIOT ABa obo3HaueHus: S'—O~, KOTOpoe MOMYEPKUBAET IH-
MOJISIPHYI0, JOHOPHO-aKIENTOPHYIO MPUPOAY CBSI3U CEepbl U KUCIO-
pona, u S=0, KOTOpoe yKa3bIBaeT Ha d+—P,-B3aUMOJEHCTBUE BAKAHT-
HOI d-opOuTaiu cepbl U HEMOAEJEHHOM Mapbl p-3J€KTPOHOB KUCJIO-
pona. JInuHa cBSA3M cepbl M Kuciaopoaa B cyiabdokcumax 1,47 A
(hopmanbHO corjacyercsl ¢ IBOWMHOU CBSI3blO, MOCKOJbKY OJMHAapHast
cBs13b S—O umeer mauHy 1,69 A. OQHAKO yMeHblIEHUE AJIUHBI CBSI3U
HE MOXET paccMaTpuBaThCs B KauecTBE PELIAlOLIEro aprymMeHTa o0-
pa3oBaHUs IBOMHOM CBA3M B PE3YNbTaTe p,—d,+-TIEPEKPBIBAHUS 34 CUET
nycToil d-opbutanu cepbl. AToM cepbl Kak 31eMeHT [I1 nepuona o6-
JlalaeT BBICOKOM MOJISIPU3YEMOCTbIO, MO3TOMY IMIIOJSIpHAsT JOHOP-

HO-aKILENTOpHAas CBSI3b S+—Oe C TIOJIOXKUTEIBHBIM 3apSIIOM Ha cepe
JIOJKHA ObITh 3HAUYMTEJIbHO KOpOYe IIPOCTOM oguHapHOU cBsa3u S—O.
BenuunHa AuIoabHOTO MOMEHTa Kak (DYHKIIMS JJIMHbBI CBSI3W HE TO-
3BOJISIET C/IeJIaTh BHIOOP MEXIy ABYMSI 9TUMMU CTPYKTypaMu.

JlaHHBIE KBAaHTOBO-XMMMUYECKHX PACYETOB TaKKe HE HAIOT OMHO-
3HAYHOTO OTBETAa Ha BOMPOC O MPUPONE CBS3U CEPbl M KUCIOpoAa B
cyabdokcuaax U cyibpoHax, XOTSd COBPEMEHHbIE pacueThl OTAAIOT
MPEANOYTEHUE CTPYKTYPE C AUTOISIPHON TOHOPHO-aKIIEIITOPHOMN CBS-

3bIO S®_O@, € JOMOJHUTEJIbHOC CBA3bIBAHUE OCYLICCTBIIACTCA TJIaB-
HbIM o6pa30M 3a CYET BJIEKTPOCTATUYECKOIO B3aUMOLEUCTBUS CEPBI
W KMCJIOpOJa BCJEACTBUE BBICOKOW MOJISIPU3YEMOCTU aTOMa CEpBI.
HGCI/IMMCTpI/I‘-IHHe Cynb(bOKCI/II[bI XUpaJbHbI, 1 POJb YETBECPTOTO
3aMCCTUTCJIA BBIMMOJHACT HEMOACJICHHAA I1apa 3JICKTPOHOB aToOMa CCpPhI:

s s

CH; i\o@ eo/i "SCH;
CH;CH,CH, CH,CH,CHj3;
(S)-sHaHTHOMED (R)-sHaHTHOMED
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Paznenenue cyibpoKCHIOB Ha SHAHTUOMEPHI BIEPBBIE OBLIO OCY-
mectsiieHo Kennonom n @ummnricom B 1926 1. Ha nipumepe mema-

]
0 0

KapOookcudeHnIMeTHICyIbpoKcHaa CH3S/—C6H4—COOH—M. IIpa-
BOBpalLAIOIIMI 3HAaHTUOMEp S-aii- L-unctenHcyabgokeuna (S-aj-
JuJi-cyib(UHUIATaHWHA) SBJSIETCS TEM COEIUMHEHUEM, KOTOpOoe
OIpe/ieJisieT 3amax yecHoka. Paliemu3aliusi 3HaHTUOMEPOB TUapUIICYJIb-
(okcumoB M aApUIANKWICYIB(MOKCUIOB B PAaCTBOPE IMPOMCXOMUT TIPH
150—200 °C, 9TO COOTBETCTBYET SHTAJBLIIMK aKTUBALMU palleMHU3aLuU
AH7 mopsnka 35—40 kxan/moib (150—175 k/IX/MOJIb), T.€. 9TH SHaH-
THOMEpHI BeChbMa CTaOWMIIBHBI.

CynmbhOKCHIBI OTHOCATCS K He3apsDKeHHBIM aMOMICHTHBIM HYK-
neodunam. TepMUH «aMOMAEHTHBIM HYKICODWI» TIPUMEHSCTCS IS
HeUTpabHBIX COSAMHEHUI M aHMOHOB, COMEPKAIINX IBAa HYKJICODIIb-
HbIX LIeHTpa. B cynbdokcuaax 3To aToMbl cepbl U Kuciaopoaa. B coot-
BerctBUM ¢ npuHuunom KMKO (rn. 3, 4. 1), cepa siBasieTcsi Msir-
KM, a KHCJIOPOA — XXECTKUM HYKJIeO(MWJIbHBIM IIEHTPOM CYIb(POK-
cUlloB. Msirkue 3eKTpo(WIbHbIE areHThl, KaK 3TO M MpelcKa3biBaeT
npuHiun XKMKO, atakyroT MSITKM aToM cepbl, a >KeCTKHUE BSJIeKT-
pOWIBI — XECTKUI KUCIOPOIHBIN LIEHTP CYyIb(GOKCUAA, HAIPUMeEp:

OCH, |® .
@
o) CH;
O
® CH; @0 o
/O
00 CHj3 CH,

AMOMIEHTHBIN XapaKTep CYJIb(POKCUIOB MPOSIBISETCS U MpU 00-
pa30oBaHUM KOMILIEKCOB C KaTMOHAMU TIEPEXOMHBIX W HETIePEeXOTHBIX
MeTauioB. Msirkue kartmonsl Pt?, Hg?, Ag'*, Pd** u mpyrue xoop-
TUHUPYIOTCS TI0 aTOMY Cepbl, JXeCTKMe KaTHMOHBI IIEJTOYHBIX, IIeI0Y-
HO3eMeTbHBIX MeTaioB, Al** u p. — no kucaopony.

Cynbdoxrcuasl 1 cyabOOHBI comepKaT CHIbHBIE 3JIEKTPOHOAKIICTI-
TopHble Tpynnsl SO n SO,. OTH Tpynmsl 3a cyeT cWiIbHOTO — /-3¢ dex-
Ta (cM. 1. 2, 4. 1) BeI3bIBatOT nossipudanuto C—H-cBs3u npu o-yrie-
POIHOM aToMe, M BOAOPOX B BUAE MPOTOHA OTIICTUISCTCS TIPU JIeii-
CTBUM OYEHb CUJBHBIX OCHOBAaHWI, TaKMX, KaK TUIPHUA HaTPUI,
mpem-0OyTUIAT Kaausl WIN OyTWIITUTHI:
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e ]

0]
® —70 ° ® 0O ®/
CH,S~CH, + NaH EMT%C» Na CH,—S—CH, + H,
JUMCUIHATPUIA
o o

@l 70 °C e o ®
CH,SCH; + (CH;);COK =—= CH;S—CH, K+ (CH;);COH

S
| @ /Oe = o 2
R'CH,S—R, + C,HyLi )= 20 °C). > R CH=S8—=R"+ CGH,,
TI'®d-rekcan Li®

VYHuBepcaibHbIMU peareHTaMu ISl TOIyYeHUsI KapOaHMOHOB CYJIb(POK-
cunoB U cyiabdoHoB saBisoTea H-C4HgLi u (u30-C3H;),NLi, xotopbre
MO3BOJISIIOT OCYILIECTBUTL 3TO IpeBpaiteHue npu —80 °C, xorma
CyIbMOKCUABl KOH(MUTYPALITMOHHO CTaOMIbHBI.

Kapbanuons! cynb@oKcUaIoB U CyJIb(OHOB IIPOSIBISIOT CBOMCTBA
KaK CHUJIbHOTO OCHOBaHMs, TaK W MOIIHOIO HYKJIeO(pUJIbHOIO areH-
Ta, U BTO OOCTOSITEJILCTBO IIUPOKO MCHOJB3YETCSI B COBPEMEHHOM
opraHuyeckoM cuHTe3e. Cyab(pUHUIKApOAHUOHBI JIETKO B3aUMOJIEH-
CTBYIOT MPAKTUYECKU CO BCEMM TUIAMU 2JIEKTPOGUIBbHBIX pPEareHTOB,
HEKOTOphIe M3 Hanbojiee BaXKHBIX MPEBPAIlCHUN C yJacTUeM CyJb-
(pvHUIKapOaHMOHOB TIpUBeneHbl HUXe. KapOaHuMOHbI CyJIb(OKCUIOB
MOJBEPraloTCsl AIKUJIUPOBAHUIO TOA ACUCTBHEM TMEePBUYHBIX aTKWI-
rajoreHuaoB, IJIs BTOPMYHBIX M TpeTHYHbIX RX mpeobOnamaroimum
HarpaBJIeHHEeM OKa3bIBaeTCs 3JIMMHHHUPOBAHUE:

O
O /Oe O@
» C,HyLi RCH,X Lo/ 2 O
RCHS R—»RCHS Ry—2~ > —R+ X"
TId-rekcan; ? TI®-rexcan; RCHS—R+ X
-78 ° 0—(-20 °C
78 °C ( ) CH,R
Hanpumep:
S
O@ 1) C4HgLi, rekcan — s¢up; (0)
& -78 °C o
C¢H;CH,S—CHj; > CcH;—CH—S—CH;

2) CH,l; -20 °C
CH, (88%)

TpexuneHHOE KOJIbLIO OKCUPAHOB PACKPBIBAETCS MPY B3aUMOIENCTBUN
¢ KapOaHMOHaMU CyJb(MOKCHUIOB MO Sy2-MEXaHU3MY C BBICOKOW
PETUOCENIEKTUBHOCTBIO ¢ 00pa3oBaHUEM Y-TMIPOKCHUCYIb(MOKCUIOB:

321



o° 0e

®/
(CHy;C—S_ = A—R i (CH):C— S
CH,R (|:H—CH2 CH—R'
R 0°
(80—90%)

HauGosree BaXXHON B OpPraHMYECKOM CHHTE3€ SIBJISIETCSI KOHIEH-
canys CyJbMUHUIKAPOAHUOHOB CO CIIOXHBIMUA 3(GUpaMu, KOTOpas
npuBoauT K 1,3-keTocyaboKcumaM ¢ OYeHb BBICOKMMM BBIXOIAMU
(M.Kopu, M.YaitkoBckuit, 1965 T.):

o® 0%
®/ o Oty 0°C
1) CH;S—CH, + rRE OCH,CH; T — iMCO™

g?e Y O ® Oe ©)
@,
CH3
O—CH2CH
© ©
O
@/ ® /O
2) R—C—CHz—S—CH3 + CH3S\ o —>
] -
© S
0) ® 0)

© @/ )/

o° 0°
© o/ HO" ®/
3) RC—CH—S T o> R—C—CH,—S—CH;.
I \CH3 H,0; 0 °C I

MexaHu3M 3TOM peaklUu IOA0O0EH CJIOKHOI(UPHOM KOHIEHCa-
muu Knsitzena (m. 17). Anuon JIMCO (auMcuiaaHMOH) NepBOHAYANb-
HO IIPUMCOEIMHSIETCS 110 KapOOHWJILHOM TIPYIIIE CJIOXHOro 3gupa c
00pa3oBaHMEM aHMOHHOTO TETPadIPUUYECKOT0 MHTepMeauaTa. DTOT
WHTEepMearaT CTaOUIM3UpYyeTcsl B pe3yjbTaTe OTILICIUICHUS 2TuiaT-
noHa ¢ obpasoBaHueM 1,3-ketocynbdokcuaa. 1,3-Kerocynbdokcumbl
MPeICTaBISIIOT coboii noctaroyHo cuibHble C—H-kucnotsl ¢ pK, B
uHTepBajie 10—12. Bropoii 5KBUBaJeHT AMMCUIAHUOHA TIEPEBOIUT UX
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B COINPSKEHHBI aHUWOH, MPOTOHUPOBAHUE aHMOHA C TOMOIIbBIO MU-
HepaJbHOW KHUCIOThI pereHepupyet 1,3-ketocynbhokcua. Huke mpu-
BeJeHbl HauOoJjiee TUITUYHBIE MPUMEPbl KOHIACHCALIMKU AMMCUIaHUOHA
CO CJIOXHBIMU 3(UpaMU MOHO- U JUKAPOOHOBBIX KUCJIOT:

&)

TI® — AIMCO

CH»(CH C// OCH,CH; + 28H %/ CH
3(CHy)4 »CH;3 2 3 70210 °C; 30 nn

0 o
— > CH;(CH C//—SH—%/ L’
3( 2)4 \ HZO; 0°C

CH,

0 o

Vi ®/
— > CH3(CH2)4C_CH2_ S\

(70 %) CH;
o

O ® T — ﬂ,MCO;
1) CH,S—CH;;, 0-10 °C
2) HCI; H,0; 0 °C

I
) o°
I @/

C—CHy—S__
., O CH,8
(95%)
O@

o o
1) CH,S—CHj; TT'® —
AMCO; 10 °C
CH,CH,00C(CH,);COOCH,CHy 27~ o
s 2

€]
0 0 0 o

®/ / / ®/
———> CH,S—CH,—C—(CH,),—C—CH,—S—CH,
(82%)

1,3-KeTocynb(oKCrabl IETKO BOCCTAaHABIMBAIOTCS 4O KETOHOB IO/

geiictBueM aManbrambl amomMuHus Al(Hg) wian nuHKa M yKCyCHOI
KHCJIOTHI:

323



O@

Y ®/

Al(Hg) > CH;(CH,),C—CH
TI®—H,0; 20 °C ol 2)4|| 3

(98%) O
o° o°
@/ @/
CH3S—CH2—C—(CH2)7—C—CH2S\ —
| | CH
(0] O 3

Al(Hg) . —O— C—
Tr®—H,0; 20 °C CH, ﬁ (CHy)y—(—CH;

(90%)

Zn N
> CH
CH,COOH, 20 °C O 3

(93%)

TakuM o0pa3oM, NBYXCTaAUWHBIN TPOLECC, BKIOUAMOIIUNA KOH-
JleHCcalM1o CyJb(OUHWIKApOAHMOHOB CO CJIOXHBIMM 3(hUpaMu C TMOC-
JISAYIOIIM BOCCTaHOBJIeHUEM 1,3-KeTocynbbduaa, MpeacTaBIsieT co0oi
YHUBEPCAIbHbIA METOJ CMHTE3a KETOHOB. MeTo JIeTKO MOXET ObITh
paclIMpeH ¢ LeJIblo MOJyYeHUs] KETOHOB CaMOro pa3HOOOPa3HOTo CTPO-
enus. 1,3-Kerocynbdoxcua mpy JeiCTBUM TaKUX OCHOBaHMI, Kak NaH;
[(CH;),CH],NLi, niam naxe ajakoroysToB LIEJOYHBIX METAIJIOB TIpe-
Bpalaercs B eHonsIT-uoH (1. 17). EHonsT-uoH noasepraercs peruoce-
JIeKTUBHOMY C-aJIKWJIMPOBAHUIO TP B3aMMOJEWCTBUU C MEPBUYHBI-
MU ¥ BTOPMYHBIMM aJIKUJrajjoreHuaamMu. BoccTaHOBIEHUE TMTPOIYKTOB
atoit peakunn Al(Hg) mimm UMHKOM M YKCYCHOU KHCJIOTOM HPUBOIUT
K KeTOHaM:
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o’ 0 ¥

/ .9 1)NaH; TT®; 0°C__ / ®/
R—C—CH,S ) NaH, >RC—CH—S ~ —>
\  2) RICHxX N
CH; CH,R' CHj
Zn g d cncng
CH;COOH 2R

Takoit crioco0d moydeHUs1 KETOHOB YCIIELIHO KOHKYPUPYET C IpPYyru-
MM METOJaMM, OCHOBAaHHBIMM Ha AJIKWJIMPOBAHUM EHOJSIT-UOHOB M
«KETOHHOM paclleIlJIeHUW» TTPOU3BOIHBIX alleTOYKCYCHOTO 3upa,
KOTOphIe OymyT pacCMOTpeHHbI B m1aBe 17. JIuTueBble CoM CyIb(PUHUI-
KapOaHMOHOB TPUCOEAMHSIIOTCS TI0 KapOOHMJIBHOM TPYIINe KETOHOB,
HarpuMep:

@

C6HSS/ :<:> TID, 0—(-20 °C) C><
\o Cﬂzs

CH,Li®
(77%) C6H5

Cynbdokcuanl, coiepxKaliue 1o KpailHell Mepe OIMH aTOM BO-
Jopoaa TIpY C-YIJIIEpOXHOM aToMe, TPH JeUCTBUU aHTHIPUIOB Kap-
6oHOBBIX KHc10T 1 KuciaotT JIsonca (SiCly; POCl;; SOCI,; BCls; PCl,
¥ T.I.) TIPETepIIeBafOT OKUCINTEIEHO-BOCCTAHOBUTEIEHOE TIpeBpaliie-
HUE B O-allMJIOKCUCYITh(MUIBI, TTOJYyYMBIICe Ha3BaHUE TEPETPYMITHA-
poBku P.ITymmepepa (1909):

@

@/ 120 — 140 °C

R's + CH,C—0—C—CH;————>
\CH,R? |
0
| /
- >R S—(\?H—O—C + CH,COOH,
R’ CH,

rme R' u R? = Alk; Ar.

Hpez[nonaraeMLIﬁ MEXaHU3M BTOU peaxklUyd BKIKYAECT HECKOJIbKO
CTaIUuil, B KOTOPBIX ITOCJIEAOBATEIBLHO O6pa3YIOTC${ AllUJIOKCUCYJIb-
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(onmeBas conb, WINA U CYyTLMOHUEBDIN KATUOH, KOTOPBIN MOCe MPpHU-
COEMMHEHMS alleTaT-MoHa aeT o-alleTOKCUCYIbdun. B ciydae HecuM-
METPUYHBIX CYIb(MOKCUIOB allMJIOKCUTPYIIIA TIPUCOSANHSICTCS K HaM-
MeHee 3aMEeILEHHOMY O-YTJIEPOJHOMY aToMYy:

0° CH3COO@®
@
(CH3)2CH—S< + CH;—C—O0—C—CH; —> (CH3)2CH?CH3—>
CH; O O O—COCH;
aHVIﬂOKCHCYHBd)OHI/ICBaﬂ
COJIb
0
cnd 0—COCH
3
g @ “CH,00°

®
— O, (CH,),CH-S—CH, — 2= (CHj),CHS=CH,—>
-CH;COOH ®<’0 KATHUOH CyJIb(eHns

+ CH,CO0°

//
> (CH,),CH—S—CH,—0—C—CHj,
o-aneTokcucyabhun (69%)
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12.1. BBEAEHUME

IlepBbIii apoMaTUYECKUI YIIIEBOAOPON — O€H3071 — ObLI BhIAE-
JneH M.@apaneeM B 1825 r. U3 CBETWJIbHOM XMIKOCTHU, KOTOpas MC-
TMOJIb30BajIach B TO BpeMs I ocBellleHus ynuil. Papaneil ycTaHOBUI
sMImpryeckyto gopmyny oensona C,H,. B 1833 r. D.Muuepnux Briep-
BbI€ CHHTE3MPOBAJ YMCTBIN OCH30JI CIUIaBieHMEM OeH3oaTa HaTpus
¢ NaOH u ycraHoBun ero monekynsapHyto ¢opmyiny CqHg. B mocne-
IYIOIIME TOObI M3 MPOAYKTOB TepepabOTKM KaMEHHOTO YIJISI — KOK-
COBOTO Ta3a W KaMEHHOYTOJBbHOW CMOJbI — OBUIM BBIACIEHBI Had-
TaJWH, aHTpalleH, TOJYOJ, KCUJIOJbl U MHOTHE APYTHUe apoMaThyec-
K€ YTJIEBOAOPOIBI.

TepMUH «apoMaTHMYECKUil» BO3HUK TOTOMY, YTO MHOTHE COCIM-
HeHus — OeH3ajbaerua, OCH3MWJIOBBIM cOUPT, dDUPHl OEH30MHOMK
KUCJIOTBI, COIepXallne, Kak U 6eH3ol, panukan pennn C¢Hs, 6pun
BBIIEJICHBI M3 Pa3IUYHOTO poja JIalaHOB, apoMaTUYECKMX Macesl U
O6anb3amMoB. Jlaxke MocCje YCTaHOBJICHMSI YeThIPEXBAJIEHTHOCTU YTIJIe-
poma M BBEISHMS TTOHSATHUS O KPAaTHBIX CBA3SIX B aJIKeHAX M aJKMHaX
cTpoeHue OEH30JIa U APYTUX apOMaTUYECKUX COCIMHEHUM OcCTaBa-
JIOCh 3aragkoi, IMOCKOJIbKY, SBJSISICH (DOPMabHO HEHACHIIIEHHBIMU
COCMMHEHUSIMU, OHU OBLIM MHEPTHBIMU B PEAKLMAX MPUCOCTUNHEHUS.
DTO MPOTUBOpPEUYME YaCTMYHO yaajaoch ycTpaHuTh A.Kekyie, KoTo-
pbiii B 1865 1. mpemtoxua mist 6eH3oja (GOpMYyIy I'eKCaroHaJbHOTO
1,3,5-1uKiorekcarpueHa:

dopmyna Kexyne

B aT0i1 hopmysie Bce aTOMBI yIjiepoja M BCe aTOMBI BOIOpPOJA K-
BuBaJiecHTHBI. Dopmyna Kekyne oOBbsICHSIA CYLIECTBOBAaHUE TpeX IU-
3aMelleHHBIX MPOU3BOAHbBIX O€H30J1a 1 OMUChIBaja UX Kak opmo-(1,2),
mema-(1,3)- u napa-(1,4)-uzomepsr:

Cl Cl
Cl

Cl Cl

Cl
OpmMo-IUXJIOPOCH30  Mema-IuXJIOpOeH30  napa-auxXjaopoeH3051
(1,2-nuxsiopO6eH301) (1,3-puxsopoenszon)  (1,4-nuxsiopoeH301)

328



HecumMmeTrpuunsbie 1,2-au3aMellieHHbIE MPOM3BOAHBLIE OeH30JIa,
cornacHo ¢opmysie Kekyne, 10JKHBI ObLUIM CYLLIECTBOBATh B BUIE ABYX
pasnuuHbIX n3omepoB — I u II:

X Y X Y
I I

PeanibHO, ofHaKO, Bcerga CyllecTBYeT JIMIlb OAUH opmo-u3omep. s
TOTO YTOOBI YCTPAHUTh 3TO HECOOTBeTCTBUE, Kekyse Mpeanoaoxu,
YTO JBOMHbBIE CBSI3U B 1,3,5-1IMKJIOreKcaTpreHe HeNpepbIBHO Tepe-
MeLIaloTCs, U 00a u3oMepa OBICTPO IPeBpallaloTCs APYT B Apyra (Teo-
pUSl «OCLHUJUISILIMA BaJIEHTHOCTHU»):

X X

_— e

Y Y

Hecmotpst Ha To uTo ¢opmysa Kekysne ynoBIeTBOPUTEIbHO OMU-
cbiBasia (popMajibHble OCOOEHHOCTH T€OMETPUM U CTpOeHHUsI OeH3oJIa,
a TakxXe ero MOHO-, IM- U TPpU3aMEIlEHHbIX, OHA HUKAK He OObsic-
Hslla OTCYTCTBME y apOMaTUYECKUX YIJIeBOAOPOIOB CBOMCTB HEHa-
CBHILLIEHHBIX coeauHeHuii. 1,3,5-1luknorekcarpueH I0JKeH ObITh He-
HacCbIIIEHHBIM COEIMHEHUEM, OOECIIBeUMBAIOILIMM OPOMHYIO BOIY U
pacTBOp nepmaHraHaTta Kajuusi. OH TakKe TOJKeH ObLT Obl JIeTKO Mpu-
COCIMHATh M APYTHE peareHThl IO KpaTHBIM cBA3sIM. OmHAKo OeH3071
He BCTymnaeT B 9TU peakuuu. [ToaTomy misi 6eH301a BO BTOPOI MOJIO-
BuHe XIX B. ObUI NpeMIoKeH Psi APYTMX CTPYKTYPHBIX (hOpMYJ; He-
KOTOpbIe M3 HUX YYUTHIBAJIM €T0 WHEPTHBIN XapaKTep B PeaKIIMsIX
MPUCOCTNHEHUS.

JlapeHOypr npeaioxu ajisi 6eH30J1a TpEXMEPHYIO (hOpMYJTy MpuU3-
MmaHa, baitep — wmeHTpuyeckyio ¢opmyny, a Jwploap omucan OeH301
Kak 1uiockuit omnumkio[2.2.0]rekcagneH-2,5:

~

oeHzos JlaneHOypra 6eHson proapa  mieHTpryeckas opmyiia
(1869 r.) (1867 r.) Baitepa (1887 1.)
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Puc. 12.1. Cummetpus 1 y3J10BbIe CBOMCTBAa MOJIEKYJISIDHBIX OpOuTajieit 6eH301a

®opwmyna Jlamenbypra Oblla OTBEpPTHYTA, ITOCKOJIBKY OHA HE COOT-
BETCTBYET UMCIIy PeajbHbIX U30MEPOB AU- U TpU3aMEILEHHBIX OEH30-
JoB. B miockom GeH3ose [proapa AjvHa LIEHTPaIbHOM YIriepoa-yrie-
POIHOI CBSI3U NOJKHA OBITH 2,8 A, YTO HAMHOTO MPEBBIILAET JIHHY
mo60ii Bo3MoxHoit C—C-cBg3u. CiaegoBaTelIbHO, MOJIEKYJIBI «Ibloa-
POBCKOro 0OeH30J1a» JOJKHBI ObITh HEIUIOCKMMM, TOTJa KakK M3BeCT-
HO, YTO MOJIEKYJIBI UICTUHHOTO OEH30JIa TIIIOCKUE.

LlenTpuueckyo ¢GopMyiy JIeTKO OTBEPTrHYTb MCXOIsl M3 TEOPUU
XUMMYECKON cBsi3u. Bce 3T anbTepHaTUBHBIC 1151 OeH30Ja (hOpMYJIbI
ObUIM OTBEPrHyTHI ellle B KoHlle XIX B. B manbHeliliem Mbl elle Bep-
HeMCsl K BaJICHTHbIM M30MepaM OeH3oia — OeH3ojy Jlploapa, mpus-
MaHy M OeH3BaJIeHy XIOKKeJisl, IMOCKOJbKY BCE OHM ObLIM MOJy4YeHBI
nocyie 1963 r. 1 o CBOMCTBAM pe3KO OTJIMYAIOTCSI OT OeH301a.

JlaHHBIE COBpPEMEHHBIX (PU3UKO-XMUMUYECKUX METOJOB OJHO3HAY-
HO yKa3bIBalOT Ha SKBUBAJIEHTHOCTb BCEX YIJIEPOI-YIJIEPOIHBIX U yT-
JIepOI-BOIOPOIHEIX CBsA3el B 6eH3oje. COrylacHO 3TUM JaHHBIM, OEH-
30J1 TIPEACTaBIsIeT CO00M MPaBUJIbHBIN 1IECTUYTOJIbHUK C IJIUHON yT-
nAepon-yriaeponHoil cBsa3u 1,397 A u BameHTHBIMU yraamu 120°.
O6pa3oBaHNe G-CBS3ell YIIepoOA-yIiIepol MOXHO TPEACTaBUTh KakK
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Pe3y/IbTAT MepeKpbIBAHUS Sp>-THOPUIHBIX OpOUTANeil yriepona, Mpu
5TOM 111€CTh HETMOPUIM30BAaHHbBIX p-OpOUTAJIEH 111ECTH aTOMOB yrjiepoaa
00pa3yloT 3aMKHYTYIO T-3JIEKTPOHHYIO CHUCTEMY 3a CYET OOKOBOIO I1O-
napHoro nepekpbiBaHusi. OOpa3yoUIMicsS MpU 3TOM CEKCTET T-3JIeKT-
POHOB O0YCJIOBIMBAET OCOObIE CBOMCTBA M CTAaOMJIBHOCTH OEH30JIA.

CornacHo teopuu MO (1i1.1), 1IeCTb aTOMHBIX p-OpOuUTalieil aTo-
MOB yrjiepoja KOMOWHUPYIOTCS C 0O0pa3oBaHMEM IIECTU MOJEKYJIsIp-
HbIX T-opOuTajieil, U3 KOTOPbIX TPU SIBISIOTCS CBS3bIBAIOIIMMU, a
Tpu — paspeixysomnMu. Ha puc. 12.1 u3o0paxkeHbl MOJEKYJISIpHbIE
m-opouTann O6eH3osna. Ces3blBalOLIAs MOJEKYJISIpHAs OpOUTalib T, C
CaMOli HU3KOM SHEpPrueri He MMEET Y3JI0B M OXBAaThIBAET BCE IIECThb
aTOMOB yrjiepoja. 3a Hell CJIenylOT JABe BbIPOXIEHHbIE CBSI3bIBAIOLLINE
MO mn, u m;, Kaxnagd U3 KOTOPBIX MMEET 10 OJHOMY Y31y. Y3el Ha
OpOUTANN T, MEPIIEHINKYJISPEH Y31y Ha opouTany ms. Tak Kak B OeH-
30JI€ UMEETCS 1IECTh p-3J€KTPOHOB, TO KaX/asi U3 CBS3bIBAIOLIMX MO-
JIEKYJISIDHBIX OpOWTanefl m;, m, W T3 3aHATA IBYMS 3JIEKTPOHAMU c
TMPOTUBOMONOXHBIMU CIIUHAMMU. OcranbHbie Tpu MO 6CH30Jla — n4 ,
n5 u n6 — Ppa3pbIXJISIIOLINEe OPOUTAIIU. Op61/1TaJ11/1 n4 u n5 BBIPOX-
JIeHbl 1 UMEIOT 110 JBa y3jaa. Opbutaib n6 uMmeeT Tpu ysiaa. Bece pas-
poixsioliie MO B OCHOBHOM COCTOSIHUM O€H30J71a BaKaHTHBIL.

KoadduumeHTsl, ¢ KOTOPHIMU aTOMHBIE p-OpOMUTAIM BXOLST B
MOJIEKYJISIPHbIE T-OpOUTAIM HE3aMEelleHHOro OeH30Jla, UMEIOT cJie-
Jylole 3HAYEHMS:

1
+—= 1
V6 - =
L \3
. L \6 1
2 e 203
L L
T, 2 *
4 L TS
23 2 2
L
21 23 T,
\3 L
T, V6
L%

Ilpu BBegeHUM 3aMECTUTEST 3TU KOI(PPUIIMEHThI MOTYT CUJIBHO
n3MeHuThes (. 13).
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12.2. KOHIEIIINA APOMATUYHOCTU XIOKKEJA

CoBpeMeHHBII Moaxon K mpobjemMe apoMaTUYHOCTH OCHOBaH Ha
MPYMEHEHUM TEOPUHU MOJIEKYJISIPHBIX opOuTasieli. BriepBble Takoii mos-
X0/l MPUMEHUTENbHO K LMKIMYECKUM, TTOJHOCTbHIO COIPSKEHHBIM
TUIOCKMM MojineHaM Obl1 copMyaupoBaH D.Xiokkenem B 1931 r. u
M3BECTEH KaK MeTo/ MosieKyJsipHbIx opouTtanein Xwokkenst (MOX). Ero
OCHOBBI ObLIM M3JIOKEHBI paHee B riaBe 2. HamoMHuM, 4TO B METOJE
MOX y4uThIBAIOTCSI TOJBKO BaJCHTHBIC p-3JIEKTPOHBI, HAXOASIUECS
Ha MOJIEKYJISIPHBIX T-OpOUTANISIX. YPOBHU DHEPTUU LIMKIMYECKUX TIOC-
KHUX COTIPSDKEHHBIX TIOJIMEHOB 3aal0Tcs ypaBHeHueM E;= o+ m; B, rioe
E; — oHeprust j-ro YpoBHSI; o0 — KYJIOHOBCKMI WMHTErpai; 3 — peso-
HAHCHBI UHTETpall; a m; — KOIMOUIMEHT, ONpeenseMblii BbIpaxe-
HHEeM, TTIOXOXHMM Ha COOTBETCTBYIOIIEE BBIPAXKEHUE IJISI HELIMKInJec-
KUX COINPSIKEHHBIX MOJMEHOB, MpUBeAeHHOE B 1. 2 (4. 1):

_ 2n
m; = 2cos N
+ N—1 TS HEYETHBIX N ,
Jj=0; £1; £2 ... 2
iTN JUJIST YETHBIX N ;

N — 4uciio aTOMOB yIyiepoaa B IIUKIIE.

JI1st OLIeHKM ypOBHEN SHEPIUU LUKIMYECKUX COMPSIKEHHBIX I10-
JueHoB B paMmkax Metoga MOX ymoOHO BOCIIOJIb30BaThCSl IPOCTHIM
MHEMOHWYECKUM TIPUEMOM, M3BECTHBIM II0J Ha3BaHUeM kpye Dpoc-
ma. 1 3TOro IpaBWIbHBIA MHOIOYTOJBHUK C YHCJIOM YIJIOB, paB-
HBIM KOJIMYECTBY aTOMOB YIJIEpoAa B LIMKJIE, BOMCHIBAIOT B KPYI C
auamMeTpoM 4B TakuMm o0pa3oM, 4TOObl OJHA M3 BEPLUMH HAXOIWUJIACH
B CaMOl HM3IIIE TOUYKe Kpyra. DTa TOUKa Kpyra COOTBETCTBYET YPOB-
HIO 9HEPTUH o + 23, BepXHsist Touka Kpyra dpocra COOTBETCTBYET YPOB-
HIO 3Heprum o —2B. Touku KacaHusi Kpyra JAPYyTUX BepLIMH MHOTIO-
YIOJIbHUKA OIPEAC/ISIIOT YPOBHM SHEPIUM T-OpOUTaNei HUKIMYECKO-
ro comnpstckeHHoro nonmeHa. OleHKa ypoBHENM SHEPIWU T-OpOuTasieit
B BTOM CJy4yae CBOAUTCS K PEILICHUIO IPOCTOI, YMCTO IreoMeTpuyec-
KOW 3a7a4u.

PaccmoTtpuM ¢ momoiibsio kpyra @pocrta mpexkae BCEro YpoOBHU
SHepIruu OeH301a, a 3aTeM M HEKOTOPBIX APYTUX IUKINYECKUX CO-
MPSDKeHHBIX TIOJIMEHOB — LUKJIOOyTaaueHa 1 LUMKJIoOKTaTeTpaeHa. Ha
puc. 12.2 npuBeAeHbI AUarpaMMbl YPOBHEN SHEPruu T-opouTaiein 6eH-
30j1a, LHUKJIoOyTamueHa u 1,3,5,7-uMKI00KTaTeTpacHa.

B 0GeH3o1e MMEIOTCS TPU CBSI3BIBAIOIIME M TPU Pa3PhIXJISIOLINE
m-opbuTtanu. Bce Tpu cBsi3bIBalollMe T-OpOUTAIU OEH30J1a MOJHOCThIO
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o—1,418 o-1,418
P =
A P S S o S
-+ -+
o+ o+ o+1,41B o+1,418
- - -
0+2B a+28 a+283
6eH3on unkiobytaaueH LUMKIOOKTa-

TerpaeH-1,3,5,7

Puc. 12.2. JIluarpamMMmbl YpOBHeil sHepruu st OeH30j1a, IUKIo0yTaareHa 1 1UK-
JIOOKTaTeTpaeHa

3aHATHI, M Ha KaXIOW M3 HUX pa3MelLIaloTcs I0 IBa B3JEKTPOHa C
aHTUIIapaIeIbHBIMU CIIMHAMMU.

Bce paspoixisiolye opoutanad 0eH30Ja n4*, ns* u n; B OCHOBHOM
COCTOSIHUM HE 3aHSThI 3JeKTpoHaMu. CuMMeTpusi t-opOuTajeit 6eH30-
Jla mpuBeaeHa Ha puc. 12.1. O6uiast sHeprust T-3J1eKTPOHOB OeH30Ja Mo
Xtokkemo cocTapisieT 2(o+ 2B) +4(o+ B) = 6o+ 8B. st 1,3,5-1mkino-
rekcaTpueHa ¢ JOKaJIM30BAaHHBIMM, HE B3aMMOICHCTBYIOIIUMU MeEX-
Iy coOOi IBOMHBIMU CBSI3SIMM OOILIAs SHEPTUST ISl LIECTU T-3JeKT-
POHOB HoJDKHA OBITH (60, + 6B). PasHOCTh MeXIy ABYMSI 3TUMU BEJIH-
YMHAMU JaeT DHEPruro OeH30jia OTHOCUTEIbHO TUIIOTETUYECKOTO
«HECOMPSKEHHOI0» LIUKJIOreKcaTpueHa. BTa SHeprus 1o CyLIeCTBY OT-
paxaeT IeoKaau3aluio T-3JeKTPOHOB B OEH30Jie M Ha3bIBaeTCsl I10-
BTOMY BHeprueii neaokanuzauuu. B metone MOX sHeprus aenoxkanu-
3aUMu s 6eH3oJla paBHA 2P, rae pe30HaHCHBIM MHTerpaa [ oie-
HUBaeTCs MpUMEpHO B 18 KKajl/MoOJb, T.e. SHEPrus AeIOKaIU3alUuU
6eH30j1a 1Mo XIOKKEIo paBHA 36 KKaJl/MOJIb. DTa BeJIMYMHA OTpakaeT
0CO0YI0 YCTOMUMBOCTh apOMaTUYECKOIO CEKCTeTa 3JeKTPOHOB.
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JIJIst TIJTOCKOTO KBaApaTHOroO LMKIOOyTagueHa pacueT mo XIOKKe-
JII0 WJTA MCITONIb30BaHue Kpyra dpocTa MpUBOIAT K TPUILJIETHOMY OC-
HOBHOMY COCTOSIHWIO W HYJIEBOH SHEPIrUM AejJOoKalu3aluu, TakK Kak
SHeprusi m-3JeKTPOHOB Ha OJHOM CBS3bIBAIOLIEH M NBYX HECBSI3bIBa-
IOIIMX opouTansax (cM. puc. 12.2) paBHa 2(o+ 2B) + oo + oo = 4o + 4P, T.e.
Takas Xe, Kak W IJIsT IBYX He3aBHMCHUMBIX TBOMHBIX CBsi3eil. PaccMoT-
pUM, YTO TIpedcKa3bIBaeT TECOPMS XIOKKENs IS TIOCKOTO ITMKIIOOK-
TaTeTpacHa, COAepXKallero BOCEMb T-3JIEKTPOHOB. Tpu m-opOuTAIM
LIMKJIOOKTaTeTpacHa SIBIISIIOTCS CBSI3BIBAIOIIMMU, TPU — Pa3phIXJISIO-
IIMMU U JIB€ — HECBSI3bIBAIOIIMMU, T.€. OHU UMEIOT Ty XK€ DHEPIUIo
(o), 4TO M UCXOAHBIE aTOMHbIe opouTanu. IllecTb T-2JEKTPOHOB IO-
MapHO pa3MeIlaoTCsl Ha TPeX CBA3BIBAIOLIMX OPOUTANISIX, HO OCTaB-
1IMecs JBa T-3JeKTpOHA JOJKHBI PAcIoiaraThCsl Ha HECBSI3BIBAIOIINX
opoutansax. B coorBeTcTBUM ¢ TipaBUioM [yHAA 3TH 3JIEKTPOHBI IO
OIHOMY 3aITOJTHSIOT JBE BBIPOXKICHHBIC HECBSI3BIBAIOIINE OPOMTAIH,
npyuYeM MX CIUHBI apauienabHbl. CiiemoBaTeabHo, MeTon MOX mpen-
CKa3bIBaeT, YTO IJIOCKUI COMPSIKEHHBIM LUKIOOKTATeTPaeH MOJKEH
OBbITh TPUIUICTHBIM OMpanukaaoM. M3BeCTHO, UTO TPUILIETHbIE Oupa-
IUKaJIbl OTHOCSITCS K YMCJIY KpailHe HeCTaOWIbHBIX YacTHlI, JIETKO
TIpeTepIIeBaAOIINX NadbHelIMe mpeBpaiieHns. CoraacHo 3KCIepruMeH-
TaJbHBIM JAHHBIM, COIPSDKEHHBIN IIMKIOOKTATETpacH MMEET HETIoC-
KOE CTpOCHHUE C YepeIyIOIIMMUCS TBOWHBIMUA M OOWHAPHBIMU CBS3S-
MM U CYLIECTBYET B (hopMe OBYX B3aMMHO MpPEeBpALLAIOIIMXCS APYT B
Ipyra KoH(opManuii BaHHBEL:

R

Hnsg toro ytoObl M30€XaTh YMEHbILIEHUSI TEPMOJMHAMUUYECKOU cTa-
OMJIBHOCTU TIpU JAEJIOKAIU3AINU T-3JEKTPOHOB, LUKJIOOKTATETPAEHY
SHEPreTUYECKM BBITOJHEE MPUHATh CTPOEHWE HEIJIOCKOTO MOJIMEHA.
Henockuii moiueH BooOle He MOXET 00JagaThb apoMaTU4eCKUMU
CBOWCTBAMM U HE MOMUMHSIETCS MpaBWIy apOMaTUYHOCTU XIOKKEJs
JUIS1 TJIOCKMX MOHOLIMKJIMYECKUX COMPSIKEHHBIX MOJMEHOB (CM. HIUKE).
IIuxiiookraTeTpacH IpeACTaBIsIeT COOOM TUITMYHBIN HEHACHIILIEHHBIN
YIJIEBOJOPO/, B KOTOPOM UepeIyrTCs ABOWHbBIE U OJWHAPHbIC CBSI3U.
LluknookrareTpaeH HEIJIOCKWI, MOTOMY YTO OH HeapomaTuyeH. Pac-
MpOCTpaHEHHOe OOpaTHOE yTBepxkIeHue (HeapoMaTW4eH, MOTOMY YTO
HEIJIOCKWI) HEBEPHO, TMOCKOJbKY B 3TOM Cjyyae MpUYMHA U Clell-
CTBHE MEHSIOTCS MecTamu. Takum oOpa3om, Teopusi XIOKKeJsl oOHa-
PYXMBaeT TIy0OKOe pa3iuyue B BJEKTPOHHON KOH(MUIypaluu 4eTbl-
pex-, 1IeCTU- U BOCbMUAJIEKTPOHHbBIX T-CUCTEM U MOJAEPXKUBAET KOH-
LIETILMI0 apOMAaTUYECKOTO CEeKCTeTa T-3JEKTPOHOB.
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Pazmmyme B ypoBHSAX SHEPIUM T-3JEKTPOHOB IJIsT OCH30J1a, IIMK-
JIOOKTaTeTpaeHa M LIMKI00yTaareHa MOXHO OO0OOIIUTb U PACIIUPUTD,
PacIpOCTPAHMB Ha JIPYIU€ IJIOCKUE MOHOLMKIMYECKHUE, TOJTHOCTBIO
COINpPSKEHHbIE MOJUEHbI C MOMOILbIO npasusa Xwokkeas. I1nockue mMo-
HOIIMKJIMYECKHE COTPSDKEHHBIEC YIIIEBOAOPOIBI OYIyT apoMaTUIeCKH-
MU, €CJIU LUMKI COACPXUT (4n+ 2) m-3JeKTpoHOB, tae n= 1,2,3 ....
Yucno (4n+ 2) Ha3bIBACTCSl XIOKKEACBCKUM YUCAOM 3AeKmpoHos. Yuc-
Jo 4n (n=1 ansa nuxkinodyrtanueHa, n=2 [ LUMKIOOKTaTeTpacHa
M T.J.) Ha3bIBaeTCS aHTUXIOKKEJIEBCKMM, WU MEOMycoBckuM. B Ha-
CTOsIIIIee BpeMsl KpOMe KJIACCMYECKOTO TOHSTHUS apOMATHMYHOCTU IO
XIOKKEJII0 BBEICHO MOHSTHE 00 apoMaTMYHOCTA mo MEOuycy, KoTo-
past XxapakTepHa T 47-3JeKTPOHHBIX UKIMYeCKUX mt-cucteM. Cormac-
HO TE€OpMUH, 8-3JEKTPOHHBIN LIMKIOOKTAaTeTpaeH ObLI Obl apoMaTu-
YeCKUM COEIMHEHUEM, eClii Obl ero m-cUcTeMa CyIlecTBOBaJla B CKpY-
yeHHoit ¢opme (III), T.e. B Buae seumsr Mébuyca. EcTecTBeHHO, UTO
Takasi CKpy4eHHas (opMa OymeT CHMJIBLHO HaIlpsbKeHa, TaK 4TO DHep-
TUs HaNPSDKEHUsS TIePeKpOeT SHEPTUI0 apoMaTMYHOCTH. IloaTtomy K
peaJbHbIM LIMKIMYECKMM CUCTeMaM MPUMEHUMBI JIUIIb MPeaCTaBIeHUs
O XIOKKeJIEeBCKOM (4n + 2)-371eKTPOHHOM TUIIE apoMaTUYHOCTU. OfHa-
KO B LIMKJIMYECKUX MEPeX0OHbIX COCMOSHUSX BO3MOXHA U MEOMYCOBCKast
apoMaTUYHOCTh. IlpencTaBieHusT o ABYX TUIIaX apOMaTUYHOCTHU V-
POKO UCIOJIB3YIOTCSI B TEOPUM TIEPULIMKIMYECKUX peakiuii (1. 25 4. 4).

11

PaccMoTpuM, HACKOJIBKO NMPUMEHUMO TTPABUIIO XIOKKES AJIsl -
pOKOTo Habopa MUKIMYECKNX COMPSIKEHHBIX TOJMEHOB, IS KOTOPHIX
crielMajabHO ObUT BBEJEH TEPMUH «aHHYJIEHb» (anula (J1aT.) — KOJbLO).
DToil mpoOJieMe IOCBSIIECH CISOYIOIIMI pa3nesl HJaHHOW IJiaBBhl.

12.3. AHHYJIEHBI

TepMUH «aHHyJIeH» ObLT BBeACH [JIs1 Ha3BaHUsS TMOJHOCTbIO CO-
MPSIKEHHBIX MOHOLMKJIMYECKUX TOJMeHOB. Pazmep LuKiIa aHHyJeHa
o0o3HayaeTcss UMppoil B Hayaje Ha3BaHUs. B COOTBETCTBUMM C 3TOM
HOMEHKJIATYpOi LIMKJIOOYyTaaueH IpeAcTaBisieT coboii [4]-aHHYeH,
O6eH3os1 — [6]-aHHY/IEeH, a LMKIIOOKTateTpaeH — |[8]-anHyneH. CBoili-
cTBa OeH3o0a (1. 13) ¥ HerI0CKOTO LIMKJIOOKTaTeTpaeHa BCECTOPOHHE
M3y4YEHBI.
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IlepBblil TIpoCTEMIINIT aHHYJIEH — LUKIJIOOyTaaueH — IIOJYy4YeH
CpPaBHUTEILHO HemaBHO. IlepBoHauaabHO OBIT CMHTE3UMPOBAH OYEHb
CTaOUbHBIN T-KOMILIEKC (TJ1. 27, 4. 3) HMKI00yTaaueHUIKEeNe30T-
pukap6oonun (P. [lertur, 1964). DTOT KOMIUIEKC OBLI IOJXYyYeH IIPU

B3aUMMOJIENCTBUM yuc-3,4-TUXJTIOPLUKIO0yTeHa ¢ U30BITKOM HOHaKap-
OoHMJIa XKeJe3a:

H
~aCl
+ Fez(co)g _— e
>~ %
2 oC
H C
o

IIpyu oKMCIUTEIHLHOM pacCIIeIJIEHUM 3TOr0 KOMILIEKCAa HUTPATOM Iie-
pust (IV) unu TerpaaneraToM CBUHLIA B MPUCYTCTBUU AUEHO(DUIOB
ObUIM BbIACJICHBI aJIyKThl IUEHO(MWIOB C LIMKIOOyTagueHoM. B kaue-
CTBEe NUEHO(MWIOB KCIIOJIb30BAINCh 3GUPhl MaJeUHOBOW U (yMapo-
BOW KMCJIOT, STUJNPONMONAT U APYrde aKTUBHbIE OUEHOMPUIbI. Anl-
JOYKTbl ¢ AUMeTWI(ymMapaToM M AMMETUIMAajeaToM oOpas3yloTcsl CTe-
peocreu(PUIHO, UTO COBEPIIEHHO OMpeIeJeHHO YyKa3biBaeT Ha
o0pa3zoBaHMe LUKIMYecKOro 1,3-mueHa B KauecTBe MPOMEXYTOYHOIO
MNpOJyKTa MPU OKUCIACHUN LIMKIOOyTaaueHxkenae30TpukapooHmna. Ta-
KUM MHTEPMEANATOM MOXKET OBITb TOJBKO CaM IUKJIOOYTaJIueH:

‘ 4H—Fqcok—ffgﬁbﬁ+» ‘ ‘
_COOCH,
Cl H— ICl COOCH,
CH, ooc/ “H H-C—COOCH,
coocH,
“COOCH,
COOCH; “COOCH;

B orcyrctBue nMeHOMUIBHBIX JIOBYIIEK LIMKIOOYTaAMEH 4pe3BblUaii-
HO JIETKO AMMepHU3yeTcsl B cBoeoOpa3Hoil peakiuu Jluiabca—Anbaepa
336



¢ 00pa3oBaHUEM CMECU CUH- U GHMU-N30MEPOB Tpnuumo[4.2.0.02’5]01<—
TagreHa:

L .

Bce aTu jaHHbIe CBUAETENILCTBOBAIM 00 0Opa30BaHUM LIMKJIOOYTaJaueHa
B KayecTBe MHTepMeauara, HO He jJaBajld HUKakoi WMHdopmaluu o
€ro CTPOEHUU U BPEMEHM KU3HU.

B mHauBuayanbHOM BUIOE LIMKIIOOyTaaueH ObLUI MASHTU(PUIIMPO-
BaH B 1972 r. B pe3yabraTte HU3KOTeMIlepaTypHOro dotonuza B-aak-
TOHA 2-TUAPOKCULIMKIOOYTEHKApOOHOBOM KMCIOTHI (0-(poTOmMpOHA)
B TBEPIOW aprOHHOW MAaTpPUIIE:

0 hv
‘ | “+C02.

-263°C; aproH

C=0

BriocnenctBum ObUTO peaqn30BaHO €llle HECKOJIbKO YAaUHBIX IOITbI-
TOK (pUKCAlIMY LMKI0OyTaaueHa B KayecTBe MHAMBUIYATbHON MMCK-
PETHOM YacCTULIBI MPU HU3KOTEMIIEpaTypHOM (HOTONM3E B TBEPIbIX
MaTpMlax, Harpumep:

C=0

el M k=t W
/0 -260°C; apron -260°C; apron

C=0

IMpu —-260 °C mosy4eHbl CIIEKTpaJIbHbIE XapaKTepUCTUKU [4]-aH-
HyJeHa. IIuknoOyragueH cTaOWiIeH B MHEPTHON aTMocdepe TOJIbKO
Hike —250 °C, a yxe npu —240 °C npoucxoauT oIurcaHHasl BbILIE M-
Mepusanusa. Hekotopbie pon3BoaHbIe HUKIOOyTaaueHa HEMHOro 00-
Jie€ YCTOMYMBBHI.

KsanpatHas ¢dopma uukinoOyTagueHa HecTaOWJIbHA M3-3a TOrO,
YTO TakKas MOJIEKyJa MpeAcTaBiIsieT coooi Oupagukan (puc. 12.2), T.e.
TPUIUIET, B KOTOPOM BCJIEACTBME MapalJIeIbHOCTU CIWHOB T-3JIEKT-
POHBI HE MOTYT Pa3MECTUTbCS TaK, 4TOObl OOECHEYMTh HaWJIyulllee
CBSI3bIBAHUE. DTU 3JIEKTPOHBI KaK Obl «PAaCTAJIKUBAIOT» MOJICKYIY, 3a-
cTaBiisisl ee aepopmupoBaThesi. Bo3HMKaeT cuTyauus 1Jisl TIPOSIBJICHUS
apdekra Ana—Temnepa, cormacHO KOTOPOMY MOJIEKyJa JOJKHA Je-
¢opMupoBaThCs TakK, 4TOOBI BBIpOXKAEHUE opOuTanein mcuyedno. Ha-
npuMep, BBIPOXIAECHUE CHUMETCS, €CJM TOPU3OHTAIbHbBIE PACCTOSTHUS
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MEXIy aToMaMU yIJiepojia YBEIMYMTh, a BePTUKAIbHBIC YMEHBIIUTD,
Kak TOKa3aHO Ha TIPUBEICHHON CXeMme:

oo — g:%% (HCMO)
Gisnsaes

| o0 " e — g:g% (B3MO)
} i = g:% Vi

B «pactaHyTOM» LIMKIIOOyTanWeHe OpPOUTANb Y, YIIET BHU3, TaK Kak
npu aecdhopMaluy YBeJIUUMBAIOTCS CBSI3bIBAIOIIME B3aMMOAECCTBUS (110
BEPTUKAJbHBIM CBSI3SIM) M YMEHBILIAIOTCS aHTUCBSI3bIBAIOIIME B3au-
MOJIENCTBUA (IT0 TOPU3OHTAIBHBIM CBA3M), & OPOUTANb 3 MOBBICUT
CBOIO DHEPIuI0 M3-3a YMEHbIIEHUs CBSI3bIBAHUSI U YBEJUUEHUS] aHTU-
CBsI3bIBaHUS (CM. TIPUBEAEHHYIO cxeMy). B pesysibraTte sHepreTuyeckas
weab Mexay B3MO u HCMO yBennuuTcsi, 4To NpUBEAET K yBEIU-
YEHUIO CTAaOMJIBbHOCTU TPSIMOYTOJIbHOW MOJIEKYJIbl MO CPaBHEHUIO C
KBaJIpaTHOM.

MeTunoBbiit 3Up TpU-mpem-O0yTUILHUKIOOyTaIueHKapOOHOBOM
kuciaotsl (IV) ycroituu npu -78 °C B otcyrcTtBue Kuciopoaa. Co-
IIACHO JIaHHBIM PEHTTEeHOCTPYKTYPHOIO aHajau3a, LIMKJI B 3TOM CO-
eMHEHUU TIPeJCTaB/sIeT COOO MPSIMOYTrOJbHUK C ABYMSI JUIMHHBIMU
W IBYMS KOPOTKUMHU CBSI3SIMU:

(CHy);C C(CH;);
T w
(CH3),C COOCH,

IuknookraTeTpaeH, T.e. [8]-aHHy/NIeH, B HACTOSIIEe BPEeMsI ITOJIy-
yaroT 1o Metony Pemme (1943) mukiorerpamepu3alneil aleTwieHa B
TI'® B nmpucyTCTBUM alleTUIalleTOHATa HUKeNd (T 6, 4. 1):

Ni(acac),
4 HC=CH > (70%).
80—120°C; 10—20 arm

TI® uan auokcaH

AHHYyJEHbI ¢ OOJIBIINM pa3MepOM LIMKJIa ObLIM HEeM3BECTHHI BILJIOTh
a0 1960 r. 3a mocienHue TPUALATH JeT OOJbIIMHCTBO M3 HUX CUH-
Te3UPOBAHbI U ITOAPOOHO M3Yy4YeHBI IJIaBHBIM oOpa3zoM OJaromaps
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pabotam @. 3oHaxeitmepa, D. Dorensa, I'. Pora n I'. lpenepa. Ilep-
BBl Makpouukianyeckuit [18]-anHyneH Obl1 monyuyeH @. 3oHaxeit-
MEPOM B pe3yjbTare Clieaylolleil Lienu IpeBpaiueHuii. I[Ipu oxkucan-
TEJIbHOIl oJIMroMepu3aluy rekcamuuHa-1,5 mno Inssepy—OrImHTOHY
(. 6, 4. 1) meiicTBMEM alleTata MeIW B MUPHUIMHE B YCIOBUSX BBICO-
KOTo pa3baBieHusT ObLT MOJTyYeH TPUMEPHBIM HNKINIeCKUT BOCEMHAI-
LIATUWICHHBIN TeKCauH Hapsay ¢ TeTpaMepoM, TIeHTaMepoM | T.a. Tpu-
MEpHbIN LIMKJIMYECKUI TeKCanH, [UKJIOOKTaaekarekcant-1,3,7,9,13,15,
MpU HarpeBaHWM C mpem-OyTUIIATOM Kajus B TPETUYHOM OyTHUIIOBOM
CIIUPTE TIpETeprieBaeT MPOTOTPOIHYIO M30MEPU3ALIMIO B ITOJTHOCTHIO
COTPSDKeHHBIN rekcaeHTpuMH. [locnemHuit mpu TUAPUPOBAHUM HaL
Katanu3aropoM JluHmnapa mpeBpaiuaercsa B [18]-aHHyneH:

/CHQ—CECH

/CH2 H
C
C Il
Il € CuOAc), 4 N
I T
C
Il — —
CHZ“CH2—CECH (6%)

(CH;);COK H 3H,
(CH5);COH Pd/BaSO,
5500 H  (CH;CO0),Pb
H H
H H
H H
obumit Bbixon, 1% B pacuere
HA UCXOMHBIA NUUH
H H
H H

H H [18]-anHyneH
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DTOT aHHYJEH COACPXMT 18 m-2/1eKTPOHOB, T.€. YIOBJIETBOPSIET
npaBuly XIOKKeJIsl U SIBISIETCSI UCTUHHBIM apoMaTUYEeCKUM YIJIeBO-
JopoaoM. [18]-AHHyIeH KUPIUYHO-KpacHoro 1Beta ycroiuus g0 130 °C
B pactBope B JIM®PA, MOXET XpaHUTLCS Ha CBETY M Ha BO3IyXe B
TeUEeHUE JIMTEJIbHOTO BpeMEeHM. AHAJIOTMYHBIM O00pa3oM ObLIU IIOJTY-
YeHbl MHOTHE ApYrue aHHYyJEHbl, comepxKalliue YeTHOE YMCJIO aTOMOB
yrnepona: ot C4H 4 no CsyH;, BxmounrensHo.

[10]-AHHyneH, coracHO mpaBuily XIOKKesl, TOJKeH ObITh apo-
MaTW4yeH, ecid Obl OH ObLT TUIOCKWil. Bce m3omMepHble HUKIIOAEKA-
MEeHTaeHbl UMEIOT 3HAYMTEJIbHOE HANpsIKEHHE, KOTOPOe TPEIsITCTBY-
€T 00pa3oBaHMIO IOCKON KoHbopMmaluu. Jlaxe B Haubosee cTabuib-
HOM M3 HUX MPAHC-, YUC-, MPAHC-UUC-, YUC-U30MEPE C MUHUMATbHBIM
VIJIOBBIM HAMNpsSIKEHUEM MMEET MECTO CUJIbHOE OTTAaJKMBAHUE MEXIY
BHYTPEHHUMHU aTOMaMU BOIOPOJA, YTO JENAET €ro HEIIOCKUM:

MPAHC—UYUC-, MPAHC—YUC-, UUC-, YUCTYUC-, YUC-,  MPAHC—MPAHC-, YUC-,
yuc-[10]-annyneH yuc-, yuc-[10]-annyneH yuc-, yuc-[10]-aHHyneH
Hpyroii n3oMmepHblid [10]-aHHYJIEH ¢ MNOJHON yuc-KOH(MUTYpaLyei
ele OoJiee AecTadOUIM3MpPOBaH YIJIOBbIM HampstkeHueM. Ilo 3Toit mpu-
YMHE HU OJMH U3 uU30oMepHbIX [10]-aHHY/JIEHOB He SIBJsIETCS] apoMaTH-
YECKUM YrjieBoaopoaoM. OTCYyTCTBUE apOMaTUUYHOCTHU SIBJISIETCS CJIeli-
CTBMEM HEIUIOCKOW CTPYKTYpPbI, @ HE OTKJIOHEHUS OT IpaBuyia XIOKKe-
nst. Ecnin B ogHOM M3 reoMeTpuueckux usomepoB [10]-aHHyneHa
3aMEHUTD JIBa MTPOCTPAHCTBEHHO COJIMXKEHHBIX aTOMa BOJAOpPOAA HA Me-
TUJIEHOBYIO Tpymmy, To B 1,6-meraHo[10]-aHHyeHe mpOCTpaHCTBEH-
Hble MPensTCTBUSl OynyT ycTpaHeHbl. Takue aHHYJEHbl Ha3bIBAIOTCS
MOCTUKOBBIMU. MocTukoBbIii 1,6-meTtano|10]-aHHyneH ObLIT MMOJIyYeH
DorejieM ¢ TTOMOIIIBIO CIICAYIONIEH TTOCIEIOBATEIEHOCTH TIPEBpaIleHII:

Cl_ i CH,
CHCl;;
(CH,;);COK Na
_ E— —>>
NH3 KUK,
CH, CH,
2Br, OF B xon A
—_— —_—
CH,(l, CH;0H P
Br Br

1,6-metano| 10]-aaHyIeH
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K uzoteTpanuHy, mojaydyaeMoMy BOCCTAHOBJIEHMEM HadTajlMHa IO
bepuy (cMm. mocnenHuii pazaen 3TOM IJIaBbl), IPUCOSAUHSIIOT 10 LIEHT-
paJIbHOII IBOMHOI CBSI3U OUXJIOPKApOEH, IF€HEPUPYEMbIA U3 XJIOPO-
dopma u mpem-0yTuiata Kanus. JUXJI0pIpou3BOIHOE Jajiee BOCCTa-
HaBJIMBAIOT HATPUEM B XUAKOM aMmuake. [IpucoennHeHue 6poMa mo
KpaTHBIM CBSI3SIM MPUBOAUT K TeTpaOpOMUIY, U3 KOTOPOIro Mpu Je-
TUAPOOPOMUMPOBAHUM IIOM AeHCTBHEM cIMpToBoro pacrtsopa KOH
nosydaercs 1,6-merano[10]-annysnen. ITo cBouMm ¢uU3MYECKUM U XU-
MHWYECKHUM CBOMCTBAM MOCTUKOBBIN 1,6-merano|l10]-aHHyseH gBsI-
€TCS TUIMYHBIM apOMaTUYECKHUM YIJIEBOJOPOIOM.

[14]-AnnyneH, nmogob6Ho [10]-aHHYJNIEHY, HemjaHapeH M Haxo-
JUTCS B BUJIE PABHOBECHOMU cMecCHU ABYX KOH(MUTypallMOHHBIX M30-
MEpPOB OTHOCUTEJIbHO OJHOM ABONHOI CBSI3M. MOCTUKOBBIE IIPO-
u3BoAHbIe [l14]-aHHyleHa, coaepxKallue OBa CUH-METUJIECHOBBIX MO-
CTHUKA COOTBETCTBEHHO B MmojoxeHusax 1,6 m 8,13, oTHocATCA K
apoOMaTUYECKUM:

AN
/ = =
cun-1,6-8,13-6ucmerano| 14]-anHyneH

[12]-AHHyJeH, KaK U ClAeJ0BaJo OXWIaTh, OKa3ajcs Heapoma-
TUYECKUM COCIMHEHUEeM, KOTOPOE OTHOCUTEIHLHO CTAOMIBHO TOJb-
ko Huxe —70 °C, a npu —40 °C neperpylmupoBLIBAETCS B yi/c-ONILINK-
710[6.4.0]-10aeKaneHTaeH, KOTOPBIi 3aTeM paclleIvisgeTcs 10 OeH3oJa:

H
_40°C * 120°C
—_—
H

[12]-annyneH
+20°C +50°C
— - > . -

2

IlecTHagmaTuwIeHHBIH [16]-aHHYIEH He TPOSIBIIIET apoMaTHdec-
KHX CBOMCTB. DTOT MOJMUEHOBBIN YIJ€BOIOPO JErKOAOCTYIIEH U B Ha-
cTosilee BpeMsl TMoJsiydaeTcsl npu (OToNM3e yuc-auMepa LIMKIOOKTa-
TeTpaeHa:
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[16]-anHymeH

Hmuubl C=C u C—C-cBgseii B [16]-aHHyJIcHE PE3KO pa3IvMyaloTcs,
YyTO Hapsiiy ¢ naparponueit (cMm. 13.8.3) coBeplleHHO OTYETIUBO YyKa-
3bIBAET HAa €r0 HeapoOMaTMYECKUIl XapakTep.

Takum obOpazom, mjist OOJBLIIOrO YKMCIAa aHHYJIEHOB COBEPILICHHO
OTUYETJIMBO MPOCIEXKUBACTCS pa3iMyue MEXIy apoMaTUUYeCKUMMU
[4n + 2]-aHHYy7IeHaMU ¥ HeapoMaTWyecKUMM [4n]-anHyneHamu. Hau-
Oosibllee pa3UUMe MEXIy STUMM JABYyMs IpyIraMu aHHYJIEHOB Ha-
OmogaeTcs TIpyu MajibIX 3HaYeHMsIX # = 1; 2. KBaHTOBO-XUMIUUYECKHE pac-
YyeThbl IOKa3bIBAIOT, YTO CTAOMIM3alLMsl apoMaTuyeckux [4n+ 2]-aH-
HYJICHOB TIOCTEIIEHHO CHIKAeTCs, 10 Mepe TOro KakK pacTeT pas3Mep
LIMKJIa, T.e. C POCTOM BeJuuuHbl #. [IpaBuio X1oKKess elle BbIIOJ-
HsIeTCSl B M3BECTHOUM Mepe [isl [22]-aHHyJieHa, HO OHO, MO-BUIMMO-
My, OKaXeTcs yxKe HenpueMiieMbiM s [26]- u [30]-annyneHos. Cre-
JIOBaTe/IbHO, CYIIECTBYeT HEKOTOPBIM Tpe/esl apoMaTUYecKoi cTabu-
JU3alMU JUTST MaKpPOUUKINIECKUX, TTOJHOCTBIO COTPSLKEHHBIX 471+ 2
MOJIMEHOB, U TEPMUH «apOMATHUYECKHUIi» MMEeT OTpaHWYCHHYIO 00-
JIaCThb MPUMEHEHUSI. DTO MOXKHO IOHSTh, €CJIM BEPHYTHCS K MCXOMd-
Hoil Momenu kpyra @pocra. 1151 MHOTOYroJbHUKA C OOJBIIMM pas-
MEpOM LIMKJIa, BIIMUCAHHOTO B KPYT, PE3KO CHUKAETCSl pa3HULIA B YPOB-
HSIX SHEPTWU TSI BEPXHUX CBI3BIBAIONINX W HIDKHUX Pa3pBIXIISTIOIINX
opOuTasieil, U, cienoBaTe/ibHO, MOCTENMEHHO TepsieTCsd caMoO pasjiu-
Yre MEXIY CBSI3bIBAIOIIMMU W Pa3phIXISTIONIMMUA OpOUTATISIMMU.

Hcxons U3 3TUX U APYTUMX COOOpaXeHUii, MOXHO [aTh Hauboiiee
00111y10 COBpeMEHHY10 (DOPMYJIMPOBKY MOHSATUSI apOMaTUYHOCTHU:

«Henacvimennaa yukauueckas uau noauyukAu4eckas OUamponHas
MOAEKYAAQ UAU UOH MOJICem paccmampusamscs KaKk apoMamuieckas, ecau
6ce amomvl YUKAQ 8X00AM 6 NOAHOCHbIO CONPANCEHHYIO CUCMEMY MAKUM
00paszom, 4mo 6 OCHOBHOM COCMOSHUU 8Ce T-3AEKMPOHbL PACNOAARAIOMCS
MOAbKO HA C6A3bIBAIOUUX MOACKYAAPHBIX OPOUMANAX AHHYAAPHOU (3aMK-
HYymoil) 000104KU».
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12.4. APOMATUYECKHUE MOHBbI

[MTpaBuno XwokKkensi, MPUMEHUMO HE TOJbKO ISl LIMKINYECKUX,
MOJIHOCTBIO COTMPSIKEHHBIX MOJMEHOB, HO U JUISl TIIOCKUX LIMKJIMYeC-
KHUX MOHOB, CoJepXallrX, KaK U MOJUeHbI, (471 + 2)T-3/eKTpoHOB. OHO
MPaBUJIbHO TIPe/ICKa3blBaeT apOMaTUYEeCKU XapakTep KaTMOHA LIMKJIOI-
PONEHUIMSI, IBYX3apsIIHOTO KaTMOHA LWKI00yTagueHunus (n=0), aHu-
OHa LMKJIOTIEHTAJAMeHAa M KaTUOHA LuKJIorenrarpueHa (n=1) nu-
aHMOHA LMKJIOOKTaTeTpaeHa, aHMOHA LIMKJIOHOHAaTeTpaeHa (n=2) u
T.4. Ha puc. 12.3 npuBeneHbl auarpaMMbl 3HEPTUU T-OpOUTATIe [JIst
HEKOTOPBIX U3 3TUX MOHOB Ha OCHOBaHMM Kpyra dpocra.

Bce oTu MOHBI apoMaTUYHBI U YAOBIECTBOPSIIOT MpaBUly XIOKKE-
Js1. Bee cBsizbIBaroliue m-opOUTAIM B HUX 3allOJIHEHBI, a BCe pa3pbiX-
JISIIOLLME CBOOOJHBI. 3aMoJIHEHKWE CBSI3bIBAIOIIMX OpOUTaNeil MPUBOIUT

K TTOHMKCHHIO SHEPIMM CUCTEMbI OTHOCHUTCIIBHO MCXOIHBIX aTOMHBIX

—_ o—1,8B o—1,8B
o—1,62f3 o—1,623
o—p o
0—~0,453 o—0,453
o ——— — — — — o - ——— — — o |0 ——————— o
o+0,623 0+0,623
o+1,253 o+1,253
o+2f3 o+203 o+203
KaTtvoH LUKN0- KaruoH
UNKIIOMNPONeHunIns rneHragneHnnaHnnoH ynkrnorentarprueHuInsg

Puc. 12.3. InarpaMMBbl 9HEpruy MOJIEKY/ISIPHBIX T-OpOUTaNeil IjIs apOMaTUUeCKIX NOHOB
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opburaneit. JlelicTBUTEILHO, BCE TPH 3apsKeHHBIE YACTHUIIBI XapaKTe-
PU3YIOTCS TIOJOXUTEIbHBIMU 3HAUEHUSIMU SHEPTUU JeJ0KaIMU3allnH,
YTO yKa3blBaeT Ha CTAOMJIM3AIINI0 CHCTEMBI.

ITpoun3BogHbIE KaTHMOHA LIUKJIOMPOTICHWINS ObUIM TTOJIYYEeHBI TIPU
WOHU3AILUM TaJIOTeH-, IIMaH- M aJKOKCHU3aMEeIIeHHBIX IIMKJIOIpOIle-
HOB ¢ nomolibto kuciaot JIstouca uin bpencrena. IlepBoe npousso-
HOe — KaTMOH TPpUGEHWILUKIONPONEHUINSI — OBLIO IMOJIYYEeHO
P.bpecnoy B 1957 r. B pe3yabrare npucoeanHeHns GeHunaHkapoe-
Ha K IudeHUIALeTWIeHy C MOCIEAYIOIMM OTIIeIUICHUeM ITMaHUI-
HMOHa ¢ nomolusio BF;:

a¢pup
CN
CeHs CeHs CgHs CgHs;
1) (C,H5),0 - BF; @
> )
2) H,0 BF,
C¢Hs CN CeHs

HesaMellleHHbI KaTUOH LMKJIONPONEHWIUS TOJIydeH B pe3yJib-
TaTe CJIEAYIOLIEH IMOCIEIOBATEJIbHOCTU IIPEBPALLICHUNA:

#-C4Ho);SnH SbCl
(o) T - SbC16
C¢Hg CH2C12
Cl

KonmnyecTBeHHOII Mepoil CTaOMJIBHOCTU KapOOKATHMOHOB SIBJISIET-
ca BenmnurHa pKr+ (1. 9). KatnoH TpubeHWIINKIONPONEHNUINS Xa-
paktepusyercsi BeIMYMHON pKgr+, paBHOU +3,1, a [ He3aMelIeHHO-
ro KaTMOHAa LMKJIONponeHwns pKg+=-7,4, T.6. OH MEHee CTaOWJICH.
[Mepxnopar 1,2,3-tpu-mpem-oyrunuukiionponeHunus (pKg+=7,2)
HACTOJIKO YCTOMYMB, YTO €r0 OYMILNAIOT IMepeKpUCTaIu3aluei u3
BO/JIbI.

JIBYX3apsIIHbIN LIMKI00YyTaAUeHUIbHBINA KATUOH, 00JIagatoiunii 2m-
3JIEKTPOHHOI CUCTEMOM, HEU3BECTeH, HO HEKOTOpPbIE €ro MpOM3BOI-
Hble yaanoch 3apMKCHUpPOBaTh B PaCTBOPE B CYMEPKUCION cpeae C Mo-
mouubio SIMP-cnexkTpockonuu BCu 'H:
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‘ Br SbF, )
CeHs 50, Gruax.); —60°C
CgHz¢ Br CeHg CeH;
CH; CH;, CH; CH; CH, CH;
a _SbFs T cl
‘ CH; SO, (kumK.); :L?L_\_\::\ @
CH] a TC oy CH, CH; CH,

IluknoneHTaaueH MpPOSBIASIET CBOWCTBA JOCTAaTOYHO CUJIBHON
CH-xucnotsl ¢ pK, = 15,5-16,0 u npu AeiicTBUM TaKUX CUJIbHbBIX
OCHOBaHMI, KakK mpem-OyTUiaT Kajiusgd, aMuJ HaTpusd W TUAPUJ Ha-
Tpusi, oOpa3yeT UMKIOMEeHTaAUEeHUI-UOH, COAePXKAIUIA 1IeCTh m-3J1eK-
TPOHOB. DTOT aHUOH M303JIEKTPOHEH OEH30Jly U OTHOCUTCSI K YMCIY
apoMatuueckux aHuoHOB. B aHmnone CsHs ¢ cummerpueir Dy, Her
angpTepHupoBaHusl WIMH C—C-cBs3ell B OTJIMYME OT CaMOI0 LIMKIIO-
MEeHTaIueHa, TIe 4YepeayloTcs ABOWHBbIE W OJWHAPHBIE YIJIEPOI-YyT-
JeponHbie cBsi3u. B [IMP-cniekTpe nukioneHTaaueHua-noHa Habio-
JlaeTCsl €IMHCTBEHHBIN CUTHAJI, COOTBETCTBYIOILIMI AUATPOITHON Ara-
MArHUTHOM CUCTEME.

MHTtepecHO 0COOEHHOCTBIO LIMKJIOTIEHTAIUEHUI-aHUOHA SIBJISIETCS
0o0pa3oBaHME OETaMHOB, € OTPULIATEJILHO 3apsKeHHBIA TSATUYICH-
HbIM LIMKJ HETOCPEACTBEHHO CBSI3aH C MOJIOKUTEJIbHO 3apsi>KEHHBIM
rerepoaToMoM asoTa wiu docdopa. B kauectBe nmpumepa npuBeaeM
MOJIyYEHUE LUKIIONEHTAAUEHUINUIA TTUPUIUHUS:

T e e
\\ @
(=@

OTIMIUTETLHON OCOOCHHOCTBIO TaKHUX OETAMHOB SIBIISICTCSI BBICOKMI
JUTIONBHBIN MOMEHT, JIJIsS TPUBEAEHHOro OeTarHa OH cocTtasisieT 13,5 1.
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IMpaBuno XroKKess MpencKa3biBacT apOMaTHYHOCTh KATMOHA ITNK-
JorentarpueHuus (Katuona tponuiusi) C,H,", obpasyrorierocs: npu
OTILEIUIEHUU Tuapua-uoHa ot 1,3,5-uukiorentarpueHa (Tponuiauae-
Ha). KatnoH Tpomwius ObUl He3aBUCHMMO ItojiyueH B. JlepuHrom, a
takke M.E. BonbnuabeiM u II.H. KypcanoBbim B 1954—1957 rr.:

Br

H OoC H H tc @
+ Bry, ——> — Br
H H
Br

1,3,5-1uKJjorenrarpuex H KaTUOH
TPOITHJINSI

(J

)
Cl + POCl; + HCI

©
BF, + (C¢Hs),CH

T T
&
e

(85%)

Kartnon Ttponunusi obmamaer cummerpueir D;, U COOEPXKUT B
IIMP-cnexkTpe TOJIbKO OIMH CHUTHAaJI, BCe aTOMbI yrjiepoia B HeEM
TaKKe PaBHOIIEHHBI, YTO OMpPEAeJICHHO YKa3bIBaeT Ha CUMMETPHUY-
Hoe cTpoeHue MoHA. OH OTHOCUTCS K YMCIY OYEHb CTAOUJIbHBIX Kap-
00KaTHOHOB ¢ pKp+=+4,7; Mg CpaBHEHMUS] HAIOMHWM, YTO JAPYTrOW
CTabWIbHBIA KaTnoH — TpudeHmmmermibHbI (C¢Hs);C™ — xapak-
tepusyercsi pKg+ = —6,6, a st (4-CH;0—C¢H,);C" pKr+= 0,8, T.¢e.
00a OHU CWIBHO YCTYIAIOT MO CTAOUJbHOCTU KATUOHY TPOTMUJIUS.

LluknookTareTpaeH, Kak yxe ObUIO OTMEUEHO paHee, HEIJIOCKUI
1 HeapoMaTHYecKuil yrieBogopoa. OmHako AuMaHUOH [8]-aHHYJeHa,
00pa3ylolniica TpU BOCCTAHOBICHUM IBYMSI SKBUBAJECHTAMH KaJlus
B TI'®D, gaBigeTcs TIOCKUM apoMaTWYecKMM HMOHOM. OH COmEpXKUT
JIECSATh T-2JIEKTPOHOB, JEJOKAIU30BAHHBIX MO BCEMY BOCBMUYJIEHHO-

My KOJIbILY:
TTo®
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BocbMUWIEHHBIN UMK AWaHWOHA MMEET TUIOCKYI0 OKTaroHaJbHYIO
CTPYKTYpPY C IUTMHOI yIepoa-yrieponHoil cesasu 1,41 A, uto xapak-
TEPHO TSI ApOMATUUECKUX CUCTEM U OYeHb OJM3KO K UIMHE YIIepOd-
VIJIEpONHOM CcBsA3U B GeH3ouse. [IpuMeyaTenbHO, YTO TUAHUOH LIUKJIIO-
OKTaTeTpacHa 0OoJjiee YCTOMYMB, YeM €ro aHMOH-paauKal, MoJyJaro-
LIMICS MPY OTHOBJIEKTPOHHOM BOCCTAHOBJIEHUWM ITMKJIOOKTAaTeTpacHa.
AHMOH-paanKa JIETKO TUCIPOIOPLMOHUPYET HA NTMAHUOH U IUKIIO-
OKTaTeTpaeH, 3TOT TIPOLIECC 3aBUCUT OT MPUPOABI TPOTUBOMOHA M
pacTBOPUTEIIS:

O—0 -0

Lluk1oHOHAaTeTpaeHMWI-aHUOH — CJIEAYIOIINUI BBICIIUI TOMOJIOT
LMKJIOTICHTAINeHWIAHNOHA — TaKKe apoMaTWueH. AHMOH IIMKJIOHO-
HaTeTpaeHa yuc-KoHbuUrypauu Obul MoJy4yeH HECKOJIbKUMU pa3inuHbI-
MM cItocobaMu, B TOM YHCIIE IeMPOTOHMpoBaHMeM OnULukio[6.1.0]Ho-
HaTpueHa WiIu LlI/IKJIOHOHaTCTpaeHa C MOMOIIBIO CWJIbHBIX OCHOBaHMUIA:

H g
Cst CH (CHy);COK.
HMCO i “7MCco

yuc-1IuKi1ooKTaTeTpaeHWJI-IMAHUOH U LIMKJIOHOHATETPACHMUJI-
AHUOH SIBJIAIOTCS TUIAaHAPHBIMMU JUATPOITHBIMU YacTULIAMU C €IUHUY-
HbIM curHajoM B ITMP-criekTpe, 4To pe3ko OTIMYaeT MX OT HeIlIaHap-
Horo [10]-aHHyJeHa, He 00JaJalolIero apoOMaTUUYECKMMM CBOMCTBAMM.

Crnenyonmii U3 BO3MOXHBIX apOMaTUYECKHUX MOHOB — KaTUOH
YHAEKaIleHTaeHa — BCE €11l OCTAeTCsl HEU3BECTHBIM, HO €ro MOCTH-
KOBbIA MOH HENABHO IIOJIYYEH I10 CIECAYIOLIEH, CTaBLICH yX€ CTaH-
JIIApTHOM MpoLeaype:

® O
\ H (CgHy);C BF,
CH,CL,

H

[12]-AHHYJIEH, KaK yXe€ OTMedYaJloCh B IpEIbIIyILIeM pasielie,
crabumneH ToibKo Hike —60 °C, a yxe mpu —40 °C 1erko meperpyi-
MMUPOBBIBAETCSI B yuc-onunkno|[6.4.0lmonekaneHrtaeH. [12]-AHHyneH,
MOJ00OHO ITMKJIOOKTaTeTpacHy, JETKO BOCCTAHABIMBAETCS ITOJISIpOTpa-
(uyeckm mnam Tox ACWCTBMEM IMEJIOYHOTO MeTajla J0 JWaHWOHa,
obnamaromero 14-3;eKTpOHHOM apoOMaTUYECKOM T-CHCTEMOIA:
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2 Li
TIeo; —80°C

MoctukoBblie [12]-aHHYyJIeH-AMAHUOHBI TTOJIYYEHBl ABYX3JIEKTPOHHBIM
BOCCTAHOBJIEHUEM COOTBETCTBYIOIIMX aHHYJeHOB. Bo Bcex aTux ciy-
yasx MepeHocC BYX 3JEKTPOHOB MpeBpallaeT napaTponHyio 12 n-anek-
TPOHHYIO 4n-cucteMy B (4n + 2)-cuctemy ¢ 14 m-3JaeKTpoHAMU, KO-
Topas hopMaIbHO MOXET paccMaTpUBaThCSl KaK OJIVMIKaMIIMiA aHaaor
JUaHMOHA LMKIOOKTaTeTpacHa ([8]-aHHyleHa).

MoctukoBblii [15]-aHHYJIEHWI-KAaTUOH, HOJYYECHHbIN IIPU OTILIEM-
JIEHUM TUIPUI-MOHA OT TETPALMKIMYECKOIro IMOJMeHa, MpeacTaBiser
c000i1 OAMH M3 CaMbIX CTAOMJIbHBIX OKpAllIEHHbIX KapOOKAaTHOHOB C
pKr+ = +8,4:

DTOT KapOOKATMOH TaKKe COIEPXKUT apoMaTUYeCKyio 14 m-371eKTpoH-
HYIO CUCTEMY.

[16]-AHHYyIEH-IMKATHOH yAAJIOCh 3aUKCUPOBATh TMIPU JENCTBUN
Ha [16]-anHyneH ¢ropcyabhoHoBoit Kucaotel B cMecu SO, u CD,Cl,
npu —80 °C. DuoseTOBLINA pacTBOP AUKATUOHA TPOSIBJISIET CBOMCTBA,
XapaKTepHbIe IJIsI IPYTMX MOHOB, comepxaluux 14 m-simekTpoHoB. B
OTJIMYME OT 3TOro BOCCTaHOBjieHUEe [16]-aHHyneHa Kamuem B TI'D
MPUBOAMT K 00pa3oBaHuIo [16]-aHHy/IeH-IMaHMOHA, codepkKailiero 18
T-3JIEKTPOHOB:

FSO;H
-
SO,;
CD,(l,
FSO9  —80°C
(roneroBbIit 18m-31eKTpOHOB

147-371eKTPOHOB
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M3 npyrux mojydeHHbIX K HACTOSILIEMY BpeMEHU apoMaTUYEeCKUX
MOHOB MaKpOUMKIMYECKUX aHHYJIEHOB OTMETUM IHMAHUOH [24]-aHHY-
JIeHa, comepxKalluuil 26 m-3JIeKTPOHOB, YAOBJIETBOPSIOLIMIA IIPABUIY
XIOKKeJIsl U1l apOMaTUYECKUX CUCTEM.

12.5. AHTUAPOMATNYECKHUE AHHYJIEHBI 1 NOHBbI

Meton MOX (u.l, rn.1) — npocteiinii MeTon KBAaHTOBOW Xu-
MUK — OOBsICHSIET pazinuuue mexny (4n + 2)- u (4n)-3J1eKTPOHHBIMU
MOHOUMKIMYECKMMHU T-cucTteMaMu (Tadi. 12.1). OmHaKo 3TOT METO.,
MpeacKa3blBaeT, YTO BCE aHHYJEHBI, 3a MCKJIIOUEHUEeM LMKI00yTa-
nueHa, 6ojiee YyCTOMUMBBI, YEM MOJIEJbHBIE YIJIEBOJOPOAbI Oe3 Je10-
Kanuzanuu. KpoMe Toro, 3HauuTelbHOE pa3jiMuude B SHEPrUM JAeJio-
KaJu3aly MeXIy ABYMS STUMU CHCTEMaMUW aHHYJIEHOB HaOIOIaeT-
Cd TOJIBKO TIPM MAJIbIX 3HAYCHUSIX A, IJIST OOJBIIMX BEIWMYMH # 00e
cepun (paKTUIECKN He pa3TnJaloTcs o sHepruu. B pacuerax mo Xioxk-
KeJTI0 DHEPTUs NeIOKATN3aINNA 1T MHOTHMX apOMaTUYECKUX CUCTEM
OOBIYHO MOJIy4YaeTcs ToXe 3aBbllieHHOM (cM. 12.8). HakonHeu, meTon
MOX He OOBSICHSIET PEe3Kyr JeCTadWIM3alMI0 TJIOCKUX aHHYJIEHOB,
cojiepxallux 4n m-371eKTPOHOB, OCOOEHHO MPU MaJibIX 3HAUEHUSIX A.
bonee tounbie coBpemeHHble pacueTbl B npubaxkeHun CCIT (. 2)
MOKA3BIBAIOT, YTO TUIOCKME IUKINYECKHE COTPSTKEHHBIC TOJMEHBI C
4n m-3A€KTPOHAMU JECTaOUIU3UPYIOTCS TIPU JAeJIoKaIu3aluyl T-3J1eK-
TpoHOB. He BHmaBasch B CyIIeCTBO M IETalM 3THUX PAacyeTOB, KPaTKO
OCTAaHOBHMCS TOJIbKO Ha MX MeTojojioruu. B kauecTBe craHaapTa st
CpaBHEHUS BBIOMPAETCST JTMHEWHBIN COMPSKEHHBIN TTOJMEH C TeM 3Ke
YHUCJIOM aTOMOB YIJiepoja M T-3JEKTPOHOB, UTO M Y LIMKJINYECKOTO
aHajiora — aHHyJieHa. Eclin aHeprus m-3JeKTPOHOB LUKINYECKOTO TM0-
JIMeHa HYXKe, YeM Yy JIMHEMHOTro ToJjiMeHa, aHHYJeH OTHOCST K apoMa-
TUYecKUM. Tak, Harpumep, DHEPTUSI T-3JIeKTPOHOB OeH30j1a ropasio
HIDKE, YeM DHEPIus T-3JIeKTPOHOB JIMHeiHoro 1,3,5-rekcarpuena. Ecim
BHEprusl m-3JIEKTPOHOB aHHYJIEHA MPEeBbIIIAeT SHEPIUI0 T-3JIEKTPOHOB
JIMHEMHOTO TOJIMEHA, TaAKOW aHHYJIEH OTHOCST K AHMUAPOMAMUYECKUM.
ITomoOHEbIT TIOAXOm OB pa3BUT B TeopeTwudecKux padorax P.bpecmoy
n M.JIproapa, KOTOpbie W BBEJIW STOT HOBBIM TepMUH. TepMUH <«aHTH-
apOMaTUYECKHIT», €CTECTBEHHO, OTHOCUTCSI HE TOJBKO K aHHYJIEHaM,
HO TaKXXe M K UX KaTMOHaM U aHHMOHaM (cM. Tabi. 12.1).

ITpocreiiiumM MpuMepoM aHTHApOMaTUYeCKUX [4n]-aHHYJEHOB
SBJISIETCSI LMKJIOOYyTaaueH, ISl KOTOPOTO SHeprusi aecTabuau3auuu
Mo CpaBHEHHUIO ¢ OyTtaaueHoM-1,3 coctaBisieT okojio 20 KKaji/MOJb.
Hpyrue [4n]-aHHyJeHbI, HauMHasl C LUKIJIoOOKTareTpaeHa ([8]-aHHY-
JIeHa), TIPEAITOYNTAIOT OBITh HEIUTOCKUMU TIOJIMEHAMU JUTSI TOTO, YTOOBI
n3bexarb ecTabuin3aluu, CBSI3AHHOW C JeJIOKaau3alMeid T-3J1eKT-
poHoB. Ho MHOrMe MOHBI C MaJlbiM pa3MepoM IIMKJa, CojaepxKallue
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Taonuwuma 12.1

KJIaCCl/l(l)I/[Kallﬂﬂ CONMPSAKCHHBIX MOHOUMUK/IHYECCKUX NOJIUEHOB,
HX AHHOHOB U KATHOHOB

Yucno Yucno
CoenuHeHue CoennHeHue
T-2JICKTPOHOB T-2JICKTPOHOB

Apomamuueckue
LlukonponeHwI- 2 JnanvoH 10
KaTHOH LIMKJIOOKTaTeTpaeHa
LlukoneHTagueHWI- 6 LnkiioHOHaTeTpaeHUII- 10
AHUOH aHUOH
benzon 6 JnaHvoH 14

[12]-annynena
LlukiorenrarpueHmI- 6 JnaHOHBI 18
KaTHOH [16]-annyneHa
[22]-annynen 22 [18]-annynen 18
Anmuapomamuueckue Heapomamuueckue
LlukonporneHwI-aHuOH 4 HwkorentatpreHMI- 8

aHUOH
LukinobyraaueH 4 LwukiookraTeTpacH 8
LlukoneHTagueHWI- 4 [10]-anHyneH 10
KaTHOH

4n m-2JIEKTPOHOB, ClielyeT CUMTaTh aHTMapOMaTUUYECKUMMU, TaK Kak
OHM HE MOTYT CTaTh HEIJIOCKUMM.

K unx ymciay, HECOMHEHHO, CIEAyeT OTHECTU LIMKJIOIIPOIIEHMUII-
annoH (VI), nuknonentaguenuia-katuoH (VII), umkiaorentarpueHMI-
anuoH (VIII) u HekoTopble ApYrue MOHbI:

ij Vi U vii @ VIII

[uxiionporieHWI-aHUOH HECPAaBHEHHO MEHee CTaOuJIeH, YeM LIUK-
JIONPONUI-aHUOH, XOTS1 (POPMaIbHO LMKJIOINPOINEHWI-aHUOH OJIM30K
K aJUIWJIbHOMY aHWOHY. LIMKJIONpONeHUI-aHUOH HEBO3MOXHO TOJY-
YUTh M3 LMKJIOINPOIEHA, TaK KaK HE CYLIECTBYET OCHOBAaHHWS TaKOM
CWJIbl, YTOOBI OTILENUTb MPOTOH OT LIMKJIoMporieHa. C MOMOILbIO LUK~
JIMYECKOW BOJIBTAMIIEPOMETPUU (CTMIELIMAJIBHOTO 3JIEKTPOXUMUYECKO-
ro MeToja) yAajoch MPU HU3KOW TeMIepaType OCYIIECTBUTh CJENyIO-
LMK LUMKJT IIpeBpalleHUA:
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- é
TMKJIOIMPOITCHNII- HHUKJIOITPOIICHWT- HHUKJIOITPOIICHWT-
KaTnoH paguKan AHMWOH

?@va

Ha ocnoBanum 3tmx maHHbIXx CH-KMCIOTHOCTH IIMKIIOIpOIIeHA
Obuta olleHeHa BelW4yMHON pK, mopsaka 61—62, KoTopas HaMHOTO
Oosmplie, yeM Iy Jo0oro ainkaHa (. 3). Jlecrabunm3aumst LIUMKIIO-
TIPOTIEHUI-aHNOHA MOXET OBITh JIETKO TIPOMJUTIOCTPUPOBAHA C TTIOMO-
LIBIO CIEAYIOIIETO, JOCTAaTOUHO YOeauTeAbHOro, pumepa. TpudeHu-
IUKJIOTIPOITEH TIpA 00pabOTKe aMWIOM HATpPHUS B KMIKOM aMMUaKe
TpeBpalnaeTcs B rekcadeHWIO0eH30J, TP 3TOM He ymaeTcs 3aduK-
CHpOBaTh 00pa3oBaHUe TPUPEHWIMKIONPOIICHII-aHNOHA:

CeHs, CeHs _
NaNH,
[ —
NH3>KMLLK.
CeHs

CeHs

CH C H;
—_—

CeHs CeHs

CeHs

TpudenunuukionporneH umeer pk, ~50, 3Ta BeIMUYMHA HAMHOTO
BbILIE, YeM IS TpudenmwiMeraHa pK, 31,5; cMm. . 3, u. 1). Bernuuna
pK, A5t TPUANKWIILMKIIONPONEHOB npebliaet 60.

LuknoneHTanueHUI-KaTUOH, MOAOOHO LMKIOMPONEHWI-aHUOHY,
conepxXuT 4n-aaekTpoHa. Meron MOX mpeackasbiBaeT A1 HEro dHep-
ruio crabwnusamuu 1,24 B.
PeanbHast cutyaius CUIbLHO OTJIMYAETCsl OT TOMl, KOTOPYIO MpeackKa-
3piBaeT Teopusi MOX. Ilpu B3amMoaeicTBUU TeHTAa(PESHUILIUKIIONEeH-
TaguMeHoJa WM rekcaxjopuukioneHtagueHa ¢ BF; win SbFs ob6pa-
3yeTcsl MOJHOCTBIO 3aMEIIeHHbBIM LMKIOMEHTaAUEHWI-KaTUOH B TPUII-
JIeTHOU bopme:
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CeHs CeHs

CeH¢ CeHs
C¢H{ OH

CaM IUKJIOMEHTAANEHUI-KATUOH ObLI IOJyYeH IPU HOHU3ALUU
5-OpOMIIMKIIONIEHTAANEHA C TTOMOLIBIO TMATU(MTOPUCTON CYPbMBI TIPU
—196 °C, oH OBICTPO pa3jaraerTcsl IPY ITOBBIICHUM TEMIIEPATYPhI:

NBS _SbFy _
—196°C_
H™ Tl H™ pr

Ero BOIIP-cnexkTtp nokasbiBaeT, YTO LMKJIOMNEHTAAUEHUI-KATUOH B
OCHOBHOM COCTOSTHUM TIPEACTABISIET COOOI TPUIUIETHYIO YACTHILYy CO
CTPYKTYpO# TUTOCKOTO TISATUYTOJIbHUKA.

IIuknorenTaTpueHWI-aHUOH, COAEPXKaAlUU BOCEMb TT-3JIEKTPOHOB,
OB MOJYYeH MpH JCHCTBUU CIIaBa Kajus M HAaTpUS Ha 7-METOKCH-
LIMKJIOTETITATpUEH WM 7-TpUpeHWIMeTWIInKiIorentatpueH B TT'®
npu —20 °C:

K—Na
Tr®d; —20°C TI'®d; —30°C

H OCH; H C(CeHs)s

DTOT aHMOH HEYCTOMYMB M, TO-BUAMMOMY, TPEICTaBISET COOOM
TPUILIETHBIN Oupaaukai. [ToaydeHbl TakKKe M1 HEKOTOpbIE APYyTrrie MaK-
POLIMKIMYECKUE aHTHUApOMaTUYeCKe MOHBI ¢ 4n m-3jeKTpoHamu. K
UX YUCJYy MOXHO OTHECTU AuaHuoH [18]-aHHyNeHa, comepKalluii
IBaIlATh T-2JEKTPOHOB M OWAHWOH [14]-aHHy/leHa C IIeCTHAIUAThIO
m-2JIeKTpoHamMu (Tabs. 12.1). AHTHApoMaTUYEeCKMI XapaKTep MaKpo-
LMKJIAYECKNX MOHOB OBICTPO OCJIabeBaeT, MOCKOJIbKY OHM JIETKO MO-
TYT MPUHSTh HEIUIOCKYI0 KOH(MUIYpALHUIO, YCTPAHSIOLLYIO 1eCTadu-
JIM3aLMI0 KaK CJIENCTBUE NEI0KaIu3aluM 3JIeKTPOHOB. MaKpOLIMKIN-
YeCcKHMe MOHBI ¢ 47 T-2JIEKTPOHAMU JAEMUCTBUTENILHO CYILIECTBYIOT B BUIE
CMeCcH KOH(UTYPAllMOHHBIX M30MEpOB.
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12.6. KOHAEHCUPOBAHHBIE
APOMATUYECKHUE YIVIEBOAOPO/IbI

IIpaBuno Xrwokkenst 00 apoMaTUYHOCTU (47 + 2) T-3JIEKTPOHHOMK
CHUCTEMBI BBIBEICHO M, CTPOrO TOBOPS, MPMMEHUMO [UISI MOHOITMK-
JMYecKux cucreM. Ha monunmkimyeckue KOHISHCUPOBAHHBIE CUCTE-
MBI OHO MOXET OBITh IIEPEHECCHO MPU YCIOBUM, UYTO OOLIME JJIST IBYX
LIMKJIOB CBSI3M HE BHOCSAT CEPHE3HBIX BO3MYIICHHUI B T-3JICKTPOHHYIO
CHUCTEMY IO CPABHEHMIO C COOTBETCTBYIOLIMMM aHHYJIEHAMM, a JUIIb
obecIieuynBalOT HEOOXOMMMYI0 KOILIaHapHOCTh. Ilpy Takom Iomxose
OMIIMKJIMYECKIE YIJICBOIOPOIbl HaTaIMH MM a3yJieH paccMaTpHBa-
JOTCSI KaK 3JIEKTpOHHBIe aHajoru [10]-aHHyJeHa ¢ OECSATBHIO T-3JIeKT-
poOHaMHM, B KOTOPBIX OOIIast UIsl ABYX LIMKJIOB YIJIEPOJA-YIJIepoaHast
CBSI3b KECTKO 3aKperuisieT IUIOCKYI0 KOH(UTYpAIlUI0 BCEHl MOJICKYIIBI,
YTO OJIATOTNIPUSTCTBYET ACIOKATU3AIMKU T-3JICKTPOHOB.

7-DJIEKTPOHHAST 9HEPIMsI KOHIEHCUPOBAHHBIX YIJIEBOIOPOIOB JIeii-
CTBUTEJILHO HMXE, YeM Y COOTBETCTBYIOIIMX aHHYJICHOB, M HadTa-
JIMH M a3yJieH 00JIalaioT sIPKO BBIPaKEHHBIMU apOMAaTHYECKUMU CBO-
cTBaMU, HO HadTaauH OeCLIBETEH, a a3yJieH OKpallleH B TEeMHO-CH-
HUI 1IBET, ITOCKOJIBKY B €0 3JIGKTPOHHOE CTPOCHUE CYIICCTBEHHBIN
BKJIaJl BHOCHUT OMITOJISIpHAsI CTPYKTypa, IpelcTaBIIsioliasi coboi co-
yeTaHMe sIIep aHMOHA LIMKJIONEHTAIUueHUIa U KaTUOHA TPOITMJIMS:

8 1 8
1
7 2 7
6 ) <-—>
6 3
3
5 4 5 4

HaTaIMH asyJieH

M3 TpULMKIMYECKMX CUCTEM apOMaTUYECKMMM SIBJISIIOTCS aHaJIOTU
[14]-annynena — anTpaueH u (peHaHnTpeH. Cam [14]-aHHYJI€eH HEKOII-
JJaHapeH U MO3TOMY HeapoMaTUYeH:

6
5 7
8 9 1 4
7 2 3 8
6 3 2 9
5 10 4 1 10

aHTpaLeH (eHanTpeH

9MHI/IpI/I‘~IGCKOG pPacnpoCTpaHCHUEC IIpaBUJIa XIOKKeIsT omnpaBIdaHO IJIA
JIIOOBIX TTIOCKUX KOHACHCUPOBAHHLIX CUCTEM, MMCIOIIIMX aTOMBI, obme
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IJIsl IBYX LIMKJIOB, HAIpUMMeEp IJIs TeTpalieHa (HadTalieHa), IeHTale-
Ha, OudeHwIeHa, TpU(GEHWIEHAa U IPYTUX KOHIACHCUPOBAHHBIX YIJIe-
BOJIOPOIIOB:

10 11 12 1 11 12 13 14 1
9 2 10 2
8 3 9 3
7 6 5 4 8 7 6 5 4
TeTpaLeH TIeHTAalIeH
2
1 3
8 1 12
6 3
10 5
5 4 9
8 6
oudeHmeH TpudeHwieH 7 11 XPU3EH

14 |
13

OnHako UISl COeAMHEHMI, UMEIOIIUX aTOMBI, OOIIMe [UIS TpeX IIUK-
JIOB, TIpaBWIO XIOKKeNss HenmpuMeHuMo. Tak, Harpumep, aleHadTu-
JICH, TIMPEH M IePWIEH MMEIOT COOTBETCTBeHHO 12, 16 u 20 m-3jeK-
TPOHOB, T.€. HE IMOMYMHSIIOTCS (opMyJie 44 + 2, XOTsI U SIBJISTIOTCS apo-
MaTUYCCKMMU YIJICBOIOPOIAMMU:

12 1

9
8 10
— L a0
i 7 1 10 3

arreHabTIIICH nUpeH nepusieH
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st cTporux BBIBOAOB 00 apOMaTUYHOCTH 3TUX M APYTUX YIJIEBOIO-
POIOB HEOOXOAMMO IIPOBECTH pacyeT C IOMOIIbI0 MeToma XIOKKeJs
WIU JpYroro KBaHTOBO-XMMMYECKOTO MPUOIMKEHUs Uil TOTO, 4TO-
OBl OMPENCINTh YKMCIIO CBSA3BIBAIOIINX, HECBSI3bIBAIOIINX U Pa3pPBIXIIs-
o1ux opoutaneit. Jpyrue KOHASHCUPOBAHHBIE TPULMKINYECKUE YT-
JIEBOAOPOIBI, MMEIOIIME OAWH aTOM yIjiepojaa, OOIIWii IJIT BCEeX Tpex
LUKJIOB, Takue, Kak (eHaseH (mepuHadTeH) WIM OPYroil TPULIMK-
JIMYECKUI YIIIeBOAOPO/I, HEAPOMATUUHbBI, OJHAKO MX KATUOH M aHWOHBI
00J1a1aI0T apOMaTUYECKUMU CBOMCTBAMMU:

H

S
H H

CrpykTypHy10 (hopmyiy OeH30J1a ObLUIO ObI JIOTUYHO M300paXkaTh B BUIIE

TJie CIUIOLIHOE KOJIBIIO CHMBOJIM3MPYET CEKCTEeT T-3JEKTPOHOB. DTa
(opmyma gacTo ynorpebisgercs B XUMUUYeCKOM uTepaType. OQHaKO C
LIEJIbI0 COXPaHEHUs OOBIYHBIX MPEICTABICHUI O YeThIPeXBaJIECHTHOC-
TH YIJIepoJa XMMHUKM IO CUX MOp IoJb3yioTcs u dopmyinoin Kekye,
OTUETJIMBO CO3HABas e€¢ MOCTOMHCTBA M HEIOCTATKM.

W3o6paxkenne crpoeHus HadTaanMHa, aHTpalleHa, (peHaHTpeHa U
JPYIrUX KOHJAEHCUPOBAHHBIX YIJIEBOJAOPOJOB C ITOMOIILIO (GOPMYI C
KPYyroM B IIEHTpE IIECTUYTrOJbHUKA MOXKET NMPUBECTU K SBHOMY He-
JOPa3yMEHMIO, €CIU KaXIblil KPYr CUMTATh M300pa’keHUEM IIeCTU
T-3JICKTPOHOB:

IIpu takoir ¢dopme 3amucy HadTaJIMH JOJDKCH MMETh IBEHAALATh, a
He peanbHbIX 10 T-37€KTPOHOB, aHTpalleH U deHaHTpeH — Mo 18, a
He 1mo 14 7-3JeKTPOHOB, M3 KOTOPHIX B JCHCTBUTEILHOCTH COCTOMT
T-3JICKTPOHHASI CHCTeMa 3THX MOJIEKYNL. TeM He MeHee Takue (DOpMYIIbI
HCITOJIL3YIOTCSI B XMMUYECKOM JINTepaType, HO B 3TOM CJIydae MMEeTCs B
BUJIy He M300pakeHHe YKCIa T-3JIeKTPOHOB, a JIMIIbL OTPakeHUE TOTO
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(pakTa, 4YTO Kax1oe KOJbLI0O HOCUT apOMaTUMYEeCKUii, a He HACbIILIECH-
HBII WK HemnpeaeabHbli XapakTep. Cieayer NMpu3HaTh, YTO apoMaTu-
YeCKMe COCIWHEHUS SIBISIIOTCS TeM KJIACCOM BEIECTB, IIe XUMHUKU
WCTIBITEIBAIOT HAMOOJBINNE 3aTPYOIHEHMS B BBIPAXKEHUU CTPYKTYPHI
MOJIEKYJI HamnboJiee aaeKBaTHBIMU CTPYKTYpHBIMU (opmynamu. s
rpaUueckKkoro M300paxkeHusi CTPOEHMUSI apoMaTUUEeCKUX COEeIUMHEHUM
Mbl OyJeM Mcrnosib30BaTh Kak (opmyny Kekyne u ee aHajioru, Tak u
(opmyny ¢ Kpyrom BHYTpPHU MPaBUJIBHOIO 1IEeCTUYrojbHUKa. st co-
3MaHUs €AWHOM IIKATbl apOMATUYHOCTA KOHIEHCHUPOBAHHBIX TIOJIH-
LUKJIMYECKUX apoMaTUYeCKMX YIJIEBOJOPOIOB HEOOXOAUMMO TpeacKa-
3aTh UX OTHOCUTEIbHYIO YCTOMUYMBOCTh. OOIIENTPUHATON OLIEHKOM yC-
TOWUMBOCTHU SIBJISIETCSI SHEPTUsl CTAOMJIM3AallMM B MepecyeTe Ha OJUH
T-3JIEKTPOH apOMaTUYECKON CHUCTEMbl. DHEPrusl CTAOWIM3aLliM, I10-
JygaeMasi pacuetamu 1o meronxy MOX, paBHa pa3HOCTH MeXOy 00-
1Ie SHeprueil m-3J1eKTPOHOB M 3HAUEHUEM €€ IJisd SKBUBAJIEHTHOTO
Yrca JIOKAIM30BAaHHBIX TBOMHBIX CBSI3eil B TMITOTETHMYECKOM TIOJH-
eHe, JIJI1 KOTOPOro MCIOJb3YETCs SMIUPUUYECKOe 3HAUEHUE IHEPTHUid.
s KOHAEHCUPOBAHHBIX U OCOOEHHO 11 HEOEH30MIHBIX COTPSIKEH-
HbIX cucteM Metod MOX nmaeT HeynOBJIETBOPUTENbHbIE PE3yJbTaThl.
OH rmpeacKa3biBae€T BHEPIUU AEJNOKAIM3alMU OJHOTO U TOTO XKe TO-
psAIKa Kak I HecTaOWJIBHBIX CHCTeM THIIA TeHTajeHa, (yiabBeHa,
Tak M JJISI CTaOUJIbHBIX apOMaTUYECKUX YIJIEBOJOPOIOB:

) e D0

TMEeHTAIEH ¢ynbBeH dyabBacH

Kpowme Toro, pacuer o merony MOX npuBoauT K HEBEPHOMY BBIBO-
Jly 0 OoJibllieli apoMaTUYECKOW cTaOuaM3aluu (eHaHTpeHa, TeTpalie-
Ha, aHTpalleHa, IMpPeHa 10 CPaBHEHMIO ¢ O€H30J0M M Ha(TaIUHOM,
a Takxke 0 OoJblIeil cTaOMILHOCTU HadTaarMHaA MO CpaBHEHUIO ¢ OEH-
30j10M. Takoe HECOOTBETCTBUE TEOPUU U (PAKTUUECKOIro Marepuasa
MNPUBOJUT K HEOOXOIMMOCTU apryMEHTMPOBAHHOTO BbIOOpa He3aBU-
CUMBIX KPUTEPUEB apOMATUYHOCTU. TOJIBKO TaKOU MOAXOJ MOXET CJTy-
XWUTh HAIEXHOW OCHOBOM IJIsi COBPEMEHHOUW TEOpUU apOMATUYHOCTH.

12.7. TEOPETUYECKHUE N BSKCIIEPUMEHTAJIbHBIE
KPUTEPUU APOMATUYHOCTU U AHTUAPOMATHUYHOCTA

B npenbiayiimx pasaenaax npoBOAMIICS T€3UC, YTO apOMaTUUHOCTh
MpeACTaBIIsIET COO0K 0COO0YI0 CTAOMIU3ALIMIO JETOKATU30BAHHON LUK~
JIMUECKOU T-cuctembl, coaepxalieil (4n+2) m-3JeKTPOHOB (CM.
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Tabm. 12.1). Dra «ocobast cTabunu3anus» He IposIBIsIeTcs B ciiydae (4n)
T-3JIEKTPOHHBIX LIUKJIMYECKUX TT-cucTeM. I8 HeOOMbIIMX MKIIOB Ta-
KHWE CUCTEMbI JECTAOUIM3UPOBAHBI, T.€. SIBJISIOTCS «aHTUApOMaTUYeC-
KuMmn». OgHaKO BBIBOI 00 0c000i1 cTabMIM3aluu TpeOyeT OoIpeneieH-
HBIX 9KCIIEPUMEHTAJIbHBIX A0Ka3aTeJbCTB. B CBA3M € 3TUM BOMNpPOC O
BbIOOpE HAJEXHbIX AKCHEPUMEHTAJbHBIX KPUTEPUEB apOMaTUUHOCTHU
npuoodpeTaeT MPUHLIMITUATIBHYIO Ba’KHOCTD.

Ilpexne Bcero OTMETMM, UTO B KauyeCTBE KPUTEPUEB apoMaThy-
HOCTHU JOJIKHBI MCII0JIb30BAaThCS XapaKTePUCTUKHU, OIMChIBAIOLIUE
OCHOBHOE€ COCTOsIHM€ BelllecTBa. IT03TOMy B KauecTBe IJTaBHOTO KpU-
TEepUsl apOMaTUYHOCTH HEJb3sl, HAIIPUMEP, UCIIOJIb30BaTh KaKne-au0o
JIaHHbIE€ TI0 PEaKIMOHHOW CTAaOWJBbHOCTU, KaK 3TO 4YacTo Jejaju 10
HE/IaBHETO BPEMEHMU.

PeakiimoHHass cnmocoOHOCTb 3aBUCUT HE TOJBKO OT DHEPTrUM OC-
HOBHOIO, HO M OT 3HEPIMM IEPEXOMHOr0 COCTOSIHUSA, U AG™ ompe-
JIeIIeTCSl Pa3HOCTBIO CBOOOJHBIX SHEPTMil UCXOMHOTO U MEPEXOIHOTO
cocrosgHuit. KpoMe TOro, MexaHusMm peakiiuid MOXET BKJIOYaTb He-
CKOJIBKO CTaauii, KaXxaas U3 KOTOPBIX XapaKTepU3YEeTCS CBOEH 3HEp-
rueil mepexomHoro coctosiHus. HakoHell, MexaHU3M peakiiud MOXET
CYIIECTBEHHO M3MEHSITHCS IS PA3/IMUHBIX KJIACCOB apOMaTUYECKUX
coeauMHeHuid. Bce 3TO 3acTaBiisieT paccMaTpuBaTh IaHHbIE MO peakiiv-
OHHOII CIIOCOOHOCTU KaK aOCOJIIOTHO HEHaAEeXKHBIM KPUTEepHUil apo-
MaTUYHOCTU. DTOTO HEJOCTaTKa JIMIIEHBI ONpeaeeHHble (PU3nYecKue
kputepuu. K yuciay Hambosiee BaxKHBIX (PU3UUYECKUX KPUTEPUEB apo-
MaTUYHOCTU OTHOCSTCS TE€PMOJMHAMUYECKME, MarHUTHbIE U CTPYK-
TYpHbIE CBOWCTBA COMNPSIKEHHBIX LHUKJIUUYECKUX MOJIUEHOB.

12.7.1. TEPMOJIAHAMUWYECKHUE CBOVICTBA

Bbiurppliil a3Heprum 3a cyeT AeJOKIM3alUU T-2JeKTPOHOB IO BCei
3aMKHYTON LIEMU COMPSDKEHMS SIBISIETCSI HEOOXOAMMBIM W JAOCTaTOY-
HBIM YCJIOBMEM apOMaTUYHOCTU U MOJDKEH CIYXKUTb CaMbIM HaJex-
HBIM TEPMOJMHAMUYECKUM KPUTEPUEM TpPU KOJIUYECTBEHHON OLIEHKE
apoMaTUYHOCTU. CIOXKHOCTh MCIOJIb30BAHUSI DHEPTETUUECKUX KPUTE-
pUeB 3aKJI0YaeTcsl B HECOBEPIUIEHCTBE CaMUX TEPMOAMHAMUYECKUX
METO/IOB OMpeesieHUsl CTeNeHU apOMaTUYHOCTY COMPSIKEHHOTO LIUK-
JIMYECKOro mnosveHa. 'aBHasi TPYAHOCTb COCTOUT B TOM, UYTO 2HEpP-
TUIO peajbHOr0 apoOMaTUYECKOro COeAMHEHUS MPUXOIUTCS COMOCTaB-
JIATh C DHEpPrueil HecylleCcTBYIOUIeH TMIOTETUYECKON YacTHUllbl, UMe-
I011IeH JIOKAJIM30BaHHbIC ABOMHbIE U MPOCThIE CBSI3U. PasHOCTL aHEpruit
apoMaTUYeCKOro M COOTBETCTBYIOIIETO €My IMKIMYECKOro COeauHe-
HUSI C JIOKQJIM30BAaHHBIMU CBSI3SIMU HA3bIBAIOT IMAUPUYECKOU dHepeuell
Pe30HaHCa, VIJIN IMAUpUHecKkoll dHepeuell desokaruzayuu. PacCMOTpUM 2TOT
MOAXOJ Ha KOHKPETHOM IpUMMepe OLEHKM apoOMaTMYHOCTU OeH30Ja.
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Ilpn runprpoBaHMN LMKIOTEKCEHA IO HMKIIOTeKCaHa BBIACISIETCS
28,6 xkai/mosb sHepruu. Teriora TMAPUPOBAHUS TMITOTETUYECKOTO
1,3,5-1uKiorekcarpueHa ¢ JIOKaJIU30BAHHBIMU JBOMHBIMU CBSI3SIMU
JOJDKHA OBITh B TPpU pasza OoJbllle M COCTABIATH 85,8 KKajl/MOJIb:

+ H, _pPt O + AH®; AH®° = — 28,6 KKain/Moib

PeanbHas Teriora ruaprpoBaHUs OGEH30J1a 10 IIMKIJIOTEKCaHa paBHa
49,8 KKay/MoJlb:

+ 3H, Pt + AH®; AH® = —49,8 kxan/Moib

Takum obGpa3om, OeH307 cTaOuJIbHEE, YeM TMIIOTETUYECKUI
1,3,5-uukinorekcarpueH, Ha 36 KKaji/MOJb. DTa pa3HOCTb IMOJy4Yua
Ha3BaHUE JSHepeuu pe3oHauca, WU SHepeuu 0esoKaiuzayuu 0eH304d.
Tak xak 3Ta BeJIMUYMHA TOJy4YeHa HE PacUETHBIM ITyTEeM, a DKCIIepU-
MEHTaJIbHO, €€ OOBIYHO HAa3bIBAlOT SMIIMPUYECKON IdHEprueil pes3o-
HaHca, WJIM SMIIMPUYECKON 3Heprueil Aejaokaauzauuu OeHzona. He
cJIemyeT OTOXIECTBIISATh AMIMPUYECKYIO SHEPIUIO NeI0Kaau3alnu B
36 KKaJi/MOJIb C ITOJTHOW DHEprueil crabuiamsaunu OeH30Ja Mo CpaB-
HeHuto ¢ 1,3,5-uukinorekcarpueHoM. Ha camom gesne meioxkanusa-
1M T-2JIEKTPOHOB O0eCTeurBaeT ropas3no OOJbIIYI0 CTA0OUIU3ALIUIO
OeH30J1a OTHOCUTEJILHO IIMKJIOTeKCaTpUeHa.

JononHuTeNnbHass SHEPrUs CcTabWiIn3aluyd O€H30Ja OTHOCUTENb-
HO 1,3,5-1uKiorekcaTpueHa BO3HUKAET BCJIEACTBHUE TOIO, UYTO IJIS
MPEBPAIIEHUS CAMOTO LIMKJIOTeKCATPUEHA C PA3JIUMYHON JUIMHOW ONu-
HApHBIX M JBOWHBIX CBA3€W B APYTrOM TMIIOTETUYECKUIA LIMKIIOTEKCaT-
pUEH C PaBHBIMU JUIMHAMU BCEX YIJIEPOA-YIJIEPOIHBIX cBaseil 1,397 A
TOXe TpeOyeTcsl 3aTpaTUTh dHEPTUIO. JIBOMHbBIE CBA3U MPU 3TOM YIUIM-
HSIOTCSI, a OMMHAPHBIE YKOPAuMBAIOTCS ¢ 0Opa3oBaHUEM IOJHOCTHIO
CHUMMETPHUYHON TeKcaroHaibHO# cTpyKTyphl Kekyne. CiemoBaTenbHO,
MOJTHAsl DHEPTrUsl cTabuauM3auru OeH30a paBHA CyMME SMITMpUYEC-
KO SHepruy AesIOKaJIM3alluy TUTI0C SHEprus i aedopMaiiuu CBsi-
3eil 1,3,5-umKinorekcaTpveHa M IIpeBpallleHUs] €ro B CUMMETPUYHYIO
cTpyktypy Kekye.

CorylacHO pacyeTaM, Ha 3TO HYKHO elte 27 Kkan/mosb. O01as sHep-
rus AejoKajau3aluy IpU IpeBpalleHur JIOKaJIu30BaHHOro 1,3,5-1uK-
JIOTEeKCAaTpUEHA B peaylbHblii OCH30JI paBHA IPUMEPHO 63 KKal/MOJIb.
DTa BeJMUYMHA TOJyYrsIa Ha3BaHUE BEPTUKAIbHON dHEPIMu pe3oHaHca,
WU 2Hepruu Aenoxkanu3anuu. COOTHOLIEHNE MEXIY dMIUPUIECKOi
SHEPrueu AeJIOKAIM3alMu U MOJHOU SHEPruei AejoKalu3aluu I0o-
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runoTeTUHecKui,
JIOK@JIN30BaHHbI,
CUMMETPNYHBIV
LNKIIOrekcaTpmueH
——————— T - - Kekyne

3Heprus

KKas KKas
1,3,5-uknorekcarpueH, 36 10n6 63 vonb

rMnoTeTu4YecKui, roJiHasi sHeprus

JIOK@/IN30BaHHBIN Aenokansatm
6eH30n1a

_y_ _ _ _ _ _ Y 6eH30/1

Puc. 12.4. BDuHeprus nenokanuzauuu OeH3oma

KazaHo Ha puc. 12.4. DHeprus aesokaav3aliuyd XapakTepu3yeT TepMO-
JIUHAMUYECKYIO CTaOMJIbHOCTh O€H30J1a.

IIpu Mcnoab30BaHUM SHEPIUU ACIOKAIM3alMU KaK KpUTepUs apo-
MaTUYHOCTH BO3HHUKAIOT ABE MpoOjeMbl. OqHa M3 HUX CBsI3aHA C He-
OIPENEJICHHOCTBIO B OIIEHKE TEIUIOTHI OOPa30BaHUS TUIIOTETUYECKO-
o LUMKJIMYECKOIO IOJMEHA, a APYras 3aKJII04aeTcs B KOPPEKTHOM
OIICHKE BKJIAZIOB CXaTWs O-CBSI3ei W T-Ae/0Kaau3allii B 3HAYeHUE
o011eil sHeprun nejokanusanuu. PelieHue mepBoii, 6osiee BaxKHOIM
MpoOJIEeMbl COCTOUT B Pa3yMHOM BBIOOpE MOIEIbHBIX COCIUHEHUI,
KOTOPBIE TTO3BOJISIIIM OBbI pACCUMTATh SHEPIMIO HEAPOMATUUECKOTO CTaH-
nmapTa. YToObl n306exkaTh HEOIIpeAeIEHHOCTH TIPU PacueTe SHEPTUN TH-
MMOTETUIECKNX [MUKIMIECKHNX TTOJIMEHOB KaK OOBEKTOB CpaBHEHUSI, pe-
IIeHO OBUTO 3aMEHUTh WX PeaIbHBIMU allUKINIeCKUMU TTOJIMEHAMH C
OTKpbITOI 1enblo. 51 pacyera TEmaoT aToMM3alMu (TEIJIOT, HEoO-
XOAUMBIX 11 (hparMeHTallMyd Ha OTAEJIbHbIE aTOMbI) COIPSKEHHDBIX
LIMKJINYECKUX TIOMEHOB OblL1 ucrojb3oBaH meron CCII, a mis pac-
yeTa TEIJIOT aTOMMU3AlMKU JUHEWHBIX MOJUEHOB — CYMMHPOBaHUE
SHEPruil ABOMHBIX YU MPOCTBIX YIJIEPOA-YIVIEPOAHBIX CBA3EM, IMOCTO-
STHHBIX JUTS allUKIMYeCKUX TOJIMeHOB. Pa3HOCTh TETIOT aToMM3alu
COMNPSKEHHOI0 LMKJIMYECKOTO M allMKJIMYECKOro IMOJMEHOB Ha3blBa-
10T BHeprueli pe3oHaHca Jlptoapa. JleneHue Ha 4YUCIO T-3JIEKTPOHOB
JAET BEJIMUYMHY SHEPrUU [EJ0KaTU3aLUMU B MEPECYETE HA OJUH DJIEK-
tpoH (B0D). DTOT MapaMeTp ropasno Jiydlle, YeM BeJIUYMHA SHEp-
ruu genokanuzauuu (D) mo Xwokkento (Takxke B MepecuyeTe Ha OAUH
9JIEKTPOH), corjacyercs ¢ (akTUYeCKMMUM AaHHBIMU. PaccunMtaHHas
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BeanunHa DJ10D mmeeT HauBBICIIEe 3HAUYEHME JJI1 OCH30J1a U TTOHU-
JKaeTcsl Mpu Tepexojie K KOHJAEHCUPOBAHHBIM apoOMaTUUYeCKUM COeIU-
HEeHMsIM; 11 (pyJbBeHa OHa OJIM3Ka K HYJ0, a JUIS LUKJI00yTajaueHa
nprobpeTaeT oTpuIlaTesIbHOe 3HaueHne. DopMynmnpys HOBBIN uHdekc
apomamuynocmu D10, JIptoap oTKazajlcsi OAHOBPEMEHHO U OT TU-
MOTETUYECKUX LIMKIMYECKUX TOJMEeHOB B KauyeCTBE 3TaJIOHA CpaBHe-
Husi, u oT Meroga MOX mist pacueta sHepruu. OgHAKO MPUHIMMU-
aJlbHO BaXXHBIM MOMEHTOM SIBJISIETCSI HE MU3MEHEHHe MeToja pacuera,
a U3MeHeHue 3TajioHa cpaBHeHus. [Ipu pacyete mo Meroay XIOKkKe-
JIsl, HO C UCMOJIb30BaHMEM B KaueCTBe 3TajlOHa CPaBHEHMSI JMHEN-
HBIX MOJIMEHOB BMECTO LMKJIMYECKMX TakxKe HabJomaercsi Xxopollee
COOTBETCTBHE C (PaKTMUECKUMU HAaHHBIMU. BBIBeZeHHBIN TIPU TaKOM
crnocobe pacuera HOBbIM BHEPreTMUYECKUid MHIAEKC apoMaTUYHOCTU B
rnepecuyeTe Ha OIMH BJIEKTPOH Mojydyus HazBaHue DAHOD (3Heprus
JleJIOKaIM3aluyu HOBasl OJHO3JIEKTPOHHAs):

SHHOS = (En - ECTaHLl)/N’

rne £, — nonnag sHeprus; K., — SHEprus CTAHAZAPTHOIO JIMHEM-
HOro noyineHa; N — 4ucCjIo T-3JIeKTPOHOB.

B Tabm. 12.2 npusBeaeHs! 3HayeHus BeauunH D; D102 u DJHOD
JUTST MHOTHUX apOMaTUIEeCKNX, HeapOMaTUIEeCKIX M aHTHAPOMATUIEeCKIX
yriaeBonopoaoB. 3HaueHus1 D/ B nepecueTe Ha OAWH T-3JIEKTPOH BbI-
paXeHbl, KaK 3TO TPUHSTO, B €IWHUIIAX PE30HAHCHOTO MHTerpaia f3;
JIpyrve sHepreTuueckue MHIeKchl apomaTuyHoctu DJ10D u DIAHOD
BBIPAXKEHBbI B 3JIEKTPOH-BOJIbTax (3B).

Bemmuuner 5405 u DIHOD 1o3BoJIsioT IpOBEeCTU TpaHb MEXIY
apoOMaTUYECKMMM, HEapOMaTUYEeCKUMU M aHTUAPOMATUUYECKUMU CO-
eMMHEHUSIMHU. APOMATHUYECKUMU CUNTAIOTCS TaKWe COCTMHEHMS, Y KO-
TopbiX BeJuuuHbl DJIOD u ocobeHHo DJIHOD nosoXuTeabHBI, Tak
Kak jejioKaqu3alius m-3JeKTPOHOB B LIMKJIE OOECreurBaeT BBIMUTPHILI
sHepruu. CoenuHenusi ¢ DJIHOD, Gauszkue K HyJw, paccMaTpuBa-
I0TCSl KaK HeapoMaTuueckue. AHTMapoMaTUUeCKUe COeIMHEeHUS XapaK-
TepU3ylTCsl OTpullaTe/IbHBIM 3HaueHueM MapameTrpa DJIHOD, mno-
CKOJIbKY JUISI HUX JeJOKaJIMu3allusl T-3JIeKTPOHOB BbI3bIBAET AeCTaOu-
JIN3alrio MOJeKyabl (tabdm. 12.2).

DHepreTuyeckue XapakTepuCTUKHU, TOoJydaeMble B pe3yJbTaTe
KBaHTOBO-XMMUUECKUX PACUeTOB, ClieyeT paccCMaTpuBaTh B KauecTBE
HanboJjiee HAIEKHBIX M YHUBEPCAIBHBIX KOJTMYECTBEHHBIX KPUTEPHUEB
APOMATUIHOCTH, TTO3BOJISIONINX COCTABUThH SAMHYIO IITKAITy apoMaTHd-
HocTu. Bce npyrue kputepuu, K COXaJleHWIO, HE TO3BOJISIIOT 3TOTO
cAenaTh Aaxe Uil CEpUU COEAMHEHMUIA C OYeHb OJM3KON CTPYKTYpOil.
DTO OTHOCUTCSI B TIEPBYIO OUYepedb K CTPYKTYPHBIM KPHUTEPUSIM apo-
MaTUYHOCTH.
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Taonuuma

12.2

DHepreTuyeckne uHAeKchl apomatuunoctu DJl; DJ0D u DJIHOD ans HeKOTOPBIX

APOMATHYECCKHX, HCAPOMATHYECCKHUX U AHTHAPOMATHYECKHX YIJIE€BOIA0OPOI0B

CoemuHeHre CrpykTypHas hopmyia O] Ha omvH | DHEPTHS IeJTOKATM3AIIIA
TE-2M1eKTPOH Ha OIMH TC—3JIEKTPOH
®) 509, 5B |9HOD, 5B
1 2 3 4 5
Benzon © 0,333 0,145 0,065
Hadranun 0,368 0,132 0,055
Aspatien 0,380 0,114 0.047
DeHaHTpEH ] l 0,389 0,138 0,055
Terpaten OOOO 0,385 0,101 0,042
IMenraneH OOOOO 0,388 0,091 0,038
[Mupen !l 0,407 0,131 0,051
TMepuien !‘ 0,404 0,131 0,056
Asynen 0,336 0,017 0,023
®DynbBeH E>=CH2 0,244 0,008 -0,02
LuknobyramieH ‘ ‘ 0,000 -0,193 -0,268
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IIpomonxenue Tabanumub 12.2

1 | 2 | 3 4 5
BeH301MKIO0y Ta/eH 0,298 0,054 0,027
Tenranen 0,307 0,001 -0,018

N
Tupumn | — 0,151 —
N
[Muppon | | — 0,062 —
N
H
®ypan | | — 0,011 —
o)
Tuoden | | — 0,047 —
S
X
XWHOJUH @j — 0,143 _
~
N
Wunon @ — 0,103 -
N
H

12.7.2. CTPYKTYPHBIE KPUTEPUH

ApomaTHJecKre COeIMHEHHUs OTIMYAIOTCS OT HeapoMaTHMYeCKHUX
0c000i1 reomeTpueit MoJieKyJibl. OOpa3oBaHUE 3aMKHYTOM TT-3JIEKTPOH -
HOI CHCTeMbl OOYCIIOBIMBAeT TEHACHIIMIO K KOIJIAHAPHOMY pacrio-
JIOXKEHUIO aTOMOB yIJIepona U K BBIPAaBHMBAHUIO CBS3eil B apoMaTH-
yecKoM LMKJe. ITockonbKy B HacTosIee BpeMsl CYIIEeCTBYIOT HaaexX-
HbIE 3KCIEPUMEHTAJIbHBIE METOABI OIpPEACICHUS TeOMETPUUECKUX
IMapaMeTpoB MOJIEKYJIbI, KOIJIAaHAPHOCTb M CTENeHb BBIPABHEHHOCTH
CBSI3eil MOTYT OBITh MCITOJIb30BaHbI B KAUeCTBE KPUTEPHUEB apoMaThy-
HocTu. JIJIg yCTaHOBIIEHUS MOJEKYJISIPHON CTPYKTYPBI TJIABHBIMH SIB-
JISTIIOTCST MUppaKIMOHHBIE METOMBI: TM(MPAKIIMU PEHTTeHOBCKUX JTyJeit,
9JIEKTPOHOB U HelTpoHoB. Cpenn HUX BeAylliee MeCcTO, 0eCCIIOPHO,
MIPUHAJIEKUT TIEPBOMY M3 3TUX METOAOB. B mocienHue rogbl B pa3Bu-
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TUM PEHTTCHOCTPYKTYPHOTO aHalM3a TMPOMU3OILIA TaKhue KayeCTBEH-
Hble M3MEHEHUsI, KOTOPbIe MPEBPATUIN €r0 B OOBIYHBIN, aOCONIOTHO
JOCTYIHBIN CTIOCO0 YCTAHOBJIEHUSI CTPOCHUS, CPAaBHUMBIN MO CIIOX-
Hoctu ¢ SIMP BbICOKOro paspellieHus Ha HECKOJIbKMX SIIpax.

TpeboBaHMe IJITAHAPHOCTU apOMAaTHUUYECKOIO ILMKJIAa BBITEKAET M3
HEOOXOMMMOCTH TapaJlJICIbHOCTH OCEeil aTOMHBIX p-OpOMTaeil Il X
3 OEKTUBHOrO nepekpbiBaHUs (TOMOJIOTHUSI XIOKKEIs, ITOAPOOHEEe CM.
1. 25, 4. 3). B miockux apoMaTuyeckux yrieBoaopodax IJIMHBI yIje-
POI-YIJIEPOTHOM CBSI3M CYIIECTBEHHO OTIMYAIOTCS OT MEXATOMHOTO
pPacCTOSIHUS B COCAMHEHUSX C JIOKAJTM30BAHHBIMM YTJIEPOI-YTIEPOI-
HBIMU CBSI3IMU. HamoMHMM, 4TO JJIMHA TIPOCTOM CBSI3M MEXIY aTo-
MaMH yTjiepoia B 3aBUCHMOCTHM OT THUIIAa TUOPMAM3AIUM COCTaBJISET
Cy — Cyp 1,544 A (B anmasze u ankanax), Cys — Cyp 1,504 A (B mpo-
HI/UICHC), Cspz -Cp 1 ,466 A (B 6yranuene-1,3) u 1 475 A (B mukio-
OKTaTeTpacHe).

JInuHa OBOMHON yIJIepOI-yIJepOaHON CBSI3U B 3TUJIEHE COCTaB-
asiet 1,330 A. B 6eH30i1e Bce yriepoa-yriiepoaHble CBS3M PABHOLICH-
Hbl ¢ AIuHOi 1,397 A, T.e. GoJjbliue IBOIMHOI, HO MEHbILE MPOCTOI
CBSI3U.

IMonHasa >KBUBAJIEHTHOCTb JUIMH YTJIEPOMA-YIJIEPOAHBIX CBS3EH B
LUKJINYECKUX COMPSDKEHHBIX IMOJMEHaX ObUTta Obl, KOHEYHO, MIealb-
HBIM KpUTepreM apoMaTUYHOCTH. OgHaKO MOMUMO OEH30Jla OHa Ha-
OmonaeTcst TONbKO IUIsi MOHouMkianyeckux moHoB C;H;"; CsHy™,
C,H,".

7151 BceX OCTaIbHBIX KapOOIUKINIECKIX apOMAaTUYECKUX COEIV-
HEHUI U TeTePOLIMKINYECKUX COENMHEHNI YTIIePOI-yIJIEPOIHbIE CBSI3HN
pa3nmuyaroTcs 1Mo ITMHE W MOTYT OBITh KaK JUIMHHEe, TaK U KOpoue,
yeM B OeH3ose. Tak, Hanpumep, B HapTanuHe cBsi3b C(1)—C(2) yko-
poueHa 10 1,371 A, a cBsizp C(2)—C(3) ymmneHa 1o 1,41 A no cpas-
HEHMUIO C 6CH30)10M, Tak xe Kak u cBa3b C(1)—C(9) — 1,42 A. Ta xe
3aKOHOMEPHOCTh HaOJI0aeTcsl B aHTpalleHe, TeTpalleHe, IeHTaleHe
U apyrux ueHax, rae cBsa3b C(1)—C(2) 3HauUTEIbHO KOpoye, YeM
cBs13b C(2)—C(3). B (penantpene mmmna cBsa3u C(9)—C(10) cocrapisi-
et Beero 1,350 A, Torma xak wimHa cssizu C(10)—C(10a) pasHa 1,453 A.
B apomaruyeckux [18]-, [22]- ¥ IpyruX MOCTMKOBBIX aHHYJEHaX yr-
JIEpOI-YIJIEPOAHBIC CBSI3M TakKKe HE paBHBI Mo mivMHe. Takum oOpa-
30M, 9KBUBAJIEHTHOCTb YIJIEPOA-YIJIEPOMHBIX CBSI3eil He MOXET pac-
CMaTpUBAThC B KAUeCTBE CEPHE3HOTO KPUTEPUS apOMAaTUYHOCTU IIHUK-
JIMYECKUX COTPSIKEHHBIX MOJMEHOB.

OnHako MeXIy apoMaTUYECKUMU M HeapOMaTUIECKIUMU TTOJIMeHO-
BBIMM COEIMHEHUSIMU HAOJIOMAETCS OTYETIMBO BBIPAXKEHHOE pasiii-
yye: B HeapoMaTUIYeCKUX COCAMHEHUSIX HAOJIOMAeTCsT albTepHUPOBA-
HUE JUIMH CBSI3€il, COOTBETCTBYIOIEE aTbTePHUPOBAHUIO ABOMHBIX U
MPOCTBIX CBsI3€, TOTAA KakK I apoMaTUYeCKMX COSAMHEHUI Xapak-
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TEPHO OTCYTCTBME AJIbTEPHUPOBAHMS IUIMH CBsI3eil. DTO B paBHOI Mepe
XapaKTepHO KakK JJISI apOMaTUYeCKHUX aHHYJICHOB, TaK M IJIsSI KOHIEH-
CHPOBAaHHBIX YIJIEBOAOPOAOB. IIMHBI CBSI3Ei B apOMATHUECKUX COCIM-
HEHUSIX MOTYT OBITh BBIYMCJICHBI C MOMOIIBIO SMIIMPUIECKON JTUHEH-
HOI1 3aBMCMMOCTH MEXIY JIMHOI m-cBsizu [ (B A) 1 ee MOpSIKOM p,
paccuutbiBaeMbIM MeTogamu MO, KoTopasi JaeT XOpolllee COBIIale-
HHUE C BKCIIepUMEHTATbHBIM 3HaueHueM. CTpYKTypHbIE KpUTepHH, Oa-
3UpPYIOIIMECs Ha MPSIMOM M3MEPEHMM MapaMeTpOB MOJIEKYJIbI, Oe3yc-
JIOBHO, JAIOT LIEHHYI0 OOBEKTHMBHYIO MH(pOpPMALIMIO O €€ CTPOCHUM,
TO3BOJISIIONIYIO Pa3IMYaTh apoOMaTUYeCKUe M HeapOMaTUYECKUEe COSIM-
HeHus. OnHAKO YHUBEPCATbHBIX KOJIMYECTBEHHBIX CTPYKTYPHBIX KpH-
TepHUeB, MPUTOIHBIX JJIsI YCTAHOBJIEHUS Ha 9TOW OCHOBE €IMHOM IITKa-
JIbI apOMATMYHOCTH, HE CYIIIECTBYET.

12.7.3. MATHUTHBIE KPUTEPUU

[Ipu nmoMelleHWU BelleCTBA B OAHOPOAHOE MarHUTHOE ToJe C
HaMNpsDKEHHOCThIO H|, B cucTeMe 3JeKTPOHOB WHAYLUMPYIOTCS TOKH,
KOTOpbIE B CBOIO OYepelb FEHEPUPYIOT MAarHUTHOE IOJe C Hamps-
XeHHoCTblo H|=Hyy,, TOE ), — MarHuTHash BOCIPUMMYUBOCTb,
OTHECEeHHasl K eAMHUIIe KoJuyecTBa BellecTna. s auamMarHUTHBIX
BELIECTB, T.€. COCAMHEHUI, He COomepXKallMX HeCIapeHHBIX 2JIEKT-
POHOB, MHAYLMPOBAHHOE MAarHUTHOE I10Jie HaIpaBJIECHO MPOTUBO-
MOJIOKHO BHEUIHEMY, MU MarHUTHasi BOCIPUUMYMBOCTb Y, BCEraa
oTpulaTeabHa. Tak Kak 3JEeKTPOHHAs cUCTeMa OPraHUYEeCKUX CO-
eIMHEeHUII MpakKTUYeCKM HUKOrga He objamgaeT chepuyeckoil cum-
MeTpMeit, MHAYUUPOBAHHOE MarHUTHOE MO0JIe aHU30TPOITHO, T.€. U3-
MEHSeT CBOM XapaKTepUCTHMKM B 3aBUCUMOCTM OT HalpaBieHUS B
npoctpaHcTBe. OCOOEHHO SIPKO 9TO BbIPaXKeHO B apOMaTUUYECKUX CO-
eIMHEHUSIX, Tae MoMumo 3(Pdekra JIOKaJIbHOW aHU30TPONUU BO3-
HUKaeT TaK Ha3blBaeMbIil «KOJIbLIEBOW TOK» M3-32 HAJMYMSI 3aMKHY-
TOI CHCTEMBbI Tt-2JIEKTPOHOB.

751 MJIOCKKX apOMaTUYECKUX MOJIEKYJl aHU30TPOMUs MPOSIBISIET-
cd B TOM, YTO MarHUTHas BOCHPUMMYUBOCTb, MU3MEPEHHAas IO OCH,
MePIEeHIUKYIIPHON MIOCKOCTA LIMKJA, BCeraa 3HAYMTEIbHO OOoJbllie,
yeM M3MEpEeHHas B ero IockocTu. Mepoil aHU30TPOINUU AUaMarHuT-
HOI BOCIPUMMYMBOCTHU CJIYXKUT Pa3HOCTb MEXIY COCTaBISIOLUIMMU
Ay = Ay (meprieHn.) — y,, (mapan.). [lockodbKy MarHUTHasi aHU-
30TPOIUS apOMaTUYECKUX COCAMHEHUN B 3HAUUTENbHOM CTENEHM OIl-
penensieTcsl HaTuuMeM 3aMKHYTOH TT-2JIEKTPOHHON 000JIOUKU, HEOAHO-
KpaTHO MpeANpPUHUMATUCH TOTBITKA MCITOJb30BaTh €€ B KauyecTBEe KO-
JIMYECTBEHHOTO KPUTEPUSI apOMAaTUYHOCTH. DTU TMOMNBITKA OKa3aMCh
0e3ycrnelHbIMUY, TaK KaK TOJbKO 4YacTb Ay, OOYCIOBJIEHA LUPKYISIU-
eii DJIEKTPOHOB B Tpeaesiax MOJIEKYJISIPHOIO OCTOBa, a OKOJIO IOJIOBU-
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Hbl aHM3OTPOIUU CJIEAYET OTHECTU 3a CUET JIOKAJIU30BAHHBIX BKJIAI0B
(T.e. JIOKaJbHOM aHM3OTPOMNUM). TPYIHOCTH KOJMYECTBEHHOIO pasiesie-
HUSI BKJIQJIOB KOJIBbLEBOIO TOKAa U JIOKAJIbHOW aHU30TPOIIMU B coveTa-
HUU C 3KCIEPUMEHTAIbHBIMUA TPYAHOCTSIMU CaMOTO METOJa PEe3KO Or-
PaHUYMBAIOT UCIOJIb30BAHUE AHU30TPONUU JUAMArHUTHON BOCITPUUM-
YHMBOCTU B KauyeCTBE KOJMYECTBEHHOIO KPUTEPUSI apOMATUUYHOCTHU.

HaubGonee npocThIM U HaAeXXHBIM METOAOM OIIpeAS/IeHUSI apoMa-
TUYHOCTHU SIBJISIETCS OIpeAe/ieHUe MOJOXEHWS CUTHAJOB MPOTOHOB
COMPSDKEHHOr0 LMKJIMYECKOTO IojineHa B criekTpax SIMP. Apomaru-
YeCKHWE COENUHEHUS] XapaKTepU3YIOTCS HaJUuvMeM AUaMarHUTHOTO
KOJIbLIEBOTO TOKA, MHAYLWPYEMOTO BHEIIHUM MArHUTHBIM IOJIEM C
HanpsoKeHHOCThIo Hj,. CoequHeHMs, CITIOCOOHBIE yaepXKUBaTh AUamar-
HUTHBIN KOJIBLIEBOM TOK, Ha3bIBAaIOTCS duamponusimu. Kak yxke ObLIO
OTMEUYEHO, UHAYLIMPOBAHHBIM KOJILLIEBOM TOK B CBOIO OY€pe/b BbI3bI-
BaeT BO3HMKHOBEHUE BHYTPEHHErO JIOKAJIbHOTO MarHUTHOTO MOJs,
MNEePIEeHAUKYISIPHOTO K KOJbILy M HaIpaBIE€HHOIO MPOTUBOIOJIOXHO
BHELIHEMY MAarHUTHOMY T0OJI10. DTO JIO-
KaJIbHO€ MarHUTHOE I10Jie YCUJIMBAET
BHellIHee nojie H, cHapyXu KoJibLa U
HaIpaBjJieHO MPOTUB HEro BHYTPU
Konbua (puc. 12.5). B pesynbrare Bce
BHEILIHWE TIPOTOHBI apOMaTUYECKOTO
KOJIbLIA J€39KPAHUPYIOTCS U BCTYMAIOT
B pe30HaHC Ipu Oojiee HU3KUX 3HaAYe-
HUAX H|,, 4TO SKBMBAJIEHTHO CMellle-
HMIO UX CUTHAJIOB B 00J1aCTh O0Jiee ciia-
Goro mosist. [IpOTOHBI, PACTIONIOKEHHBIC  pyc. [2.5. DiekTpoHHas MIOT-
BHYTPU KOJIbLIA, HAIIPOTUB, 3KPAHU- HOCTb, KOJbLEBON TOK U CUJIOBbIE
pyIOTCH u pe3OHMpy10T le/l 60)166 BBI- JIMHUM MarHUTHOIO T0Jist O€H30J1b-
COKMX 3HaueHusX Hy, T.e. cMemaiorcss 010 KOTPHA
B 00s1acTh O0Jiee CUJIbHOIO I10J1s1. TakuM o0pa3oM, JuaMarHyUTHasE aHU-
30TPOINUS KOJIblla CIYXUT YyIOOHBIM KPUTEPUEM ISl OMNMpEaeseHuUs
apOMaTUYHOCTH C MOMOUIbIO TAKOTO JOCTYITHOIO METO/a, KaK CIeKT-
pockonust IIMP.

IIMP-cnekTp apomatuueckoro [18]-annynena nipu —70 °C coxpep-
JKUT JBE IPYIIbl CUTHAJIOB HNPOTOHOB. CurHaibl B 00JacTU C1aboro
noyisg npu 6 ~ 9,3 M.I. OTBeYaroT ABEHAAUATH BHEIIHUM IPOTOHaM,
TOrJa KaK CUTHaJIbl B CUJIBHOM I10Jie MpU & = —3 M.JA. COOTBETCTBYIOT
LIECTA BHYTPEHHUM IMPOTOHAM KOJIbLA, IMOABEPXKEHHBIM CUJIBHOMY 3K-
PaHUPYIOLLIEMY BIMSHUIO BO30Y>KIEHHOIO MarHUTHOIO IoJjsl. DddexT
KOJIBLIEBOTO TOKA JIOKa3bIBa€T apOMaTUYHOCTH [18]-aHHyneHa. Euie 60-
Jiee yOeauTeIbHBIM IIpUMEPOM IIpuMeHeHus cnekrpockonuu [IMP mis
YCTAHOBJIEHUSI apOMAaTUUYECKOIo XapakTepa LMKIWYEeCKOro IOoJIMeHa
cayxut [TMP-criektp moctukoBoro 1,6-merano|l10]-aHHyneHa, co-
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JiepKallero MEeTUJIEHOBbIA MOCTUK, (DUKCUPYIOLIUIA TJIOCKOE CTpoe-
HUE JIeCATUYJIEHHOro LMKiaa nogueHa. [TMP-cniekTp aToro coenuHe-
HUS COAEPXKUT TPYIMIly CUTHAJIOB 11 BOCbBbMM BHEILHUX MPOTOHOB C
LEeHTpOM npu & = 7—7,2 M.I. U Y3KUIA CUHIJIET ABYX MPOTOHOB METU-
JICHOBOW TpyMIibl BHYTPU KoJiblia 1ipu & = —0,5 M.1I., pe3Ko CMelleH-
HbIX B CWJIbHOE I10JIE:

q CH,
H
H Z H
H N H
H H
H H
[18]-aHHyseH 1,6-MeTaHOLIMKITOEeK A~
TTeHTaeH

AHTMapOMaTUYHOCTb aHHYJIeHA TakKKe MOXHO YCTaHOBUTH C IO-
moupblo ITMP-cnekTpoB. I'maBHBIM KpUTEpUEM aHTHApPOMATUYHOCTU
SBJISIETCS HaJW4YMe MapaMarHUTHOIO KOJIBLIEBOTO TOKA, MO3TOMY CO-
eIMHEHUsI, CITOCOOHBIE yAep>KMBaTh MapaMarHUTHBIM KOJbLEBOW TOK
MpU OEHWCTBUU BHEIIHEro MOJsl, Ha3blBalOTCS napampontsimu. LIupKy-
JIIIUS T-3JEKTPOHOB B IMApaTpPONHOM (aHTHMAapOMaTUYeCKOM) aHHY-
JIeHe MPOUCXOIUT B MPOTUBOITOJIOKHOM HAIPaBJICHUM IO CPAaBHEHUIO
C apoOMaTUYeCKUMU coeanHeHUusIMU. CIpaBeUIMBOCTh 3TUX PacCyKie-
HMi1 OblTa qoka3aHa Ha rpuMepe [TMP-cniekrpa [16]-anHyneHa. B atom
aHTMApPOMAaTUYECKOM COEIMHEHUM HaOJIogaeTcsl oOpaTHOE pacIoio-
JKe€HME CUTHAJIOB BHEUIHUX U BHYTPeHHUX NpoToHOB. B IIMP-cnekTpe
npu —120 °C curHajbl 4eThbIpeX BHYTPEHHUX IIPOTOHOB CMEIIAIOTCI B
CTOPOHY cjaboro monst B obiactu 10,5 M.a., a ABeHAALATU BHEILIHUX
MNPOTOHOB — B CUJIbHOE ToJie B obnacTtu 5,4 m.u.

Takve 0coOOEHHOCTHM XMMHUYECKUX CABUIOB MPOTOHOB aHHYJIECHOB
MOXHO TIPUMHSTH 3a OKa3aTeJIbCTBO apOMaTUYHOCTU WM aHTUApPO-
MaTMYHOCTU. [IJIT KOPPEKTHBIX BBIBOJOB, €CTECTBEHHO, CJIEAyeT HC-
M0J1b30BaTh MOJCJIbHBIE COeAMHEHMsI, B KOTOPBIX HEJb3s1 OKUIATh BO3-
HUKHOBEHUSI KOJblIEBOro Toka. HeoOXoamMo, ogHako, OTMETUTh, YTO
naHHble AMP-cnekTpoCcKONuM HENPUTOAHbI IS KOJWYECTBEHHOTO
COITOCTAaBJICHUS CTENEeHU apOMaTUYHOCTU PA3IUYHBIX apoOMaTUYeCKMUX
CHUCTEM, U MX MOXHO paccMaTpuBaTh KaK YMCTO KauyeCTBEHHBIN Kpu-
TepUil apOMaTUYHOCTU.
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TepMoagnHAMHUYEeCKME, CTPYKTYpHBIE U MarHUTHBIC KPUTCPUU B
COBOKYITHOCTH TAlOT HaJeXHBbIe KCITIEpMMEHTAbHBIC MTOKa3aTeIbCTBA
SIBJICHUST apOMATUIHOCTH. DHEPreTUIecKre KpUTepU Hambojiee YHH-
BepCabHBI M HaIEXKHBI I CO3MaHUS €IMHON IIIKaJbl apoOMaTUIHOC-
TH, HO COOTHECEHME MX C IKCIEPUMEHTATbHBIMU JaHHBIMU HEpEeIKO
BBI3BIBACT 3aTpyaHeHUs. CTPYKTYpPHBIE KPUTEPUU NAIOT OOBEKTUBHYIO
KapTuHy, TTOCTPOSHHYIO TOJIBKO Ha 3KCIePUMEHTATbLHONM OCHOBE, HO
oTIpefieIeHe WX ellle JOBOJLHO CJIOXHO, W caMH IO cebe OHM He
TTO3BOJISTIIOT TTOCTPOMTH IIKAJTy apOMAaTUIHOCTH. MarHUTHBIE KPUTEPUHT
JIETKO JTOCTYITHBI W WCTIOJB3YIOTCS JUIST KaueCTBEHHOM IMArHOCTUKU
apoMaTUIHOCTH. OIleHKa apOMaTUYHOCTH MMEeT BaskKHOE 3HaUeHHUE He
TOJIBKO JUTSI TIOHMMAaHUs CBOWMCTB COCOIWHEHWII B OCHOBHOM COCTOSI-
HUU, HO W IS MHTEPIIPETAllUN JAHHBIX TT0 PeaKIIMOHHON CITOCOOHO-
CTU apoMaTUYeCKUX coeauHeHui (1. 13).

12.8. APOMATNYECKUE TETEPOLIMKINYECKHNE
COEJMHEHMUA

Bce mHoOroo6pasue apoMaTUYECKUX TeTEePOLUKINUYECKUX COEdU-
HEHUIX MOXeT OBbITh (hOpPMaAJIbHO MPOM3BEIEHO M3 KapOOLUKINYEC-
KMX apOMaTUUYECKUX COeIMHEHUI IBYMS criocodamu. B omHOM M3 HUX
=CH-rpynna xapOouukia 3aMeHSIETCSI Ha IeTepoaToOM, CIIOCOOHBIN
MPeIOCTaBUTh B apOMATUYECKYIO CUCTEMY OJMH 3JIEKTPOH, HaXOHs-
LIMicsI Ha p-opOuTanu, akCHaJabHOM IUIOCKOCTU LMKJa. Jpyroit crio-
CcO0 CO3IaHUS apOMAaTUYECKOTO TeTepolMKIa 3aKI0YaeTCs B 3aMeHe
(opManbHO ABOIHOI yriaepoa-yrieponHoii csisu C=C Ha rerepo-
aTOM, MMEIONIMI HEMOJEJIEHHYIO Tapy p-3JIEKTPOHOB, KOTOpasi Mpu-
HUMAET y4aCTUE B CO3JAHUM APOMATUUYECKOW T-3JIEKTPOHHON CUCTE-
Mbl. K reTepoaTOMag[ u rpy%naM, ld@BOS.HCKTpOHHbIM rpynmne =CH—,

otHocaTcd =N—; =N—R; =0 —; =S —, BHocs1IME OOUH p-3JEKTPOH
B 00pa3oBaHUE apOMATUYECKOHN T-2JIEKTPOHHOM CUCTEeMbl. 3amMeHa
=CH-rpynnsl B OeH30Jie HAa 3TU IPYIIIbl NPUBOAUT K LIECTUUICH-
HBbIM TeTepolLMKIaM: MUPUANHY, UOHAM MUPUAWHUS, TUPUINS U TUO-
MUPUIIUS:

4 4 4 4
0 ) L ;s
~ @~ @~ 6~ O~ 2
6N 2 6N12 6O 2 <
1 I 1 1

R
TIMPpUINH KaTUuOH KaTruoH KaTnoH
TIMPUINHUA TIMPpUINA TUOIMPUIINA
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B mupupnne atomer C(2) u C(6), C(3) u C(5) momapHO 5KBUBAJIEHT-
Hbl, HO atoM C(4) oTaMyaeTcss OT BCEX OCTaJbHBIX aTOMOB YIJIEpoa.
COOTBETCTBEHHO 3TOMY pasnuyaroTcs mno miuHe cBsa3u C(2)—N
(1,34 A); C(2)—C(@3) (1,39 A) u C(3)—C(4) (1,40 A). Arom a3ora
MUPUINHA HAXOAUTCS B Sp°-TUOPUIHOM COCTOSIHUM, €TO HEIOMAesIeH-
Has Iapa 3JeKTPOHOB pacroJjaraercs Ha spz—rm6p1/mH0171 opouranu u
He TIPUHUMAET yJacTHUsI B CO3MAHUM apOMATHUECKOIO CEKCTeTa p-dJIeK-
TpoHOB. Hannuue HemomeneHHON mapbl 2JIEKTPOHOB Y a30Ta 00yCI0B-
JIUBAeT CBOMCTBA MUPUANHA KaK TUIUYHOTO TPETUYHOTO aMHUHA.
3amena nByx =CH-rpymnmn Ha aBa aToMa a3oTa B 3aBUCUMOCTU OT
WX B3aMMHOTO PACIOJIOKEHMS TIPUBOIUT K a3WHaAM: TTUPUIA3UHY, TT-
PUMHUIMHY M TIMpa3uHy, a 3aMeHa Tpex =CH-rpynn — K TpuasuHaM:

SN

TMMPUMUATTH TMpa3suH
N
| SN | 3 NN
|
N N m /)
N N N
1,2,3-Tpua3uH 1,2,4-tprazuH 1,3,5-TpuaszuH

I'pynnuposka —CH=CH— B 0OeH30Jie MOXET ObITH 3aMellleHa Ha

reTepoaToMbl W TPYMIIBI —6—; —§—; —S"e—; —1'\'IH;—1'\.IR—, B
9TOM cJlydyae HemnojejieHHasi IMapa p-3JIeKTPOHOB reTepoaroMa BKIIIO-
YaeTCsl B CO3MAHUE apOMATUYECKOrO CEKCTeTa TM-3JeKTPOHOB. Takast
3aMeHa MPUBOJIUT K HauboJiee U3BECTHBIM MSITUWIEHHBIM TeTepOLMK-
Jam: dypaHy, THOdEHY, celeHO(peHy U MUPpoly:

dypan THodeH ceneHo(beH M PPOJT

Benenue Broporo rerepoaroma BMecto rpymrsl —CH=CH— npu-
BOIUT K MOTEpe apOMaTMYHOCTU, HO W JajibHelllasi 3aMeHa OIHOU
WM HeCKOJbKUX rpynn =CH— «nMpuIMHOBBIMM» aTOMaMM a30Ta
=N— NOpUBOAUT K a30JaM — MSATUWICHHBIM apoOMaTUUYEeCKUM COEIM-
HEHUSIM, CoJepXKalldM JiBa, TPU WJIM 4YeThIpe rerepoaTroMa:
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0] N
H
1,3-okcazon 1,3-tnason 1,3-nnazon 1,2-aua3on

(umunazon) (rmupazoun)

] N I
LA LA A

N N\O/N NN
H H
1,2-tnazon ¢ypazan 1,2,4-tpuazon TeTpas3oil

AHaJIOTMYHbIE 3aMEHbl BO3MOXHBI BO BCEX apOMaTUUYECKUX MOJULUK-
JIMYECKUX COEAMHEHMSIX, TIpUUeM Hapsily ¢ JIPYrMMU MOTYT ObITb 3a-
MEHEeHbl M aTOMbl yrjepona, o0liMe s AByX LUKIOB. Huxe npuse-
JIeHbl HEKOTOpble HauboJyiee BaxKHble KOHIEHCUPOBAaHHBIE apoMaTh-
YECKUE TeTePOLUKINYCCKUE COSTMHEHMS:

snfs=NsNeve

WHJI0J O6eH30dypaH OeH30THO(hEeH Kapbazon
~N N N 7 Y=
-z ~N = XN /
N N
XUHOJIMH M30XUHOJIMH aKPUIMH VHIOJIM3WH

[MocKoIbKY B MONMIIMKINYECKNX COSTMHEHUSIX Ha TeTepoaTOMBbl MO-
I'yT ObITh 3aMEHEHBI aTOMBI YIJIEPOJA PAa3HbIX LIMKJIOB M B CAMBIX pa3-
JIMYHBIX KOMOWHALIMSX, YMUCJIO BO3MOXKHBIX TeTePOIMKIMYECKIX CO-
eIVHEHWI WCKITIOUYNTETHLHO BEJIUKO.

XoTg BBeZieHHWE reTepoaToMa B KapOOIMKIMYECKYIO apoMaThdec-
KyI0 CUCTEMy He HapyllaeT 3aMKHYTOCTH 3JIEKTPOHHON OOOJOUYKH,
OHO OTpaXkaeTcs, M BechMa 3HAUMTEILHO, Ha pacIpelelIeHuN 3JIeKT-
POHHOI TUIOTHOCTH. XapaKTep BIUSHUS TeTepoaToMa pPe3Ko pasinda-
€TCST B 3aBUCMMOCTH OT TOTO, CKOJIBKO 3JIEKTPOHOB (OOWH WJIW JIBA)
BHOCHAT OH B apOMaTMYecKylo m-3JeKTpOHHYIO cucTemy. [lvupuauH,
MUPUMUIVMH Y TTMPa3UH TOJISPU30BAaHBI TaKMM 00pa3oM, 4TO Ha aTo-
Max a30Ta OKa3bIBAaeTCsT M30BITOK, a Ha aToMax yriepona aeduinT (He-
JIOCTaTOK) T-3JIEKTPOHHOM TUIOTHOCTH. [IMpMIWH ne3aKTUBHPOBAaH B
OTHOLUEHUM PEaKUUi 3JIEKTPODUILHOIO 3aMELICHUs MO CPaBHEHUIO
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¢ O6eHzoyioMm (r71. 13). B omimune or nmupuavHa B ONUPPOJIE Ha aToOMax
yIJepoJa 3JIEKTPOHHAs IUIOTHOCTh BbIllIe, YeM Ha aTome azoTa. [lup-
pos 0ojiee aKTUBEH B PEaKLMSIX 3J1EKTPOGUIBHOIO 3aMEICHUSI, YeM
OeH3o1. JuIoyibHble MOMEHTHI IIMPUAMHA U MHUPPOJIa XOPOLIO O0BsSIC-
HSIIOT 3TO pas3jnyue.

JIuIonbHBIE MOMEHT NupuAuHA paBeH 2,2 D, u a30T sgBiseTcsl oT-
PULIATEIBHBIM KOHLIOM JIATIOJSI, B TO BpPEeMsl KaK B MUPPOJIC C AUIIOJb-
HBbIM MOMEHTOM 1,8 D a30T CIIy>KMT MOJOXKUTEIbHBIM KOHLIOM JIWIIOJIS:

NI OIf

—~ N
N H +
22D B 1,8D

I'etepounkiIbl, MOAOOHBIE TUPUANHY, B KOTOPBIX 3JEKTPOHHAs IJIOT-
HOCTb Ha aTomax yrjepojaa IMOHMXeHa, Ha3bIBalTCS T-Ae(DULIMTHDI-
MU TeTEePOLUKINYECKUMU coeAuHeHussMU. K HUM OTHOCSTCS NMUpu-
IVH, TTMPUMUANH, TUPUAA3WH, TTMPAa3UH, KaTUOHBI TTUPUIINAS U THO-
NUPpUINsI, TpUaszuHbl U Ap. [IATUUYIeHHbIE TeTepPOLUKIIbI (MTUPPOII,
(ypaH u TMOdEH) MOXHO paccMaTpuBaTh KakK T-U30bITOYHBIE apo-
maTuyeckue cucteMbl. MHAeKch apomaTuyHocT D OD 11st HEKOTO-
PBIX TeTePOLMKIOB NMpuBeaeHbl B Taba. 12.2. ComacHO 3TOMY KpuTe-
pU10, S-wieHHbIE FeTePOLMKIIbI MEHEe apoOMaTUYHbI, YeM OeH30J1, HO
MUPUIMH W XUHOJIMH IO apOMaTUYHOCTU CPaBHUMBI C OSH30JIOM.

IToMuMO TEeTepOLMKINYECKHUX CUCTEM, COAEPXKAILIMX B KaXXIOM
KOJIbLIE TIO 1IECThb T-3JIeKTPOHOB, U3BECTHbI MHOTOUYMCJICHHbIE MpPU-
Mepbl apoMaTUYecKuX (4n + 2) T-3JETKPOHHBIX TeTepPOLUKINYECKUX
COeMHEHUIi, B KOTOpPbIX # > 1. M3BeCTHBI reTepoLMKIMYecKre aHa-
JIOTK apoMaTUYeCKMX aHHYJeHOB. B KauecTBe NnpuMepoB MpuBEaEM
okca-[17]-annyneH, asa-[17]-annyneH, a3a-[18]-aHHyJIeH, M303JIeK-
TPOHHbIE apoMaTtuyeckomy [18]-aHHyJeHy:

7 N
7 A\
7 0. N
okca-|17]-annysieH aza-[17]-annyneH
| NN
| AN
=
| aza-[18]-annyneH
~N_ .~
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JpyruM HarjasmaHbIM TIPUMEPOM apoMaTHUYEeCKOTo TeTepoaHHYyJIe-
Ha SIBJISIETCSI MOCTUMKOBBIM TOMOXMHOJIMH, M303JIEKTPOHHBINA 1,6-Me-
taHo[10]-aHHysneny, coaepxaiuii 10 m-31€KTPOHOB:

L

IToMUMO TeTePOLIMKINYECKUX COEAMHEHNI, TTPOSBISIOINX TUITNY-
HO apoMaTH4YeCKHe CBOWCTBA, MMEIOTCI aHTUApOMAaTUYECKHE U He-
apoMaThyecKre reTepolKiIbl. K aHTHapoMaTnyeckuM 471 m-3J1eKTpOH-
HBIM T€TEPOLMKINYECKUM COEIVMHEHUSIM OTHOCSITCS OKCHUPEH, TUU-
peH, 2-a3sMpUH U a3alUKJIO0YTaaueH:

N, N N, L

o S NH S
OKCHUpEH TUUPEH 2-a3upuH a3alMKJIO0y TAeH

M3 HuX B MHAMBUAYaJIbHOM BUJE TOJYYEH JIMIIb TUMPEH. DTOT IPO-
CTEHMIMII aHTMApOMATUYECKMI TeTepOLMKI oOpa3yeTcsl Ipu HU3KO-
TeMIlepaTypHOM (HOTOIM3e BUHUICHTPUTHOKAapOoHaTa mpu —265 °C B
aproHHOM maTpulie, OH cTtabuyieH Juiib Huke —250 °C:

S
hv; -265°C
—S + CS,
aproH
S

S

rCTCPOHI/IKI[I/I‘-IeCKI/IC CUCTEMBbI OKCCIIMHA, TUCIIMHA U 1-H-azenn-
Ha, M302JICKTPOHHBIC LIMKIOOKTATETPACHY, CJICAYET OTHECTU K HE-
ApOMATUYECKUM COCAMHCHMUAM:

o
o S N
H

OKCENUH TUETINH 1-H-azermu

[MomoOHO HMKIIOOKTaTeTpacHy, OKCEIMMH HeIUTaHapeH M CYIIeCTBYEeT
B BUIE PaBHOBECHOI CMeCH ABYX KOH(POPMEPOB:
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Bce IIPUBCACHHBLIC COCAMHCHUA IIPOABIIAIOT CBOMCTBA TUIIMYHBIX I10-
JIMEHOB, TaK K€ KakK M HeapOMaTqucmﬁ A301MH:

a30LIMH

ABOLIMH, KaK U LUKJIOOKTaTeTpaeH, JIErko BOCCTAaHABIMBAETCSl Kau-
€M [I0 TUIAaHAPHOTO apoMaTUYeCKOro AMaHUOHA.

3aMeHa retepoaToMa aszoTa B INUPpPOJIE HA APYTrue 3JEeMEHThI
V rpynnsl [lepuoanyeckoii cucteMsl (As, Sb) NMpUBOAUT K apcoiy U
cTUOOJY, HEe MPOSIBJISIIOLIMX apOMaTUYECKUX CBOWCTB:

00

apcoi CTUOO

AHaJIOTMYHO 3aMeHa a30Ta B MUpUAMHE Ha (Hochop, MBILIbSIK, CYypb-
MY M BUCMYT MPUBOAWT K HeapOMaTUUYECKUM TeTEePOLIMKIIAM:

AN N AN AN
P As Sb Bi
¢ocdabenzon apcadbeH301 CcTMOabeH30J1 BUCMaOEH30J1

12.9. IOJAYYEHUE APOMATHUYECKHUX YTJIEBOAOPOLOB

['MaBHBIM MCTOYHMKOM apoOMaTMYECKUX YIJIeBOAOPOAOB (apeHOB)
B HacToslliee BpeMs sBisieTcss He(Th, XOTS B HEAAJIEKOM IMPOILIOM
3Ty POJIb BBIMOJHSI KAMEHHbIH yroib. B 0CHOBe MPOMBIIIIEHHOTO MO-
JIy4EeHUST apoOMaTUYECKUX YIJIEBOAOPOAOB JiexKaT peakiuy AeruIprupo-
BaHUS LIMKJIOAJIKAHOB M JETMAPOLMKIM3AIMN aTKaHOB. DTU Mpoliec-
ChI TMOJIYYMJIM Ha3BaHUE KaTaTuTUYecKoro pucdopmuHra HedTtu. B Ka-
YECTBE KaTaJM3aTopa OObIYHO MCIMOJb3YIOT IJIaTUHY, HAHECEHHYIO Ha
OKMCh AJIFOMUHHUS BBICOKOM CTEIIEHM YMCTOTHI B KosmdecTBe 0,5—1%
Mo Macce, M3-3a 4Yero caMm IIPOLECC YacTO Ha3bIBAIOT TUIaT(GOPMUH-
roM. CMmech mapoB OEH3UHOBOU (paklMKM YriIeBOAOPOIOB HEPTU U
Bojopofa mnpormyckatoT Han Pt/Al,O; npu 450—550 °C u naBiaeHun ot
10 o 40 at™m (1- 10° —4 - 10° TTa). B 9TUX yCIOBHMSIX apoMaTHdeC-
KH€ YIJIEBOAOPOIbl MOJYYalOTCsl B pe3yJibTaTe TPeX OCHOBHBIX TH-
OB pEaKIUA:
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1) meruapupoBaHUsI LIMKJIOTEKCaHa U €r0 TOMOJIOTOB:
CH; CH;
Pt/Al,O4 o + 3H,;
500°C; 20 atm

2) Aernapou3oMepusaliid TOMOJIOTOB LIMKJIOMNEHTAaHAa:

CH; CH;
Pt/Al,O, + 3H,;
550°C; 30 at™m

CH,

3) meruapouMKIU3alMy ajJKaHOB, UMEIOLIMX 1IeCTh U Ooyiee aTo-
MOB yIJiepoja:

. PUALO, CH, CH,CH,4
- -
ITET550°C; 2030 atm 4 Hy.
CH,4

Peakiuu, nexaiiye B OCHOBE KaTaJIMTUYECKOro pu(OpMUHIa, 3HOO-
TEPMUYHBI, a 3TO TPEOYyeT MPUMEHEHMSI CPABHUTEIbHO BBICOKUX TeM-
nepatyp. B aTux ycioBusX Hapsimy ¢ oOpa3oBaHUEM apoOMaTHUYECKUX
VIJIEBOJOPOAOB B pe3yjbTaTe 0osiee IIyOOKMX MPOLECCOB ASCTPYKLIMU
Ha KaTaJlu3aTope OTKJIAIAbIBACTCSl KOKC, YTO MPUBOAMUT K OTPABICHUIO
Katanuzaropa. s Toro 4ToObl 3TOro u3bexarb, KaTATUTUYECKUN pU-
(bopMUHT TTPOBOAAT MOJ IaBjeHUEM Boaopona. B pesynbrate Kataiu-
TUYECKOTO pUMOPMUHTIA J0Js apeHOB, KOTOpasi B UCXOAHOM HedTs-
HOM chIpbe He mpeBbiaet 10—15%, Bospacraer 1o 50—65%. Karanu-
TUYECKUI PUMDOPMUHT BaxkeH €llle U B TOM OTHOIIEHUM, YTO 3a CUeT
pocTa comepKaHUsl apoMaTUYeCKUX YIJIEBOIOPOIOB B MPOAYKTaX pH-
(opMuHTra pe3ko Bo3pacTaeT OKTAaHOBOE YMCJIO OEH3MHA, UCIOJIb3ye-
MOI'O B JBUTraTe/sIX BHYTPEHHEro cropaHus. MHauBuUayadbHbIE ape-
Hbl — OEH30JI, TOJIyOJI, KCUIOJA U APYrMe€ — BBLIEJIAIOT IIPU Iepe-
TOHKE TPOAYKTOB PU(GOPMHUHIa Ha BBICOKOMPOMU3BOAUTEIbHBIX
peKTU(UKAIIMOHHBIX KOJIOHHAX. B HacTosiiee BpeMst 0koj10 90% GeH-
30j1a 1 €ro TOMOJIOTOB TOJIy4aeTCsl B MPOMBIIUIEHHOCTH B pe3yJbTare
KaTaJuTU4YecKoro pucdopMruHra HedTu.

B nocneaHue roabl pa3paboTaHbl Apyrue CIocoObl MOIyYeHUs OeH-
30j1a U3 ero romoJyioroB. OIMH U3 HUX 3aKJII0YaeTcs B TMIPOIEMETH-
JIUPOBaHUM Tojyosia. Tojyoda B HacTosluee BpeMsl MPOM3BOAUTCS B
KOJIMYECTBE, MPEBbILIAIOLIEM ero noTpedHocTU. [1oaTomMy yacTh ToTyO-
Jla TIpeBpallaloT B OEH30J1 MpU HArpeBaHUM CMECH TOJIyoJla U BOJO-
pona go 700—750 °C nox naBneHueMm B 35—70 atwm:
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CH
3 " 700—750°C o
_— +
2 35-70 atm 4

B nipucyTCTBUM KAaTaaM3aTOPOB KUCIOTHOM MTPUPOALI YAAETCS OCY-
IIECTBUTh W AUCIIPOITOPIIMOHNPOBAHNE TOJIyoJla M0 OeH30j1a M CMeCH
opmo-, mMema- U napa-KCWIOJIOB, KOTOPYIO pa3leisioT TeperoHKOM:

@ ueonm 480—500°C _ @ @
CH,

CH,

XOTS 3HaU€HUE KaMEHHOTO VI KakK MCTOYHMKA apoMaTUYeCKMX
YIJIEBOMOPOIOB 3a MOCIEeAHUE TPUALATH JIET Pe3KO COKPaTUIOCh OO
10—20%, TeM He MeHee KOKCOBaHME KaMEHHOIO YIJIS IpPOJOJIKAET
OCTaBaTbCS BAXHEWIIMM HMCTOYHMKOM apOMaTHMYECKMX COETWHEHUIA.
Hexoropsie apoMaTryeckre yriaeBoAOPOAbl MOAYJYalOT B MPOMBIIIICH-
HOCTU TOJIbKO TakuM TyTeM. [Ipyd KOKCOBaHMM KaMEHHOTO YISl MPU
1000—1200 °C 06p3.3y}OTCH KOKC (75% WCXOMHOM MaccChl YIJIsT), KOKCO-
BbIi ra3 (300 M Ha | T yriIst), KaMeHHOyTOMIbHAs cMoia (2—4% ot Maccm
yrias1) 1 ammuadHas Boga. KoxcoBelit raz comepxkur 30—40 r/M ape-
HOB: OeH30/1a, TOJAyoJa M KCWIOJOB, a TaKXKe METaH, BOAOPOM, 3THU-
JIGH, OKHCbh U JIBYOKHMCh yTjepoja, a3oT. M3 KaMeHHOYTroJIbHOI CMO-
Jbl (ppakimoHHoM mneperoHkoi npu 80—170 °C gOMOJHUTENBHO MO-
JIy4aloT O€H30J1, TOJYOJ, KCUJIOJbI, 3TUIOEH30J, ME3UTUJICH, CTUPOJ
U TUPUIMH.

DpakIIMOHHON TIepeTOHKON TIpU OoJiee BHICOKOIM TeMIIepaType
170—250 °C nonayyator HadTaiuH, 1- U 2-MeTwiHadTaaIuHbI, Oude-
HuA, (penon, kpe3oabl u ap. [Ipu 270—360 °C oTroHSIOTCS aHTpaleH,
(heHaHTpeH, TeTpalleH, aueHadTeH, (JIyopeH, a TakXe reTepOLMK-
JIMYECKNe COCTUHEHWS: WHIOJ, XMHOJIMH, N30XUHOJUH W IPyTHUe apo-
MaTuyeckue coenrHeHMs. M3 ocTaTka MeperoHKol B BaKyyMe yaaeT-
Cs BBIICIUTb XPU3EH, MUPEH, aKpUAMH, Kapda3oya W psia APYyTUx Io-
JIMUMKJINYECKUX COoeluHeHui. M3 ofHOI TOHHBI KaMEHHOYTOJbHOM
cMmoibl Ttojydaetcsa 8—10 xr 6eHsona, 1o 2 Kr toiayosa, 0,3 Kr Kcu-
nonoB, 40—60 kr Hadranmuua, 5—10 kr aHTpaneHa u T.4. Bcero B ka-
MEHHOYTOJIbHO CcMOJjie MAEHTUMULMPOBAHO OKOJIO MSITUCOT COEIM-
HEHUI, HO TIpeArojaralT, YTO O0lIee WX YUCIO JOCTUTaeT AEeCATH
TBHICSY.

HaubGonee oOumM METOAOM ITOJYYEHUST aJKUIOEH30JI0B SIBJISIET-
cs ankwiMpoBaHue 6eH3onma o Ppunemo—KpadTcy ¢ momolnbio aji-
KWJITaJIOTEHUIIOB, CITUPTOB WM aJIKEHOB:
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R

AlCI, + HX.

+ RX

Peaxinu @Opunenss—Kpadrca moapo6bHO OymyT pacCMOTpeHBI B TI. 13.
JpyruM KJIacCHMYECKUM CIIOCOOOM CHHTEe3a aJIKUJIO0CH30JI0B SIBJIICT-
csa peakuus Biopua—®urtura (1864), 3akmiovalomasics B KOHIEH-
calliy CMECHM apwirajoreHuIa W aJKWITaJOTeHMIa IO ACHCTBUEM
MEeTaJUIMYeCKOT0 HaTpus B 3dupe Win ApyroM HHAUDOEpeHTHOM
pacTBoOpHUTEJIE:

Br CH,(CH,),,CH,4
20°C
a¢up

Hawunyuime pesynbTaThl TOCTUTAIOTCS TPU MCIOIB30BAHUM apuI-
OpPOMUIOB U MEPBUYHBIX AIKWJIOPOMUIOB. Bhixon ankmideH30/10B pe3Ko
YMEHBIIAETCS 111 BTOPUYHBIX aTKWIOPOMUIOB U aIKWJIMOIUIOB, TPe-
TUYHBIE aJIKWJITAJOTeHUIBI He BCTYIMAIOT B 3Ty peakiivio. Takas moc-
JIeOBATEIbHOCTh PEaKIIMOHHON CITOCOOHOCTH CTAHOBUTCS TTOHSTHOM
MPU PACCMOTPEHUU MeXaHU3Ma peakiuu. [lepBoHaYaIbHO U3 apwuiira-
JIOTeHUIa ¥ HaTpHs 00pasyeTcsl apuIHaTpuil. ApUIHATPUIA 3aTeM BbI-
CTyIaeT B POJM HYKJICO(PUIBHOIO areHTa B peakuM OMMOJIEKYJISp-
HOTO HYKJICO(MWIBHOTO 3aMEIleHMsT Y HACBIIIEHHOTO aToMa yrieposia
aJIKWITajloreHuaa ¢ oOpa3oBaHUEM aIKWJI0eH30J1a:

ArBr + 2Na —> ArNa + NaBr,
ArNa + RCH,Br — ArCH,R + NabBr .

BropuuHble ankuiraioreHuabl MPeMMYILIECTBEHHO, a TPeTUYHbIE Ha-
1IeJIO TIOABEPraroTCcs SJAMMUHUPOBAHUIO MO AESUCTBUEM TaKOIO CUJIb-
HOTO OCHOBAHMUsI, KaK apWJIHATpUil.

B kauecTBe TUMMYHOrO KOHKPETHOro Mpumepa peakuuu Bropia—
dutTyra npusBeeM MNojiydeHUe H-OyTwIOeH30ja U3 1-OpoMOyTaHa U
OpombeH3o01a:

C¢HiBr + CH4(CH,),CH,Br + 2Na

a¢up, 20°C
C¢H;CH,(CH,),CH; + 2NaBr .
(65%)
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CorjacHO COBpPEMEHHO#l TepMUHOJIOTHMM, peakuusi Bropua—®durrura
WCTOPUYECKU Obla MEPBBIM MPUMEPOM OOJIBIION TPYMIIbl PeaKIIMi
KpOocc-CcoueTaHus. DTOT TEPMUH OObEIMHSIET peakiii, B KOTOPbIX MPU
B3aUMOJICVICTBMM METAJUIOPraHUYECKUX COCAMHEHUMN C apuil- WU aJl-
KWJITQJIOTeHUIAMU MPOUCXOIUT CABAaMBAHUE JIBYX HECUMMETPUUYHbBIX
paauKaaoB:

RM + R?2X —— RR? + MX
M= Li, Mg, Al, Hg, Sn u ap.

Taxkoro poma mpouecchl Ype3BblYAHO ILIMPOKO MPUMEHSIIOTCS B CO-
BPEMEHHOM OPraHWYeCKOM CHHTe3e, IJle¢ B KauecTBe KaTaJlu3aTOpOB
HCIIOJB3YIOTCS KOMILIEKChI MEePEeXOJHbIX META/VIOB — Majljlaausi, HU-
KeJisl, UMPKOHUSI U ap. Peakuuu Kpocc-coueTaHMs] Ha KOMILIeKcax
MEePeXOHbIX METAJIJIOB OyIyT pacCMOTPEHbI B I1.27.

TTonyyeHue ankuaOEH30J0B MPU BOCCTAHOBJIEHUM KUPHOApOMa-
TUYECKUX KETOHOB aMaJiblaMUPOBaHHBIM ILIMHKOM Mo KiiemMMeHceHy
OIMCAHO B I1.16:

0
/
ArCZ  + Zn(Hg) + HCI

ArCH,R .

12.10. IIOJIYYEHUE BAJIEHTHBIX U30MEPOB BEH3O0JIA

TeopeTnueckoe paccMOTpeHUE BAJIEHTHBIX M30MEpPOB OeH301a Oyaer
JaHo B .26 (4acTh 4) TIpW ONMMCAHWUN BHYTPUMOJIECKYJISIPHBIX TIEpPerpyI-
nMupoBoK. B naHHOM paznene OyayT paccMOTpeHbl METOIbI CUHTE3a U OC-
HOBHbIE XMMUYECKME CBOMCTBA BaJIeHTHBIX U30MEPOB OEH30JIa.

IIpu obGcyxkaeHun cTpoeHMs] OeH30a paHee yxXe ObUIo OTMeve-
HO, 4TO BO BTOpoii 1ojioBuHe XIX B. momuMo dopmynnl Kekyne mis
Hero ObUIO MPEIOKEHO HECKOJbKO APYTUX aJIbTEPHATUBHBIX CTPYK-
TYPHBIX (POpPMYJI, BaxKHEHIIMMU M3 KOTOPLIX SIBISIOTCS (DOPMYIIbI
Hpbroapa, JlaneHOypra u XwoKKes:

: : oeHzon JlameHOypra

oeHszon Jlproapa, uiu
ounukio[2.2.0lrekcagueH-2,5

— @ o6eH30i1 XI0KKes
(GeHzBasieH)
376
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Ha mpoTsskeHUM TOYTH CTa JIET 3TU CTPYKTYPHBIE (DOPMYJIbI pac-
CMaTPUBAJIMCh MCKITIOUMTEIBHO KaK TIIOA M3OIIPEHHOTo M 6Oratoro
BOOOpPaKEHUST XMMHUKOB-OPTaHUKOB, HE CIIOCOOHBIE K PEaIbHOMY CYy-
1IECTBOBAHUIO B KAyeCTBE BaJICHTHBIX M30MepoB OeH3oya. OgHaKo B
nepuon 1963—1973 rr. Bce oHU ObLIM MOJYYEHbI Ojaromapsi OJecTsi-
mumM paboram Ban-Tamenena, Buibnbaxa, Karma m apyrux mccie-
JIOBATEJICH.

IlepBblii HEMIOCKMUIA BaJ€HTHBIM M30Mep OeH3oJla — 2,5-OMIUK-
710[2.2.0]rekcaguer — ObL1 moiydeH B 1963 r. B pe3ybTare OKUCIIU-
TEJIbHOTO JeKapOOKCUJIMPOBaHUs aHruapuaa Ouuukiao[2.2.0]rekceH-
5-11uKapOOHOBOIi-2,3 KUCIOTHI TeTpaalleTaTOM CBMHIA WX 2JIEKTPO-
JIMTUYECKUM J1eKapOOKCUIMPOBAaHMEM 3TOM ke KUCIO0Thl o Konnoe:

_0
c~
\ ., Pb(OAc), 3JIEKTPOJIN3
/O - > | PR HO
C ~C
[] (20—40%) 7
0 0]
/C:O
Moo HO
e
/
(@)
AN
“°

Haubonee mpocTbiM B CUHTETUYECKOM OTHOLIEHUM METOIOM IIO-
JIyYeHUSI TIPOU3BOAHBIX OeH30Ja [lploapa SIBIASETCS TpUMepU3alus
IWAJKWIALETWIEHOB I10J] NeMCTBUEM TaJIOTEHUIOB QJIOMUHHUS B XJIO-
PUCTOM MeETUJICHE:

CH, CH,
2 CH;—C=C—CH; _AlBr; ‘ # AlBry| ——>
CH,Cl,
CHj CH,
CH,
CH; CH,

CH,C=CCH,

cay”  CHs “cp,
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benzon JIptoapa — Ounukio[2.2.0]rekcagueH-2,5 — M30MepU3y-
ercsl B 00bIyHbIN OeH3ou; npu 20 °C moiiynepuo IpeBpalleHus co-
cTapJysieT aBa aHs, a ipu 90 °C sta uzomepusaius nporekaet 3a 30 MUH.
I'ekcameTminpounsBogHoe OeH3osa Jlploapa ropaszgo Oosiee CTaOWUIIb-
HO, IOJIYIIepUOM, €ro mpeBpalleHus B rekcaMmeTuioeHszon npu 120 °C
coctapysieT 105 4, a mpu 20 °C OH COBEpIlIeHHO CTAaOWJICH.

Takum o0pa3zoMm, HEOXMIAHHO 0Ka3aJloch, UTO OeH30j Jlploapa
OYeHb MEIJIEHHO TpeBpalllaeTcss B HOPMaJIbHBIN OEH30J1, HEeCMOTpPS
Ha TO YTO TEPMOAMHAMMYECKN HOPMaJIbHBIN n3oMep Ha 70 KKaja/MOJIb
crabuibHee. IIpuunHa COCTOUT B KMHETHMYECKUX 3aTpynHeHusx. Ilpe-
BpalleHue OeH3oja [bioapa B HOpMaJbHbBIM OE€H30J1 — 3TO TaK Ha3bl-
Baemasl 2JIEKTPOUMKIMYECKas peakiusi, KoTopasi, COIIacCHO MpaBu-
JlJaM coxpaHeHus1 opbutanbHoil cumMmeTpuu BynBapma—I'odmana
(1. 25, 4. 3), Ipy TePMUYECKOM aKTUBALMU AOJKHA MPOTEKaTh KOH-
pOTaToOpHO, T.e. TAKMM OOpa3oM, YTO B pe3yjbTaTe ee OymeT oOpa3o-
BbIBaTbCs 1,3,5-LIMKIIOreKcaTpueH, COAepKalluil OOHY MpaHC-IBOM-
HYIO CBS3b:

(N KOHPOTaTOPHO
1A

Takast cTpykTypa LMKIJIOreKcaTpMeHa COBEpILIeHHO HepeajibHa, U T0-
9TOMY peakiivs BBIHYXXJI€HA MITU IO 3alpelieHHOMY MO OpOuTasb-
HOI CUMMETPUM AUCPOTATOPHOMY IIyTHU, T.€. C BBICOKOM 3HEpruei
aKTUBALIUU:

|

benzon JIploapa ¥ ero npou3BOAHbIE MPEACTABISIIOT COO0I 0ObIY-
Hble HETUIOCKME OUIMKINYeckKue nueHbl. OHU OKHUCISIOTCS TMepKuC-
JJoTaMu ¢ 00pa3oBaHMEM MOHO- M IHUAMOKCHUIOB, BOCCTaHABIMBAIOT-
¢ IMUMUIOM U BBITIOJHSIIOT POJb AMeHO(DMIA B peakluusIX JUEHOBO-
ro CUHTe3a.

Jpyroii BajeHTHbIII U30Mep OeH30Jla — OeH3BajieH — ObLI IIOJY-
YyeH Mpu o0JydyeHUM OeH30j1a B XUAKoil (dasze YD-cBeTOM C IJIMHOM
BOJIHBI 254 HM (pTyTHasl jJlaMIia), COOTBETCTBYIOLLE TpeTheMy IJIMH-
HOBOJIHOBOMY MaKCUMYyMY TorjoleHust B Y@®-crnekTpe 6eH3ona. Oouy-
yeHMe OeH30J1a CBETOM C JJIMHON BOJHBI 254 HM NepBOHAYaJbHO Me-
pPEBOIUT MOJIEKYTy OeH30/a U3 OCHOBHOTO COCTOSIHUSI S, B TEpBOE
CUHIJIETHOE BO30YXIEHHOE COCTOsiHME S, B pe3yJbTare m— m*- mepe-
xona. CunrnetHas dbopma S, nanee mpepaiiaercs B 6eH3BajgeH. O0-

‘ JIVICPOTATOPHO

(BbIcOKas F,)
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JydeHne Kuakoro 6ensona YP-csetom mpu 160—205 HM IPUBOIUT K
obpazoBaHMIO cMecu OeH3oa Jlproapa, pyiabBeHa u 6eH3BaneHa. [1pu
¢oronuse OeH3ona B ra3oBoil (haze 00pa3yrTcs cMech (yJibBeHAa U
yuc- 1 mpauc-u3oMepoB 1,3-rekcagueH-5-uHa. BeUI0 ycTaHOBJIEHO,
yTo OeH30J1 [ploapa TojiyyaeTcsl M3 ApYroil BO30YXIEHHON (OpMBbI
S, 6eHszona. Bece npoucxonsiiuue npyu 3TOM MPEBPALLEHUSI MOTYT OBbITh
BBIpaXKEHBI C IMOMOIIBIO CIIEIYIONIE CXEMBI:

mxaﬂ
204 HM 254 HM
XVIHK&H KUK ast (basa
¢asa 50—60°C
C
¢ynbBeH OeH3BajIeH

=
‘j‘:‘ M
—_ = =

MzgaiHblii cuHTe3 OeH3BaJleHa U3 LMKJIOMNEHTaAMeHUIMAA JTUTUS
BeinmojgHeH Karuem B 1971 1., 4TO chaenajso €ro BIOJHE AOCTYITHBLIM
YIJIEBOIOPOIOM:

+ CH,Cl, + CH;Li — @ (45%)

MHTepecHO OTMETUTH, UTO B OTJIMYME OT OEH30JIa OEH3BaJIEH 4pe3-
BbIYAlfHO B3PHIBOOMNACEH, OH OTHOCHUTEJIBHO CTaOWJIEH TOJbKO B pa-
CTBOpE, TJe MOJYIEepUo IpeBpallicHUsI ero B OEH30J1 COCTaBJseT 48 U
npu 20 °C.

Haubosee TpyaHOOOCTYNMHBIM BaJIEeHTHBIM M30MEpPOM OeH30J1a
okazajics npusmaH. CUHTe3 ero u3 OeH3BajlieHa BKIHOYAET HECKOJb-
KO CTaauii:

Li®
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—~0 N—N
_C/ \ —0
\1|\I/
CeHs
KOH hv, 35°C
(11%) .
N=N

ITpusmaH upe3BblUaiiHO B3pbIBUAT U HecTaOujeH. Bce BajleHTHBIE U30-
Mepbl OeH30J1a JIMILIEHbl apOMaTUYECKUX CBOMCTB.

12.11. XUUMUYECKHUE CBOMCTBA
APOMATUYECKHUX YIJIEBOJIOPOJ/IOB

B TeopeTnyeckoM M MPaKTUYECKOM OTHOILLUEHUSX HaMOOJbLUUI
MHTEpEeC MpeacTaBisieT OOJbIas IpyIia peakLyil 3JIeKTPOMOUIbHOIO
3aMeILEHUSI B apOMaTUUECKOM KOJIbLIE apeHOB. DTU peakluu OymayT
MoJApoOHO paccMOTpeHbl B 1. 13. B a3TOM Xe pa3sgesie OCHOBHOE BHU-
MaHue OyIeT yaeJleHO MpolieccaM, B KOTOPBIX IPOUCXOIUT pa3pylle-
HUE apOMaTUYECKOr0 CEKCTeTa 3JEKTPOHOB, a TaKXKe pPeakLMsIM LieTl-
HOTO paguKaJlbHOTO TaJJOTEHUPOBAHUSI U OKUCIICHUSI OOKOBBIX LieTeit
AJIKMJI0EH30JI0B.

12.11.1. CBOBOJHOPAJIUKAJIIBHOE T'AJIOTEHUPOBAHUE
BEH30JIA U AJIKWJIBEH30JI0B

Benszon He moaBepraercss ¢BOOOTHOPAAUKAILHOMY 3aMeEIEeHUIO
IOJ, IEMCTBUEM XJI0pa WIM OpoMa, KOTOpOe SIBJISIETCS TUITMYHOU pe-
aKIIMel U aJIKaHOB M IIUKJIoaJKaHOB. DHeprust cBa3u C—H B OeH-
3oJie cocrapisieT 110 KKaji/MoOJib, UTO 3HAYUTEJIBbHO MPEBHILIAET SHEP-
ruto BropuuHoit CH-cBsi3u B ankaHax (95 kkayn/mMoinb). [Toatomy yke
repBas CTaausl MPearnoiaraéMoro 1emHOro paguKaabHOTO 3aMeleHUs
OKa3bIBaeTCd DHIOTEPMUUYECKOM, YTO MPEMSITCTBYeT IPOIECCY 3aMe-
LIEHUSI:

CeHg + CI—>C(H: + HCl + AH®; AH° = +7 xxai/monb .
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DHepreTuyecky TPearnoYTUTeIbHEE OKa3bIBAeTCsS paauKalbHOE TIpH-
coennHeHre XJiopa K OEH30Jy ¢ 00pa30BaHMEM TeKCaXJIOPIIMKIOTeK-
cana. JIy1g 3TOro coenrHeHWsT BO3MOXHO BOCEMb IMPOCTPAHCTBEHHBIX
n3oMepoB. OMMH M3 HUX, TaK HA3bIBAEMBIN Y-M30Mep, SIBISIETCS WH-
ceKTULIMOOM (rekcaxjopaH, JMHIAaH, raMMekcaH). Ero cogepxaHue B
CMecH M30MEPOB He mpeBbiinaer 18%:

1
hV

CeHg + 3Cl, Cl + Jpyrue M30MepHI .

Cl
Cl rekcaxjaopaH

B HACTOAIIECE BPEMA T'€KCAXJIOpaH CHAT C IPOM3BOACTBA BBUIAY €ro0O
BBICOKOII TOKCUYHOCTU IUTS 2KWBOTHBIX U YEJIOBEKaA.

B omiume ot GeH301a TOTYOJ XJIOPUPYETCS Ha CBETY WU B TIPU-
CYTCTBMHU IIEPEKMCHU TOJIBKO IO METUJIBHOW TPyIIe ¢ 00pa3oBaHUEM
MepBOHaYaJbHO OEH3WJIXJIOpWIA, a 3aTeM OeH3aJabXJIopuaa U OeH3WJI-
TpUXJIOpuUa;

CH,CI CHCl, ccl,

s Cl2 Cl,
2 hv

OCH3WIXJIOpUA  OCH3AIBXJIOPUI  OEeH3UITPUXJIOPUL

CTOJ1b pe3koe pazjauuue B MOBEACHUU OeH30Ja U TOIyoJa OObsIC-
HSIETCSl OYEHb OOJIBILIUM OTJIUYMEM B 3Heprusix cBsazu C—H nisa OeH-
30Jla U METWIbHOM Tpymrbl Todayona. DHeprus cBsizu C—H meTusb-
HOI TPYIIbI TOJyOJIa COCTaBJISIET BCero 87 KKaja/MoJib, YTO OOYCIOB-
neHo.6onee BbICOKOW CTaOMJIIbHOCTHIO OEH3UJIBHOIO paaukana
C¢HsCH, no cpaBHeHuio ¢ deHunbHbIM pagukanom C¢Hs". CraGuib-
HOCTb OCH3WJIBHOIO paauKaia OObSICHSIETCS COMNpPSDKeHUEeM HecIapeH-
HOTO 3JICKTPOHA, PACIIONIOXKEHHOTO Ha p-OpOUTAIM, C p-3IeKTPOHAMU
apoMaTuyecKkoro Kosubla (1. 2, 4. 1). ITo cyuiecTBy, cTabuam3anus OeH-
3WIBHOTO paguKalla aHAJIOTMYHA CTAOMIM3alMK aJUTMJIBHOTO paIuKaa.

O0e cTaguu LEMHOTO PaauKaJibHOTO XJIOPUPOBAHUS TOJyOJa DK-

30TCPMUYHDLI:
HCl +{_D—CH; + ar®

AH = -18 KKaJ1/MOJTb
{_S=CH; + Cly——=_S—CH,Cl + CT' + AH°

AH = -12 KKaJ1/MOJb
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IIpu B3amMoAeicTBUM OEH3WJILHOIO paauKana ¢ MOJIEKYJION Xjiopa
MOJTyYaeTCs TOJIBKO OCH3WIXJIIOpUI. [IBa APYrMX BO3MOXKHBIX MPOIYK-
Ta — Opmo- U Napa-n3oMepbl XJIOPMETWICHINKIOTEKCAIUEHOB — BO-
o01Ie He 0o0pa3yloTcs, IOCKOJbKY IIPU 3TOM IPOUCXOIUT paspyllle-
HHME apoOMaTUYECKOTro CEKCTeTa B pe3yibTaTe SHIOTEPMUYECKON pe-
aKIIUK XJIopa ¢ OCH3WJIBHBIM PaINKaIOM TI0 apOMaTUIECKOMY KOJIBILY:

H

@CHg + Cl, —XK— @:CH2+ Cl'+ AH®
Cl

AH® = +24 KKaJl/MOJb .

CB0OOOIHOPaIMKATBLHOE OPOMUPOBAHUE TOJIYOJla HA CBETY WIM B MPU-
CYTCTBUM MepeKucu OeH3oua MPUBOAUT K OeH3mwiIOpomuay. Takxke
OpPOMUPYIOTCSI 00€ METUJIbHBIE TPYIbl 0-KCUJIOJA:

CH, CH,Br

hv

+ 2Br, —— 50
2 Tosc (50%) ,
CH, CH,Br
CH,Br CHBr,
2Br, —N > (75-80%) .

175°C

CH,Br CHBr,

J71sT BBICIIINX aTKMJIOCH30JI0B panKalbHOE XJIOPUPOBaHTE Ha CBe-
Ty UMeeT BeChbMa OTpaHMYEeHHYIO 00J1acTh MPUMEHEHUsI, TaK KaK 3TOT
TIPOIIECC OTIMYACTCS HEBBICOKON PEernoceIeKTUBHOCTBIO. Tak, Harmpu-
Mep, TIpU XJIOPUPOBAHMM BTUIOEH30J1a XJopoM Ha cBety Tipu 300 °C
obpasyercst 44% 1-xyop-2-benmistana u 56% 1-xmop-1-dpennnsTana:

hv
00°C

Cl (56%) (44%)

CelleKTUBHOCTh HECKOJIBKO BO3pacTacT MPH ITOHIDKEHUN TeMIIepaTy-
PbI, HO TIOJHOCTBIO YCTpaHUTh oOpa3oBaHue 2-Xjop-1-¢eHunstaHa B
ra3oBoii ¢aze He ymaetcs. [IprMeHeHUe IPyroro MCTOYHMKA aTOMap-
HOTO XJIOpa B IIEMTHOM PamWKaJIbHOM XJIOPUPOBAHUU — XJIOPUCTOTO
cynbbhypuna uiu mpem-oyruarunoxiaoputa (ria. 4, 4. 1) — mpuHLU-
MUaTbHO HEe M3MeHseT cutyanuio. [IponmmiabeH30s TIpy XJIIOPHUPOBa-
HUU mpem-OyTUITUIIOXJIOPUTOM, TaK e KaK W 3TUI0CH30JI TIPU XJI0-
pupoBaHuu ¢ nomouipto SO,Cl,, 00pa3yeT cMech BCEX BO3MOXKHBIX
M30MEPHBIX TTPOAYKTOB MOHOXJIOPHUPOBAHMSI:
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@CH2CH2CH3+(CH3)3C—O_C1 (C(H;C00),0

40°C
— {_-CH-CH,CHy+ {_H-CH,CHCH+ ¢_)-CH,CH,CH,CI
cl cl
(65%) (25%) (10%)
CeHC00),0
¢ H-CHy-CHy+ s0,cl, 81000

40°C

— @—(IIH—CH3 + ¢_H-CH,CHCI .

Cl (80%) (20%)

B ornume ot xj10pupoBaHusi OPOMUPOBAHKE CEIEKTUBHO OCYLIEe-
CTBJISIETCSI UCKJIIOYUTESIbHO B O-TOJIOKEHHME MO OTHOLUIEHUIO K OeH-
30JIbHOMY KOJIbLly. B mpenapaTMBHOM OTHOLUEHMM B KayecTBe OpOMMU-
pYIOLIEro areHta yao0Hee BCEro Mcrosib30oBaTh N-OpOMCYKUMHUMULL
B CCly:

NBS(C¢H;C00),0
C4HsCH,CH, (CHCO0),9.

CdCly, 80°C

C6H5—(IZH—CH3 (80%) .
Br

Pasnuune B CEJIEKTMBHOCTU XJIOPUPOBAHUA M OpOMMPOBAHUsSI CBS3a-
HO ¢ 00Jiee BBICOKOI peaKIIMOHHON CITOCOOHOCTBIO aTOMAapHOTO XJIO-
pa, a Goylee PeaKIIMOHHOCTIOCOOHBIN areHT, KaK IpaBUJIo, MeHee ce-
JIEKTUBEH.

Bce >Ti MeTOABI HENMPUTOAHBI JJIsS MPSIMOro BBeAcHUST (pTopa B
GOKOBYIO 1ierb. [ 3Toi 1enu ObUT pa3paboTaH YHUBEPCAIBHBIN CITO-
€00 3aMmelIeHWs KapOOHWJIHLHOTO KHCIIOpoAa Ha IBa aToma (pTopa B
peaKkiyi apoMaTUYECKUX M alMDaTUYECKUX aJbIETUIOB U KETOHOB C
yetbIipexdTopucToii cepoii SF,:

0
/ _ o
ac” 4+ sp, A0-BYCE AcEH + SOF,,
(70-90%)
0
= 100°C
RCT + SF, ———— RCHF, + SOF,.
H (60—80%)

Kap6oHOBbIE KHUCIIOTBI XXHUPHOTO M apoOMaTUYECKOTO psda B TeX
K€ YCJIOBUSIX 00pa3yloT TPUMTOPUIbI:

RCOOH + 28F, —1007130°C_ RcE, + 2SOF, + HF.
(70-80%)
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BonbimM HemoCTaTKOM 3TOTO METOMA SIBJISIIOTCST BBICOKAs! TOKCUYHOCTh
razoobpaszHoro SF, (no TokcuyHoctu SF, He ycrynaer docreHy) u He-
00X0mMMOCTb PabOTHI IO/ JAaBJICHHWEM B aBTOKJIABaX M3 HeprKaBerolleit
CTajM. DTOr0 HENOCTaTKa JIMLIEH IPYroil MeTton (pTOpUMpOBaHMs, T
HMCXOMHBIM PEAareHTOM SIBIISIETCS XUAKUM AUITUIAMUHOTPUDTOPUI
cepsl (C,Hs),NSF;, KOTOpBINi HE TpeOyeT MPUMEHEHUS NABIEHUS U
CIIeUMaJIbHOM armapaTyphbl:

OZN@COOH + 2(C,H,),NSF, —U0C
@ o
ow@cg + 2(C,Hs),NH,F + 2SOF, .

napa-HutpobeH30TpUdTOPUA MOXKET ObITh IIOJYYEH TOJbKO TaKUM
crnocoboM, Tak Kak 00a 3aMecTUTesss OTHOCITCS K CWJIbHBIM Jle3aK-
TUBUPYIOIINM Mema-OprueHTaHTaM.

OpuH atoM ¢Topa B OOKOBYIO LIelb apOMaTUYECKUX COSAMHEHUI
MOXHO BBECTU OOBIYHOI peaklMeil OMMOJIEKYJISIPHOTO HYKJICO(hUIb-
HOTO 3aMellleHUsl rajoreHa ¢ MoMOILIbI0 KOMIuIeKca (ropuaa Kaaus
¢ 18-kpayH-6-noanadupom:

18-KpayH-6
C(H:CH,Br + KF——Po0 CeHCH,F + KBr .

12.11.2. OKUCJIEHHUE APEHOB

BeH30bHOE KOMBIO YCTOMYMBO K ASHCTBUIO TTOMABIISIONIETO 00Th-
IIWHCTBA OKMCIHTENeH. OTHAKO aJKUIbHBIC TPYIIILI, TTPUCOCTUHEH-
Hble K OEH30JIbHOMY KOJIblly, JIETKO OKUCJSIIOTCSI TIof AeMCTBUEM Ta-
KHX OKWCJUTEIBHBIX areHTOB, KaK IUXPOMAT HAaTPUsS B CEPHOM KHC-
sore, okcua xpoma (VI) B yKCycHOI KucJIOoTe, IIepMaHTraHaT Kajus
mwm 20—40%-s asorHag kuciaoTa. Hambosee wacTo IjisT OKMCICHUS
OOKOBBIX lieneil ucnoyb3ytoT coenuHeHus xpoma (VI) u nepmaHra-
HaT Kajausg. KoHEYHBIMU TIPOAYKTaMU OKUCIUTENBHON IeCTPyKIIUHN
OOKOBBIX IIETICH SIBIISIIOTCSI apOMaTHYeCKUe KapOOHOBBIE KHCIIOTHI:

Na,Cr,0; + H,SO,
0,N~/__HCH, o 0,N~</_>-COOH

(82-86%)
20%-5 HNO
Qcm o HNO; | QCOOH (53-55%)
CH, Boza, 155°C CH,
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KMnO,, KO
¢ __>-CHy(CHy,CH;———> COOH+CH;CH,COOH
Boma, 100°C (46%)

KMnO,, KOH
< >CH & < >COOH 80%
3 soma, 100°C (80%)

HeTanbHbIli MEXaHU3M 3THUX OKHUCIUTEIbHO-BOCCTAHOBUTEbHBIX pe-
akuuii HeusBecteH. [lpeanosaraercsi, YTo B Ka4eCTBE MHTEpMeAMaTa
oOpasyercsl OCH3WJIbHBIM KaTUOH, KOTOPBIN 3aTeM IpeBpalllaeTcs B
3¢up XpOMOBOI WM MapraHueBoii Kuciaotel. ['uaponus acbupa u noc-
JIEAyIOUIEe OKUCICHUE OEH3UJIOBOTO CIUPTAa MPUBOAIT K KapOOHOBOW
kuciore. C 3TOi CXeMOM corjacyeTcsi OKMCIEHUE aKUJIOEH30JI0B C
JUJIMHHOM afKuibHOM rpynmoi. [IpoaykTtaMu 3Toit peakiiuyd okKa3biBa-
10TCsl OeH30lHas1 U anudarrudeckass KapOOHOBas KUCIOTHI.

Ecnu ankuiabHasi rpyrmna He COAEPXKUT aTOMOB BOAOpPOAA B O-TO-
JIOXXEHUU IO OTHOUIEHUIO K OEH30JIbHOMY KOJIbLLY, Takasi mpem-aj-
KWIbHas OOKOBas Trpymnna He oKMcisgercs nop aeictsueM Na,Cr,O,
wm KMnO, B KucI0il 1M HEUTPaIbHON cpene:

®
CH,CH,R CHCH,R
KMnO, nu —®
K2Cr207, H2$O4
CH=CHR 0] COOH

Tak, Hanpumep, mpem-O0yTUIOEH30J OKHUCISIETCS B OYEHb KECTKUX
YCIOBUSIX TIEPMAHraHaTOM KaJlksl 10 TPUMETHIIYKCYCHOH (MMBAJIMHO-
BOI{) KHCJOTBI, T.€. OKUCJISIETCSI caMO OEH30JIbHOE KOJbIIO:

KMnO _0
@—C(CH3)3 ton 4> (CHy,cc
OH

OnHako BOJHAsl a30THAsl KUCJIOTAa OKUCISIET mpem-aJKUJIbHbIE TPYM-
bl 10 KapOOKCHUJIBHON TPYIMBI. DTO yKa3bIiBaeT Ha pa3jiMyuve Mexa-
HU3MOB OKMCJICHUS TIOJ JEeHACTBMEM MOHOB IEPEXOMAHBIX METAIOB U
A30THOM KMCJIOTHI.

JuxpomaT HaTpusI ¥ MepMaHraHaT KaJusl HepacTBOPUMBI B apoMa-
TUYECKUX YIVIEBOAOPOAAX, MOATOMY OKMCJIEHWE MAECT B IeTepOreHHBIX
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YCIIOBUSX, UTO YacTO PE3KO CHUXKAET BBIXOH MPOAYKTOB OKMCIICHUS.
DTOro HemocraTka JUIIEH METOI MeX(da3HOTO MepeHoca peareHTOB.
TBepaplii mepMaHTaHAT Kajdus YaCTUYHO pPACTBOpsETCS B OeH30Je
B NPUCYTCTBUU 18-KpayH-6-T1oaM3(pMpa BILUIOTH A0 KOHLIEHTPALMU
0,06 M. Takoii pacTBOp HOCUT Ha3BaHUE <«IIypPIYpPHBIA OEH30J1» U
IIMPOKO MCTIONB3YeTCs JIsI OKMCICHUS aJKUIO0CH30JIOB:

KMnO
CH i Q—COOH
Q 3 18-kpayH-6, GeH30IT (100%)
KMnO _0
H3C@CH3 4 H3C©C<OH (78%)
18-kpayH-6, OGeH3071

AHaJIOTMYHBIN, HO OoJiee CUIbHBIN 3(P(EKT naeT UCIOoIb30BaHUE JBYX-
¢a3HOI1 CHUCTEeMBI, COCTOsILEl M3 BOABI, aJKWIOEH30ja, IepMaHra-
HaTa KaJIusl B KaUeCTBE OKUCIUTEIs U Opomuaa TeTpaOyTUJIaMMOHUS
B KauecTBe Karajau3aropa MexX(ha3HOTro rnepeHoca nepMaHraHaT-1MoHa.
IIpn skBumonbHOM cootHomeHun KMnO, n N(C,4Hg),Br mpakru-
yecKu Bech (95%) rmepMaHTaHAT-MOH HAXOAUTCS B OPTaHUYeCKol dasze.

Tpexokucb xpoma CrO; B YKCYCHOM aHTUIAPUWAE SBISETCS Tpe-
BOCXOIHBIM pPEareHTOM JUISI OKMCIICHUs] METUJIBHOU TPYNIIBl apeHOB
00 anbaeruaHoi (rn.16). JaapHeilneMy OKUCIEHHUIO B KUCIOTY IIpe-
MSATCTBYET OOpa3oBaHME I'eMMHAJIbHOTO auallerata, KOTOPbIH yCTOM-
YUB B 9THUX ycIoBUSX. KaTammsupyeMmslii KUCIOTOM THUAPOIM3 B BOM-
HOM CIIUPTE MPUBOAUT K apoOMaTUUECKOMY aJIbIeTUay:

CrO
CH—< >—CH . > (OAc HC< >—CH OAc), —
’ }(CH,C0),0, sto4( 2 (0Ac),

H,0, H®
2= OHC—< >—CHO
CH,CH,OH
(52%)

TepedTaleBblil AUAIbACTH

BeH3unoBble cnUpThl, NOAOOHO A/UIMJILHBIM CIIMPTaM, TJaIKO
OKUCIISIIOTCS IO aJbAETUIOB IIPpU IIPUMEHEHNHU B KAYeCTBE OKUCIIUTE-
JISI CBEXEOCAXKICHHOM ABYOKMCH MapraHIa:

Mn02 //O
ArCH,0OH W AIC\H (75—85%),

MnO,
— —_— e O
CeHsCH-CH(CHy), 2> CoHg=C-CH(CH), .
OH o (17%)
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OKucieHne KOHIEHCUPOBAHHBIX apOMAaTUICCKUX COSNMHEHUA TIPH-
BOAUT K Pa3IMYHBIM TIPOAYKTaM B 3aBUCMMOCTHU OT MCITOJIb3YeMOTO
peareHTa M YCJIOBWI TpoBemeHMSI peakiuu. PeareHThl Ha OCHOBE
Cr (VI) okucnsgioT B KHUCIOW cpeae HaTaIMH U alKuIHA(TaIUHbBI
10 HaDTOXWMHOHOB, TOTNA KaK AMXpOMAT HATPUs B BOJHOM PAacTBOpE
OKHCJISIET TOJIBKO aJKWIbHBIC Tpymmbl. OKucaeHWe HadTalinHa mep-
MaHTaHATOM KaJius B IEJIOYHOMN Cpeie COMPOBOXKIACTCS pa3pylIeHUEM
OTHOTO apOMAaTMYECKOIo KOoJbIla ¢ 00pa30BaHMEM MOHOIIMKIMYECKHUX
JIUKApOOHOBBIX KHUCJIOT:

0
oo I _cH,
CH; | cy 20301{ 70°C (©0%)
QL | ;e
0

CH; | Na,Cr,0,, H,0 COOH

COOH

OO KMnO,, KOH C.coon COOH
H0: 7 COOH @E

COOH
(76%) (24%)

0O=0

Hadrauen okuciasercs 10 TajeBoil 1 NUPOMETIUTOBOM KUCIIOT 1e-
JIOYHBIM PACTBOPOM IT€pMaHTaHara:

COOH HOOC COOH
raneBast IMAPOMEIIUTOBAA
KUCJIOTA -

AHTpalIEH TJaJKO OKMUCISIETCS JUXPOMATOM HAaTpusl B CEPHON KMCIO-
Te win okcuaom xpoma (VI) B yKCyCHOI KMCIOTe OO aHTpaXWHOHA:

I
Na,Cr,0,, H,SO,
90°C
|

AHTPaXNHOH
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AlleHa(TeH OKUCISETCS XPOMOBBIM aHTUIAPUAOM B YKCYCHOM KHCJIO-
T€ OO0 CMecU alleHa(TeHXMHOHA 1 HadTalleBOM KUCJIOTHI, 00Jiee CUJIb-
HBI€ OKMCJIUTENIU OKUCISIOT ero mo HadraneBoil (1,8-HadranuHan-
KapOOHOBOI1) KMCIIOTHI, peaklNI0 OYeHb TPYAHO OCTAHOBUTH Ha CTa-
Iy oOpazoBaHUs alleHA(TEHXWHOHA:

0)

. \\// HOOC COOH
CrO,
—_—— +
CH,COOH

areHa(TEeHXMHOH 1,8-HadTanuHaMKap-
OOHOBasI KUCJIOTa

OKuCcIeHNe XUPHOAPOMATUUECKUX COCIMHEHU MOXKHO B TPUH-
LIMIIE OCYLUECTBISITh TAKUM OOpa3oM, UYTOObI OKHUCIECHUIO KHUCIOPO-
JIOM BO3/dyXa IoABeprajcsi KapOaHWOH, oOpa3ylolIuiics Mpu Aenpo-
ToHupoBaHun ucxogHoii C—H-kucnorel B mHAM(pGEpPEeHTHOM arpo-
ToHHOM cpene — TI'®D, IMD. Lenwiii psa KupHOapOMaTUYECKUX
coenuHeHuil ¢ pK, Hxe 33—35 ynaercsa okucauth B cucteMe KOH —
18-kpayH-6 — TI'®d mo apoMaTHUeCKUX KHUCIIOT, KETOHOB M TpHAPWII-
KapOMHOJIOB:

KOH; 18-kpayn-6_

0
KOH: 18-kpayH-6 /
CH,CH,CHy + 0, e T C6H5C<C "
615
(CgHy)CH + 0, KO 18Kkpavub_ -y copy

TT®
Baxueiiiiee mpoMBILIIIEHHOE 3HAYEHWE MMEIOT peaklMM TIPSIMO-
IO OKUCJIEHUSI 0pmo- U napa-KCUJI0J0B KHUCJIOPOAOM Bo3ayxa 1o ¢ra-
JIEBOU M TepedTajaeBOil KUCIOT COOTBETCTBEHHO B NPUCYTCTBUM alle-
tata kobanbTa (III) B yKCycCHOKMCIOM pacTBope:

0 0 0
CH, CH, X NP

(CH,C00),Co; NaBr
+ 0, CH,COOH; 150-200°C; @ (60—70%)

4 MIla (40 aTtm)

(CH,C00),Co; NaBr
H3C©CH3+ 0, = HOOC—@—COOH
CH,COOH; 150—200°C;
4 MITa (40 atm) (98%)
TepedTaneBasi KUCIOTA
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C oKHuCIEHHEeM opmo-KCUona A0 (PTajeBoro aHruapuIa 10 CUX Iop
YCHEITHO KOHKYPUPYET CTapblil MPOMBIIIJICHHBII METON TOTyYeHUs
¢raneBoro aHnruapuaa rmapodasHbIM OKUCIeHUEM HadTalnuHa KUCJIO-
ponom Haz kKaraiauzatopoM V,Os, rne BbIXOH (PTaJEeBOr0 aHTUAPWAA
3HAYNTEIBHO BHIIIIE:

°
N
| —20s 0 (85-90%)
400—450°C C~ =0

DraneBblil aHTUAPU TOTPEOJISIETCST B OTPOMHBIX KOJTMUYECTBAX aHU-
JIMHOKPACOYHOI IIPOMBIILIJIEHHOCThIO, a TepedTajeBass KUCIOTa CITy-
XKUT MCXOOHBIM CBhIpbeM Ui TOJYYeHUSI CUMHTETUUYECKOTO BOJIOKHA
MOJIMATUJIEHTJIUKOJIbTepedTasaTa (TOproBble Ha3BaHUs: JlaBCaH, Te-
pWIeH, JaKpoH, noanadup; cM. T 28, 4. 3).

12.11.3. KATAIUTUYECKOE IT'MAPUPOBAHUE APEHOB

ApomaTrnueckoe KoJibllo OeH30Jia TUAPUpPYETCsl ropa3no B Ooliee
JKECTKUX YCJIOBUSIX, YeM JIBOMHAsI WJIM TPOMHAs CBSI3b aJKEHOB U aJl-
KWHOB. DTO OOYCJIOBJIEHO CTa0WJIM3allMeil apoMaTUYeCKOro KoJjblia
3a CUeT MeJIOKaIM3allMy T-3JIEKTPOHOB Ha TPeX CBSI3BIBAIOIINX OpP-
outansgx 6enszona. s rugpupoBaHUs O0€H30J1a M €ro IIPOU3BOIHBIX
JI0 TIPOM3BOJHbBIX LIMKJIOTEKCaHa HaJ HuKejleM PeHest pasianuHoOii ak-
TUBHOCTU TpeOytoTcst Temneparypa 120—150 °C u gaBieHue nopsaka
1—1,5-107 Ta (100—150 at™). Bonee addheKTUBHBI KaTAIM3aTOPhI TL1a-
TUHOBOW TPYIIIbI, CPeIN KOTOPHIX HAWIYUIINE Pe3yabTaThl TOCTU-
raloTcs ¢ poAveM WU PyTeHHEM, HAaHECEeHHBIMU Ha YTOJIb WJIM OKHCh
aJTIOMUHUSI.

HAnankun6enszonsl nmpu ruapupoBanun Ha Rh/C mmm Ru/C mator
yuc-u30Mep, XOTs U B ITOM cjiyyae HaOJIomaeTcs B HEOOJIbIIONW CTe-
MEeHU Yuc—mpaHc-u3oMepu3alius:

CH
3+ o Rh/ IIIIH ““H
cH, 2 700°C: 30 amnt nuH ....CH3

I'mnpupoBaHue Ha HMKene PeHesl He OTJIIMYaeTCs CTEPeOCEIEKTHB-
HOCTBIO, BCeraa o0pa3yercsl CMechb yuc- WU mpaHc-u3oMepoB, B KO-
TOpOii IpeobyagaeT TepMOAMHAMMUYECKM Haubojiee CTaOMJIbHBII
mpanc-uzomep. Kartanutuyeckoe ruapupoBaHue 6€H30JbHOIO KOJb-
11a HEBO3MOXXHO OCTAaHOBMTDb Ha MEPBOI MM BTOPOU CTaIUM, TTOCKOJIBKY
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LIUKJIOTeKCAANeHbl U LMKIOTeKCEeHBI TUAPUPYIOTCS C OOJNBIICH CKO-
pOCTbIO, YeM apoMatuyeckue coenrHeHus1. Hekoroprle (hyHKIIMOHAb-
HbIE TPYIIBLI B OEH30JbHOM KOJIbLIE MOXKHO CEJIEKTUBHO TMIPHUPOBATh,
He 3aTparuBasl apoMaTUYECKylo cucTemMy OeH3oja. Tak, Hampumep,
Mmpanc-CTUILOEH TJIAIKO BOCCTAaHABIMBAETCS B MPUCYTCTBUU TIIATH-
Hbl A0 1,2-mudeHunnsTaHa, a aHUCOBBIM aJbAerull TUAPUPYETCSI OO
N-METOKCUOEH3MIOBOTO CITUPTA, XOT, KaK MU3BECTHO, TBOMHYIO CBSI3b
B 0., B-HemnpeneJbHbIX aJIbJeruaax U KETOHAX MOXHO CEJIEKTUBHO TH/[I-
pUpoOBaTh, He 3aTparvMBasi KapOOHWJIBHON TPYIIIILI:

CHO CH,OH
PtO,; 20°C
Hy —cmpr (80%)
CH;0 CH;0

KoHaeHcupoBaHHBIE apOMaTUYECKUE COCAMHEHUS THIPUPYIOTCS
Jlerye, yeM Mpou3BojaHbie 0eH3osia. HadranuH nociaenoBaTeibHO TUI-
pupyetcst 1o 1,2,3,4-teTparugpoHadraanHa (TeTpajidHa) WIM [0 Je-
karuapoHadTanuHa (nekanuHa) Han PtO, B yKcycHOl KuCIOTe WiId
Han HUKesJaeM PeHesl B crupTe, riae mojaydyaeTcsl CMeCh Yuc- U mpaHc-
JIeKaJTHOB:

- PtO, -
2 CH;COOH; 50 °C;

4-105 Ia (4 arm)

H TeTpaiuH H

PO, —
+ 3H, ———> H
CH;COOH; ]
100 °C; 10 atM H T.€.

uuc-acKajanH

H H
.
s, Ni: 160°C N
CH,CH,OH;
H H

150 at™m

AHTpalleH 1 (heHaHTPeH TUAPUPYIOTCS 10 9,10-AUruAPONPOU3BOAHBIX.
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12.11.4. BOCCTAHOBJIEHUE APEHOB HATPUEM
B XHJKOM AMMMAKE IO BEPUYY

A. bépu B 1944 r. OTKpbUI peakiMi0 BOCCTAHOBJICHUSI apoMaTH-
YeCKOIo KOJiblla PaCTBOPOM IEJIOYHOTO MeTalljla B XKUIKOM aMMMaKe
B MIPUCYTCTBUU CIIUPTA KaK MPOTOHUPYIOIIEero areHTa. OTKphITHE 3TOM
peakiMy TMPpOU30LILI0 M3-3a CJIyJyailHOro IonajaHusl Crupra B pacT-
BOp HaTpusl B XUAKOM aMmuake. beH30/ BoccTaHaBaMBaeTCsl 10 He-
COINPSIKEHHOTO LIMKJIOreKkcaaneHa-1,4 B pacTBoOpe HaTpusl WIN JIMTUS
B XMIKOM aMMHakKe, coluepxKalleM 3TaHOJ:

Na
NH; (xunx.); CH;CH,OH; —33°C

(90%)

Heconpsokennble TuKiIdeckue -1,4-IMeHbl OYeHb TPYIHO TTOJIYYHUTh
B WHOVWBUIYAJEHOM BUIE JIIOOBIM APYTUM criocoboM. It aToit peak-
Y TPEUIOKEH MeXaHW3M, BKITIOUAIOIINI TTociefoBaTeIbHOe oOpa-
30BaHME aHWOH-paanKaia, pamvkajga M aHWOHA IIMKIIOTeKCaaueHa.
IIpenmonaraercs, 4To B TEpBOM CTamuM OEH30JI BOCCTAHABIMBACTCS
0 aHMOH-pagUKaja MPH TIepeHOCce OMHOTO 3JIEKTPOHA OT HATPHUS Ha
Pa3pBIXJISIONIYI0 OpOUTAIhL OEH30JIa.

AHMOH-pagrKaja OeH30JIa COASPKUT HECTapeHHBIN 3JIeKTPOH Ha
HWDKHEN pa3pbIXJISIOIIei TE4*—Op6I/ITEU'[I/I (cM. puc. 12.1) u mosToMy ne-
CTaOWIM3NPOBAH 1O CpaBHEHUIO ¢ GeH30J0M. PaBHOBecHe 3Toro mpo-
mmecca CMeIIeHO B CTOPOHY MCXOOHBIX peareHTOB. [lanee aHMOH-pamn-
KaJl IPOTOHUPYETCS CIUPTOM € oOpazoBaHueM |,4-1uKoreKcaaue-
HWIBHOTO paanKajia, KOTOPBII CHOBA BOCCTAHABIMBAETCS HATPUEM IO
IUKJIOTeKCATNeHUJIBHOTO aHMOHA. DTOT aHWOH SBISETCS CUJIBHBIM
OCHOBaHMEM M HEMEUIEHHO TPOTOHUPYETCS CIMPTOM OO ITUKIOTEeK-
cagueHa-1,4. TlocneaHsia cragusi SIBASIETCSl MO CYLIECTBY HeoOpaTu-
MO, YTO IejlaeT BeCh IPOIeCC B 1IeJIOM HeoOpaTUMBIM:

. _H
+ Na (1)
®
Na
.
__H H
+ GHOH ——> + C,H,ONa (2)
v Na69
H o H H
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T
HOJ
T

®
Na
+ Na < > (3)
H H
© H 4 H H
Na
+ CH;CH,OH ——— @ + CH3CH,ONa (4)
H H H H

IuxiorekcanueHWIbHbIM aHUOH IIPEICTaBJIsIeT CO00 aMOMIEHTHBIN
aJUTMJIBHBIA KapOaHMOH, MPOTOHMPOBAHME KOTOPOTO IO IIEHTPasb-
HOMY aToMy yIJiepona TIPUBOIUT K 0Opa30BaHUIO HECOMPSIKEHHOTO
1,4-nuena. ConpspkeHHBIN 1,3-a1MeH, KOTOPBIM HOJDKeH ObLI Obl IO-
JIYIUTBHCS TP MPOTOHUPOBAHMY BTOPOTO LIEHTpa aMOMACHTHOTO aHM-
oHa, 1100 He o0pa3yeTcsl COBCEM, JIMOO IIOJIyyaeTCs B pe3yjbTaTe
nocieaymouieir nzomepuzauuu 1,4-gueHa B 1,3-aueH, KaTalu3upye-
MO 3TWJIAT-MOHOM B TeUeHME UTUTeIbHOTO BpeMeHU. [lpuumHa atoit
aHOMAJIUM He SICHA.

BnusiHue 3amecTtuTteneil B 66H30IbHOM KOJIBLIE COTIACYeTCs C TPH-
BEICHHBIM BBIIIe MeXaHU3MOM. CKOpPOCTh BOCCTAHOBJICHUST BO3pacTaeT
Npy HAJIUYMUKM 3JIEKTPOHOAKUENITOPHBIX 3aMeCTUTEe, U MPOTOHUPO-
BaHME MIPOUCXOOUT B MoJioxkeHus 1 u 4 6eH3onbHOro Koibua. Ilpu Boc-
CTAHOBJICHMU OeH3amuaa Wid OEH30MHONM KUCIOTHL 1o Bépuy obpasy-
I0TCS 2,5-1MKJI0reKcaaueH- 1-KkapOoHoBasi KUCI0Ta WIM €€ aMU/I;

COOH COOH
1) Na; NHj; CH;CH,0H; -33°C
2) H;0™; H,0 B

(90-95%)

DJIEKTPOHOIOHOPHbBIE 3aMECTUTENIN Ie3aKTUBHUPYIOT BOCCTAHOBIIEHUE
apoOMaTUYECKOTrO KOJIbIA M CITOCOOCTBYIOT IMMPOTOHUPOBAHUIO B ITOJIO-
XKeHUs 2 1 5:

CH; CH;
Na; NH;; CH;CH,OH
-33°C -

(50%)
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AHN30J1 BOCCTaHABIMBAETCSl B YCIOBMSIX peakuuu bépua go 1-metok-
CUIMKJIIOTeKcaaueHa-1,4:

OCH, OCH;
Li, NH;, (CH3);COH _

(84%)

DTO coeMHEHUE SIBISIETCS MPOCTHIM 3(PUPOM €HOoJIa U MPU KUCTOTHOM
TUIPOIM3e MPEeBpallacTcsl B 2-IIMKIOTEKCEHOH B pe3yibTaTe Ieperpyr-
MMUPOBKHU [3,y-HEHACHIILIEHHOTO KETOHA B M30MEPHBI eMy o.,[3-CHOH:

OCH, 0

0
Il ® 11
5% H,S0,; 20°C H,0; 1°

H,0

—_

Takum 00pa3oM, BOCCTaHOBJIEHUE TTPOCTHIX 3(PUPOB (heHo10B o bép-
4y C IOCJEIYIOIIMM KUCJIOTHBIM TMAPOJM30M SIBJISIETCS MPEBOCXOMA-
HBIM METOJIOM CHHTEe3a COMPSIKEHHBIX HUKIOTEKCEHOHOB. DTOT METO
Haulesg IMpoKoe MPUMEHEHHWE B OPraHMYeCKOM CHUHTe3e, OCOOEHHO
B CUHTE3¢ CTePOMAHBIX MOJOBBIX TOPMOHOB:

1> .

Li(Na): NHy; C,H:OH_ H,0°
CH,0 CHo 0°C, H,0
N T
—_ > H3O®; t°
07 0~

[Ipn BOCCTaHOBIEHUN HUKIWYECKUX KUPHOAPOMATUIECKMX KETOHOB,
cofepXalyx aJKOKCUTPYMIy, oOpa3yeTcsl eHOJST-UOH, KOTOPbIi MO-
JKET OBITh CEJIEKTUBHO aJKWJIMPOBAH TI0 aHTYJISIPHOMY aToMy YIJlepoma:

0

O
Il 1 §Hs

1) K; NH,

OCH;, (93%) OCH,
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OnucaHHasg BBIIE peakiusd TPENCcTaBIsIeT COO0O0N YHUBEPCAIbHBIN
METOJl BBEACHUS aHTYJISIPHOW METUJILHOW TPYIBI B OM- W TTOJTUIINAK-
JIMYECKNEe COCOMHEHUS psila CTEPOUIOB.

BoccTraHoBeHMe KOHACHCUPOBAHHBIX apOMATHUECKUX COCTMHEHUI
MPOMCXOAUT cTyrneH4yato. [Ipy BoccTaHOBIEHUM HadTaluHA HAaTpUeM
B XHMIKOM aMMMaKe U TOCIEAYIOIeM IPOTOHUPOBAHUM METaHOJIOM
ob6pazyercs 1,4-muruapoHadraniud. Eciiu ipy BoCCTaHOBJIEHUM OIHO-
BPEMEHHO BBOAUTH 3TAaHOJ M Ha(TaJIMH B PaCTBOP HATPUS B KUIKOM
amMmuake, moxaydaercs 1,4,5,8-trerparuapoHadTanuH (M30TETPaAJIUH)
¢ BeIXogOM 80%:

1) Na; NH, “ Na; NH;; CH,CH,0H
2) CH;0H B}

1,4-nurumapo- (80%)
HapTaIMH 1,4,5,8-Terpa-
rugpoHadTaIMH

Cunre3 MocTukoBoro 1,6-mertano [10]-annynena us 1,4,5,8-rerparua-
poHadTasiMHa onucaH B pasaene 12.3.

3amMeleHHbIe HaTaJIMHBL BeAyT ce0sI MOA00HO ITPOM3BOIHBIM OEH-
3oia. [1py HaIMYMK 31€KTPOHOAKUETITOPHOM TPYNIIUPOBKU B OL-T0OJIO-
JKEHUU MpU BOCCTaHOBJeHUUM no beEpuy obOpasyiorcs 1,4-auruapo-
MPOU3BOAHBIC, a TP HAIMYMHU 3JIEKTPOHOTOHOPHOTO 3aMECTUTEST —
5,8-purunponpou3BoaHbie. BoccraHopneHue nmo bépuy Halio mpak-
TUYECKOE MPUMEHEHUE IMPU CUHTE3e TeTpajoHa-2 U3 2-TUAPOOKCU-
HadTanuHa (2-HadToma):

H
O Na, NH;, C,H;OH =0

BoccraHopneHue HadTanmMHa B OoJiee KECTKUX YCIOBUSIX JIUTUEM
B CMECH 3TWJIaMUHA M TUMETWIAMMHA WIW JIUTUEM B 3TUJICHIMAMM-
He nipu 0—20 °C npuBOAUT K CMECHU ABYX OKTAJIMHOB:

Li
(CH,),NH; CH,CH,NH,

(20%) (80%)

AHTpalleH BoccTaHaBiuBaercsl 1o bépuy cHauvanma mo 9,10-guruapo-
aHTpaueHa, a 3arem no 1,4,5,8,9,10-rekcaruapoaHTpalngeHa.
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DnekTpoduabHOE 3aMelleHUe, HECOMHEHHO, COCTaBJISIET CaMylo
BaXKHYIO TPYIITY peakluii apoMaTUYeCKUX CoeaMHeHu. Bpsi 1u Haii-
JIETCSl KaKOW-HUOYAb OPYroM KJAacC peakUuil, KOTOPbIA TaK NETalb-
HO, TJIyOOKO M BCECTOPOHHE MCCAeAOBaH KakK C TOUYKM 3pEHUs Mexa-
HHU3Ma, TaK U C TOUYKMU 3PEHUS] ILIMPOKOTrO MPUMEHEHUS] B OpraHuYec-
KoM cuHTe3e. UMeHHO B 00J1acTu 3JIeKTPO(UIbHOIO apoOMaTUYECKOro
3aMellleHUs BIIEpBbie ObUIa MOCTaBeHa MpobyieMa CBSI3U MEXIYy CTPYK-
TypOll M peaklMOHHOM CMOCOOHOCTBHIO, KOTOpPasl SIBJISIETCS OCHOBHBIM
IpeaMeTOM U3yYeHUSI B (PU3MUYECKON OPraHUYECKON XUMUMU.

DnexTpoduilbHble areHTbl, KOTOPble Mbl OyAeM [JIsI IPOCTOTHI
0603Hauath cuMBosioM E', XoTs Hanmume 3apsima He 06si3aTesIbHO,
TaK KakK 2JIeKTpO(UI MOXET ObITh U He3apsKeHHOM 3JIeKTpoHoaedu-
uMTHON vactuuei (Hanpumep, SO;, Hg(OCOCH;), n T1.11.), ycioB-
HO MOTYT ObITb pa3iesieHbl Ha TPU TPYMIIbl: CUJIbHbIE, CPEIHEN CUJIbI
U ciaoble.

1. Cunbnobie anexmpoghunst

MoH HUuTpoHUs (HUTPOUTI-KATUOH) N02+, kommuiekesl Cl, mmm
Br, ¢ paznuunbsiMu kucnotamu Jlstouca (FeCls, AlBrj;, AlCI;, SbCls
u 1.1.); H,0CI", H,0Br", RSO,", HSO;*, H,S,0,.

2. Dnekmpoghunvt cpedreli cunvl

KoMIutekchl alKuaTraJoreHnuI0B WK allujTaJoTeHUIOB ¢ KUCIIO-
tamu JIptonca (RCl- AICl;, RBr- GaBr;, RCOCI - AICI; n np.); komI-
JIEKCBI CIIMPTOB C CMJIBHBIMU KucjoTamu JIpiouca u bpeHcrena
(ROH - BF;, ROH - H;PO,, ROH - HF).

3. Crabwie anekmpouvl

Karuonsl auazonuss ArN*=N, umunus CH,=N"H,, Hurposo-
Hus (Hurposomn-katuon) NO™; okcun yrnepoma(IV) CO, (omuH u3
CcaMbIX C1a0bIX 371eKTPOGUIIOB).

CusibHbIE 2JIeKTPOMUIBI B3aUMOACHCTBYIOT C COeAMHEHUSIMU psiia
OeH30s1a, comepKallUMU KakK 2JIEKTPOHOJOHOPHbBIE, TaK M TPaKTH-
YEeCKM JIIOObIe 3JIEKTPOHOAKIIENITOPHBIE 3aMECTUTENU. DIECKTPODUIIbI
BTOPOI TPyMIIbl pearupyroT ¢ OEH30J0M M €ro MpPOM3BOAHBIMHU, CO-
JEePKalMMU 2JIEKTPOHOIOHOPHBIE (AKTUBUPYIOILIKE) 3aMEeCTUTEN WU
aTOMBI rajoreHoB (ciadble Oe3aKTUBUPYIOLIME 3aMECTUTENN), HO
OOBIYHO HE pearupyroT C MPOU3BOAHBIMU O€H30Ja, ComepKalluMU
CUJIbHBIE Ne3aKTUBUPYIOLINE 2JIEKTPOHOAKILENTOPHbIE 3aMECTUTENIN
(—NO,, —SO;H, —COR, —CN wu np.). Hakone1, crnadbie 31eKTpo-
(uabl B3aMMOAEMCTBYIOT TOJIBKO C MPOM3BOAHBIMU O€H30Ja, comep-
JKalIMMU OYeHb CHJIbHBIE 2JIEKTPOHOIOHOPHbBIE 3aMecTUTeNM (+M)-Tura
(—OH, —OR, —NH,, —NR,, —O" wu ap.).

XOT Takoe JejieHMEe MOBOJbHO YCJIOBHO M MEXIY 3JeKTpoduiia-
MM pa3HBIX TPYIIT HET PEe3KUX TPAHUII, OHO TMO3BOJISIET MPEABAPUTETHLHO
OLIEHUTH TMEPCINEeKTUBHOCTh IJIAHUPYEMOTO MPEeBpPaICHUSI.
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13.1. TUIIbI MEXAHMN3MA BJIEKTPO®UIBHOI'O
APOMATHUYECKOI'O 3AMEHIEHUA

TeopeTnyecku IS 371eKTPOUILHOTO 3aMellleHWsT BOAOPOIa B
GeH30J1e MOXKXHO TPEIITONIOXUTE ABa aIbTepHATUBHBIX MEXaHM3Ma.

1. OnHocTaguiiHOe OMMOJIEKYJISIpHOE 3aMelleHne Tumna Sp2 (0T
aHrauiickoro substitution elecrophilic bimolecrlar), B koTopoM ataka
3JIeKTpoduIa MPOUCXOAUT CHHXPOHHO C pa3pbiBoM cBsi3u C—H:

H H-—E 1  E

nepexoaHoe coctostHue (ITC)
(D

CylIecTBEHHBIM B 3TOM Mpoliecce SIBISETCS TO, YTO apOMaTMYeCKUit
CEKCTeT T-2JIEKTPOHOB OEH30JIa B XO/Ie peaklUM COXpaHSIeTcs, M 3a-
MelleHUe MPOuCXoauT IyteM B3auMmopeiicteusgs HCMO snektpoduia
¢ B3MO cBszu C(apomatnueckuii)—H:

Ar 'Ar 1# Ar
B3MO C): —»@@
E

(Ocn) L
HCMO Et 0
IcC

B mepexogHOM COCTOSIHMM O0Opa3yeTcsl TPeXLEeHTPOBasl ABYX2JIEK-
TpoHHas cBs3b Mexay C, H u Tem atomom anektpoduna E¥, Ha ko-
topoMm TuioTHOCTh HCMO nocratouHo Besnnka. Obpa3oBaHue TPEXLEHT-
poBoro mnepexogHoro coctosiHus (I) He BBI3BIBAET TEOPETUUYECKUX BO3-
paxeHuii. B camoM gerne, NBYX3JeKTPOHHBIN TPEXLUEHTPOBbIN (hparMeHT
B 9TOM IE€PEXOTHOM COCTOSTHUM M303JIEKTPOHEH apOMaTUUECKOM TT-Cuc-
TE€Me LIMKJIOMPOIEHUJbHOIO KaTMOHA, KOTOpas apoMaTuyHa. 3HAUMT,
nepexogHoe cocrtosinue (I) Oymer «apoMaTUUYHBIM», T.€. HE CJMILIKOM
BBICOKMM MO 3Hepruu. [IpaBma, «apoOMaTUYHOCTb» B JAHHOM CIydae
OyleT He CTOJb CWIbHO BBbIPAXXEHHOM, KaK Il KaTMOHA LMKJIOIPO-
MEeHWINSI, TTOCKOJIbKY apOMaTUYECKYIO CTPYKTYypy OOpasyloT He T-Op-
ouranu, a Cspz, Hls u HCMO anektpoduna. Ho tononsorndecku (r.e.
0e3 ydyeTa IMpOCTPAHCTBEHHON HAIlpaBICHHOCTU OopOuTaan) obe cpas-
HUBaeMble CTPYKTYpPbl 3KBHUBAJEHTHHI.
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2. JIByxcTraguiiHas peaklus NPUCOEAUWHEHUS — OTIICIUIEHUS C
MMPOMEXYTOUHBIM 00pa30BaHUEM AapEHOHMEBOIO MOHA, HA3bIBAEMOTO
O-KOMILIEKCOM:

H H. _E E

(1I)
apCHOHUEBBIN MOH (0-KOMILIEKC),
KaK TIPaBHJIO, KOPOTKOXKUBY LIV

Takoit MexaHU3M TOJy4us HazBaHue Sp(Ar), T.e. Sp (ApPEHOHUEBDIIA).
B sToMm ciiydyae apomaTtuueckast 6-3JIeKTpOHHAsI T-cucTemMa OeH3oJa
B uHTepMmeauarte (II) mcueszaeTr u 3aMeHsieTcs] Ha LUKIUMYECKYIO
4-3]IeKTPOHHYIO COIPSDKEHHYIO CHUCTEMY MEeHTaAueHWJIBHOTO KaTHOHa
(C=C—C=C—C"), a Ha BTOpOI CTaANM aPOMATHUUYECKAsI CCTEMA BHOBb
BOCCTAHABJIMBAETCS B pe3yjibTaTe OTIIEIUIeHus rpoToHa. Araka HCMO
afeKTpoduIa MPOUCXOAUT HE Ha G-opOUTanu CBI3M, a Ha m-B3MO,
MO3TOMY B3aMMOJEHCTBUE TPAHUUYHBIX OPOUTANIEN MOXXHO MPEACTaBUTD
IBYMS1 aJbTepHATUBHBIMU CXEMaMMU:

OnHako B MoHoO3aMelleHHbIX 6eH30max CyHsX BbIpoXIeHME CHUMa-
eTcsl: Hampumep, B aHuInHe uian dpeHoiae B3MO umeer dpopmy (a).

CtpoeHue apeHoHUeBbIX MOHOB (II) M300paxkaloT pazaUuyHBIMU
crnocobamu:
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O O O
e O

HawubGosnee yacto ynotpe0bJsieTcs: repBasi ¢opMyJia, KOTOPOi Mbl U
Oymem TipuepkuBathecst. OMHAKO Opyrue MPUBEACHHBIC (HOPMYJIbI TaK-
K€ TI0JIE3HBI, TaK KaK OHU SICHO MOKAa3bIBAIOT, YTO IMOJOXUTEIbHbIN
3apsii apeHOHMEBOIO MOHA B OCHOBHOM HAaXOIWUTCS B opmo- W napa-
MOJIOKEeHUSIX K reMuHanbHoMy y3iny (CHE) nukiorekcaayeHMILHOTO
KaTMOHA, U MO3TOMY G-KOMIUIEKC OyIeT CTaOWJIM3UPOBAThCS TOHOP-
HbIMHU 3aMECTUTEJISIMU, HAXOISIIUMUCS B Opmo- U napa-ToJoXEHUsIX,
ropasio Jiyuylle, YeM JOHOPHBIMU 3aMECTUTENISIMU B Mema-TOJIOKEHUM.
Ecnu nepexoqHoe cOCTOSIHME MEIJIEHHOW CTaiuu 3JeKTPO(MUIbHOIO
3aMelIeHNs OX0XKe Ha apeHOHMEeBBI MoH (cMm. 13.6.4), To (+M)-3a-
MECTUTENIb OyIeT HaIpaBisdTb 3JEKTpoUa B napa- U opmo-1noyoxe-
HUE, T.e. peakuusi OyIeT peruoceseKTUBHOM.

TlepBblii MeXxaHU3M HE peaju3yeTcsl, MOCKOJbKY B OOJbIIMHCTBE
peakiuii 31eKTpOopUIbHOIO apOMaTUUYECKOTO 3aMelleHUs] KUHETUYEeC-
KM M30TONHLIN 2(pdeKT Bomopoaa He Habmogancsa. Hanpumep, HUT-
poBanue CqHg, C¢Dg u C(Ty cMechbio a30THOM M CEpHOM KHCIIOT TIPO-
TEKAeT C OAMHAKOBOW cKopocTbio. Ckopoctn HUTpoBaHus CsH;NO,
n C4DsNO, npakTuyecku He OTIMYAIOTCS, TO XKe OTHOCUTCA U K Tape
CgH;sBr/C¢TsBr. OtcyTcTBUEe KMHETMYECKOro M30TONHOro sdgdexra
03HAYyaeT, YTo TMPOTOH OTLIEIISETCS B ObICTPOW CTaAWMM CTyNEHYaTo-
ro mnpouecca. CiaegoBaTenbHO, IO KpaliHeil Mepe sl peaKLuU HUT-
POBaHUSI CUHXPOHHBIA MEXaHU3M HEINpUeMJIEM, U, 3HAUUT, HaJl0 MpU-
HITb BTOPOM MEXaHM3M, B KOTOPOM MEIJICHHON CTaaueM SIBIISIETCS
o0pa3oBaHNWE apeHOHMEBOTO MOHA, a OTILIEIUIEHUE TMPOTOHA IMPOUC-
XOIUT OBICTPO.

OpHako He BO BCEeX peaklUsIX 3J1eKTPO(PUILHOTO apoMaTUYeCKO-
ro 3aMelleHUs] U30TOMHbIN 2 heKT oTCyTCTBYeT. B HEKOTOpPBIX ciyya-
sIX, HalpuMep B peakiusX a30CoueTaHUsl, CyJlb(PUpOBaHUS, HUTPO-
3UpOBaHUs, HAOIOAAICS OTYETIMBO BBIPAKEHHBIN, a MHOTAA 3HAUYU-
TeJIbHbIM KMHETUYEeCKUI M30TOIHBIM a(pdekt. Ho 3T0 He o3Hauaer,
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YTO TIPOUCXOIUT TPUHLMUIIHAILHOE MU3MEHEHHE MeXaHM3Ma OT CTy-
MeHYaToro K CMHXpOHHOMY. Ecnm MemieHHOU craaveil MexaHM3Ma
SEAT CTAHOBUTCSI OTLUEIUIEHHUE MPOTOHA OT G-KOMILIEKCA, TO KUHE-
TUYECKUI U30TOIHBINA 3(PdeKT momkeH HabmogaTbesi. OTCYyTCTBUE
KMHETUYECKOTO M30TOMHOro 3(pdeKra Bomopoma IMO3BOJSIET OTBEPT-
HYThb MexaHu3Mm (1), HO Hammyue 3Toro 3(pdexra He MO3BOJSIET OT-
BEPrHyTb MeXaHUu3M (2).

K paccMOTpeHNIO KMHETUYECKOTO M30TOIMHOro 3(dg¢exkra B peak-
LUSAX 3JICKTPODWIHLHOTO apoOMaTUIECKOTO 3aMEIIeHUS] Mbl BEpHEMCS
B paszgene 13.5.

13.2. DJIEKTPOOUJIBLHBIN OBMEH BOJIOPOJIA
B APOMATUYECKUX COEIUHEHUAX

M3 nByx BO3MOXHbBIX MEXaHU3MOB 3aMElleHUs MO AEWCTBUEM
5JIeKTPOUIbHBIX arT€HTOB HA OCHOBAHUU 3KCMEPUMEHTATbHbBIX UCCIe-
JIOBaHUI ClielyeT OTAaTh MPEANOYTeHUEe MEXaHU3MY MPUCOENUHEHUS —
OTILEIUIEHUST Si(AT). DTOT MEXaHU3M SIBJISIETCSI YHUBEPCATbHBIM LIS
peaxkuuu J11000ro cyocrpara ¢ J00bIM 3JIeKTPO(PUIOM, OIHAKO B paM-
Kax €JIMHOT0 MeXaHM3Ma Kaxjaasi KOHKpeTHas peakiius MMEeT CBOU
XapaKTepHble OTIMYMS. DTU OTJIMYMS CBSI3aHbl B TEPBYIO OYEpPElb C
TeM (pakToM, uTO mpouecc S{Ar) BKIIOYAET sl MOCAENOBATEIbHbIX
CTaavii, B MPOCTEHIIIEM Cllydyae — JBE. apeH — apeHOHUEBBIA MOH U
apEeHOHUEBbIA MOH — TPOAYKT 3amelleHus. [Toatomy Habiomaemas
CKOPOCTb B 3aBUCMMOCTH OT KOHKPETHOW peaklMu MOXET ObITh CBSI-
3aHa CO CKOPOCTbIO Pa3HbIX CTAAUU WIM JaXe CO CKOPOCTSIMU 00eux
CTaIu.

WMHrepMmenunaTsl, BOZHUKAIOLINE B XOA€ peakuuu Sp(Ar), Mbl pac-
CMOTPMM Ha MIpUMepe MPOCTEHIIel peakKlUuu — M30TOMHOIo oOMeHa
BOJOPOJIa B apoMaTUYeCKUX cyOcTpaTax Ioj AEWCTBHEM pa3inyHbIX
raJIOTeHOBOJIOPOIHBIX KUCJIOT, HalpuMep:

D
AICI;

+ DCl ( + CgH,D, + CgH3D; + ...) + HCI

(13.1)
DTa peaklys XapaKTepU3yeTCs] MUHMMAJIbHBIMM CTPYKTYPHBIMM W3-
MEHEHMSIMU, ¥ OOHApy>KeHHbIC B HEll 3aKOHOMEPHOCTH JIETKO Iepe-

HECTU Ha Apyrue 0oJjiee CIOXHBIE PeaklMy 3JeKTPODUILHOTO 3aMe-
LIECHMSI.
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13.2.1. ©-KOMIIJIEKCBI

IIpu npomnyckanum cyxux razoodpasubix HCl mim DCI B pact-
Bop OeH30Jj1a, TOJyoJa, KCUJIOJNOB WJIW IPYTWX ITOJUAKMIOEH30JI0B
B H-renitaHe npu —78 °C ymajioch 0OHapyXUTh 0Opa3oBaHME MOJIEKY-
JISIpHBIX KoMIuiekcoB coctaBa 1:1 (I.BpayH, 1952). DT KoMILIEKChHI
He OKpallleHbl, UX PaCTBOPBI B apPOMATIECKHX YIIIEBOAOPOIAX HE 2JIeK-
TpornpoBoAHbl. [Ipu pactBopeHnu razooopazHoro DCI B 6eH3o1e, TO-
JIyoJie, KCUJIOJaxX, ME3UTWICHEe, MEHTaMETUI0CH30e HE MPOUCXOAUT
oomeHa H Ha D, T1.e. peakums (13.1) He uaet. ITocKoabKy pacTBOPBI
KOMILJIEKCOB HE MPOBOIST BJEKTPUUYECKUI TOK, OHM HE SIBJSIIOTCS
MOHHBIMU YacCTUIIAMMU, T.€. 3TO HEe apeHOHUEBbIe MOHBI. Takue JoHOp-
HO-aKIIeNTOPHBIE KOMIUTEKCHI TIOJTYIMIN Ha3BaHWE T-KOMITIeKcoB. Kak
WU3BECTHO, apeHbl SIBJISIIOTCS T-OCHOBAHUSIMU, MO3TOMY OHU MOTYT
00pa3oBbIBaTh JOHOPHO-AKLENTOPHbIE KOMILIEKCHI C JIOOBIMU KUC-
Jnotamu JIbtouca u ¢ HeauccouumpoBaHHoit Mojiekyaoii DCI unu HCL
Hpyrue a5eKTpoduabHbIe areHThl TAKXKE MOTYT 00pa30BbIBATh T-KOM-
IUIEKChl C apoMaTMYEeCKMMM YyIJieBOAOpoAaMU psiga OeH3oja, HadTa-
JuHa 1 Jap. Kpucramibsl KOMIIEKCOB O€H30J1a ¢ OpOMOM WM XJIOPOM
cocraBa 1 :1, cornacHO peHTreHOCTPYKTYPHBIM JaHHbIM, COCTOSIT U3
enoyek yepenyroliuxcs moiyekyn m-noHopa (CqHg) m akuenTopa
(Cl,, Bry), B KOTOpBIX MOJIEKYJIa TaJlOT€HA PACMOJIOXEHA MEePHeHAN-
KYJISIPHO TJIOCKOCTU KOJIbLA BAOJIb OCHU, MPOXOASILIEH yepe3 ero HeHTp
cumMeTpun. Bo3daMoxkHa M MHasi opueHTalusl aKlienTopa OTHOCUTEJIbHO
apoMaTmJecKoro siapa. Hampumep, B KoMmrurekce OeH30J1a ¢ TrepXJjiopa-
TOM cepeOpa coctaBa 1:1 Kaxablii KaTUOH cepedpa KOOPAUHUPYETCSI
C IByMsI OCH30JIbHBIMU KOJIbLIAMU, pacriojarasch Haja W TIOA yIJIEpO.-
yroepoaHbiMu cBsizsimu C(1)—C(2) u C(4)—C(5):

Br

B Ag®
| |
Ag

KoHCTaHTBI YCTOMYMBOCTH T-KOMIUIEKCOB OYEHb C€1a00 3aBUCST
OT IPHUPOIBI apOMaTUIEeCKOro cyocrpara. Tak, HalmpruMep, KOHCTaHTa
ycroitunBoctu m-KomrutekcoB HCl u DCl ¢ apoMaTU4ecKUMU yriie-
Bomopojgamu Tpu —78 °C mpu mnepexoie oT OSH30Jla K ME3UTUJICHY
(1,3,5-tpumeTunodensony) u nypoay (1,2,4,5-terpaMeTHIOEH30Y)
Bo3pacTaeT Bcero B 3—4 pasa. KoHCTaHTBI YCTOMYMBOCTH T-KOMILIEK-
COB Iioia ¢ OCH30JI0M M IeKCaMeTMOCH30JIOM pasjinyaroTcs He Oolee
YeM B JECSTh pas.
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13.2.2. 6-KOMIIJIEKCBI (APEHOHUEBBIE MOHBbI)

ITpu BBenenuun B pactBop HCI wim DCI B ankun6enzonax AlCl,
niu AlBr; OoH HauMHaeT MPOBOAUTH JIEKTPUYECKUl TOK. Takue pa-
CTBOpBI OKpallleHbl, 1 UX OKpackKa U3MEHSIETCSI OT XKEJITOW 10 OpaH-
JKeBO-KpPaCHOM TpU Mepexoie OT napa-KCUiioja K MeHTaMeTUI0eH30-
ay. B cucremax ArH—DCI—AICl; nmn ArH—DF—BF; atomsl Bono-
polla apoMaTUYECKOro KoJiblla yXXe OOMEHMBAKTCS Ha AchTepuit
(peakuust 13.1). DieKTpONPOU3BOAHOCTb PACTBOPOB OIMPEALICHHO YKa-
3bIBaeT Ha 0Opa30BaHME MOHOB B TPOMHOIN CHUCTeMe apeH—TaJloreHO-
BOJOPOA—TajloreHU 1 aJtoMuHusl. CTpoeHUEe TaKMX MOHOB ObLIO ycTa-
HOBJIEHO ¢ ToMolnbio IMP-crekrpockonuu Ha simpax 'H u °C B
cucreme ArH—HF(xunxnit)—BF; i ArH—HF—SbFs 8 SO,CIF npu
HU3Ko# Temmneparype. OHO MOJHOCTbIO COOTBETCTBYET CTPYKTYpe ape-
HoHueBoro uoHa (II):

AtH + HF + BF, ArHOBFS,
AtH + HF + SbFj ArHOSHES,

YCTOMYMBOCTh G-KOMIUIEKCOB (ApeHOHMEBBIX NOHOB) OY€HBb CHITb-
HO 3aBHUCHUT OT YHMCJIa W TIPUPOILI 3aMeCTUTeNiell B OEH30JIbHOM KOJIb-
ne. Tak, Gensononuesbiit mon CgH," monyuen Tonbko B cymepkuc-
qoit cpene HF—SbF;—SO,CIF npu —134 °C, Torma kax Me3WTeleH
0o0pa3yeT apeHOHUEBbIM MOH Mpu B3auMopeilctBuu ¢ HF B mpucyt-
creuu BF; npn -30 °C:

CH, CH,

H o

CH; + HF + BF, CHj . BF,
CH, CH,

OTOT G-KOMIUIEKC MMEET KEATYI0 OKpacKy M pasjiaraeTcs Ha MCXO[-
Hble KOMINOHEHTHI yxKe npu —15 °C. [Ipu ucnonb3oBaHUM B KauecTBe
kucioTsl JIptorica SbF5 BMecto BF; conb ¢ mporuBononom SbF;  ro-
pa3mo Oojiee crabuiibHa U He pasnaraercs gaxe rpu 50 °C.

TepMoaurHaMuyeckasi CTaOUJIbHOCTh G-KOMILJIEKCOB apoMaThuyec-
KHX YIJIEBOAOPOAOB C MPOTOHOM, T.€. UX OCHOBHOCTb, ObLIa OIpese-
JIeHa C MOMOIIIbI0 KO3(GhUIIMEHTOB pachpeaeJeHus: MOHO-, Iu-, TPU-
U TMOJU-aJIKUJIOEH30JI0B MEXIy H-TenTaHoM (HemoJjspHas ¢aza) u
cuctemoit HF—BF; (nonsipnas ¢aza). Hemonsipuele apomatuyeckue
YIJIEBOJOPObI PACTBOPUMBI B H-TE€NTAHE, & MIOHHO MOCTPOSHHBIE COJIU
AerBF[ HaxoIdTcs B IOJIIpHOi da3e. B Tadi. 13.1 mpuBeneHbI BbI-
YUCJIEHHbIE HA OCHOBAaHUU BEJIUYUH KOI(MDOULMEHTOB pacrnpeaesieHus
3HaueHus pK,, xapaKTepusyroliue OCHOBHOCTb apEHOB B XXUAKOM (TO-
PUCTOM BOAOPOJE.
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Taonuma 13.1
Kucaornoctr apenonuneBbix nonos B kuakom HF mpu 0 °C,
XapaKTepu3ynmas CTa0MJIbHOCTbh MPOTOHHBIX C-KOMILIEKCOB
1. benson u memunbenzonv
VI1eBo10pOL pKa(ArH, ™) VYI1eBo10pOL pKa(ArH,™)
benzon -9,2 1,3,5-TpuMeTHIIOEH30T —0,4
Tonyon —6,3 2,3,4-TetpameTHIIOEH30JT -1,9
1,2-IvuMeTna0eH301 =5,3 1,2,3,5-TetpaMmeTua0€H301 +0,1
1,3-IumeTriOe H30I1 -3,2 1,2,4,5-TetpameTrIOEH30]T —-2,2
1,4-IumeTrII6eH30T —5,7 [TeHTameTHIOEH30JT +0,4
1,2,3-TpumeTn10e H30I —2.,8 T'ekcameTnI0€H30J1 +1,4
1,2,4-TpumeTnnoeH301 -2,9
2. Iloausdeprovie apomamuueckue y2ne6000poobl
Haspanue | CrpykTypa pKy Aer+
Budenun CgHs — CgHs =55
Hadranun @@ — 40
AHTpaleH @@@ + 38
9-MeTtwnaHTpatieH @@@ + 5,7
Terpanen @@ + 58
— 00000
Denanrpen @ —-35
XpuzeH @@ - 17
AN
TTupen + 2,1

O
©©©
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W3 nannpix Taba. 13.1 MOXHO cleliaTh CJIeAYIOIIe BBIBOIKI.

1. BBeneHue MeTUIbHBIX TPYII B OEH30JIbHOE KOJIbLIO YBEIUYMBa-
€T OCHOBHOCTH apeHa. BBeieHMe mepBOil METWIIBHOM TPYIIITBI ITOBBI-
1aeT oCHOBHOCTb Ha 3,3 en. pK (tomyoin), BBeneHue Bropoil CH; B
Mema-TIONOXEHNE K TIEPBOil (Mema-KCUIoj) yBeIMUUBaeT OCHOBHOCTD
emie Ha 3,1 en. pK, a BeeneHue tpetbell CH; B mema-nonoxeHue K
obenM rpymna Mmema-KCWioja TPUBOIUT K BO3PACTAHUIO OCHOBHOC-
™ eune Ha 2,7 en. pK. OgHako 3aMelleHue B 0pmo-WIn napa-Tojioxe-
HHE K YK€ MMEIOIINMCST METWILHBIM TPYIIIa YBEINUYUBAET OCHOBHOCTD
JIMIIIb B HEOOJBIION cTeneHn. Hampumep, miepexon oT ToIyosna K opmo-
kcwitony ysenunumBaeT pK, Ha 1,0 en., a K napa-Kcunonay — elle Ha
0,4 en. D10 OOYCIOBIEHO TEM, YTO B 0pmo- U hapa-IUMeTUI0EH30J1ax
JIMIIb OfHA U3 METUJIBHBIX TPYIIIT MOXET HaXOAUTCS B 0pmo- WU napa-
MOJIOXXEHUN K BO3HMKAIOIIEMY B G-KOMIUIEKCE T€MUHAJbHOMY Y31y,
T.e. mub ofgHa u3 rpynn CH; asddekTuBHO CTaOMIN3NPYET MOTOXKM-
TeTBHBIN 3apsin (pacrpeneeHHBIM B opmo- U napa-mojoXeHUsIX K re-
MUHQJIBHOMY Y3Jly G-KOMIUIEKCA).

2. KoHmeHcupoBaHHbBIE apOMAaTUYECKUE CUTEMBlI 00JIe€ OCHOBHHI,
yeM 0€H30/. DTO CBSI3aHO C YMEHbLIICHHEM HMX apOMaTUYEeCKOIo Xa-
pakTepa.

TTonoOHOTO popa G-KOMILUIEKChl ObLIM 3a()UKCUPOBAHbI MIPU HU3-
KOH TemIiepaTtype Uil psifia APYTUX peakUUuil 3JeKTpOOUIbHOTO 3aMe-
IIEHUST B apOMaTUYECKOM KoJjiblie. Hike mpuBoasTCS HEKOTOPhIe Hau-
OoJiee TUMMYHBIE TTPUMEPHI:

CH;4 CH;
F20°C
CH; + C2H5F—> C&@ ;= CH3‘@C2H5
C,H
CH, o (90%) CH,
CH, CHHs
4
CH, + cHeH, . 28 e, _0—>
CH3N02, 60 oC C\C2H5
S}
CH, CH, BF,” CH;
0
—
—> CH; o (93%)
C,H;
CH
’ H NO,

© TeTpaMeTu-
@@@ + NO2 BF, JIEHCYJIb()OH @@@

(moxkazano Y®-crniekTpamMu)
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H_E
EX X@ (BbIAETICHBI B BUJIE
YCTOMYMBBIX COJIEi1)

NR, NR,

E=CH,; C,Hs; (CH;),CH; (C4Hs),CH; CI; Br; CH,CO;
C¢H;CO; CH,S0,; ArSO,; X=Hal .

13.3. OBOBIIEHHBII MEXAHU3M DJIEKTPO®UIHLHOTI'O
APOMATHUYECKOI'O 3AMENIEHUSA

MenneHHoil cranueil O0OMbIIMHCTBA Sp(Ar)-peakuuii gBisieTcs
o0pa3oBaHMe G-KOMIUIeKca (apeHOHMEBOTO MOHA), TTO3TOMY KWHETH-
YecKuil M30TOMHBbIK 3(deKT Bomopoaa B OOJBIIMHCTBE CIydaeB He
MIpOsIBIIsSIETCS. B 9TOM pasmerne MbI pacCMOTPUM OOIIWIT MEXaHU3M Ta-
KX peakuuii, a B pasmeie 13.5 — peakumy ¢ M30TOIMHBIM (M (HEKTOM.

ITocKOMBKY M T-KOMITIEKCHI M G-KOMIIIEKCHI peajbHO CYIIEeCTBY-
10T, MOXHO MpejrnoJiaraTb, 4To 0b6a KOMILIeKca o0pasyloTcsi B Kaye-
CTBE HEYCTOMYMBBIX MHTEPMEINATOB BO BCEX PEAKIIUSIX IJIEKTPODHIIb-
HOTO 3aMEIICHHS.

Ha puc. 13.1 npuBeneHa uacann3npoBaHHas SHepreTHUecKas Ira-
rpamMMa U peakiinu

H \+
ArH + E* —> (ArH)—E*—> [Ar{ | —> (Ar—E)—H*
E

pearcHThI TT-KOMIIJIEKC O-KOMIIJIEKC TT-KOMITJIEKC
(x=0) () (o) ()
— ArE + H* (13.2)

MpoayKThl (x=1)

Ha nuarpamme m300pakeHbl Ba T-KOMILJIEKCa: MEPBbIA T; Ha KO-
Op/IMHATE peakllMM HaXOMUTCS IO G-KOMIUIEKca, a BTOPOW T, — Moc-
ne o-komruiekca. Komruiekce m; obpasyercss MeXay HMCXOJHBIMU ape-
HoM U pearentoM E*, a KoMmiekc m, — MexXy TpOayKToM 3aMellie-
Hust (ArE) u nporoHoMm. CaMblil BBICOKWI 3HEpreTUYecKuili Gapbep
CBsI3aH ¢ 0Opa3oBaHMEM G-KOMITIEKca. B mpuHIIMITe BO3MOXEH U Ipy-
TOil ciy4aif, Korma HabogaeMass CKOPOCTh 3aMeIeHUs OTIpeaeIsieT-
csl MEIJICHHOI cTanueil 00pa3oBaHUs T-KOMIUIEKCA T.

n-KoMIuiekchl MOXHO paccMaTpuBaThb KakK <«KOMILJIEKCHI C Tepe-
HocoM 3apsina» (I 2, 4. 1). Cunraercs, YTO CBSI3b B HUX BO3HMKAET Kak
CJIEICTBUE YACTUYHOTO TIepeHoca 3JIEKTPOHA OT apeHa K 2JIeKTPOdWIy.

YToOBI BBIICHUTH, KaKas CTaaus 3JeKTpo(GUIBHOro 3aMelle-
HUS — 00pa3oBaHNe G-KOMITIEKCa MM 00pa3oBaHMe T-KOMILIEKCa —
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ncz2

3Heprys

T2
E
@ Z
Z@ +E @—>H® E
(peareHTsi) Z @ +H® (poAyKTHI)
1 Z 1
x=0 x=1

KoopanHara peakumnu, X

Puc. 13.1. Mpeanu3upoBaHHasl aparpaMma Uisl peakiuii 3JeKTpo(hUIbLHOIO apoMaTu-
yeckoro 3amenieHus1. [IC — mepexogHoe COCTOsIHUE

SIBJISICTCST OTpPENeIAIoNIeil I CKOPOCTH Tpoliecca, OOBIYHO M3y4YaloT
BJIMSIHUE 3aMeCTUTeNell B OEH30JIbHOM KOJIbIIe Ha CKOPOCTb MCCIIEMy-
e€MOIi peaklUM M CPaBHMBAIOT €r0 C BIMSHHUEM 3TUX XK€ 3aMeCTHUTe-
neit Ha pK, apeHoB (Tabi. 13.1) 1 Ha KOHCTaHTBI YCTOMYMBOCTU T-
koMmIiekcoB. Eciau auMutupyronieit ctanveii sBisieTcsl oOpa3oBaHue
o-KoMiuiekca (puc. 13.1), To mepexogHOe COCTOSIHME <«IIOXOXe» Ha
G-KOMILIEKC, CKOPOCTb 3JIEKTPO(PUIBLHOIO 3aMellleHUs] OyAeT JMHEWHO

Taoauma 13.2

CpaBHeHMe OCHOBHOCTH NMOJMMETHJI0eH30/10B (M0 NaHHbIM Tadu. 13.1)
H YCTOWYHBOCTH T-KOMILUIEKCOB C OTHOCHTEJBHBIMH CKOPOCTAMH HX OPOMHUPOBAHMS
(Br, B 85%-it CH;COOH) u xnopuposanus (Cl, 8 CH;COOH) npu 25 °C.
B KauecTBe CTAHIAPTHOrO COEAWHEHHsI B3AT OEH30.

OtHocutenbHasd | OTHOCUTEIbHAS lg (Kapen/ Ksenson)
3aMecTuTeNn YCTOMYMBOCTh OCHOBHOCTh
B OEH30JIbHOM -KOMIIJIEKCOB apeHoB pKa | g peakiuy | ans peakuuu
KOJIbLIE cHCI( pK) | (rabn. 13.1) ¢ Br, ¢ Cl
Her 0 0 0 0
CHj3 0,18 2,9 2,78 -
1,2-(CH3), 0,26 3,9 3,72 3,62
1,3-(CH3), 0,31 6,0 5,71 5,60
1,4-(CH3), 0, 22 3,5 3,40 3,30
1,2,3-(CH3)3 0,38 6,4 6,22 5,90
1,2,4-(CH3)3 0,35 6,3 6,18 5,84
1,3,5-(CH3)3 0,42 8,8 8,28 -
1,2,3,4-(CHj3)4 0,43 7,3 7,04 -
1,2,3,5-(CH3)4 - 9,3 8,62 8,68
1,2,4,5-(CH3)q4 - 7,0 6,45 -
(CH3)s 0,44 9,6 8,91 8,86
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KoppennpoBath ¢ pK, apeHoB. Ecau tuMuTUpyolei cranuei asiser-
¢ obpa3oBaHUE T-KOMILJIEKCA, TO TMEPEXOTHOE COCTOSTHHE <«ITOXOXKE»
Ha T-KOMIIJIEKC, M CKOPOCTh 3aMeIleHUsT OyIeT KOppeanupoBaTh € yC-
TOUYUBOCTBIO T-KOMILIEKCOB.

Kak yxe ObL10 OTMEYEHO, KOHCTAHThl YCTOMYMBOCTU T-KOMILIEK-
COB Ype3BblYaitHO €1ab0 3aBUCAT OT YMCIa METUIbHBIX 3aMECTUTENei
B OEH30JbHOM KoJblle (Tadu. 13.2), Torma Kak BeaWYMHBI pK, apeHOB
U3MEHSIOTCSI OYeHb 3HauuTeNlbHO (Tabm. 13.1). CriegoBaTellbHO, CUJIb-
HOE YCKOPEHHE PeaklMy 3aMellleHNne METWIbHBIMU TPYIIIaMU SIBJISIET-
Csl JIOBOJIOM B TT0JIb3y MEIJIEHHOM CTajiuu o0pa30oBaHUs G-KOMIUIEKCA.

B Tabun. 13.2 mpuBeaeHbl OTHOCUTEJIbHbIE 3HAUYEHUSI OCHOBHOCTU

apeHOB, KOHCTAHT YCTOMYMBOCTU T-KOMIUIEKCOB U KOHCTAaHT CKOPO-
CcTell OPOMUPOBAHUS U XJIOPUPOBAHMSI METUJI3aMELIEHHBIX OEH30J0B
B YKCycHO# Kucjote. JlaHHbIe TabaWIIbl MOKAa3bIBAIOT, YTO CKOPOCTHU
peakiuii OpoMHUPOBAHUS M XJIOPUPOBAHUS MPU BBEICHUN METUIIBLHBIX
TPYIIT YBEJIWYMBAIOTCS TIOUTH B TOM K€ CTEIEeHU, B KOTOPOIl MpPOUC-
XOJUT BO3pacTaHWE€ OCHOBHOCTU
apena (puc. 13.2). Oro o3Hauaer, ApK;
YTO G-KOMIUIEKC SIBJISIETCSI XO-
pollieii MOAeNbI0 MepeXOoqHOTO
COCTOSIHUS NJISI paccMaTpuBae-
MBbIX PEaKIIMA.

B 1o ke Bpems1 yCTOHUMBOCTD
n-KoMILiekcoB apeHoB ¢ HCI 5
OYeHb Majo 3aBHUCUT OT 4ucCiIa
METWIbHBIX 3aMECTUTENCH, Toraa
KaK CKOPOCTb XJIOPUPOBaHUS U
OpOMHpPOBaHUS YBEIMUYMBAETCSI B
108 pa3 (puc. 13.2). Cnenosarenb- 0
HO, T-KOMILUIEKC HE MOXET CIIy-
SKUTb MOJEJIBIO TIEPEXOTHOTO CO-

CTOSHHUS B STUX PEAKIHSIX. Puc. 13.2. Ckopoct GpOMUPOBAHUS TOITY-
ona, 6eH30/la U MOJMMETUIOEH30J0B B
3HAaYMUTEIbHOE YBETMYEHUE  cpapHeHMH ¢ YCTONYMBOCTBIO G-KOMILIEK-
CKOpPOCTHU C BBCIACHUEM B O€H- coB (CIUIOLIHAA JMHUA) U T-KOMILJIEKCOB
30JIbHOE KOJIbIIO AJIKUJIbHBIX C TaloreHamm (mynkTtup). LUudpsl ykasbi-
rpynn npncyme,uxom U B He- 11?;;(1)1'; !;H]fg;;,upé MOJIOKEHUST METUJIbHBIX
CKOJIbKO MEHBIILIEH CTEMeHU, YeM
MpY TajJOTeHUPOBAHUU, U MHOTMM JIPYTUM DEAKLUSIM 3NEKTPODUIIb-
HOro 3aMelleHMs. B Takux peaklmsix CKOpOCThb OIpenessieTcss 00pa3o-
BaHME G-KOMILJIEKCa B KauecTBe MHTepMeauara, U IepexoqHOe CO-
CTOSIHUE TI0 CTPYKTYpe IMOAOOHO G-KoMIuieKcy. O6pa3oBaHue 7T-KOM-
IieKca, ecii OH JEeHCTBUTEIbHO oOpa3dyeTcs (YTO He Bcerda sICHO),
npeacTaBiisieT co00if OBICTPYIO OOpaTUMYIO CTaAWIO, HE OKa3bIBalo-
1IIyI0 CYIIECTBEHHOTO BIUSHUS HAa CKOPOCTh PEaKIMU B LIEJIOM.

10
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13.4. PAHHEE U IIO3JHEE IIEPEXOJHOE COCTOAHUE

Haxe eciyd CKOPOCTb 2IEKTPOMPUIBHOTO 3aMELIeHUs] C1ad0 3aBU-
CUT OT 4YMCJIa METWJIbHBIX 3aMECTUTENIE B OCH30JBbHOM KOJIBIE, 3TO
HE MOXET CJIy>KUTb CTPOTMM JIOBOIOM B TOJIb3y TOTO, YTO OINPEAEIISIIO-
1111l CKOPOCTb CTaJiMel SIBJISIETCSl 0Opa30BaHUE T-KOMILUIEKCA, T.€. HeJIb3sl
YTBEPXIaTh, YTO MOIENBIO TIEPEXOAHOTO COCTOSIHUS SIBJISIETCSI TT-KOM-
riekce. B mpuHIMe MoKHO COBEpIIEHHO aIeKBaTHO OINMCATh PeaKIInio,
€CJIM U3 KPUBOM MOTEHLIMAIb-
HoM 3Hepruu (cMm. puc. 13.1)

“ET Arc UCKITIOYNATH T-KOMITJIEKCH
nci NE paccMaTpUBaTh JIUIIH ITOJTOXKE-
® ne2 HME G-KOMIUIEKCa Ha KOOPIM-

2 =
8 a Hate peakuuu (puc. 13.3). Co-
z }:‘E [JIACHO TIOCTYJIaTy X3MMOHIA
g (rn. 3, 4. 1), mepexoaHoe co-
o & CTOSIHUE MOXKET ObITh «paH-
IArH+E HUM» WJIU <«IIO3LHUM», T.€.

I (pearenTsi) [

1 [ WMeTh KOOPAWHATY peakIluu,
x=0 x=1 OMM3KyIo K x=0 wm K x=1
KoOOpANHAaTH peakUnm, X (cM. puc. 13.1). bonee 3k30-
Puc. 13.3. YnpouieHHas sHepretnyeckasi gua- 1 CPMUYCCKNAE pCAKIUM Xa-
rpamMma s 2JIeKTpODUILHOIO 3aMelleHuUsI PAKTEPUIYIOTCI <«pPaHHUM»

MEPEXOAHbIM COCTOSIHUEM, a
GoJiee PHIOTEPMHUYECKHE PEaKIIMU MMEIOT «ITO3IHEee» MepexomIHoe CO-
cTosiHue. «PaHee» mepexogHOE COCTOSIHUE IO CTPYKTYpe U, clemoBa-
TEJIbHO, TI0 DHEPruy HANIOMUHAET MCXOIHBIE PEAreHTHI, a <«IO3dHee»
MEePeXoIHOE COCTOSIHME IO CTPYKTYpe (M IO DHEPIUM) JOJKHO ObITh
MOXOXUM Ha G-KOMILIEKC. MBI TToKa paccMaTpuBaeM TaKue peakilvi,
B KOTOPBIX CTaausl OTpbiBa MPOTOHA OT G-KOMIUIEKCAa HE BJIMUSIET Ha
o0111y10 ckopocTh. CrenoBaTesIbHO, IS peaklMu C «paHHUM» Tepe-
XOIHBIM COCTOSTHMEM, KOTOPOE CUJIBHO ITOXOXE Ha peareHThl U MaJio
MOX0X€e Ha G-KOMIUIEKC, BIMSHME METWJIbHBIX I'PYI JOIKHO OBITh
ropazao 0oJjiee caabbIM, YeM BIMSIHME METUJIbHBIX TPYMIl HA CTaOUJIb-
HOCTb G-KOMILIEeKca.

DTOT BBIBOJ CJIEAYET M3 TOTO, YTO MCXOMHBIN apeH 3JeKTPUYECKU
HEWTpaJieH, a G-KOMIUIEKC HECET MaKCHMMaJbHbI MOJOXUTEIbHbIU
3apsin. [ToaTomMy B G-KOMILIEKCe TONISIpHBIE 3(P(MEKThl METUIBHBIX TPYIIIT
(+1-3(pdexT u runepKoHbIOralus) AOJKHBI MPOSBISTHCS TOpasao
CUJIbHEE, YeM B HEUTpaJIbHOM apeHe.

ITo3gHee u paHHee MHEpPeXOIHBIC COCTOSIHUSI MOXHO M300pa3uTh
CJIeyIOLMM 00pa3oMm:
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_E

nozaxee [1C panuee T1C

B no3nHeM mepexoaHOM COCTOSSHUM OOJIbIIasl YacTh IOJIOXUTEIBHOIO
3apsiia HaXOIUTCSI B 0pmo- U NApa-TOJOXEHUSIX IO OTHOLICHUIO K
MECTY aTakK¥ 3JIeKTPOMUIOM, U, CICI0BATEIbHO, 3aMECTUTEIIN B 0pmio-
U napa-nojioXEeHUSIX 0Ka3bIBalOT 00Jibloil 3¢ dekT (cMm. puc. 13.3). B
paHHEM IIePEXOIHOM COCTOSIHUM 3apsii B KOJIbLie Majl, U 3P dEKT opmo-
U napa-3aMeCcTHTENIe Takke HEBEIUK.

13.5. CTAAUA OTIIEIVIEHUA ITPOTOHA

Ponb craguuy oTiieniaeHus MpOTOHA OT G-KOMIUIEKCa B peakLUsIX
3JIEKTPOMPUIBLHOTO apoOMaTUYECKOTO 3aMEIIeHMST MOXET OBbITh BbISIB-
JIeHa MPU U3YYEHUU MEPBUYHOIO KUHETUIECKOTO U30TOIMHOTO 3 dheKTa
(KNDB) Bomopoma. Kak ykasbiBanoch B pasaene 13.1, njasg MHOTHX pe-
Ak 2JIEKTPOGMUIBLHOIO 3aMelleHUS] U30TOMHBIN 3(PhEKT OTCYTCTBYET.
Hanpumep, mzotonHbiit apdekT He HabMomaiacs NMpU HUTPOBAHUU,
XJIOPUPOBAHWUK, OPOMMPOBAHUU U AJIKWIMPOBHUU 110 Ppumeno—
Kpadrtcy apoMatnueckrx coeaMHEHU caMoii pa3HOOOpa3HOM CTPYK-
TYpbl. ALIWIMPOBAHUE apeHOB XapaKTEePU3YeTCsl Ype3BbIUaiiHO HU3KUM
KUN3D (ky/kp=1,1—1,3). C npyroii CTOpOHBI, U30TOMHBIN 3P dEKT nMeeT
3aMETHYIO BEJWYMHY MpPU CyJb(GUPOBAHUM, a30COYETAHUM U B HEKO-
TOPBIX APYTUX PEeaAKLMsIX.

I[TpuyrHBI BOZHMKHOBEHHUSI MEPBUYHOIO KMHETUUYECKOTO M30TOM-
Horo 3¢ pekTa ObLIM KPaTKO paccMOTpeHbl B 1. 3. B psime pexkauumit
KHD umeer mpeackassiBeMoe Teopueil 3HaueHue: 7—8 mis ky/kp u
1720 nnsa ky/kr Ecnu BennumHa nzotonHoro agdexTa JeXUT B yKa-
3aHHBIX UHTEepBaJIaX, TO 3aKJIIOYEHUE O MEXaHU3Me OJHO3HAYHO: CKO-
POCThb peakliMy OIpeaesseTcs MepeHOCOM MPOTOHA ¢ 0O0pa3oBaHUEM
JIMHEHHOTO TMEePEeXOJHOIO COCTOSIHMSI, B KOTOPOM BOAOPOI PaCIojo-
JK€H CHUMMETPUYHO MEXIy MOHOPHBIM M aKILEeNTOPHBIM aTOMaMH.

Hdpyras kpaiiHsst cuTyauus, korna ky/kp<1,5 wim ky/kr< 1,8,
OOBIYHO YyKa3bIBaeT Ha TO, YTO CTaAMsl MepHOca BOIOPOJA HE OIpe-
JIEJISIET CKOPOCTb BCEH peaklIuu.

CpeqHuil mo BeJIWYMHE U3OTOMHBIA 3dpdexkT (ky/kp>2 wiu
ky/kt>2,7) uHTEepHIpeTUpOBaTh Haubojee TpyaHO. Takue 3HaAUYEHUS
KWBD MoryT ykasblBaTb Ha TO, UTO OOLLAsl CKOPOCThb PEeaKLUU YaCmu4-
HO OTIpeIesSIeTCs CKOPOCThIO MepeHoca MpoToHa. B aToM ciiyuae Benu-
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YUHY U30TOITHOTO 3 heKTa MOKHO U3MEHUTDH IMyTeM M3MEHEHMST KOH-
LIEHTPALIUM peareHTa, K KOTOPOMY TEPEeXOaUT MPOTOH B JAHHOM pe-
akuuu. B anexTpoduabHOM apoMaTUYeCKOM 3aMelleHuU HaOJrogaeT-
cs Kak pa3 Takas CUTyaIus.

B o0uieM Bume MexaHU3M 3J1eKTPOGMILHOTO apOMaTUYECKOro 3a-
MELIEHUsI MOXHO 3amnucarhb ClieayloluM obdpa3oMm (6e3 yyeta m-KOM-
IJIEKCOB):

k

ArH + E® —=—= AHE® (13.3)
-1

AHE® + B X2~ ArE + BH® (13.4)

IlpumeHsiss npuHLUII cTaMOHapHOCTU (rj1. 3, 4. 1), moayyaem
cjenylolliee BbhIpaKeHUe U1 HAaOI0laeMO KOHCTAHThI CKOPOCTH:

kHa6J1 = klkz[B] .

k_, + k,[B]
Ecimm k,[B] >> k_y, T0 k,465,~ k|, M n30TONIHOTO 3(PpdekTa BOLOpPOIA
He Oyzmer. Ecim k, cpaBHMMa IO BeJIMYMHE C k_j, TO Kky,q, OyImeT 3a-
BHCETh OT CTaIWM MPOTOHA k,. OYEBUIHO, YTO BEIUYMHY Kky[B] mMox-
HO YBEJUYUTh, YBEJIMUMBAsl KOHIEHTpallMio ocHoBaHusi B. Cnegosa-
TeJbHO, TpU yBeaudeHuu [B] uzoTomHbiil 3¢ddeKkT mnokeH yMeHb-
LIaThCs, a IpU O4YeHb OOJBIIMX KOHIeHTpanusx [B] mMoxer maxe
COBCEM MCUe3HYTh. Takoil 3dekT Habmogaacs B peakiuu a30ocoye-
TaHUS napa-XIopOeH30JINA30HUS C 2-THIPOKCHHADTANINH-6,8-11-
CYJIb(OOKUCIIOTOIM:

S @ _
SO; DH) N, s0® N=N cl

Oe oe
MMAPUINH
o JOO- O ™= 00
05S 6038
Cl

DTa peakius KaTalu3upyeTcs MUPUAUHOM, U Kky/kp YMEHbIIAETCs
ot 6,0 mpu koHueHTpayn nupuanHa 0,0232 M go 3,6 rpu KOHIIEH-
tpauuu nupuauHa 0,905 M. Takoe namenenue KMD B 3aBUCUMOCTU
OT KOHLIEHTpalMu MUPUAMHA O3HAyaeT, uTo B peakuusx 13.3 u 13.4
ky)|B] > k_,. OtHowenue k_;/k, nHOrOa HA3BIBAIOT Pa3lIEJUTEIbHBIM
¢dakropoMm. Yem Oojblie 3TO OTHOLIEHHUE, TeM OOJIblee BIMSHUE
Ha CKOPOCTH ITpollecca OKa3bIBaeT CTaAMs OTIICTIEHUS IMPOTOHA OT
G-KOMILIeKca.
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AHaJIOTMYHO TIpU cyIbdupoBaHuu rajgoreH6eH3o08 100%-i1 cep-
HOI KMCJIOTOM WM OJIeyMOM HaOJIIOAaeTCs] KMHETUYEeCKUI M30TOIl-
HbI 3¢ deKT, TaK KakK MPU BbICOKOW KUCIOTHOCTU CpeAbl U Helo-
CTaTKe OCHOBAHHUSI, HEOOXOAMMOTO sl OTWEIJIEHUS MpPOTOHA OT
G-KOMILIEKCa, CKOPOCTh BTOPOii cTanuu (k,) CTAHOBUTCSI CPABHUMOI
¢ k_,. OnHako, ecau i CylbOUPOBaHUST UCIOIB3YIOT 96%-10 Win
MeHee KOHLIEHTPUPOBAHHYIO CEPHYIO KHCJOTY, U3OTOMHBIA 3 dexT
OTCYTCTBYET. B 3TOM cilydyae TMMUTUPYIOLIEN CTaAuEl CTAHOBUTCS O0-
pazoBaHue c-KoMmrIuiekcea (k). Takoe paznuuure AOKHO OBITh CBSI3aHO
C TIOSIBJIEHMEM B JOCTATOYHO BBICOKOU KOHILIEHTpaLMU TMAPOCYbdhar-
annoHa HSO, , KOTOpBII OTILLEIUISIET POTOH OT G-KOMIUIEKCA, U 3Ta
cTanus yXe He SIBIseTcd JuMuTupyromeii (cm. 13.7.6).

Pestomupysi ckazaHHOE BbIllIe, MOXHO CHeaTh ClAeAylolde 3a-
KJTIOUEHMUSI.

1. BONBIIMHCTBO peakuii 371eKTPOGUILHOTO apOMaTUYECKOTO 3a-
MELIEHUsI MMEeT OOILUMI MeXaHU3M IMPUCOEAUHEHUS] — OTIIEIUICHUS
¢ o0pa3oBaHMEM B KauyeCTBE HECTAOMJIBLHOTO KOPOTKOXMBYILETO WMH-
TepMearaTa apeHOHUEBBIX MOHOB (G-KOMILUIEKCOB).

2. IIpu cMelMBaHUM apeHOB C 3JIeKTpoduiaamMu oOpa3yloTcs cla-
Oble T-KOMIIJIEKCHI, OJHAKO HET HU OJHOro OeccropHOro ciyyas,
Korga ObUIO Obl TOYHO JOKAa3aHO, YTO JIMMUTHUPYIOLIEH cTamueil Bceit
peakiuu SBJIsieTCs 00pa3oBaHUE T-KOMILIEKCA.

3. Cragusi OTILETUIEHUS] TIPOTOHA OT G-KOMILJIEKCAa BO MHOTHUX CIy-
yasx sBjsieTcss ObicTpoil. OIHAKO B HEKOTOPBIX Clydyasix, Harpumep
Mpu HEeIOCTaTKe OCHOBAaHWUS, 3Ta CcTaaus 3amemisiercd. Torma HaOo-
JaeTcsl KWHETUYEeCKUI M30TONHbIN 3 deKT Bogopona. B mpenenbHbIX,
JIOCTaTOYHO PEIKMX, CHAydasx CTaausl OTLIEIUIEHWSI MPOTOHA MOXET
CTaTh OMpPEIESIOIE CKOPOCTh BCEro Tpoliecca.

bonee neraabHble OCOOEHHOCTH MeXaHM3Ma 3JIEKTPOMPUILHOTO
apoMaTUYeCcKOro 3aMellleHuss OyayT NMpUBEAEHbI MPU PACCMOTPEHUU
KOHKpPEeTHBIX peakuuii (cMm. 13.7).

13.6. OPUEHTALIUA DJIEKTPOPUJIBHOI'O 3AMEIIIEHUA
N PEAKIIMOHHAA CIIOCOBHOCTD
SAMEIIEHHBIX BEH30JI0B

13.6.1. UIBOMEPHBIE 0-KOMILIEKCHI

B nepexoqHOM COCTOSIHWM, TIPEAIIECTBYIOIIEM 00pPa30BAHUIO G-KOM-
IJieKca, MeXAy MOJIeKyJoil MoHo3amelleHHoro OeHszona CsHsX u
MOJIOXKUTETBHO 3apsKeHHBIM 27ekTpoduioM E* 3apsn nomenen Mexy
aTaKylolUM 3JIEKTPO(UIOM U OEH30JIbHBIM KoabLioM. Eciau nepexom-
HOE COCTOSIHME <«paHHee» (IMOXOXee Ha peareHThl), TO 3apsil B OeH-
30JIbHOM KOJIbIIE HEBEJWK M B OCHOBHOM JIOKAJM30BaH Ha 3JIEKTPO-
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¢ue, a ecau MepexogHOE COCTOSIHUE «II03AHee» (II0X0Xe Ha apeHo-
HUEBBLIN MOH), TO 3apsi B OCHOBHOM JIOKAJIM30BaH Ha aToMax yrJe-
pona OeH30JIbHOro Koubla. sl peakiuuii MOHO3aMeIleHHbBIX 0eH30-
JIOB MOTYT CYIIECTBOBATh YETHIPE G-KOMILIEKCA: 0pmo-, Mema-, napa-,
U unco- :

X

IEI X \\\\E

unco-

opmo- mema-

B cOOTBETCTBUM ¢ 3TMM MOTYT OBITh YETHIPE PA3HBIX MEPEXOTHBIX
COCTOSIHMSI, DHEPIUsl KOTOPBIX 3aBMCUT OT CTEIEHU B3aMMOACHCTBUS
3aMecTuTeNsI X ¢ MOJIOXKUTEIbHBIM 3apsiioM KoJjiblia. B «mmo3mHem» mie-
PEXOTHOM COCTOSTHUM TOJISIPHBIN 2pdekT 3aMectutenst X 10JKeH ObITh
BBIPAXKEH CUJIbHEE, YeM B «paHHEM» MEPEXOAHOM COCTOSIHUM, HO Ka-
YECTBEHHO BJMSIHHUE OIHOTO M TOTO K€ 3aMeCTUTEeNs JOJKHO OBbITh
OIMHAKOBBIM.

W3 opmo-, mema- n napa-c-KOMILJIEKCOB 00pa3ylOTCsl MPOIYKThI
3aMelleHus Bojopoaa (MyTeM OTIIEIJIEHUs MPOTOHA), HO U3 UNCO-
KOMILJIEKCa MOXKET 00pa3oBaThCsl MPOAYKT 3aMELLEHUST TPYIIbl X IMy-
TeM OTINEMIeHUs KaTuoHa X . unco-3aMelleHHe XapaKTepHO s
apUJIbHBIX METaJUIOPraHUYECKUX COEAMHEHUI; KaK TMpaBWIO, B HUX
MeTaJUl 3aMelIaeTcsl Jerdye MmpoToHa:

HeCl

DClI

+ HgCl,
OCH;,4 OCH;4

Pexe BcTpeuaetcst unco-zamenienue npu X=AIk, Br unu 1. Ing apy-
rMx 3aMeleHHbIX 0eH300B (X=OH; NR,; NO,; CN; COR; F) unco-
3aMellleHUEe He IPOMCXOIUT, TaK KaK 3TU 3aMECTUTENIM JOJIKHbI OT-
PBIBAaTBCSI B BUIE MAaJOYCTONUYMBBIX KaTHOHOB X . 3amecTtutenu X 1o
JIETKOCTH MX OTpbIBA B Bue X' OT sp°-TMOPUIHOTO atoMa yriepona
apeHOHMEBbIX MOHOB PacCIoJlaraloTcsl B CAEAYIOLIUIA DS

NO, < i-Pr<SO; <#Bu=Ar—N=N<NO < H < HgCl.

*
TepMI/IH «unco» (OT JiaT. CaM), unco-ataka Min unco-3aMEuICHUC, 0003HavYaeT
aTaKy MM 3aMCIICHUE B ITOJIOXKCHHE, HCCYLICEC 3aMCCTUTCIIb, OTJIMYHBIA OT BOAgOpoOaa.
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ITocnenoBaTeNbHOCTD PACITONIOKEHMS TPy X B 3TOM PSIIy COOT-
BETCTBYET YCTOMUMBOCTM KaTMOHA B pacTBope. UeM HIKe 2JIeKTpO-
bwibHas aKTUBHOCTH X', TeM Jyuire rpynna X OTIISIUISeTCS MpU
MOHOMOJIEKYJISIDHOM pacrane apeHOHHEBBIX MOHOB.

Eciu unco-3amentieHns1 He TIPOMCXOMUT, 3TO HE O3HAYaeT, YTO B
peakiy He TPOUCXOIMT unco-ataka 2JeKTpoduia. ApeHOHUEBbIE
MOHBl — 3TO TUINWYHBIE KapOOKATUOHBI, JUISI KOTOPbIX OUYE€Hb Xapak-
TEPHBI BHYTPUMOJIEKYJISIPHBIE TEePeTrpyIIUPOBKYA THUIIA TEPErpymIn-
poBku Barnepa—Meepseitna (1. 26, 4. 3). [TosTtomy 006pa3oBaBIINIiCS
B PE3yJIbTATe UNco-aTaKu UNco-G-KOMILIEKC MOXET He OTLIeIUITh X,
a TeperpymnmnupoBaTbCcsl B 0pmo-G-KOMIUIEKC, KOTOPbIA OTILETUT Jer-
KO YXOISIIINI MPOTOH U JACT JAOMOJTHUTEILHOE KOJIMUECTBO 0pimo-TIpo-
JIyKTa (unco—aTaKa oe3 unco-aaMemeHMﬂ):

Unco-0—KOMIUIEKC 0pnmo-C—KOMILIT

L ¢ o /@m

0pno-6—KOMILICKC

Taxue neperpylnmnupoBKU BCTPEUYaAIOTCSl JOBOJBHO YacTO (CM. HUXeE):

CH CH CH
JCH, 3 ’
CH,4 T
3
+H®H—H® +H@H—H@ 1o -n®
CHs oy, CH, CH,4
H
CH
H 'H H H CH3H
uly -H iy iy
CH; | CH, CH,
~CH, ~CHj
—_— —_—
H H CH,



[IpuurHa TOro, 4To B MOHO3AaMEIICHHBIX OCH30JIaX UAnCO-3aMEIICHHE
HaOII0MaeTCsl PeaKo, COCTOMT HE TOJBKO B TOM, YTO MHOTHME 3aMec-
tutenn X (Hanpumep, X=OH, NR,, NO,, CN, F) oTHocsTcs K
TUIOXUM YXOASILIMM TpyIMIiaM, HO TakXe M B TOM, UYTO UNCO-G-KOMII-
JIEKCBI, KaK TPaBWJIO, MEHee YCTOMUYMBBI, YeM M30MEPHBIE UM Opmo-,
Mema- U napa-c-KOMILJIEKCHI.

C TOMOILBbIO HEAIMITUPUUECKUX PACUETOB ObLIO HAIEHO U3MeHe-
HUE DHTAJIBINUM B PEaKIMIX KHUCIOTHO-OCHOBHOTO B3aMMOIEUCTBUS
Mexay OeH3o0/ioM (OCHOBaHUE) W Unco-, Opmo-, mema- Wi hapa-oc-
KOMILJIEKCAaMH 3aMELIEHHBIX OE€H30JI0B XC6H6+ (xucnotel bpencrena):

H H

A H xxan/mMomb
XCHE + - XCGH; + (13.5)

(unco-, opmo-,
Mema- WU napa-)

BobruucienHoe 3HaueHue AH XapakTepu3yeT YCTOMYMBOCTb HaH-
Horo o-kommiekca XC¢Hy™ OoTHOCUTENbHO GEH30J0HMEBOrO MOHA
C¢H,". Otpuuatenbhas BenunHa AH yKa3plBaeT Ha MEHbBLIYIO, a MO-
JIOXWTENbHasA BeJMunHa AH — Ha OOJIblIYI0 YCTOWUYUBOCTb G-KOMII-
JIeKca TPOTOHA C 3aMEIEHHBIM O€H30JI0M MO CPAaBHEUIO C G-KOMII-
JIEKCOM IIPOTOH—HEe3aMelleHHbI O0eH3o1. YeMm Oosiee OTpULIATEILHO
3HaueHue AH, TeM JaHHbIIi G-KOMIUIEKC MeHee YCToWuuB. Pe3ynbra-
Thl pacyeTa dHTAJIbIUU MpUBeIeHbI B Tada. 13.3.

Tadbnuma 13.3

TeopeTrnueckne 3HauYeHHsA SHTAAbNUU peakuuu (13.5) B razosoii ¢ase (KKaja/MoJjb)

Paccunranusie AH, KKan/mMoib
3amecrtutenb X

unco- opmo- mema- napa-
H (cranaapr) 0 0 0 0
Li 62 32 25 36
BeH 14 2 2 3
CHj3; -1 6 2 8
NH, —23 24 -2 27
OH —22 15 =5 15
F —25 4 -8 4
CN — —14 —15 —15
CHO — -3 -5 -3
NO, =36 —20 —18 —22
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W3 paHHBIX, IpeACTaBICHHBIX B TaOJuMIE, BUIHO, YTO Oe3 ydyera
MeTaJIJIOPraHMIECKNX COeTMHEHUI 00pa3oBaHUe unco-KOMITIEKca Hau-
MeHee BBITOIHO KaK JUISl 3JIeKTPOHOMOHOPHBIX, TaK M IS 3JIEKTPOHO-
aKILENTOPHBIX 3aMectuTesaeii. OmHaKo TSI METaUIOPTraHWYECKUX CO-
eIMHEeHUI Haubojee dHEePreTUYeCKU BBITOACH MMEHHO UACO-KOMII-
JIeKC. DTO XOPOIIIO COTJIACYeTCs C M3BECTHBIMU 3KCIIEPUMEHTATbHBIMU
JaHHbIMU (cM. TJ1. 19): pu aeiicTBUM BIEKTPOGMUIOB HAa apUIbHbIE CO-
eIUHEHUs JUTUS, MAaTHUS, aTlOMUHUS, PTYTH, OJIOBAa M IPYTHX Me-
TaJUTOB TIPOMCXOIUT 3aMellleHre MeTalljla, a He aToMa BOJOpOJa.

B mocnenyrommx pasmenax Mbl pacCMOTPUM TOJIBKO 3aMellleHue
MIPOTOHA B 0pmo-, Mema- U napa-rojoXEeHUsIX MO OTHOIIEHMIO K 3a-
MECTUTEJISIM B 3aMEILEHHBIX OEH30JIax.

13.6.2. KIIACCU®UKAIINA 3AMECTUTEJEN

MoHnozamenieHHble 6eH301bl CgHsX Moryt ObITE MeHee Miau 00-
Jiee peakKlIMOHHOCIIOCOOHBIMU, YeM caM OeH3oj1. Eciu B peakiiuio BBe-
ctu 3KkBUBajeHTHYIO cMech CcHX n C¢Hg, To 3amelnenne Oyner npo-
HCXOOUTh CEeJIEKTUBHO: B nepBoM cirydae (CqHsX MeHee peaklIMOHHOC-
nmoco0eH, yeM OeH30JI) B peakliuio OyIeT BCTYyIaTh MPEUMYIIECTBEHHO
OEH30J1, a B IPOTUBOIIOJIOKHOM ciyyae — TnpeumyluectBeHHO CgHsX.

OTHoOCHUTeIbHAsS peakIMOHHAs CIIOCOOHOCTDb Pa3IUYHBIX TTOJIOXKE-
HUIT OEH30JIBHOTO KOJIblIA B 3aMEIleHHOM OeH30Jile HOCUT Ha3BaHHUE
NO3UUUOHHOU, VTN GHYMPUMONCKYASAPHOU, CeAeKMUBHOCMU OPUeHMUDY -
roweeo aggexkma zamecmumens. VIzydeHue IMO3ULIMOHHON CEJIEKTUB-
HOCTU B PeaKIMsIX HUTPOBAHUS U TAJIOTEHUPOBAHMS HA KOJMYECTBEH-
HOM YPOBHE BII€PBbIE ObLJIO IPOBEACHO T'OJIaHACKUM XUMUKOM A.To-
nemaHoMm Ha pyoexe XIX m XX BB. I'omnemaH chopmyiaupoBal
OCHOBHBI€ SMIMPUYECKUE 3aKOHOMEPHOCTH, KOTOpBIE 25 JIET CITyCTs
HONIYYMJIM TEOPETUYECKYIO0 MHTeprpeTanuio B padotax P.PoOuHcoHa,
K.Wnronpaa u apyrux ydyeHnix. CornacHo TojeMaHy, Bce 3aMeCTU-
TEJIW MO CBOEMY OPHUEHTHUPYIOLIEMY BIWSHMUIO MOXKHO pa3ieluTh Ha
nBe Oojplnye rpynmnbl. OgHa rpynma 3aMecTUTeNei OPUSHTHUPYET BXO-
JSIIYIO TPYIITY TPEUMYILIECTBEHHO B opmo- U napa-TionoxeHue. Jpy-
rasg rpynrna 3aMecTUTeNel OpMEeHTUPYET BXOMASIIYIO TPYIITYy IpeuMy-
IIECTBEHHO B Mema-TionoxeHue. [lepBas rpymma mojaydyuiaa Ha3BaHUE
opueHTaHTOB I poma, a Bropas — opueHTaHTOB Il pona.

K opuenmanmam I poda omuocames:
OH, OR; OCOR, SH, SR; NH,, NHR; NR,;
NHCOR; —=N=N—; CH;, CH,R; CHR,; CR;;
CH,Cl, CH,OH, CH,NH,, CH,CNR,;
CH,COOH, CH,CH,COOH, F, Cl, Br, L
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K opuenmanmam 11 poda omuocames:
SO;H, NO,, COOH, COOR, CONH,, COCI, SO,R, NO;
CHO, COR, CN, CCls;

@

®
CF,, NH;, NR;;

@ ® @
PR;, SR,, SAr, CH,NR;;
POR,, B(OH), .

EcrecTBeHHO, UTO CYLIECTBYIOT U TPYNIIUPOBKU aTOMOB MTPOMEXKY-
TOYHOTO XapakTepa, 0O0yCJIOBIMUBAIOLIME CMEIIeHHYI0 opueHTauuto. K
HUM, HanpuMmep, OTHOCSITCS:

CH,F, CHCl,, CH,;NO,;
(©)
CH,CH,NO,, CH,CH,NR3;
® ®
CH,PR;, CH,SR, u 1p.

[IpuBenemM HeKOTOpbIe TUMUYHbBIE MPUMEPhl BIMSIHUSI OpUMEHTaH-
toB I m II pona:

OCH;, OCH; OCH;4 OCH;4
Br
Br,
—_— + +
@ CH;COOH @
Br
Br
(96%) (4%) 0%)
napa- opmo- Mema-
OpOMaHM3071 OpOMaHM3071 OpOMaHM3071
Br Br Br Br
Br
B
. B + +
FeBr;
Br
Br
(86%) (13%) (< 1%)
CH, CH, CH; CH,
NO,
HNO3,H,S0,
+ +
30°C
NO,
NO,
(37%) (59%) (4%)
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NO, NO,
No2
98%HNO 3, H,S0,
100°C "
NO,
(1% (6%) (93%)
CH, CH, CH,
SO3H
S05; 0°C
H,50, SO4H
SO,H
(53% (43%) (4%)
N(CH,), NcHy,  N(cHy),
HNO,
H,50 !
2504 NO,
NO,
(11%) (89%)
COOH COOH COOH COOH
HNO, NO,
+ +
H,S0,
NO,
NO,
(1%) (19%) (80%)

[Mpu manpHeiieM U3y4eHUN TTPOOIEMbl OPUEHTAIIMN C TIOMOIIIBIO
KUHETUYECKUX METOIOB OBLIO YCTAaHOBJICHO, YTO BCE Mema-OpUEH-
TaHTBl 00JIAmarOT Je3aKTUBUPYIOIIMM ISHCTBUEM IO CPAaBHEHHIO C
OCeH30JIOM B KayecTBe CTaHmapTa. Tak, HampuMmep, CKOPOCTh HUTPO-
BaHUsI HUTPOOEH30Jla HUTPYIOLIEH CMEChl0O a30THOW W CEpHOMl Kuc-
70T B 107 pa3 MeHblIe, 4eM CKOPOCTb HUTPOBAHMSI CAMOIO GEH30Ja B
COTIOCTAaBUMBIX YCIOBUSIX. [IpsIMbIM HUTpOBaHMEM B OEH30JIBHOE KOJIb-
110 MOXXHO BBECTH He 0oJjiee Tpex HuTporpyri. s momxydenus 1,3,5-
TPUHUTPOOEH301a U3 1,3-AMHUTPOOEH30J1a HEOOXOAMMO UCITOJIb30BaTh
cyxyto cenutpy u oineyM Iipu 150 °C B TeueHUe TIATH JHEH, TIpUIeM
BBIXOJI KOHEYHOTO IpoaykKTa He IpesbiiaeT 45%. Hekoropbie 3amec-
TUTEJIM HACTOJIBKO NIE€3aKTUBUPYIOT KOJBIIO, YTO AaJIbHEiInee 3ame-
LeHWe He MMeeT MecTa. B KauecTBe mpuMepa MOXHO TIPUBECTH peak-
uuio amwpoBaHus no ®pupemo—Kpadrey. HurpobdeHson, 6eH30-
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denon (C4H;COC(Hs) n stunbeHsoar noj AEHCTBHEM KOMIUIEKCA
allMJITAJIOTeHUIA U XJIOPUCTOTO aJIIOMUHMS HE alliIMpYIOTCS.

Bce opuenrtannl T'omtemana 1 poma, 3a uckarouenuem eanoeenos,
00J1a1a10T CUJILHBIM WJIM CTa0bIM aKTUBUPYIOLIUM BIUSHUEM I10 CpaB-
HeHMIO ¢ OeH3o0j0M. CaMbIM CHJIBHBIM aKTUBUPYIOIIUM BIUSHUEM
0o0JagaeT OKCUI-aHUOH B (peHosaT-noHe. CujabHOE aKTUBUPYIOLIEE
BiusiHue okasbiBatoT rpymnmsl R,N; HRN; NH,; OH; OR; OAc u SR.
Crnaboe aKTUBUpYIOIEe BIUSHUE TPOSBISIOT BCE aTKUIbHBIE TPYII-
nbl. Bee rajorensl 001amaioT caa0bIM Ae3aKTUBUPYIOLIUM IECTBUEM
B OTHOIIICHUM BBEIEHUS HOBOTO 3aMECTHUTEIs.

B Hacrosiiee BpeMsi 3aMeCTUTENM IeST HE Ha JBE, a Ha TPU TpyIl-
MBI C YYETOM MX aKTUBUPYIOIIETO WIM IE3aKTUBUPYIOLIETO BIUSHUSI,
a TakxKe OpUEHTAllMU 3aMelleHUs] B OEH30JIbHOM KOJIbLIE:

1) akKTUBHpYIOIIUE 0pMO-napa-opueHTUPYIOLINE TPYIIbI; K HUM
otHocsitcst NR,; NH,; NHR; OH; OR; NHAc; OAc; Alk u np.

2) Ne3aKTUBUPYIOLLUE 0pmMo-napa-opueHTUpPYIONIMe TPYIbl — 3TO
rajgorensl F; Cl; Br u I.

3) ne3akTUBUpYOLIUE Mema-opueHTUupyrowue rpynmnsl — NO,,

0]
R

_0

)
<H , COOH, COOR, CN, NR;

NO, SO;H, SO,R, SOR, CZ", CZ
W ap.
Bce akTuBuHpyolMe Tpymiibl SBASIOTCS 0pmo- U hapa-OpUEHTaH-

TaMHM, BCEC mema-OpUCHTAHTbl AC3aKTUBUPYIOT 3aMCLICHUC.

13.6.3. OPUEHTAITAA KAK OTPAXXEHWE CBOVICTB G6-KOMILIEKCA

HanbGosiee yacto opueHTalMI0 3J€KTPODUIBHOIO 3aMelleHUs B
OEH30JIbHOM KOJIblIE OOBSICHSIOT C TOYKM 3PEHMSI CTaOMJILHOCTU OO-
pa3yolierocsi B KauecTBe MPOMEXYTOUHON YacTULbl apeHOHUEBOTO
noHa. [Ipu 3TOM IpeamnonaraioT, 4To MePEeXOTHOE COCTOSTHUE MEIJICH-
HOW CTaauu IO CTPYKType OJMU3KO WJIM UASHTUYHO apeHOHUEBOMY
MoHYy (c-KoMIutekcy). 3amectutenb X B Moekyse CsHsX moxer cra-
OMIM3UPOBATL WU JECTaOUIU3UPOBATh 3TOT KapOOKATUOH, MO3TOMY
MO3ULIMOHHAST CeJIEKTUBHOCTh JIOJKHA COOTBETCTBOBAThH 0Opa30BaHUIO
Haubosiee CTaOUJIbHOTO M3 M30MEPHBIX G-KOMILIEKCOB.

B xauecTBe TIepBOrO MpUMeEpa pacCMOTPUM BIMSHUE CUIBHBIX aK-
TUBUPYIOLIUX 3aMECTUTENIe Il opmo- U mema- WIU napa-3amele-
Hus B aHu3osie. st opmo-3amenieHusl B aHU30J1e 1Be rpaHUUHbIe (op-
MyJIbI apEHOHMEBOTO MOHA TPEICTaBISIOT CO0O0I BTOPUYHBIN KapOo-
KaTUOH, a TPeThbsl — TPETUUYHBbINA, TJe TOJOXUTEIbHBIU 3apsi
JOMOJHUTEJIbHO CTaOUIM3UPOBAH 3a CYET Yy4acTUsl HEMojaeJIeHHOM
napel 2p-31eKTpoHOB aroma kucinopoga OCH;-rpynmnel ¢ oOpasoBa-
HUEeM OKCOHUEBOW CTPYKTYpHI:
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®
OCH, OCH, OCH, OCH,
E E E Il E
He H. > H > H
@ C]

Hns napa-3amellieHus: B aHU30J1€ J1B€ TpaHUUYHbIE (POPMYJIbI TakXkKe
SIBJISIIOTCS. BTOPUYHBIMU KapOOKaTMOHAMM, a TPETbSI — TPETUUYHBIM,
CTaOUJIU3UPOBAHHBIM COCEIHEN METOKCUJIBbHON TpYyIMNOi:

®
OCH, OCH, OCH, OCH,
<+ || | - || || -
® ®
H E H E H E H E

Crabunuzaiiys 1MKJIoreKcaaueHmIbHoro Katuona 3a cuer OCH;-rpyn-
MBI 00JIeTYaeT 3aMellleHNe B opmo- W napa-TIOJIOKEeHUSIX aHW30J1a 110
CpaBHEHUIO ¢ OEH30JI0M M OPUEHTHUPYET BXOISINYIO rpyrnmy E mmeH-
HO B 3THW JBa TOJIOKEHMS KOJbla. s mema-3aMellieHUsT B aHU30J1e
Mogo0OHasT CTaOMIM3alvsT HEBO3MOXKHA, TaK KaK HU B OJHOW W3 rpa-
HUYHBIX (HOPMYJT TTOJIOKUTEIBHBIN 3apsii He HAXOOWTCI y aToMma yr-
JIepoJia, HeCyllero MeTOKCUTPYIIIY:

OCH, OCH, OCH,
® ®

E -—» E «— E

® H H H

Bonee Toro, ans aHu30Ma Mema-apeHOHUEBbINI MOH JeCTa0WIM3UPOBAH
M0 CPaBHEHUIO C LIMKJIONeKCaaAMEeHWIbHBIM KaTMOHOM (—I/)-3ddekTom
OCH;-rpynmbl. COOTBETCTBYIOILIME SHEPTETUYECKUE KPUBBIE TSI OpMio-,
napa- 1 mMema-3aMellieHUs] B aHU30JIe, a TakxKe KpuBasl sl OeH3o0Ja
NpuBeaeHbl Ha puc. 13.4, a.

AHaJlornyHasi KapTMHa HaOJofgaeTcs W sl 3aMelleHus B (peHo-
Jie, aHWJIMHE, MOHO- U JUAJKWIAHWIMHAX WU JPYTUMX apeHax, coaep-
xamux (+M)-3amecTuTeNu.

Tenepb paccMOTpUM peakiMM 3aMelleHUs] B TOJIyoJie U APYrux
ankunoeHsonax. st opmo- u napa-3amenieHusl 1Be rpaHUYHbIE (Op-
MyJIbl aPEHOHHUEBOIO MOHA COOTBETCTBYIOT BTOPMUYHOMY KapOOKaTHO-
HY, a TpeTbsI — TPETUYHOMY, CTAOMIM3UPOBAHHOMY 3a CUET THIIEP-
KOHBIOTallUU ¢ METWIbHOU Tpynmoi (cMm. . 2). [Toatomy nepxomHoe
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= a 3 0
S 3
) )
T T
@ ®
merta-
6eH3071
SN 6eH301 —
z N .~ N mera-
N\0pT0-,Nnapa- =
-~ N2
opTO-,napa-
| 1 1 |
x=0 G—KOMIJIEKC x=0 G—KOMIJIEKC
KoopauHarta peakumm
® B = r
) )
T T
@ ®
merta- opTo-,napa-

~=
opTO-,napa- mera-

6eH30/1

6eH301

| 1 | 1
x=0 O—KOMIT/IEKC x=0 O—KOMIT/IEKC

KoopAanHara peakummn

Puc. 13.4. CeneKTUBHOCTh 3JIEKTPOMDUIBHOTO 3aMellleHUsT B MOJIeKy/Iax (a) aHM30I1a,
(6) Tonyona, (6) xsopbeH3oja U (e) HUTpoOEeH30JIa

COCTOSIHME NIl Opmo- U napa-3aMelieHusl B TOIyoJie 00JIafaeT MEHb-
1Ieil DHeprueil Mo CpaBHEHUIO C MEPEXOAHBIM COCTOSTHUEM ISl 3a-
MellleHUs1 B OeH3oJie, IJe BCe TPU I'PaHUUHBIE CTPYKTYpPbl OTBEUarOT
BTOPUUYHBIM KapOOKATUOHAM:

CH, CH, CH,
e S e S

® ®

H E H E H E

CH, CH, CH,
E E E
H H H
@ ®
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N1 mema-3aMellieHUsT B TOJyOJIe BCe TPU TPAaHUYHBIE CTPYKTYPHI CO-
OTBETCTBYIOT BTOPUYHBIM KapOOKaTHOHAM:

CH; CH;, CH;
® ®
H H H
® E E E

Kaxnast u3 3TUX rpaHUYHBIX CTPYKTYp CTaOMJIM3UPOBAHA C MOMOIIIbLIO
(+D)->ddexra CH;-rpymsl, HO 3Ta cTabwm3alus HeBennka. [Toatomy
Mema-TIONOXEHNE B TOJIyoJsie Oojiee aKTMBHO B peaklMSIX 3aMeIleHMS
M0 CpaBHEHHUIO ¢ OEH30JI0M, HO ME€Hee aKTHBHO, YEM Opmo- U hapa-
noJjioxkeHust Tojiyoja. CoOTBETCTBYIOIIME SHEPTETUUECKHE KPUBbBIE JIJIsI
peakuuii 3aMeIeHUSIX B opmo-, napa- U mema-ToJIOXKEeHUSIX TOIyoJa
MO CpaBHEHUIO ¢ OEH30JI0M MpuBeAeHbl Ha puc. 13.4, 6.

s 3aMellleHrsT B TaJloreHOEH30J1axX MOJIOXKEHUSI 9HEPreTUYeCKUX
KPUBBIX CUJIBHO OTJIWYAIOTCS OT aHAJOTWYHBIX KPUBBIX [UIST 3aMelle-
HUs B aHM30Jie, Torja KakK rpaHUYHble (hOpMYJIbl JJIsI apeHOHUEBBIX
MOHOB TajloreHOEH30JI0B U aHU30Jla aHaJOTuYHbL. [Ipu 3amellieHUu B
Mema-TIoJIOKeHUW KapOOKAaTHOHBI, COOTBETCTBYIOIINE ABYM IIOCIHE-
JHUM TpaHUYHBIM (opMysaM, CUJIBHO AECTAOUIM3UPOBAHBI 3a CYET
3JIEKTPOCTAaTUYECKOTO B3aMMOJEUCTBUSI KapOOKATUOHHOTO LIEHTpa C
TOJIOXKUTEJIbHBIM KOHIIOM JUIIONST CBSI3M YIJIEPOI—TaOTeH:

1 Cl Cl
® ®
H H H
E E E

[MosTOMy Mema-3amellieHre B TaJoTeHOEH30JaX CHIJIBHO JEe3aKTHUBH-
POBAHO IO CPAaBHEHMWIO ¢ OEH30J0M. ['paHUYHBIE CTPYKTYPhI IS 3a-
MEIIEHUST B 0pmo- U napa-TiojoXeHUsT TaKKe IeCTabuIM3UPOBaHbI 10
CpPaBHEHUIO ¢ OEH30JI0M B3JIEKTPOCTATUIECKUM B3aMMOICUCTBUEM U~
MOJIsl YIJIEPOA—TajoreH ¢ KapOOKATMOHHBIM LieHTpoM. OgHAaKo B Of-
HOW U3 IPaHUYHBIX CTPYKTYp VISl 3aMELIEHUSI B Opmo- U napa-roso-
KEHUSX pealn3yeTcs CTPYKTypa o-TaJoreH3aMeIIeHHOro KapOoKaTHo-
Ha, IJIs KOTOPOTO BO3MOXHA CTaOMIM3alUs C IMOJOXMUTEIbHBIM
3apsiIoM Ha aToMe rajioreHa:

Cl cl Cl I(:1@
e - >
® ®
H E H E H E H E
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l'amoreHoHMEeBBIE MOHBI MEHEe CTAOMJIbHBI, YeM OKCOHMEBBIC WM
VMUHUEBbIC MOHBI, U BKJIAH 3TON CTPYKTYpPhl HE KOMIIEHCUPYET JecC-
TabWIM3UpyOIUil 3¢hGEKT JIEKTPOCTaTUYECKOr0 OTTaJKMBAHUS OU-
monst CH¥—X% ¢ KapOOKaTUOHHBIM LieHTpoM. IloaToMy mpu oO1eit
Je3aKTUBALMM apeHa MMEET MECTO SIPKO BBIpaXKEHHBIN opmo—napa-
opueHTUpyommii apdexT aroma rajgoreHa (puc. 13.4, 6).

Brusnue mema-opueHTUPYIOUINX 3aMECTUTENICH MPOUIITIOCTPUPY-
eM Ha Inpumepe HUTpoOeH3osna. Huke mpuBeaeHbl rpaHUYHBIE (GOp-
MyJIbBl apEHOHMEBOTO WMOHA ISl opmo-, napa- W mema-3aMellieHU B
HUTPOOEH30JIE:

)
eP
N

Bo Bcex rpaHMYHBIX (popMysIax MPOVCXOAUT CUIBLHOE 3JIEKTPOCTa-
TUYECKOE OTTAJIKMBAHME MEXIY KapOOKATHMOHHBIM LIEHTPOM U IIOJIO-
XUTETbHBIM KoHLIOM aumons ceasu C%—NO,>. Tloatomy Bce mosno-
JKEeHUsI B HUTPOOEH30JIe Ie3aKTUBUPOBAHBI TI0 CPAaBHEHUIO C OEH30JIOM.
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HaubGonee cuibHast Ae3akTUBalLMsl AOJKHA HAOIIOOATLCS IJISI 0Opmo-
U napa-3aMelleHNs], TTOCKOJIbKY 3/1eCh B OQHONM M3 TPAaHUYHBIX (Op-
MYJ MOJIOXUTEILHO 3apsiKeHBl COCEIHME aTOMBI yIepoaa M a30Ta.
IMpu mema-3amelieHUM ABa TIOJOXUTEIbHBIX 3apsiga BCerma pasiese-
Hbl OJHUM WM OOJBLIMM YKCIIOM aTOMOB yIjiepojaa. DTO O3Hauaer,
YTO Mema-3aMellieHe B HUTPOOEH30JIe Ne3aKTUBUPOBAHO B MEHBbIIIEH
CTEIIEHU TI0 CPAaBHEHUIO C opmo- U napa-3ameiniecHueM. CienoBartesib-
HO, MpU OOIIeil Ae3aKTUBALMKU IIpeobamaeT Mmema-opUeHTALIUS
(puc. 13.4, ). IlogoOHoOe BIMsSHUE OKa3biBalOT U Apyrue (—M)-3ame-
crutenu (CHO, COOH u T.1.).

13.6.4. ®AKTOPBI IAPIIMAJIBHBIX CKOPOCTEMN.
®AKTOPBI CEJEKTUBHOCTH

KonmmuecTBeHHast olleHKa OPMEHTUPYIOLIETO BIUSIHUS 3aMECTUTE-
Jieli OCHOBBIBA€TCS Ha BBIYMCJICHWM BEJIMUMH TaK Ha3bIBaeMBbIX (pak-
TOPOB NapUUaAJIbHBIX CKOPOCTEN. DTOT TepMUH ObuUT BBeleH K.MHro/b-
aoM B 1930-x rr. dakrop mapuyaabHOW CKOPOCTH — 3TO OTHOIICHUE
CKOPOCTH peaklMu 3aMeIleHUsI B opmo-, Mema- WIN Napa-mojioxe-
Huu monekysbl CgHsX k ckopoctn 3ameunenus 6ensona. Hanpumep,
B yKcycHoM aHruapune npu 30 °C Tomyon Hutpyercs B 27 pa3 OBICT-
pee GeH3o1a, 1 obpasyercs 58,1% opmo-HUTPOTOJIYOJIa; ClIeI0BATEIIb-
HO, (haKTOp TMApLUUAIBHON CKOPOCTH UISI 0pmo-3aMeIlleHUsI B TOJYO-
ne (f,) paseH 47:

o :27~&~§:47.
100 2
peaklMOHHAsl CIIOCOOHOCTh cTaTUCTUYECKas TornpaBKa
IBYX Opmo-TIOJIOKEHUI TOJTyOsa (6 monoxkeHnii B GEH301e
OTHOCUTEJIbHO BCEX 1LIECTH U 2 0pmo-TIONOXEHUS
MOJIOKEeHUI OeH30J1a B TOJIYOJI€)

B Ttoit xe peakumu ob6pasyercst 38,2% napa-wntpotonyona u 3,7%
Mema-v3oMepa; OTclofa:

s Bcex IOJIOKEHUI B TOJIyosie (pakTophl HaplMabHBIX CKOPOCTEit
0oJIbllle SMMHUILIBI, KaK M ObLIO IIPeICKa3aHO Ha OCHOBAaHMU Kaye-
CTBEHHBIX pacCyXIEHWIl B mpeapiaylieM pasaeie (puc. 13.4, 6).
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Hwxe npuBeneHsl (pakTopbl maplUalbHBIX CKOpOCTEN f,, f, 1A f,
JUUISI HUTPOBAHUSI HEKOTOPHIX MOHO3aMellleHHBIX OEH30J10B:

1,00 C(CH;;  CH,CI F
0,14 0,00

0.8

2COOC2H5 COOC,H;

Cl Br
@ 0,03 @ 0,03 @ 4,62 0,0026
0,0009 0,0011 0,0079
0,14 0,11 0,0009

DTU JaHHBIE HAXOASTCS B XOPOIIEM COOTBETCTBMM C KaueCTBEHHBIMU
NpeACTaBICHUSIMU 00 OpUEHTALUU, COIIACHO KOTOPBIM BCE MOJIOXKE-
HUSI B TaJloreHOeH30j1aX N1e3aKTUBMPOBAHbI 110 CPABHEHUIO ¢ OCH30-
JIOM, HO HanboJjiee CUIbHO e3aKTUBUPOBAHO Mema-TI0JoXKeHUe. XJIop-
MeTWJIbHAsl TPYIIa IPeacTaBIsieT MHTEpPeC B TOM OTHOIIECHHWH, YTO
aktuupyoiee Bausinue CH;-rpynmbl moraiiaercst 1e3aKTUBUPYIO-
IIUM BJIMSIHAEM XJ1opa. KOHEUHBIM pe3y/IbTaToOM SIBIISICTCSI Opmo—napa-
OpMEHTalMs TIpU claboii oOlell me3akTuBalMK. Pe3koe IOHMKeHMe
BEJIMUMHBI f, i1 mpem-OyTUIOEH30a MO CPABHEHUIO C TOJIYOJOM
HECOMHEHHO OOYCJIOBJICHO IMPOCTPAaHCTBEHHBIMU IIPEISITCTBUSIMHU,
CO3/IaBaeMbIMU Mpem-OyTUIBHOM TPYIIIOW ST 0pmo-3aMeIIeHUS.

®axTopsl MapIUATbHBIX CKOPOCTE Mal0T OUeHb BaXKHYIO MH(MOpMa-
LIMIO O JIByX TECHO CBSI3AHHBIX MEXITy COOOI acIieKTax peaklMOHHOM CII0-
COOHOCTU — MexcMoneKkyasapHoll (CyOCTpaTHON) U BHYMPUMOAEKYAAPHOU
(MO3UIIMOHHOM) cenleKTUBHOCTU. OHU OMpeaessitoT M30MpaTeIbHOCTh
KaXXIIOr0 KOHKPETHOTO 3JIEKTPOMUIBHOTO areHTa IT0 OTHOILEHUIO K pa3-
JIMIHBIM cyOcTpataMm. Hekoropwle 3eKTpoduiIbHBIE areHThl 00JIagaloT
BBICOKOI MEKMOJIEKYJISIPHOM CEIeKTUBHOCTBIO, M JUIST HUX HAOJIIOIaroT-
cs1 OOJIBIIME PA3INUMSI B CKOPOCTSIX 3aMeIlIeHMsI B 3aBUCHMOCTH OT TTPH-
POIBI 3aMeCTUTENISI B KoJIblie. JIJIsT IPYyrX peareHToB MEXXMOJIeKYIIsIpHast
CEJIEKTMBHOCTD, HAIIPOTHB, BeCchbMa HM3Ka. Hm3Kass MeXMOIeKyIsspHast
CEJICKTMBHOCTD XapaKTepHa JUISl CHJIbHBIX 3JICKTPO(MMILHBIX areHTOB, B
TO BpeMsl KakK CJ1a0ble 3JIeKTPO(GMIbHBIC areHTHI TPOSIBISTIOT BBICOKYIO
MEXMOJICKYJISIPHYIO CeJIeKTUBHOCTh. CiiemoBaresibHO, (hakTop Mapiiaib-
HOI CKOPOCTH JOJDKCH OBITh BBHICOKMM JUIS CIa0OBIX 3J1eKTPOMUIBHBIX
areHTOB M HM3KUM JUISI CUJIBHBIX 3JIEKTPOMIIIOB.

@akTop TMapIMagIbHONW CKOPOCTH OTpaxkaeT TaKKe HO3ULUOHHYIO
CEJICKTUBHOCTDb 3aMEIICHUSI B 0pmo-, Mema- WIA Hapa-TIOJOXEHUH,
KOTOpasi TaKXKe 3aBUCUT OT IPUPOIBI MeKTPODMIBHOTO areHra. [Apy-
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TUMH CJIOBaMHM, (paKTOp MaplUMaIbHOM CKOPOCTH OTpaXkaeT CBSI3b BHYT-
PUMOJIEKYISIPHON CEJIEKTUBHOCTU C TIPUPOAOIN BIEKTPODUIBHOTO
areHTa. CyIIecTBYeT YETKO BbIpak€HHAsT KOPPEISILIMSI MEXITY MeX- U
BHYTPUMOJIEKYJIIPHON CEJICKTUBHOCTHIO IJIST 3JeKTPOGMIBHBIX areH-
TOB pa3iuyHoi npupoabl. Cnadbie 271eKTPOPUIbHbIE areHThI, IIPOSIB-
JISTIOIIME BBICOKYIO MEXMOJIEKYJISIDHYIO CEJIEKTUBHOCTh, XapaKTepH-
3YIOTCSI M BBICOKON BHYTPUMOJEKYISIPHOM CEIEKTUBHOCTBIO. OueHb
PEaKIIMOHHOCITOCOOHBIE 2JIeKTPOMPUIbHBIE areHThl MPOSBISIOT HU3-
KyI0 Y1 MeX- U BHYTPUMOJIEKYJISIPHYIO CEIEKTUBHOCTbD.

[ KOIMYeCTBEHHOTO OIMMCAHMS CEJEKTUBHOCTU 3JIEKTPO(PUIOB
TPEIOXKEH €1le OJIMH NapaMeTp — gakmop cerexmusrocmu (Sy), pej-
CTaBJsIOLLMiIA cOOOI sorapudM OTHOLIEHUS f,/f, Ui 3aMelleHUs] B
TOJIyoOJIe:

f,, Tomyomna
Sy=lgt—F—.
f,, Toiyona

DTOT (haKTOp MCIIOIB3YEeTCS B TeX CIydasx, KOrma MOXKHO HaaexXHO
ONpPENENUTh BEIMUKHY f,, [Uis Toyosna. Bbicokue 3HaueHus Sy, Tak xe
KaK M BbICOKME 3HAUEHMS f,, XapaKTePHBbI UIs1 31eKTPOPUIbHBIX areH-
TOB, MPOSBISIONINX OYEHb BBICOKYIO MEX- W BHYTHMOJIEKYJISIPHYIO
CeJIEKTUBHOCTb. HusKue 3HaueHus S; U f, TUIMYHBL ISl OYEHb peak-
LMOHHOCIOCOOHBIX 3JIEKTPOMUIbHBIX areHToB. B Tadm. 13.4 npuBene-
HBI OTHOCUTEJIbHBIE CKOPOCTH, (DaKTOPBI MaplUHAIbHBIX CKOPOCTEH M
(bakTOpPBI CENEKTUBHOCTH [JIs1 BaXKHEUILIMX peakiuii 3JeKTPOpUIbHO-
To 3aMeIleHUs B TOJyOJe.

Tab6nuuma 13.4

OTHOCHTe/IbHBIE CKOPOCTH peakuuii, (hakTopbl NapuMajibHLIX cKopocteii f,, f,, f,
H (AKTOPHI CEJEKTHBHOCTH /I BAXKHEHIMIHMX Peakuuii 3JeKTpoQUuILHOro
3aMelnieHnsi B Tojyoje (CTaHaapT — 0eH30J)

KOTH
PeaKL[I/ISI K TOJYOJI ./;) fn ﬁw Sf
K6en30n
1 2 3 4 5 6
Bpomuposanue. 606 600 2420 5,5 2,644
Br, B CH3COOH, 25 °C
XjopupoBaHue. 344 617 820 4,95 2,219
Cl, B8 CH3COOH, 25 °C
AuerunupoBanue. CH3;COCI, 128 4.5 749 4.8 2,195
AICl;, CICH,CH,Cl, 25 °C
Bensowmmposanue. C¢HsCOCI, 117 32,6 626 49 2,107
AICl3, CICH,CH,CI, 25 °C
JeiiTepupoBaHue. 156 253 421 3,8 2,044
D,0, CF;COO0OD, 70 °C
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IIlpomonxenue tabn. 13.4

1 2 3 4 5 6
[MporonupoBaHue. 59,5 103 145 3,1 1,670
HF, BF;, renran, 20 °C
BpomupoBaHue. 36 76 59 2,5 1,373
HOBr, HCIOy,
50%-i1 BomHbIil auokcaH, 25 °C
XnopupoBaHue. 20,6 134 32 4,0 1,311
HOCI; HCIOy,
50%-i1 BomHbIi nuokcaH, 25 °C
HurpoBanue. 20,5 38,9 45,7 2,3 1,363
HNOj; B CH3NO,, 25 °C
CynbhupoBaHue. 7,7 6,8 30,2 2,1 1,160
C¢HsSO,Cl, AICI3, 25 °C
MepKkypupoBaHue. 6,5 5,7 23,0 2,2 1,014
Hg(OAc),, AcOH, 25 °C
MeTunupoBaHue. 5,5 9,5 11,8 1,7 0,842
CH;Br, GaBrj3, Tonyomn, 25 °C
H3zonponuiaupoBaHue. 1,75 1,8 5,1 1,4 0,554
(CHj3),CHBr, GaBr3, Tonyon
mpem-BbyTuanpoBaHue. 1,6 0,0 6,6 1,6 0,625
(CHj3)3CBr, GaBrs, Tonyon, 25 °C

AKTUBHOCTh 3J€KTPOMUIBHOTO areHTa ITOBBIIIAETCS OT MOJIEKY-
JIIPHOTO OpoMa B YKCYCHOM KHUCJIOTE K KOMILUIEKCY mpem-0yTuinopo-
MUJa ¢ TPeXOPOMHUCTBHIM TajUIMeM B peaklMu ajJKUJIUPOBAHUS IO
Dpunento—Kpadrey. CeneKTUBHOCTh Hanbojee BbICOKA IS JIEKTPO-
(pMIIBHBIX areHTOB, IIPEACTaBICHHBIX B BepxHel yacTu Tadauubl. K HuM
OTHOCSITCS MOJIEKYJISIDHBI OpoM, XJIOp, alluavpyole areHTol. [1po-
TOHUPOBaHWE, HUTPOBAHUE, MEPKYpPHUpPOBaHME, KaK MpaBWJIO, HE OT-
JIMYAIOTCS] BBICOKOM CEJICKTUBHOCTHIO, a alKuiaumpoBanue no dpume-
mo—KpagdTtcy BooOle Mano celleKTUBHO. [1py anKuaupoBaHUU TOJY-
0J1a KOMILJIEKCOM aJIKWJITaJIOTeHUAa C OPOMUCTBIM TajljiueM obpasyeTrcs
21—-32% mema-n3omMepa, Toraa Kak Mpyd OPOMUPOBAHUU U XJIOPUPO-
BaHWU B YKCYCHOI KMCJIOTe NOJIsT Mema-n3omepa He npesbimaeT 0,3%.

JlaHHble, puBeAcHHbIE B Ta0a. 13.4, ynoOHO TNpeAcTaBUTh B BUE
rpauka 3aBUCUMOCTU Benw4HbI lg f, ot S, (puc. 13.5). Kak BumHo,
HaOJII01aeTCs MPEeBOCXOAHAS IMHEWHAsT KOPPEJISILUS 3TUX BeJTUUUH IS
OYeHb MHOTHX peakLMil dJAeKTPO(PUILHOIO apoMaTUYECKOro 3aMellie-
Hus B Toayosne. HeoOXoamMo OTMETUTh, UTO MpsiMasi Ha 3TOM PUCYH-
K€ MPOXOAUT Yepe3 HAuajl0 KOOPAMHAT. DTa TOYKA COOTBETCTBYET CTa-
TUCTUYECKOMY PaCMpeaesICHUIO 0pmo-, Mema- U napa-u3oMepoB, KO-
TOpPOE HE MOCTUIraeTCsl HU IJis OIHOTO M3 M3BECTHBIX B HACTOsIIEE
BpeMsl aKTUBHBIX 3J€KTPOMMIbHBIX PEareHTOB.
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g7,

4L
6pomupoBaHne
(Bro, 8 CH3COOH)
S aunnuposarme (CH3COCI, AICl3) o & xnopuposarme
(Cl, 8 CH3COOH)
AertepupoBaHne
(CF5COO0D)

OcHosrocTts (HF, BF3; HF, SbFs, 20 °C)

2 -

HutposaHue (HNO3, 45 °C)
mepkypuposanne (Hg(OAc),)

metunuposanue (CH3Br, GaBrs)
atmnmposanue (CoHzBr, GaBrs)
ngonpornunuposarmue (i-PrBr, GaBrs)

1 2 3 S

Puc. 13.5. 3aBucumocTb MeX1y peakLHMOHHON CHOcOOHOCTBIO (lgf,) U CeleKTUBHOC-
TbiO (.Sy) Pas3IMYHBIX PEAKIUH 3aMELICHUs B TOJyOJIe

PeakiimonHast crmocoOHOCTh M CEJIEKTUBHOCTD OIpPeNeIeHHBIM 00-
pa3oM CBSI3aHBI C TTOJIOKEHUEM TIePEXOIHOTO COCTOSTHUSI Ha KOOPIM-
HaTe peakumu. g cimadbIX 27eKTPOGWILHBIX areHTOB IEPEXOIHOE
COCTOSTHHME TOCTUTAeTCs TO3MHO TT0 KOOPAMHATE PeaKIMy U 1O CBOEeH
CTPYKType TTOHOOHO G-KOMITIeKCY. CBSI3b 3JeKTPpO(PUILHOTO areHTa ¢
OGEH30JIBHBIM KOJIBIIOM B TAKOM MEPEXOIHOM COCTOSTHUM Pa3BUTA OYEHb
CWIbHO, W B pe3yJibTaTe B KOJbIIE BO3HWKAET 3HAYMTEILHBIN IOJIO-
JKUTEJIBHBIN 3apsi. B aToil cutyanum nposBisieTcss MAKCUMAJIBHO CHJTh-
HOE BJIMSIHUE 3aMECTHUTENII Ha CKOPOCTh PEaKLMU 3JIeKTPOPUIHLHOTO
3amenieHnst. C Apyroil CTOPOHBI, IS OYeHb aKTUBHBIX JIEKTPOMPUIIb-
HBIX areHTOB IEPEXOJHOE COCTOSIHUE JTOCTUTaeTCs OYeHb paHO, U IO
CBOEHU CTPYKType OHO 0OoJjiee CXOMHO C MCXOOHBIMU peareHTaMH, 4eM
¢ o-KomImieKcoM. [ToTOXUTeTbHBIN 3apsio B KOJIbIIE Pa3BHUT CiIado,
TaK ke KaK M BJIMSHUE 3aMecTuTesieii B 0eH307bHOM Kosble. Ilpu-
BeJIcHHAs apryMEHTAlMsT HAXOJAUTCSI B XOPOIIEM COOTBETCTBUM C OC-
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HOBHBIMU TOJIOXEHUSIMHU TOCTyJaTa XoMmmoaa. Mcnonb3oBaHUE KOp-
PESIUMOHHOrO aHajliu3a U ypaBHEHUs1 ['aMMmeTa TMO3BOJISIET HECKOJb-
KO Mo-JIpyromy M 0osiee rjlyOOKO MOJOWTU K MpobjieMe 3aBUCUMOCTU
CTPYKTYPbl MEPEXOAHOTO COCTOSHMUSI OT MPUPOIbI 3JEKTPODUILHOTO
areHTa (cm. 13.6.7).

Bo MHorux ciaydasix, 0COOEHHO ISl peaKLIMOHHOCIIOCOOHBIX CyO-
CTPaTOB, COAEPXKALUIMUX CUJIbHBIE 3JIEKTPOHONOHOPHbBIE Tpyrnbl NR,,
OR, OH, NH, u T.a., TpyOIHO MOJYYUTb HAAEXKHbIC 3HAYEHUS BEJIU-
4YuH f, U f,, TaK Kak f, BeJuKo, a f,, Mayno. C Takoil ke MnpobyemMoii
MNPUXOAUTCS CTATKWMBATLCI U IJI peaklUuidi 3aMelleHus MojJ JeWCTBU-
€M cJ1albbIX 2JIeKTPO(PUIbHBIX areHTOB, e TOYHOE OIpeAesieHUe Be-
JIMYUHBI f,, OCOOEHHO 3aTPYIHUTEJIbHO. Y3Ke IpU OPOMUPOBAHMU U XJIO-
PUPOBAaHUM TOJYOJIa B YKCYCHOM KMCJIOTe HOJISI Mema-OpoM(XiI0p)To-
ayona He npesbiiaer 0,5%. Ilpu GpoMUpPOBAaHMK aHMU30J1a, MOHO- U
JNUATIKWIAHUIMHOB U IPYIUX PEaKLIMOHHOCIOCOOHBIX CyOCTPAaTOB KO-
JIMYECTBO Mema-u30Mepa HEBO3MOXHO OIPENEUTh Jaxe C MOMO-
1IbI0 oYeHb yyBcTBUTENbHOU [2KX. OpurnHajabHBIM METOIOM pelle-
HUS BTOW BaXKHOM MpOOJIEeMbl OpPUEHTALIMM SIBJISIETCS M3YyYEeHUE IPO-
cTeilllell peaKLiM¥ U30TOITHOIO 0OMeHAa BOIOpOJa B KUCION cpeae s
CEJIEKTMBHO JEUTEPUPOBAHHBIX WM TPUTUPOBAHHBIX MOAEIbHBIX CO-
eIUHEHUI. DTO NCKIIOUUTEIbHO YyBCTBUTEIbHBIM METOH, KOTOPBIM
MO3BOJISIET OLIEHUTH (PAKTOPbI MapLUaAJIbHBIX CKOPOCTEH, MUMEILINe
BEJIMYMHY MHOpsIKa 103—10*. B kauecrse IpuMepa IpUBeIEeHbI OTHO-
CUTEJIbHbIE CKOPOCTU IUISl peakUUu MpoToaeaciTeprpoBaHusl (3ame-
LIEHUsT JeUTepusi Ha MPOTUIA) M30TOMHO 3aMElLIEHHBIX aHU30JIOB B
peakuuu ¢ BogHoit HCIO,:

OCH;4 OCH; OCH;4

0 0'0,0

OTHOCHUTEJIbHASI 1 6-10* 0,3 2. 104
CKOpPOCTb

I aHATOTUYHOM peaKUMM 3aMelleHWsT TPUTHUS Ha TIPOTHI IS pas-
JIMYHBIX KCWJIOJIOB OTpeeIeHbI CeIyolre 3HaUYeHNsT (haKTOPOB Tap-
LMATBHBIX CKOPOCTEI:

36600 1460
1340

1900 78800
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13.6.5. OPUEHTAIINA 3AMEHNIEHUSA
TP HAJIMYWU HECKOJBKUX 3AMECTUTEIEN

I1Tpy HanMuuM ABYX TPYMIl B OEH30JbHOM KOJIbLIE BO3MOXKHBI CITy-
yau COIJTaCOBaHHOM MJIM HecorjacoBaHHOM opueHTauuu. CorjlacoBaH-
Hasl opyMeHTalMs HaOI0aeTCcsl MPU HaJTMYMKU ABYX OpueHTaHToB | pona
WiIn IByX opueHTaHTOB Il poma B mema-TmionoxeHUM APYr K ApYry.
CornacoBaHHasi opveHTalMs HabJI0JaeTCsl IPU HAJMYUU B napa- Win
0pmo-TI0JIOXKEHUM OJHOIO OopueHTaHTa | poga M ogHOro opueHTaHaTa
IT pona. Cpenu orpoMHOro yucia MpUMEPOB COINTACOBAHHON OpUEH-
TalMu ABYX U 0oJiee 3aMECTUTENei MPUBEIEM TOJIbKO HEKOTOPbIC HaM-
OoJiee HarasiAHbIC TTPUMEPHI:

CH,
CCl
CH, + Br, —34> CH, (80—82%)
10°C
CH,
HO@NO2 s NO, (43%)
(CH,CO),0

JJ1st IpUBEIEHHBIX HIDKE AM3aMEIIeHHBIX IIPOM3BOIHBIX OeH301a Q-
pamMu 0003HAaYEeHBI BBIXOIbI OpmMo-, Mema- U Napa-u3oMepoB B peak-
LMY HUTPOBAHUS IIPY COINIACOBAHHOW OPUEHTALMU JBYX IPYIIIL:

COOH
@4% ©(>99% @/ (59%) @9%
(96%) (32%)

(80%) ~ (20%)

Ecnu nBa mMMerolmxcsi 3aMecTUTelisi 00J1aaloT pas3iuyHbIM OpU-
EHTUPYIOLLIUM BJIMSIHUEM, WX 11€J€CO00pa3HO pa3aeuTh Ha TPU Kiacca:

1) cuibHBIE aKTUBUpPYIOLIUE opmo—napa-opueHTaHTHl (NR,;
NHR; NH,; OH; OR);

2) aJIKWIbHbIE TPYIMbl U TajoTeHbI;

3) ne3aKTUBUPYIOLIUE Mema-OpUeHTAHTHI.

Ecnu aBa 3amecturesisi mpuHamiexaT K pa3HbIM Kjaccam, Bceraa
npeodyagaeT OpUEHTUPYIOWMKN 3(P(PEKT aKTUBUPYIOLIETO 3aMECTUTE-
JIsl, T.€. OpmMoO—napa-opueHTaHTa Mo CPaBHEHUIO C Mema-OpueHTaHa-
TOM, HampuMep B HUTPOBAHUU:
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OCH; COOH

(66%) @ (87%) @13%)
(3%) Br
31%)
Haxkoneu, eciu mpu HECOIJacOBaHHOM OpHUEHTALUMK 00a 3amec-

TUTEJIS TIPUHAIJIEXKAT K OMHOMY KJaccy, CIeayeT OXHaaTh oOpa3oBa-
HUST CIIOXKHON CMeCH M30MEPHBIX IPOMYKTOB:

CH,4 COOH NHCOCH,
(21% ©/ (58%) COOH (2%) OCH;
(43% (19%) (42%) (50%) (14%)
(17%) Cl (50%) (84%)

[MocnegHuit mpumep MHTEPECEH B TOM OTHOIIEHWM, YTO OH JEMOHCT-
pupyet 6osiee BbICOKYIO akTuBUpYylollyio criocooHocts NHCOCH-rpym-
Mbl IO CPAaBHEHUIO C aJTKOKCWJIBHOM I'pymnmnoi. DTU MpaBuia HeoOXo-
IMMO coOJIoAaTh MPU BLIOOPE MyTH CHMHTE3a MOJM3aMELIEHHBIX MPO-
MU3BOJIHBIX OEH30J1a.

13.6.6. YPABHEHUE TAMMETA JJI PEAKIIU
DJIEKTPOPUIBHOI'O APOMATUYECKOI'O 3AMEIIEHUS.
MPEACTABJIEHHUE OB DJEKTPOHHBIX DOD®EKTAX

B rnaBe 3 (cm. 3.4.3) yka3bIBaJoCh, YTO KOHCTAHTBl G B ypaBHeE-
Huu ['aMMeTa B pa3HBIX peaKIUsIX MOTYT UMETh Pa3HYIO BeJIMUMHY JUIS
OITHOTO M TOTO Xe 3aMeCTUTEIsI. B OCHOBHOM 3TO CBSI3aHO C TUIIOM
3apsiia, BO3HUKAIOIIMM B IEPEXOIHOM COCTOSIHUM (MJIM B IIPOIYKTE)
peakiMy Ha pearupyrolieil rpymme, U CIIOCOOHOCThIO 3aMeCTeTeIs,
HaxXOJISIIEerocss B ONpPeAe/ICHHOM ITOJOXEHUN K PeaKIIMOHHOMY IIEHT-
Py, B3aMMOJEMCTBOBATh C 3TUM 3apsiIOM ITyTEM IMPSIMOTO COIIPSIKE-
Hust. Tak, Ul MOHM3aLMKM 3aMEIEeHHBIX OCH30HBIX KUCIOT IIpUMe-
HSIOTCSl OPUTMHAJIbHBIE TAaMMETOBBI KOHCTAHThl G, HO JUISI MOHM3a-
LIMM 3aMelleHHbIX (eHOJ0B WA apuiMmeTaHoBbiXx CH-kucior mis
(—M)-3amectuTeneilt B napa-IojoXeHUH HeoOXOIUMO MCIIOJIb30BaTh
KOHCTaHTHI G,, (CM. M. 3):

O\}\C‘D // \\69 f\ \69
N C CH2
@O/

NPSMOTO CONPSDKEHUs UMeETCs NpAMOoe COHpH}KeHI/Ie MeXITy
NO, ¢ COO™ Her; NO, u =0~ wm CH,~;
6,(NO,)=0,78 c, (NO,)=1,28
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Tak Ha3bIBaeMasi «KOHCTaHTa» 3aMECTUTENISI MPSIMO CBsI3aHa C TH-
oM peakiuu. B konue 1960-x rr. 6bU1 npoaeiaH CAeAyIOLIUA SKCIe-
puMeHT. Bputa mpoaHanm3uMpoBaHa TPUMEHUMOCTh ypaBHeHUs [am-
MeTa OoJyiee 4eM K TPMILATA Pa3IMYHBIM PEaKIIMsIM pa3HOOOpa3HBIX
TUNOB (MOHM3alLMUs (HEHOJIOB U aHWJIMHOB, JUCCOLMALIMS OEH30MHbIX
KHCIIOT, COJIbBOJIU3 OEH3WJITAJIOTeHUIOB M T.JA.), OCYIIECTBIISIOIINX-
Csl IIpU AEHCTBUHA 31€KTPOGIIbHBIX WIM HYKIeO(MWIbHbIX areHTOB. [1pu
9TOM JUISI BCEX Mema-3aMECTUTENIE KOHCTAHThI G CUUTAIUCH «U3BEC-
THEIMU» (110 Tabnuue I'ammera), a oIl napa-HUTPOIPYIIIbl KOHCTaH-
Ty G «OOpPEeIeIsan» C MOMOIUBIO HAWIYYLIeH IIPSIMOM, IPOBEICHHOMN
yepe3 TOYKHU, COOTBETCTBYIOIINE 3aMECTUTENISIM C «M3BECTHBIMU» 3HA-
yeHussMU ©. B pesysibrare Juisi pa3HbIX peaklMii MoJyYuian «KOHCTaH-
o> G,(NO,), KoTopble uMmenu 3HaueHus: ot 0,76 mo 1,33, mpuuem
BEJIMYMHBI G HE KOHLEHTPUPOBAIUCH BOKPYI M3BECTHBIX KOHCTAHT
(6,(NO,) =0,78 n 6, (NO,) =1,28), a TUIAaBHO U3MEHSINCh B YKa3aH-
HOM HMHTepBaJe.

YuuTeiBas Takyl0 CUTYaLIMIO C «KOHCTaHTaAMU» G, CJEAyeT OXKM-
JaTh, 4TO B peakuusix Sg(Ar), XapKTepU3yIOLUUXCS BO3HUKHOBEHUEM
TOJIOXKUTEILHOTO 3apsiaa B opmo- N napa-TIOJIOXKEHMUSIX K MECTy BJIeK-
TPOWIBHON aTaku, VISl hapa-3aMecTUTeNleil OymyT MPUMEHUMBl He
KOHCTaHTbl 6 ['amMmeTa (ornpeaeneHHble 11 MOHU3ALUY 3aMelleHHbIX
OEH30MHBIX KHCJIOT), a ApYroil Habop G-KoHCTaHT. OHU 0003HAYAIOT-
CSl CUMBOJIOM G' («CHTMa C TUTIOCOM») U HAa3bIBAIOTCS JEKTPODIIb-
HBIMU KOHCTaHTaMM 3aMeCTUTEJICH.

B KayecTBe MOMEIbHON peakLUy IS ONpeNeNeHUs G ObUT BbIO-
paH TUAPOJIU3 Mema- U hapa-3aMelleHHbIX KyMWIXJOpUIOB (o,0-au-
MeTui6eH3uwIxiaopuaoB) B 90%-m BomHoM anertoHe mnpu 25 °C
(I'.bpayHn, 1958):

CH; CH
| — @ \\\ 3 H O
C-(] aucronTsona_ \\ 2
I 25°C CH
X CH, X e 3
o
— IC—OH + HCI
X CH,4

DTO TUIMYHAS PeaKIUsi MOHOMOJICKYISIPHOIO HYKJICO(MMIBHOIO 3a-
MmelieHust Syl y HacbIlIEHHOTO aToMma YIJepoja, TJie B KayecTBe MH-
TepMenuara obpasyeTcsl TPeTHMUHbBIM KapOOKaTHMOH, KOTODPBI OYeHb
YIAYHO MOAEIUPYET G-KOMILIEKC B IpoIleccax MeKTPOMUIEHOIO apo-
MaTMYECKOI0 3aMeIleHUsI, IMTOCKOIbKY B OOOMX CIIydasiX BO3MOXKHO
MpsIMOE TIOJISIPHOE COMNPSIKEHUE 3aMECTUTEIsI ¢ KapOOKaTMOHHBIM
LIEHTPOM JIJISI 3aMECTUTENISI B Napa-TIOJOXCHUN:
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)(/l@/lc<CH3 A H

Ha ocHoBaHUM 3KCIepUMEHTAJIbHBIX 3HAYEHUII KOHCTAHT CKOPOCTEN
IUTSl Mema-3aMellleHHBIX KYMWIXJIOPUAZOB U KOHCTaHT G, ['aMMera 1t
HuUX ObUIa ompefesieHa KOHCTaHTa peakuuu p (—4,54), a 3areM ObUIU
pacCUNTaHBl BEIMYMHBI HOBBIX KOHCTAHT G JUISL Gojee 4eM TpHALA-
TU 3aMeCcTUTelIeil B napa-tniofoxeHuu. B tadn. 13.5 npuBeneHbl 3Have-
HUS KOHCTAaHT G,, G, M G, 1S psfa Haubojee YacTo BCTPEUarOIIMX-
cs 3amecTutesnieit. OYeBMIHO, UTO KOHCTAHTHI G,  OYEHb CUJILHO OT-
JINYAIOTCA OT KOHCTAaHT G, Mg (+M)-3amecTuTeneif, CIocCOOHBIX K
MNPSIMOMY COMPSDKEHUIO € BJEKTPOHONEe(ULIMTHBIM 1LIEHTPOM B ape-
HoHMeBoM MoHe. [Ins (—M)-3amectuteneit 6,” U G, GIU3KU 110 Be-
JIMUMHE, TaK XK€ KaK W ISl BCEX 3aMeCTUTesell B Mema-T1ojoXKeHUN

6, = c,. Jlaunbie Ta6n. 13.5 MOATBEPKAAIOT 3TU BHIBOMILI.
Tabnupa 13.5
Koncrantsl 3amectureneii o, u ¢, [amvera u 6, u 6," Bpayna
3amecTuTesb mema- napa-
[ Gy AG =0, -0, Gy [ AG=0,-0,

H(cranpapr) | 0,000 0,000 0,000 0,000 0,000 0,000
CH; —0,069 —0,066 0,003 —0,170 —0,311 —0,141
C,H; —0,070 | —0,064 0,006 —0,151 | —0,295 0,144
(CH;)CH —-0,080 | —0,060 0,020 0,151 | —0,280 | —0,129
(CH3);C ~0,100 | —0,059 0,041 —0,197 | 0,256 —0,159
C¢Hs 0,060 0,109 0,049 =0,010 0,179 —0,169
F 0,337 0,352 0,015 0,062 —0,073 —0,135
Cl 0,373 0,399 0,026 0,227 0,114 —0,113
Br 0,391 0,405 0,014 0,232 0,150 —0,082
I 0,352 0,359 0,007 0,180 0,135 —0,055
OH 0,121 — . —0,370 —0,920 —0,550
OCH3 0,115 0,047 —0,068 —0,268 —0,778 —0,510
SCHj; 0,150 0,160 0,010 0,000 —0,600 —0,600
NH, —0,160 —0,160 0,000 —0,660 [ —1,300 —0,640
N(CH3), ~0,210 — — -0,830 | —1,700 | —0,870
NHCOCH; 0,210 — — 0,000 —0,610 —0,610
COOH 0,370 0,322 —0,048 0,450 0,420 —0,030
COOC,H; 0,370 0,366 —0,004 0,450 0,480 0,030
CN 0,560 0,560 0,000 0,660 0,659 —0,001
NO, 0,710 0,674 0,036 0,778 0,790 0,012
CF3 0,430 0,520 0,090 0,540 0,610 0,070
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KOHCTaHTHl G* XOpOLIO OMUCHIBAIOT PeakLUM C TMO3AHUM Iepe-
XOJHBIM COCTOSIHMEM, MOXOXUM Ha apeHOHUEBbIii MOH. OIHAKO KOH-
CTAHTHI Gn+ — HE WCTUHHBbIE KOHCTaHTHI. B peakumsax Si(Ar) 3Haue-
HUSI G 9aCTO PaCIIpeAeIITIOTCSI B BUIE HETIPEPBIBHON IIKAIBI OT ¢ ['aM-
MeTa 1o 6 bpayHa.

IOkaBa u LlyHO mpemIoXuin MCMoab30BaTh MHOIOIapaMeTPOBYIO
KOpPpEJISILIMIO, B KOTOPO HOBBIM MapaMeTp » YUUThIBACT CTENIEHb Mpsi-
MOTO COMPSKEHUsI 3aMECTUTENSI C MOJIOKUTEJbHBIM 3apsiioM, BO3-
HUKAKUIKUM B TIEPEXOJHOM COCTOSTHUMU:

lg (k/ko) = p [ + 7 (c" = o)l.

Ilpu r— 1 ypaBHeHue FOkaBa—IllyHo mpeBpalaeTcss B ypas-
HeHue bpayHa Ig (k/k0)=p6+, a npu r— 0 — B ypaBHeHue [am-
MmeTa lg (k/ky) = p 0. PattmonanbHOCTh Takoro nmoaxona oueBuaHa. Kak
OBLTO CKa3aHO BBIIIE, CTEMEHb MPSIMOTO COMPSIKEHUS B TEPEXOm-
HOM COCTOSTHUM 3aBMCHUT OT aKTUBHOCTH BJICKTPO(PMILHOTO areHTa.
B cnyuyae cnabeix snexktpoduios (Br, maum Cl, B CH;COOH;
RCOCI + AICl;) HabmnomaeTcs MakKCUMaJbHOE COMpPSIKEHUE 3aMe-
CTUTENISI C PEaKILIMOHHBIM LIEHTPOM, MEPEXOJHOE COCTOSIHUE OJu3-
KO K G-KOMIuIecy U r= 1.

B atux ciygasix atom GTopa B napa-mioJI0KEHUN TIPOSIBIISIET CBOM-
CTBa aKTUBUPYIOIIETO 3aMECTUTEJIST; CYIIbHBIN aKTUBUPYIOMINI d(PhekT
npossistoT rpynnsl NHCOCH;, S—CH;, OC¢H5, OR B napa-no-
JIOXKEHUU K PeaKLMOHHOMY LIEHTPY. AKTUBUpPYIOLIEE BIUSIHUE TPYII-
nsl NHCOCH ; mo3BoJisieT 04eHb TOYHO OLIEHUTh BEJIMYMHY MapaMeT-
par B ypaHenun FOkapa—llyHo, Tak mns Hee 6,~0, a 6, =-0,6.
JIns o4eHb CHIBHBIX 31€KTPOdUIbHBIX areHToB Tuma NO, BF,”
(+M)->dpdekT 3amecTuTeNsT MPOSIBISIETCI B MUHMMAaJIbHOM CTeIle-
HHU, UTO YKa3bIBaeT Ha paHHee MEPEeXOTHOE COCTOSHHME TaKUX ITPO-
1IECCOB.

Hpyrum, Gosiee BaxKHbIM KPUTEPUEM IOJOXKEHHUSI MEPEXOJHOTO
COCTOSIHMSI Ha KOOpIMHATEe peaklyMU U CTETIEHM €ro MpUOJMKEHUsT K
ApeHOHMEBOMY MOHY SIBJISIETCS BeJIMYMHA KOHCTAHTHI peakiuu p. Pe-
aKIUU 2JeKTPOGUIHLHOTO 3aMEeIeHUs TIOJ] NeUCTBUEM CIa0bIX BJIeKT-
pOdUIOB XapaKTEePU3YIOTCS BBICOKON MEXMOJIEKYISIPHON CEeJeKTHUB-
HOCTBIO U OOJIBIIMM YHMCJICHHBIM 3HaU€HUEM MapameTpa p. DTU Mpo-
LIECChl MPOSIBJISIIOT OYE€Hb BBICOKYIO UYBCTBUTEJbHOCTb K BIMUSIHUIO
3aMeCTUTeNIell U3 napa-ToJoXKeHUs, MOCKOIbKY MEPeXOIHOE COCTOSsI-
HHE TI0 CTPYKType OJIM3KO WM JaXe WISHTUIHO G-KOMILIeKcy. Ma-
Jloe 3HaYeHWe p JJIST peakiuil ¢ OYeHb aKTUBHBIMU 3JIeKTPOMDUIHHBI-
MM areHTaMM YKa3bIBaeT Ha cjaboe BIWSHHE 3aMeCTUTEeNIe B paHHEM
MEePEeXOTHOM COCTOSTHUM, KOTOPOE HECeT 3HAYMTEIbHO MEHBIIYIO TOJTI0
3apsaa B OEH30JbHOM KOJIbLIE 110 CPaBHEHUIO C apEHOHUEBBIM MOHOM.
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DTO ABa KpailHMX TOJIOKEHUS, MEXIY KOTOPbIMU pacIioyiaraloTcs BCe
OCTaJIbHbIEe BJIEKTPO(PUIbHBIE areHThl. TakuM 00pa3oM, C MOMOIIbIO
napameTpoB p U r B ypaBHeHMsix bpayHa u FOkaBa—IlyHOo MOXHO
OLICHUBATh IMOJIOKEHHUE MEPEXOJHOrO COCTOSIHMSI Ha KOOpAMHATe pe-
aKLUU U CTEeMEeHb ero MpUOJMXKEeHUs K G-KOMIUIEKCY (apeHOHUEBOMY
uoHy). B tabn. 13.6 mpuBeneHbl 3HAUSHUS MapaMmeTpa p Uisi HEKOTO-
PBIX TUIIMYHBIX peaklnil 3J1eKTpO(PUIbHOTO apOMaTUYECKOro 3aMellle-
HUsI B OEH30JIbHOM KOJIBIIE.

Ta6numa 13.6

3navyenus p AaAa peakumit BJICKTI)O(I)HJH:HOI‘O ApOMATHYECKOro 3aMelieHus
B 0€H30JIbHOM KOJblie

Peaxums Yenosus p
BpomupoBanne Br, 8 CH3COOH, 25 °C —12,1
XJiopupoBaHue Cl, B CH3COOH, 25 °C —10,0
AlleTHIIMpOBaHE CH;COCl, AICI;3 B CoH4Cl, 25 °C —9,1
Bonoponnsiit oomen | H,SO4, CF;COOH, H,0 —8,2
BpomupoBanue HOBr, HCIOy4, 50%-it BoaHbIil auokcaH, 25 °C —6,2
Hurposanue HNO3, CH3;COOH —6,0
MepkypupoBaHue Hg(OCOCHj3),, CH3COOH, 25 °C —4.0
OTUnupoBaHue CH3;CH;Br, GaBrs, 25 °C —2,4

C nomoluipto ypaBHeHUsI bpayHa MOXHO BbIBECTH JIMHEWHYIO 3aBU-
CHMOCTb MEXIY MEXMOJICKY/ISIPHOM 1 BHYTPUMOJIEKYJISIPHOI CEJIeKTHB-
HOCTBIO. Mepoii MEXMOJIEKYJISIPHOIN CEIEKTUBHOCTH MOXKET CIIYKUTH f,,,
a Mepoii BHYTPUMOJIEKYSIPHO# cenektuBHOCTH Sp=1g(f,/f,) —

lgf,=po,

Sy = lg(t,/f,) = p(c,” —c,) (TaK KaK o, =G,).

13.6.7. OPUEHTAIIMA KAK OTPAXEHUE CBOVICTB
HNCXOJHOTI'O APEHA

Btopoii nmonxon K 00ObSICHEHUIO OpUEHTALMU IMPU IEKTPODUIIb-
HOM apoMaTUYeCKOM 3aMelleHMM OCHOBaH Ha MPEANOJOXEHUU O
TOM, YTO peaKIMOHHasl CIOCOOHOCTb YAaCTUYHO 3aJIOKeHa yXe B
9JIEKTPOHHOM CTPYKTYpe MCXOIHBIX peareHToB. Takoli Moaxon Mpu-
BJIEKaTeJIeH TeM, UTO MCXOAHBbIE peareHThl M3ydyaTb ropasmo Jierye,
YeM CBOMCTBAa HECTAOWJIbHBIX MHTEPMEINATOB, KAKOBBIMU SIBJISIOTCS
apeHOHMEBbIE MOHBI.
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OpuenTannto 3ameleHus B CgHsX 0ObIYHO OOBACHAIOT AECHCTBUEM
ME30MEPHOI0 M MHAYKTUBHOTO 3((MEKTOB 3amMecTuTesIss X UM UX CO-
YeTaHUEM.

B 3aMelieHHBIX OeH30J1aX 2JEKTPOHHAS IJIOTHOCThH paclipeaesieHa
B IIMKJIE HepaBHOMepHO. HapyllleHne cCMMMETPUYHOCTH 3JeKTPOHHO-
ro obiaka OEH30JILHOTO KOJIbIIA TIPU BBEIECHUM B HErO 3aMECTUTEIIS
MOXKET MPOMCXOOUTH NBYMSI pa3HbIMU TyTsaMu. Eciam 3amecturensmu
SIBJITIOTCSI aMUHOTPYIIA, TUAPOKCHI, METOKCHJI, METUJIbHAsI U TOMY
MOA0OHBIC TPYMIIBI, KOTOPbIE HA OCHOBAHWM OMBITHBIX TAHHBIX OTHO-
cAITCA K opueHTaHTaM | poma, TO 3JeKTpOHHAs IJIOTHOCTh B OCH-
30JIbHOM SIIpe B IIEJIOM BO3pacTaeT, B OCOOCHHOCTU B opmo- W napa-
MOJIOKEHUSIX 110 MEXaHU3MY p,T-CONPSIKEHUs B ABYX MEPBbIX Clydasix
U G,m-CONpsKeHUs] (TUIEPKOHBIOTAllMs) B Cilydyae ToJyoJa:

H H
N/ . /CH3
N: s

H
H H
o fg/
5 5
S a1 Sé[ﬁ&
X ) X

Eciu ¢ GeH307bHBIM KOJIBLOM CBS3aHbl 3amectutesnu Il poma
(NO,, ®N(CHj;);, COOH wu T.1.), HaGmogaeTcsi yMEHbIIEHUE SJIeK-
TPOHHOI TUIOTHOCTM B OE€H30JbHOM KOJbLE B LIEJIOM M OCOOEHHO B
opmo- U napa-nojoxeHusix 3a cuet (—M) u (—I)-apdekToB, aeii-
CTBYIOIIIMX COIIACOBAHHO:

v
\N// 4
o+ 5t o+ &t
&\5 8+\3

B npuseneHHbIX npumepax, a Takke npu X=COR; CN; SO;H;
CHO; SO,R; COOR; B(OH), m apyrux, pemarouyo pojib WUrpaetT
(—M)->dpdexr.

MexaHU3M COTIPSKEHUsI, OJHAKO, CTAHOBUTCS HEBO3MOXHBIM B
cllyyae KaTMOHa TpUMeETWUI(heHUIaMMOHUs, O6eH3oTpudTopuaa, OeH-
30TPUXJIOPUAA U T.IL.:
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F
o, CH, X
NZCH, C—F C—Cl
CH, Y é
F 1

B 3Tux coemmHeHUSIX 3aMECTUTEIM OKAa3bIBAIOT BIMSHUE Ha OEH-
30JIbHOE KOJbLO TOJbKO nmyTeM (—I/)-addekra. DToT 3hheKkT HaBO-
IUT 3HAUYMTEbHbIC TOJOXHUTEIbHbBIE 3apsiibl B 0pmMO-TIOJOXECHUSIX,
MeHee 3HauuTeJbHble — B Mema-TIOJIOXKEHUSIX U, TMO-BUIUMOMY, He
CKa3bIBaeTCI B Mapa-TIOJOXECHUN.

Takum 00pa3oM, aKTUBHMPYIOIIME 3aMECTUTeIM | poma, KOTophie
CTAOMJIM3UPYIOT aPEHOHWEBbIN MOH, YBEJWYMBAIOT SJIEKTPOHHYIO ILJIOT-
HOCTb B 0pmo- W napa-TIOJOXEHUSIX UCXOMHBIX apeHOB (HAmpuMmep, B
aHuJInHe, (QeHose, aJKUI0eH30JaX W T.O.) W IO3TOMY SBISIOTCS
0pmo—napa-opueHTaHTaMU W YCKOPSIeT 3aMellleHWe IO CpaBHEHUIO
¢ OeH30510M.

OpuenTanThl 11 pona yMeHbIIAIOT 2JEKTPOHHYIO TUIOTHOCTb BO BCEX
MTOJIOXKEHUSIX OEH30JIbHOTO KOJbIIa U OCOOEHHO CUJIBHO B 0pmo- W
napa-nonoxeHusx. [1oaToMy OHU SBISIOTCS Mema-OpUEHTUPYIOIN-
MU U YMEHBILIAIOT CKOPOCThb 3JEKTPODUIBHOTO 3aMELICHMUS.

CunbHBIi oTpuLaTeNbHbI MHAYKTUBHBINA 3ddekT CF; u CCl; 3a-
MEeCTUTeJIell CBSI3aH He C HaJWYMeM MOHHOTO IIeHTpa, a ¢ HaKoIlIe-
HUEM D3JIEKTPOOTPHIIATEILHBIX aTOMOB TIPM OJHOM aToMe YIJiepoa,
KOTOpPBII MpPU 3TOM KakK Obl UMUTUPYET MOHHBINA LIEHTP.

OOBSICHUTDL BIWSHUE 3aMECTUTEE Ha BHYTPUMOJIEKYISIPHYIO
CEJIEKTUBHOCTD JIEKTPODUIBLHOTO 3aMellleH!s B TaJlorTeHOeH30IaX Ha
OCHOBAHWU CBOMCTB apOMaTUYECKOTO CyOCcTpaTa ropasio cioxHee. B
JAHHOM CJiydyae OCHOBHYIO POJb UIPAIOT TW-IOHOPHbIE, a HE O-aK-
LIETITOPHbIE CBOMCTBA TaJOT€HOB, YTO TPOSIBISETCS B BeJIMYMHAX
K03 GULUEHTOB OTAeAbHbIX aToMOB B B3MO.

13.6.8. MOJIEKYJIAPHO-OPBUTAJIbHAA WHTEPIIPETAIIUS
OPUEHTALIN DJEKTPO®PUIBHOI'O APOMATUYECKOI'O 3AMENIEHUS

13.6.8.a. MOJIEKVJIAAPHBIE OPBUTAIN
MOHO3AMEIIEHHBIX BEH30JIOB

Mouekysa He3aMelleHHOro 0eH3o1a uMeet ectb t-MO (1. 12),
TpU U3 KOTOpbIX (cBs3biBatoliie MQO) 3aHSIThl LIECThIO T-2JIEKTPOHA-
MU, a TPU JAPYTUE€ — AHTUCBSI3bIBAIOIINE — B OCHOBHOM 3JIEKTPOH-
HOM COCTOSTHMM He 3acejieHbl. /IBe BepxHUE 3aHSTbie M JIBE HIDKHUE
nyctele MO mornapHO BbIPOXAEHBI (T.€. UMEIOT OAMHAKOBYIO DHEpP-
ruto). HuxHsst m-opOutaib He MMeeT y3J10B, ABe BbipoxaeHHbie B3AMO
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MMEIOT TI0 OJHOM Y37I0BOH IJIOCKOCTH CHUMMETPUM, TPOXOISIINE
WJIM Yyepe3 MPOTUBOIOJIOXHbBIC BEPIIMHbBI, MJIM YePe3 CeperHbl MPo-
TUBOTIOJIOKHBIX pedep 1IeCTUYTOJbHUKA MOJIeKYJbl. [IBe BHIPOXIEH-
Hele HCMO wumMmeroT no aBa y3jia, a caMas BEpXHSS T-OpOUTaib —
TPU y3JOBBIX TJI0CKOCTU (cM. puc. 12.1). Bce opObuTtanu 6eH307a BbI-
COKOCHMMMETPUYHBI KaK B TOIOJOTMYECKOM, TaK U B MCTUHHOM
CMBbICJIE, MTOTOMY 4YTO aToMHblii ocToB CgHg camM mMeeT BBICOKYIO
CUMMETPHUIO.

CHavajla paccMOTpUM, KaK M3MEHUTCSI cuMmMmeTpust n-MO OeH-
30J1a TIPU BBEACHUM B MOJIEKYJy BMECTO OTHOIO M3 aTOMOB BOIOpOJIA
T-JJOHOPHOTO WJIM T-aKlLeNnTopHoro 3amecturtesst X. s mpocToThl He
OyneM KOHKPETM3MpOBaTh 3aMECTUTENIb, 4 BO3bMEM B KaueCTBe T-110-
HOpa 3aroJIHEHHYIO p-OpOMTallb, a B KaueCTBe T-aKIeNTopa — IycC-
TyIO p-OpOUTAab.

n-Cucrema 3ameuieHHoro 6ensona C¢HsX mpm Hammuunm y X
p-OpOUTaNM HEe3aBUCUMO OT TOTrO, 3aHsTa OHa WJM CBOOOAHA, IO
CPaBHEHMIO C He3aMelIEHHbIM O€H30J10M Mpeodpa3yeTcs CAeayIoLIUM
oOpa3oM:

o s s

Tenepb 6a3zucHbiii Habop AO cocTOUT U3 ceMu p-opOuTaseil, u,
cienoBaTesnbHO, ynciao n-MO B monekyne CcHsX Takxke paBHO ceMu.
Ecnu obiiee uncino n-MO (n) HeyeTHO, TO OJHA M3 HUX OydeT He-
CBSI3BIBAOIICH, 1 HIDKE ee OyayT Jiexxath (n— 1)/2 cBaswiBatonmx MO,
a Bbie (n-—1)/2 antuces3biBarolinx MO, ciegoBaTeIbHO, B MOJie-
kyne CgHsX mMeroTcs Tpu cBsSI3bIBalOLME, OAHA HECBSI3bIBAIOIIAS U
TpU aHTUCBs3bIBaoLIMe (paspbixisiomine) MO. DTu ceMb opobuTaneit
MOXHO MOCTPOUTH C IoMmolblo Meroga BMO, ucnonab3ys IpaBUIo
0oTOOpa, COMIacHO KOTOPOMY B3aMMOAEHCTBOBATb MOTYT TOJbLKO Op-
OuTaaM OJMHAKOBOW CUMMETPUHU (CM. TJ1. 2, 4. 1).

Meton nocrpoenust i-MO C¢HsX nokasaH Ha puc. 13.6. B kaue-
CTBE OOIEro 3JeMeHTa CUMMETPUU MCIOJIb30BaHA BEPTUKAIbHAsS 3ep-
KaJbHas TUIOCKOCTh G, TIPOXOIAINas Yepe3 BEPXHUI M HIDKHUIA aTo-
MBI yriiepona OEH30JIbHOTO Kojiblia M 4epe3 aToM X. OTHOCUTEIBHO
9TOM TJIOCKOCTU p-opOuTaib atoma X cummerpuuHa (5). M3 mectu
n-MO OGeH3ona 4eTblpe opouTamu (Y, Yy, W4 U Yg) CUMMETPUYHEI
OTHOCHUTEJIBHO 3TOH IJIOCKOCTH, U IB€ OpOUTaIu (Y3 U Ys) aHTUCUM-
MeTpuuHbl (A). Takum oOpa3om, Bo3MylleHUE OyIeT MEXIy mapamu

437



Ve

S
f} )
s A _ ¥
: 5
Yy
Voo N
Y3 " Y3
fﬁ —s
W
13
v
i i s
vy
+ + + —
1 2 3 4 Ve

Puc. 13.6. 7n-MO monexynsl CgHsX
438



opOMTaNIeHt ¥ —p, Yr—P, Y4—P, Yg—P, & OPOUTAIN Y3 U s TIpH TIEpe-
xone ot CgHg m CgHsX ocTaHyTCs MpaKTHYecKy HEM3MEHHBIMU .

IIpn BO3MyILIEHUM BTOPOTO MOPSNKA MEXIY px YU Y, OPOUTAIb py
MOJHUMAETCS M JaeT opOuTaib, 0003HAYeHHYIO Ha puc. 13.6 nud-
poit 1, a opburanp v, omyckaercs, odpasys opoutanb y,". Ilpu BO3-
MYILEHUU MEXIY px U W, aHAIOTMYHO 00pa3yeTcs opouTanu 2 (BbILIe
Dx) U Wy (HUXE V). [Ipu Bo3MylieHUU opOuUTaneil py U Y, opoOUTaIb
DPx omyckaeTcs (o opoutanu 3), a opouTtaib \y, MOoAHUMaETCs, odpa-
3ys opoutans . HakoHel, B3anuMHOE BO3MYIEHUE OpOUTAIEN py U
Y JAeT BO3MYLIEHHbIE opouTanu 4 m '

Takum oOpa3om, opOUTaIb py UCIBITHIBAET BO3MYILEHMSI Pa3HO-
TO 3HaKa CO CTOPOHBI Y|, Wy U Yy, We. OpOutamm 1, 2, 3, 4 ckiraabl-
BAIOTCS M JAIOT HECBA3BIBAIOLLYIO OPOMTANIb . (QHAJOTMYHO 0Opa-
30BaHUIO HECBSI3bIBAIOLIEH ANIMJIBHONH OpOUTATU, PACCMOTPEHHOMY
B 1. 2). MBI nonyunnu cemb opoutaneit CcHsX: vi’, vy, W3, Wie, Vs,
vy e

[MockonbKy opOuTaNb V. HECBSI3bIBAWOIIAS, B HEil MPOTUBOIO-
JIOXXHbI€ MO 3HAKY BKJaabl OT MEPBOro, TPEThEro, IMITOro U CeIbMO-
rO aTOMOB JOJDKHBI TIepeMeXaTbCsl HYJIeBBIMM BKJIAZaMU OT YETHBIX
(BTOpPOTO, YETBEPTOIO M IIECTOr0) aToMoB (TJ1. 2).

CHUMMETPUIO APYTUX OpOUTAJIel JIerKO BBIBECTU, MOJIb3YSICh Mpa-
BUJIaMU O0pa30oBaHUSI BO3MYILLEHHBIX opOuTaieil (rji1. 2), corjlacHO
KOTOPOMY HMXHSIsSI BO3MYLIEHHAs OpOUTaIb 00pa3yeTcs MmyTeM B3a-
uMmoaeicTBusl 6a3ucHBIX (HeBO3MYILEHHBIX) opOuTajieir B (hase, a
BepXHsIsI — B IpoTtuBodase. Torma mojaydyum ciaenymoliuii Habop op-

ouranei:
123 W3 Vi Vs vy Vs

ITpuBeneHHbIE 3CKU3bI OpOUTAJIEN OTpaKaloT UACATU3ZUPOBAHHYIO Kap-
TUHY CUMMETpUU. B peanbHbIX opOUTAIsAX BKJIaAbl OT pa3HbIX aTOMOB
MOTYT ObITb HEOAMHAKOBBIMU (T.€. KPY>KKM Ha CXeMax MOJIKHbI ObITh
pa3HoOro amamMeTpa), HyJeBble BKJAAbl, ITOKa3aHHBIE HAa CXeMax, MO-
ryT ObITb HEHYJIEBbIMU U T.I. TeM He MeHee 3Ta KaueCTBeHHasl KapTu-
Ha, 0e3yCJIOBHO MOJIe3Ha U B MEPBOM MPUOIMXKEHUN BEpHA.

*
Ha camom nese nx QHEPTHUA TOXE HEMHOI'O M3MEHUTCA BCJICACTBUE TaK Ha3bIBa-
€MbIX BTOPUYHBIX ODGI/ITZLHBHBIX B3aUMO/JICHICTBUA.

439



Tenepb 00paTUM BHUMaHKME HA OPOUTAIIL V... Kak mokazaHo HUXe,
ecau opoutanb py Jexut mexny B3MO u HCMO Oen3zona, To 1o
9HEPIUM OPOUTANIb V. OyAeT OJIM3Ka K OPOUTANN py. S3HAYNT, U BHELI-
He V. Oyoer moxoxa Ha py, T.e. IUIOTHOCTb 3TOW opOuTanu OyneT
HauOoJiee BbIcoKa Ha aToMe X. DTO MOATBEPXKIAETCsl, HAaIpUMep, pac-
yeTaMu OEH3WIbHOIO KaTHMOHA, paaudKalla U aHMOHA METOIOM XIOK-
Kesst (eM. 1. 2, 4. 1). TJIoTHOCTh HecBsI3bIBaolIeil OpOUTaIu Ha OEH-
3UJILHOM aTOMe€ YIJiepoJa oKa3bIBaeTcs B 4 pasa BbIIIE, YEM B Opmo-
U napa-nojoxeHusix. Ha cxemMe 3T0 MOXHO OTOOPAa3UTh KPYKKaMu
pa3HoOro auamMerpa:

2
\7
| Wye OeH3WILHOM cUCTEMBI. PacripeneneHue
_W _T T-3apsiga IPONOPLUMOHATIBHO TUIOIIAAN KPYIoB,
7 T.e. B 0-TIONOXEHUH B 4 pasa OoJblle, YeM

B opmo- WIN napa- IOJTOXKCHUMU.

13.6.8.6. T-JOHOPHBIE 3BAMECTUTEJIA

Ecnu Ha opbutanu py HaXoouTCs SJIEKTPOHHAs IMapa, TO 3aMECTU-
TeJib X OyIeT m-A0HOPHbBIM. JIOHOpHAsT OpOUTATb TAKUX 3aMECTUTENIe —
3TO OpOUTaNb, 3aHSTasl HEMOJAEJIEHHOM Mapoii 3JeKTPOHOB. B 0osbIIMH-
CTBE CIIy4yacB yPOBEHb OpPOMUTANIM py Y TaKMX 3aMECTUTEINIEH JIEKUT HUXKe
ypoBHs1 B3MO 6enzona. [Toatomy opoutais py Ha puc. 13.6 Hy>XKHO rie-
peHecTH BHU3 M ToMecTuTh Mexay y; 1 B3MO 6en3ona. Torma pesko
BO3PACTaeT SHEPreTUyecKas LIeb MEeXIy CUMMETPUYHBIMU Pa3pbIXJIsi-
IOUIMMH Tt -OPOUTAISAMM OEH3071a U OPOUTAIBIO Py, W MO3TOMY B3aUM-
HOE BO3MYILEHME UX JODKHO ocjlabuthest. Eciu oHO ocimabuioch 10 Ta-
KOl CTeneHu, YTO UM MOXHO TpeHeOpeub, TO MOJy4ucsl MpocTas auar-
paMMa, mpeAcTaBieHHas Ha puc. 13.8. VI3 muarpaMMbl BUITHO, YTO BBICIIEH
3aHaTOl MO B JIaHHOM Cllydyae CTAHOBWTCSI OPOWTAb \,', TUIOTHOCTb
KOTOPOIl pacrojioKeHa TJIaBHBIM O0pa3oM Ha aToMax yriepoma OeH-
30JIbHOTO KOJIbLA (TTOCKOJIbKY OHa OJIMKE MO SHEPrUuud K OpOUTAIU
OeH30/1a, YeM K OpOMUTau py), TOraa Kak Ha puc. 13.6 Beiciiel 3aHATON
(Ipy yCJI0BMM, YTO OpPOMTAIb py 3acesieHa) Obula OpOMTANb V., TUIOT-
HOCTh KOTOpPOH BBIIIIe Ha 3aMmecTuTee X, 4YeM B OCH30JIbHOM KOJIbIIE.
CnenoBaTenbHO, 3eKTpoduia OyaeT arakoBaThb He aToM X, a apoMaTu-
YecKoe KOJbLO. YPoBeHb ,” B3MO B GeH3051€ ¢ m-IOHOPHBIM 3aMECTH-
TeJeM BbILIE, YEM YPOBHU Y, WJIU Y3 B HE3aMELUEHHOM OeH30Jie
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(puc. 13.7). IToaTomy 3HEp-
reTuyeckas Iejb MEXIY
HCMO snexkrtpoduina u
B3MO apena npu Halu-
YUU T-ITOHOPHBIX 3aMECTH -
Teliell OymeT MeHbIe, YeM
B cjlyyae He3aMelleHHOTO
OeH3oJ1a, T.€. peakKlMOHHAas
crocooHocTh CgHX Oyner
BBIIIE PEAKLMOHHOMN CIIO-
coOHOCTH OeH30J1a. DTO COo-
rjJacyeTcsi ¢ M3BECTHBIMU
JAHHBIMU, OOCY>KIaBIIMMMU-
Csl B MPEAbIAYIIMX pa3aesiax.

Opburanp v,., MIOT-
HOCTb KOTOPOW COCpeno-
TOYe€Ha B OCHOBHOM Ha
atroMe X, OyAeT pacIioyio-
XKeHa HU3KO (TpeThbs II0
cuety or BBMO; puc. 13.7).
DTta opbUTaib SKBUBAJICH-
THa TOMY, YTO XUMUKHU
Ha3bIBAIOT «HETIOMIECJIEHHON
napoii» aroma X.

B kauecTBe KoOJIMUE-
CTBEHHOM WJIIIOCTpALUU
paccMOTpUM  MOJIEKYJY
annnmHa CcHs;NH,, B ko-

Puc. 13.7. B3aumopeiicteue n-MO 0O€eH30JbHOTO

. KOJIbLA C 2JIEKTPOOTPULIATENLHBIM 3aMECTUTENIEM,
Topoii rpynna NH, SBIA-  yyeouwmy nenonenenmyio napy 3JeKTPOHOB
€TCA CUJIbHBIM T-JOHOPOM.

Pe3yabTaThl HEOMIIMPUUECKOTO pacueTa 3TOH MOJIEKYJbl B CPaBHEHUM
¢ O0eH30J10M MpuUBeAeHbl Ha puc. 13.8, KOTOPLIA ClenyeT CONOCTaBUTh
¢ puc. 13.7.

OTtcioga MOXHO c/IefaTh CIeAYIOIINe BHIBOBI.

1. B3MO anwnmHa pacriojioxxeHa Ha 1 5B (23 kkan/Monb) BbIIlIe
B3MO 06eHzo1a. D10 moATBEepKIaeT M3BECTHLIE JaHHbBIE, UTO B 2JIEK-
TPpOGWIbHBIX peaklUsIX aHWJINH 0ojiee peaKLMOHHOCIIOCOOEH.

2. OpbuTtanb 3 aHWJIMHA UMEET MPAKTUYECKU TaKylo Xe JHep-
rvio, kak 1 B3MO (y, u ;) 6eH30a. DTO MOATBEPXKIAET MPENTIO-
JIOXKEHHME O TOM, YTO Y3 OEH30J1a HE BO3MYILAETCH pP-OPOUTAIBIO U3-
3a UX Pa3HOU CUMMETPUU.

3. OpbOuTtanb «HEMOAENEHHOW Mapbl» V,, AaHWIUMHA He SIBISETCS
BBICIIIE 3aHSATON. DTO COOTBETCTBYET TOMY (DaKTy, UYTO B aHWUJIWHE
3JIEKTpO(PMIbHAS aTaka OCYILECTBISIETCS B KOJBLIO.
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6eH30n aHUMH
NH,

/ NH,

9,308

Yuc

—_—
-10,49 3B

Puc. 13.8. PaccuutanHble 2Hepruu BepxHUX 3aHsATbIX MO Mosekyn OeH3osia U aHWIMHA

13.6.8.8. T-AKLHEIITOPHBIE 3BAMECTUTEJIN

T-AKLENTOPHbIC 3aMECTUTEIM UMEIOT Ac(PUIIUT BJIEKTPOHOB Ha
m-0opOuUTaIM aToma, CBSI3aHHOro ¢ OeH30JbHBIM KosblloM (NO,,—
COR, —SO;H wu np.). Oty rpynmnsl MBI MPEICTaBUM HEKUM aTOMOM
X, UMEIIUM TyCcTylo p-opoutanb. Ilycrast p-opOuTtaib JEXUT OT-
HOCHUTEJIbHO BBICOKO (MHauye oHa He Oblia Obl MYyCTOiI), HampuMmep
B pailoHe HEe3aHAThIX OpOuTaNell y, U s OEH30J1a, TOITOMY OHAa Hau-
oosiee 3(pHeKTUBHO B3aMMOAEUCTBYET C 3TUMU OpOuUTansIMu. B3au-
MOZEHCTBHE CO CBSI3BIBAIOIIMMM OpOUTAISIMU O€H301a OyAeT CIaldbIM,
HO, MOCKOJIbKY Hac mHTepecyeT B3MO 3amMelreHHOro m-akKleIlTop-
HBIM 3aMecTUTelieM OeH30J1a, HYXXKHO pacCMOTpeTh MMEHHO 3TU cjia-
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Oble BO3MylIeHUs. Eciy akuenTtopHasi OpOUTalb py JIEXKUT BBILLIE 3a-
HSTBIX opOuTanei 0eH30a, TO AJIs PACCMOTPEHMsI UX B3aUMOIECTBUIA
MOXHO MCIIOJIb30BaTh AUarpaMMy, MpUBEACHHYIO Ha puc. 13.6.

Ecnmu op6utanb py mycras, To U OpOUTaNIb . OyIeT IMycTo, W,
cnenosarenbHo, BBMO — a10 opbutanb y;. OHa UMEET CUMMETPHUIO,
oTnyaloliytocsi or cumMmerpuu B3MO B ciyyae m-IOHOPHOIO 3ame-
crurenst (cp. puc. 13.7):

-0,5 cummetpust B3MO st 6eHzona ¢
T-aKLENTOPHBIM 3aMecTUTENEM X.

Ha puc. 13.9 npuBeaeHbl paccCUYMTaHHbIE HEIMITUPUUYECKU METO-
goM sHeprun B3MO HutpobeHsona u 6eH3oja. B3MO HuTpoGeH30-
Jla TIPaKTMYECKU BBIPOXIAEHBI (Pa3HOCTb DHEPTUil COCTaBJSET BCETO
0,7 kxan/monb), onn nexat Ha 0,6 3B (19 kkaix/Monb) HIKE, YeM
B3MO 06en3ona. TakuMm o0pa3om, METOJ MOJEKYJISIPHBIX OpOUTaseit
MOATBEPKIAAeT, YTO HUTPOOEH30J MEHee peakKIMOHHOCIIOCOOEH II0
CPaBHEHUIO C OEH30JIOM.

6eH3on HUTPOBEH30n

I ETA
—H—\Vz\ ~

93008 T~_°~
3 ~

S~ _~. 98708 NP2
S \\ ——3
~—t—W

9,90 08 No,

Puc. 13.9. Paccuutannubsie sHepruu BepxHUX 3aHATBIX MO wmosekyn OeH3osa
¥ HUTPOOEH30Ia
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13.6.8.r. PACITPEJEJIEHUE TTJIOTHOCTU B3MO
B MOHO3AMEIIEHHBIX BEH30JIAX U ETO CBA3b C OPUEHTALIMEN

CorjiacHO TeOpUM IPaHUUHBIX opOuTaei (IJ1. 2), OCHOBHbIM (hak-
TOPOM, OMpPEIC/SIOIINM PEaKIIMOHHYIO CIIOCOOHOCTb B 3JIEKTPO(UIIb-
HOM apoMaTUYeCKOM 3aMelleHUH, SIBsieTcsl B3aumojelicTBue B3MO
apeHa 1 HCMO osnexkrpodmna. Yem MeHblIe 3HepreTrdeckas Ieb
MEXIy 3TUMU OpOUTAIsIMU, TeM 0oJiee MPOUYeH MepBOHAYAIbHBIN J10-
HOpPHO-aKIIeNTOpHbI Komiuiekec Mexny ArH u E*, a a10 croco6-
CTBYET €ro Iepexoay B apeHOHUEBBI MOH U Jajiee B MPOIYKT peak-
uuu. OpueHTalusl J0JXKHA OINPEAesiThCSl OTHOCUTEIbHBIM BKJIAIOM
p-AO kaxporo atoma yriepoga OeH30JbHOro Kojblia B B3MO. Dtu
BKJIaabl (KO3(hGULIMEHTB) BBIYUCISIOTCS KBAaHTOBO-MEXaHUUECKUMU
Metogamu. KBagpar koadduiimeHTa xapakTepusyeT m-3JeKTPOHHYIO
IUIOTHOCTb Ha JaHHOM aTtoMe B gaHHoi opoutanu (B3MO).

Huxe mokasaHo pacrpenesieHue 3JeKTPOHHON IUIOTHOCTH Ha
B3MO B HEeKOTOpbIX 3aMeILeHHBIX 0€H30J1aX, coaepKalluX JOHOPHbIC
3aMECTUTENIU, BBIYMCIEHHbIC HEAMMIUPUUECKUM ITyTEeM:

OH NH, SH
0,19 0,14 0,11
0,10 0,12 0,08
0,04 0,03 0,02
0,26 0,22 0,16
dbeHon AHWIVH TUOGhEHON

Bo Bcex cayuaax miuotHocth B3MO mn3MeHsieTcsl B MOC/IeI0BaTeIbHO-
CTU napa- > unco- > opmo- > mema-.

OTU pe3yabTaThl, BO-TEPBBIX, XOPOIIO COTJIACYIOCSI C 0pmo—
napa-opueHTUpyIOIUM 3ddekToM Takux (+M)-3amectuteneit. Omn-
HaKo CJIeyeT ellle pa3 MOAYepKHYThb, UTO HA OCHOBAaHUM OJHUX JIUIIIb
OpOMTANIbHBIX KO3(PGUILIMEHTOB, MOKAa3bIBAIOIIMX paclpencieHue
3JIEKTPOHHOM TI0THOCTH Ha B3MO, KolnuecTBeHHbIE BHIBOABI O pac-
MpeaeJeHUN U30MEPHBIX MPOAYKTOB PEAKIIMU, B OOLLEM, EaTh HEb3S.
Kak Obu10 cka3zaHO B IIaBe 2, HampaBJicHUE pPeakluy ONpelesseTcs
HE TOJIbKO TUIOTHOCTBIO TPAaHUYHON OpOMTaJM Ha JaHHOM aToMme, HO
1 CyMMAapHBIM 2JIKTPUYECKMM 3apsiioM Ha 3TOM atoMe. B ocHoBHOe
ypaBHeHue MeToga BMO BXoOUT Kak opOUTaIbHBIN, TaK U KYJIOHOBC-
kuii wieH. CyllecTBYIOT peakiluu, B KOTOPHIX OCHOBHYIO POJIb MIpaeT
OIMH U3 HUX. Ecium MoxXHO npeHeOpeub KyJTOHOBCKUM B3aMMOJIEHCTBU -
€M, TO TOBOPSIT, YTO B peaKlMyd HaOJI0JAeTCsl «OpOMUTAIbHBIA KOHT-
pOJib», a €ClId MOXHO IpeHeOpeYb OpOMTaJIbHBIM WIEHOM, TO peak-
LIMUST «KOHTPOJUPYETCS 3apsImoM».
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OmHako B OOIlEM ciIydyae HY>KHO YYUTBIBATH 00a 3THUX THUIIA B3aMMO-
JIefCcTBUSI: OpOUTaJIbHOE, CUJIa KOTOPOTO 3aBUCUT OT KO3(hULIMeH-
Ta, C KOTOPBHIM IAaHHBI aTOM BXOAUT B TPAaHUYHYIO OpPOUTAJb, U KYy-
JIOHOBCKOE, CHJIa KOTOPOTO 3aBHMCHUT OT 3apsiga Ha JAaHHOM aTOMe.

Bo-BTOpBIX, MpUBENEHHBIE AMarpaMMBbl TOBOPSIT O TOM, UTO UNCO-
aTaka o4eHb BbIrogHa. OObIYHO, KaK yKe TOBOPMJIOCH B pasaeie 13.6,
unco-aTaka He TIpUBEIET K IMPOAYKTaM unco-3amenieHus X Ha E, Tak
Kak IIJII 9TOr0 HeOOXOMMMO, YTOOBI MPOM3OIILIO OTIIEIUIEHUE Majo-
crabunbHbIX Katuonos OH', NH,", SH™, CI*, F*. IMoatomy unco-
G-KOMIUIEKC OyIeT WM pacmamaThbcs B 0OpaTHOM HaIlpaBICHUM, VIN
rpeTeprieBaTh KapOOKATUOHHYIO TEepPerpyrniupoBKY C TMEPEXOaoM B
0pMO-TIPOAYKT:

X X
E E
X E —u®
—_— >
@/(r
E
Unco-o-KOMIUIEKC
‘H

0pmo-KOMITUICKCbI

B aTOM cnyuae BbIXon opmo-u3zoMepa OyIeT BbILIE, YeM MOXKHO OXM-
JaTh Ha OCHOBAaHWM TEOPETUUYECKUX COOOpaKEHUIA.

B kaudecTBe TpmMepa TaKoil MEeperpyrnmupoBKA PacCMOTPUM OpPH-
EHTalMI0 B peakluu 3J1eKTpO(UIbHOTO THUAPOKCWIMPOBAHUS TOJyOJa
(B.A. Korntior, 1981). DTy peakuuio nNpoBOAST B CyNEPKUCION cpene,
rne KatroH OH™ (31eKTpoduIbHbI areHT) OTHOCUTEIBHO YCTONUMB;
OH™ monyyaercs n3 mepokcuaa Boropoaa 1 GTopcyabhOHOBOI KHC-
JIOThI:

CH; CH, CH; CH,
OH
—78 °C * *
OH
OH
(opmo-, mema-, napa-Kpe30Jbl)
(71%) (6%) (23%)

B aroit p€akKllMM OY€Hb BBICOK BBIXOI Opmo-Kp€o30Jia.
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C npyroii CTOPOHBI, MPU TUAPOKCUINPOBAHUU (PTOPOEH30J1a BbI-
XOII opmo-u30Mepa B TPM pa3a MeHbIIIe BBIXOAA napa-u3oMmepa:

F F F F
OH
H,0,~FSO;H-SO0,FCl
—78 °C +
OH
OH
(24%) (3%) (73%)

(opmo-, mema-, napa-HTopheHOJIbI)

DTO He corjacyeTcs ¢ KapTHHOM pacIpeleeHnsT 3JIeKTPOHHOM
mwioTHocT Ha B3MO, kortopag g Toiyoja M (pTopOeH30j1a IpaK-
TUYECKW OIMHAKOBa, ¢ HAMOOJBIIMMM KOX(POULIHMEHTAMU B unco- u
napa-nojoxeHusx. MTopOEeH30/1 pearnpyeT B COOTBETCTBHM C KapTH-
HOW pacripenefieHrs 3JIeKTPOHHO# 1uioTHoct Ha B3MO (napa- >
> opmo- > Mema-), a TOoJyol — HeT (opmo- > napa- > mema-).

YToOBl OOBSICHUTL HAONMIOHAIONIEeCs PACXOKIEHUEe B OpUEHTAIIUN
MEXIY TOJyoJIoM M (hTOpOEH30J0M, MMEIOIIMMH OJIM3KWe KapTUHBI
pacripeieJIeH!sT 3IeKTPOHHOM 1utoTHOoCTH Ha B3MO, HeoOXomnMo Tipu-
HSITh, UTO aTaka 3JIeKTpoduia NpoOUCXOIUT He «HA aTOM», a «Ha T-CBSI3b»
MeXIy JaHHOW Imapoit atoMoB. Hampumep, Ut opmo-3aMelleHusT:

1 \\E(‘D
" " 6 \\2\\
araka "Ha atom
5 3
4

IIpu atake «Ha aTom» BaxkeH KoadduiueHT atoma C(2) 8 B3MO, a
TIpY aTake «Ha m-CBsI3b» — cyMma KoadduimentoB C(2) u C(1). Touno
TaK 3Ke JUISl KyJOHOBCKOIO WieHa MpPM aTake «Ha aTOM» YYUThIBACTCS
TobKO 3apsin Ha C(2), a Mpu aTtake «Ha CBSI3b» MOXET 00pa30BaThCs
WU Unco- WIN 0pmo-G-KOMILIEKC:

X
® OH

OH ®

®
X X OH
UNCO-KOMITJIEKC
W < X
H

OH
0pmMOo-KOMILIEKC
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Kak 0Obuto oTMeueHO B pasmene 13.6.1, unco-KOMIUIEKCHI, KakK IIpa-
BUJIO, MaJio ycToiuuBbl. ClieqoBaTeIbHO, MPEUMYIIECTBEHHO OyaeT
00pa30BBIBATHCSI OPMO-KOMILIEKC.

IMonyyaercst mHTEepecHass cuTyauus: Oosblas IIoTHOcTh B3MO
Ha unco-aTome yriepoja crocoOCTBYET aTake 3JeKTpoduia Ha T-CBSI3b
C(1)—C(2), HO He cIOCOOCTBYET 00pa30BAHUIO UNCO-KOMILIEKCA, TaK
KaK TepMOJIMHAMUYECKM OH 3HAYUTEJIbHO MEHEe YCTOMUUB, YeM Opmo-
KoMmruiekc. Eciu ke unco-kKoMIuieKC B MajloM KOJMYECTBE Bce Xe 00-
pasyeTrcs, TO OH MOXKET IeperpyImnupoBaThCcsl B 0pmo-KOMILIEKC, Ja-
Bas JOIOJHUTENIbHOE KOJIWYECTBO opmo-nponykra. ClenoBaTeabHO,
MOXHO cJiejiaTh BaXXHbIN BBIBOMA: IJIS 3aMeElEHHBIX O€H30JI0B, Y KO-
TOPBIX Ha unco-aTomMe yriepona Oosbinas mioTHocTs B3MO, momkeH
HaOMI0AaTbCd OTHOCUTEILHO BBICOKMI BBLIXOH OpMO-3aMEleHUSs.

T'uapoxkcunupoBaHue TOJYoJa MOXHO MPEACTABUTH CIACAYIOLICH
CXeMOIi:

HO CH, OH
CH,
~CH
CH CH 3
“on® OH® [a @ O
12 i — CH; CH;
H OH
OH
— -
17 _H@
| CH, CH,
H®
CH, CH; p OH
34 H OH
[ Wi CH; CH;
®
®OH @OH |2 A7

CH,

CH, 1o Y
® ®
% H OH

He oOpasyrorcst

ITockoabky B3MO umeet y3en B 3oHe cBsa3u C(2)—C(3) (wmm
C(5)—C(6)), obpazoBanmeM 2,3-WMHTepMeIraTa MOXHO ITpeHeOpeyb.
3HAuYUT, Mema- U napa-Kpe3oabl 00pa3yrTcsl yepe3 3,4-uHTepMeauaT
(myti 6 1 ¢). [leperpynnupoBKa unco-c-KoMminiekca (Iythb a) naet 12%
0pmo-Kpeo3oJjia «CBEPX HOPMbI». DTO JTOKa3aHO OIBITAMHU C TOJYO-
aom-1-3C:

CH, OH CH,
H,0,+FSO;H+SO,FCl Cer OH —
>~ +
=78 °C (12%) (59%) MN30MEPBbL

447



CnenoBatenibHO, 59% opmo-uszomMepa obpasyercs 1o nyTu (6), T.e. CBsI-
3aHO C OPOUTANILHBIMU KO3(P(PULIMEHTAaMU U 3apsifaMy Ha aToMax CBsI-
et C(1)—C(2) (C(1)—C(6)) u C(3)—C(4) (C(4)—C(5)), a Takxke
C OTHOCUTEJIbHOM TEPMOAUHAMMUUYECKOU YCTOMUYMBOCTBIO H30MEP-
HbIX G-KOMILIEKCOB (cM. Tabma. 13.3).

CrenyeT mom4epKHYTh, YTO B MOJIEJIN «aTaKW IO CBS3W» BBICOKAS
JOJISI opmo-1U30Mepa B MPOAYKTE peakiMU TOJyosa MO CPaBHEHUIO C
napa-u3oMepaMu oOycJioBlIeHAa opOuTaabHBIM KoHTpojeM (C(1) +
+C(2) >C(3) + C(4)) Ha cTaguu MNepBOHAYAJIBLHOIO CBSI3bIBAHUS TUII-
POKCUJIMPYIOLIEr0 areHTa MCXOOHOM MoJieKysaoil apeHa. OOpalueHue
COOTHOILLIEHUSI 0pmo- U napa-u3oMepoB MpHU Mepexojie OT Tojayosa K
¢ropbensony, umeromieMy aHajaorudnyro B3MO, oObsicHseTcsl pas-
JIMUMEM 3apsiIOBIO M TEPMOJMHAMMUYECKOTO (YCTOHYMBOCTb U30MEp-
HbIX G-KOMILIEKCOB) (haKTOPOB [IJIsl peakliuii 3TUX coeAuHeHuid. B uc-
XOJHBIX MOJIEKyJIax Tojiyosia U (pTopOeH3oJia 3apsiibl pacnpenesieHbl
He Tak, Kak IuioTHocTh B3MO:

CH; (1) &)
YO )
&) ()
Pacnipejienenue 3aps10B
B HEPEATUPYIOLLMX MOJIEKYJIAX -0 +)
(cm. 13.6.8) 0 0

O4YeBUIHO, YTO Opmo—unco-aTaka 3JIeKTpoduiia B CiIydae TOJIyoJia
MpearnoyYTUTeIbHee, YeM B ciydyae (TopOeH3oa.

Mopnenb «aTaka MO CBSI3W», ITO-BUAMMOMY, 0Oojiee TOUHA, 4eM
MOIYJTb «aTaKa T0 aTOMY», TTOCKOJIBKY ITycTass OpOUTaIh aTaKyIOIIETo
anekTpodmia BlanMoaeiicteyer ¢ B3MO apeHa, Kotopast sIBiIsIeTCS
CBSI3BIBAIONIICHT, M, CJIeHOBATEIbHO, MaKCHMMallbHas T-2JIEKTPOHHAS
TUTOTHOCTB COCPEIOTOYEHA B MEXbSIIEPHON TIIIOCKOCTH.

Tenepb paccCMOTPUM OPUEHTALMIO MPU HAJIUYMU CUJIBHBIX T-aK-
LENTOPHBIX 3aMecTuTeneit. Jig mpumepa Bo3bMeM HUTpoOeH3071. Kak
yXe ObUIO CKa3aHO BBIlIE, HUTPOOEH30J MMEET JIBE MOUTHU BBIPOXKIE-
HbIE BepXHUe 3aHsATbIe opouTanu (cMm. puc. 13.9). DiekTpoHHas IJIOT-
HOCTB Ha 3TUX OpPOUTAIIIX paclipeiesieHa TI0 aToMaM O€H30JIbHOTO KOJTb-
a CcJIeayoImmM o0pa3oM:

NO, NO,
0,29
@ Q 0,21 0,05
S ) 0,08
0,27
I 1
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PazHocTb 3Hepruii 3TMx opouTaneit cocrariseT Beero (0,7 KKai/MOIb,
IM03TOMY 00€ OpOMTaJX MOTYT KOHTPOJIMPOBATh OPUEHTALIMIO, YTO yC-
JIOXKHSIET aHaiu3. BHavajie Mbl CKOHLIEHTPUPYEM BHHMMaHUE Ha OpOU-
Tanu I, KaKk Ha caMoil BBICIIEI 3aHSITOM.

DJIeKTPOHHAS TJIOTHOCTh Ha 3TOU OpOUTAIU B Mema- U Opmo-Tio-
JIOKEHUSIX OJMHAKOBa (B unco- U napa-mnoJIOKEHUSIX paBHA HYJIO),
OJIHaKO B MOJIEKYJly HUTPOOEH30J1a 3JeKTpO(GUJI BCTYIAeT MPEeruMy-
LLIECTBEHHO B Mema-noNoxXeHuu. Harnpumep, s rTMAPOKCUIMPOBA-
HUS U XJIOPMPOBAHUSI HUTPOOEH30J1a MOJYYEHbl CAeAyIolIne AaHHbIE:

H,O,+ HF
C¢HsNO, 225%’C HutpodeHonst (opmo-37,7%; mema-63,3%)
Cl,+HCIO+AgClO,
C¢HsNO, - > XJIOPHUTPOOEH30ibI (0pmo-17,6%:;
25°C mema-80,9%;, napa-1,5%)

DTO CBSI3aHO C BIUSIHUEM 3apsia.

DaxkTOpOM, TPEISITCTBYIOIINM 0pmo-aTake, SBISICTCS MeHbIIast
TEPMOJIMHAMUYECKAasl YCTOMYMBOCTDh OpmO-G-KOMIUIEKCa TI0 CpaBHE-
HUIO C COOTBETCTBYIOILLIUM Mema-G-KOMILIeKcoM (cM. Tab. 13.3). Cre-
JoBatesibHO, Tipu atake 1o cBsidu C(2)—C(3) nmpeuMylecTBEeHHO 101~
X€H 00pa30OBBIBATBHCS Mema-N30Mep:

NO, NO,

@
-H
+ E —>©—>E W ©>E—> H
E

E

Ilpu B3aumoneiicTBUM 3nekTpoduia ¢ opourtanbio I napa-uszo-
Mep WM BOOOILE He JOJDKeH 00pa3oBBIBATLCS (TaK KaK IUIOTHOCTH
B3MO B napa-nonoxeHUU paBHA HYJIO), WIK JOJKEH TOJydaThCsl B
pe3ybTaTe TeperpynImpoOBKI Mema-G-KOMITIEKCa B napa-G-KOMILIEKC:

NO,

H™ 0O © F’
@ E ©
H® "E E

Takasi TieperpynnupoBKa TepMOIMHAMUYECKN HEBBITOIHA, MOCKOIb-
KY napa-KOMIUIEKC Ha 4 KKaJ/MOJIb MeHee YCTOIUMB, YeM Mema-KOM-
mwiekc (mpu E*=H"; cM. Tab6n. 13.3). DTUM MOXHO OOGBSICHUTb, IO-
yeMy cyOCTpaThl, UMEIOIIIE T-aKLENTOPHbIE (DYHKIMOHAIBHBIE TPYII-
nel (NO,; COR; CN; SO,R 1 T.4.), HEU3MEHHO 00Jy1analT Oosee
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BBICOKOM pPEaKLMOHHOI CIOCOOHOCTBIO 0pmo-IIOJIOKEHUS IO CpaB-
HEHUIO C napa-TnojoXeHWeM (Harnpumep, Mpu HUTPOBAHUU alETO-
denona C4H;COCH; f,/f;,=6). napa-3omep MoxeT 0Opa3oBaThCs
TakKe IpU ydyacTuu B peakuuu opourtanu II, rme Ha napa-yriaepon-
HOM aToOMe€ TUJIOTHOCTb 2JIEKTPOHOB HE paBHa HYJIIO.

13.6.9. COOTHOIIEHHUE OPTO-/IIAPA-

IIpu paccmoTpeHUM peakuuil 3JeKTPOo(GUIbHOIO 3aMeIleHUs B
MOHO3aMeIlleHHBIX OeH30JaX OOBIYHO OTPaHUYMBAIOTCS COIOCTaBJIC-
HUEM Mema- U napa-OpUeHTallMM, TaK KaK Ha 3aMelleHue B 0pmo-
MOJIOXKEHUN MOTYT OKa3bIBaThb CUJIbHOE BIWSHME TPOCTPAHCTBEHHBIE
(bakTOpPBI OTTATKMBAHMS MEXKIY 3aMECTUTENISIMU U BCTYMAIOIIUM 2JIEKT-
podunbHbIM areHToM. Hampumep, dakTopbl mapLualbHBIX CKOPOC-
TeW MpU HUTPOBAHUU AIKWIOEeH30J10B aueTuiHuTpaToM npu 0 °C nme-
0T CJIeayIOlINe 3HAYCHMUS:

R B C4HR: CH, C,H; CH(CH,), C(CH,),
A 49,7 31,4 14,8 4,5
Su 1,3 2,3 2,4 3,0
Ju 60,0 69,5 71,6 75,5

@axkTophl f,, U f,, U3MEHSIIOTCS OTHOCUTEIBHO Maslo, OJHAKO (dak-
TOp f, MpU Mepexone OT ToJyoJa K mpem-OyTUJIOEH30/1y MajaeT B
10 pa3, 4TO, HECOMHEHHO, CBSI3aHO C YBeJIMYEHUEM OO0beMa aJIKWib-
HOW TPYIIIIbI.

AmnayiornytHo, yem Ooiblle 00beM a2eKTpodmia, TemM Oojiee 3a-
TPYIHSIETCs aTaka B opmo-TioloxeHne. Harmpumep, mid aaKuimpoBa-
HUg Tojiyoja mo ®Opuueno—Kpadrey ankundpomugamMyu B TIPUCYT-
crBuu GaBr; oTHowueHue f,/ f, MEHsIeTCsl CeaylolrM 00pa3oM:

R B RBr: CH,4 C,H; CH(CH,), C(CH,),
Jol I 0,81 0,47 0,30 0,0

OnHako TIPOCTPAHCTBEHHbIC MPEMSTCTBUS AAJIEKO HE BCEraa Wr-
paloT CyIIeCTBEHHYIO pojib. Tak, COOTHOIIEHUE opmo-/napa- pu HUT-
POBaHMM TaJTOreHOEH30JI0B a30THOM KucioTol B 67,5%-it H,SO, BO3-
pacraet B psay F < Cl< Br<I, T.e. ¢ yBeuueHre pa3MepoB aToMa ra-
JIoTeHa:

X B CgHsX: F Cl Br I
% opmo- 12 30 38 41
% napa- 87 70 62 59
opmo-/napa- 0,14 0,43 0,60 0,69
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Takyio 3aKOHOMEpPHOCTb, I10 KpallHEell Mepe OT4YacTH, MOXKHO OObsIC-
HUTb NOJSIPHBIM 3¢ eKToM rajioreHoB. YeM OoJjiee 2/1eKTpooTpuLiaTe-
JIeH TajioreH, TeM Oojee OymeT Ie3aKTUBUPOBAHO OpmO-TIONOXKECHUE.
Ha yrnepogHom atome B napa-TIONOXKEHUM TaKas e3aKTUBALINS TOJIK-
Ha CKa3bIBaTbCSl MEHBIIIE.

BnaugHaue mpuponbl 3aeKTpoMILHOTO areHTa Ha COOTHOIICHUE
0pmo-/napa- TOXe HeJb3s CBECTHM K OJHUM JIMIIb MPOCTPAHCTBEH-
HBIM MpuYrMHaM. Hampumep, mpu mocTterneHHOM BO3pacTaHUM JIEKT-
POOTPULIATEILHOCTH AIllMJIMPYIOIIETO areHTa YBEeJIMYMBACTCS BBIXOM
0pmMo-aluIITONyOJIa:

AICI,
C4H;CH, + RCOCI ——» RCOC4H,CH,

R opmo- Mema- napa- (%)
CH; 2 2 96
CICH, 11 2 87
Cl,CH 17 3 80

YBenuueHre Yyucia aToMOB XJIOpa MOIJIO Obl YMEHBIIUTD CTeTIEHb 0pHo-
aTakyd 1O CTEPUUYECKHMM TPUUYMHAM, HO BMECTO 3TOTO HabJIomaeTcs
oOpaTHasi KapTUHA.

HMHorma Koaum4yecTBO opmo-u30Mepa OKas3blBaeTCsl OOJIbIIE YABO-
€HHOTO KOJIM4YecTBa napa-uszomepa. IIpuMepom sBisieTcsl peakiius ruj-
POKCWJIMPOBAHUS TOJIyOJa, TIe COOTHOLLEHUE opmo-/napa- paBHo 3 : 1,
T.€. TUIPOKCUIIMPYIOLIUIA areHT Jierye BCero BCTYIaeT B MPOCTPAHCTBEH-
HO OoJjiee 3aTpyIHEHHOE TOJIOXKEHUE.

Takum 00pa3oM, B OTJIMUME OT COOTHOIICHUSI Mema- U napa-n3o-
MEpOB, KOTOPOE OTHOCHUTEJIbHO XECTKO OMNpeaesseTcs] YCTOHYMBOC-
THIO COOTBETCTBYIOIIMX G-KOMIUJIEKCOB (€Ciau 3aMecTuTenb | poma, To
oOpasyeTcsl Majio mema-u3oMepa, a eciu 3amecturesb Il poma, To
IJIAaBHBIM TPOAYKTOM SIBJISIETCSI Mema-u30Mep), COOTHOLICHMSI opmo-
U napa-u3oMepoB OYeHb M3MEHYMBO. OHO CUJIBHO 3aBUCUT OT MIPUPO-
Ibl cyOcTpaTa, 2JeKTPO(PUILHOTO areHTa U YCJIOBUI peakiluu.

Bnusinue npupoast 3amectutenst X B moiekyie CqcHsX Ha coot-
HOILIEHUE 0pmo-/napa- B NaHHOW KOHKPETHOW peakluyd C ONHUM M
TEM 3Ke 3JeKTPODWIbHBIM areHTOM B OJMHAKOBBIX YCIOBUSIX OOBSC-
HsSIeTCS Ha OCHOBE METOAAa MOJIEKYISPHBIX OpOUTaleil U MOJEIN Me-
XaHM3Ma 00pa3oBaHMSI G-KOMIUIEKCA, KOTOPBIN BKJIIOYAeT IEepBOHA-
YaJIbHYIO aTaky, a «Ha m-CBsA3b». [10CKOIBKY 371eKTpOdUI OAUH U TOT
Xe, KOA(POUIIMEHT, ¢ KOTOPbIM BXOAUT €r0 PeaklMOHHBINA LEeHTp (Ha-
npumep, atom N B NO," 8 HCMO, nocrossen st Bcex C¢HsX. TTo-
CTOSTHEH TaKXKe 3apsii Ha pearupyloieM atome anekTpoduna. [Ipu atux
YCJIOBUSIX B BbIPAXKEHUE ISl SHEPTUM BO3MYILEHUST TPAaHUYHBIX OpOM-
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Tajeil apeHa 1 3JeKTpoduia B KAYeCTBE TTEPEMEHHBIX OCTAHYTCS JIUIITb
3apsnabl M koadduumentsl BBMO apena C¢HsX (3aBucdawne ot X).

Broicuias 3ansarass MO apeHoB ¢ 3amecTute/siMu I poma oObIYHO
MMeEET Y3JIOBYIO IOBEPXHOCTb, MpoXomsainyi uepe3 peopa C2—C3 u
C5—C6, a c¢ 3amecturensmMu Il poga — y3/I0ByI0 MOBEPXHOCTb, MPO-
xozasinyio yepe3 atombl X, C1 u C4 (cm. 13.6.9).

X
1
6 i o)
s 3
14
3amectutesiu | pona 3amectutenu I1 pona

Tadonuma 13.7

Ha0mogaembie ¥ pacCcYMTAHHBIE COOTHOUICHHSI W30MEPOB 0pmo-/napa-
Mema-/napa-, o0pa3yOUMXCS NPH IJIEKTPOGUILHOM APOMATHYECKOM 3aMelleHUH

opmo-/napa- Mema-/napa-
X B C¢HsX
3KCIMEPUMEHT pacyet 3KCIEePUMEHT pacyer
1. I'uapokcuamposanue: HOF + HF; 25 °C
CHj3 4,14 4,14 0,30 0,20
F 0,52 0,52 0,0 0,14
Cl 1,68 1,64 0,07 0,14
OCH; 1,51 1,57 0,10 0,003
NO, 37,7% opmo- 31% opmo- 63,3% mema- 69/0,0
2. Xnopuposaunue: Cl, + HCIO4 + AgClOy; 25 °C

CHj; 3,23 3,34 0,09 0,06
Cl 0,58 0,58 0,02 0,03
OCH; 0,54 0,40 65,1% napa- 73,4% napa-
NO, 11,7 19,9% opmo- 53,9 79% mema-
CN 8,0 24% opmo- 25,5 80% mema-
CHO 5,3 22% opmo- 10,9 78% mema-

3. Hurposanne: CH;COONO, + BF3; 25 °C
CHj; 1,95 1,55 0,10 0,03
F 0,12 0,09 0,003 0,002
Cl 0,46 0,59 0,01 0,01
OCH; 0,39 0,30 0,02 76,7% napa-

*Tam, TIe MPUBEICHO COMEpPXXaHUEe OJHOTO M3 M30MEPOB B MPOIIEHTaX, BTOPOTrO
n3omepa Her.
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Ecmun X — 3amecturens 1 poma, To mepBoHavyajibHasl aTaka dJIeK-
Tpoduiia OCYIIECTBIISIETCS «I10 CBsI3u» 1—2 (1—6) wnm (4-—5).

Mg 3amectuteneit I poma B3MO uMeeT MHYI0 CUMMETPUIO, U
MO3TOMY Ipeodagarolieil JoKHA ObITh ataka «I1o CB3m» 2—3 (5—6)
C TOCTEeNyIOIMM O0pa30BaHUEM 0pmoO- U Mema-G-KOMIUIEKCOB (B CO-
OTBETCTBUU C UX TEPMOIMHAMUYECKON YCTOMUMBOCTBIO). OOpa3zoBaHMue
3HAYUTEILHBIX KOJTMYECTB Aapa-N30MEPOB MCKITIOYEHO, UYTO TOATBEPXK-
JIAeTC IKCIEPUMEHTAILHBIMU HccaenoBanusamMu (cp. 13.6.9.1).

Paccmorpenue metomom BMO cooTHOlleHME M30MEpPOB MIpU
BJIEKTPO(PUIBHOM 3aMEIleHNM B MOHO3aMeIleHHBIX OeH30J1aX, Kak
BUIHO M3 Tabi. 13.7, Xopoluo corjacyercs ¢ 3KCIIEpUMEHTOM, UTO
TMOATBEPKAACT MPABWIHHOCTh TEOPHM.

13.7. OCHOBHBIE PEAKIINUA
DJIEKTPO®UJIBHOI'O APOMATUYECKOTI'O 3BAMEIIIEHUSA

13.7.1. HUTPOBAHUE

HHTpOBaHI/Ie ABJIACTCA MEXaHUCTUYCCKUM ITPOTOTHUIIOM BCEX OC-
TAJIbHbBIX PEAKLIUIA SJICKT]DO(i)I/U[bHOFO apoMaTU4CCKOIro 3aMCLICHUA. OTa
p€akuyugd HaxoAUT IMPOKOEC CHMHTCTHUYCCKOC IMPUMMCEHCHUC, U MEXa-
HN3M €€ M3YUYCH HanboJsiee l'[OZ[pO6HO.

13.7.1.a. [IPUPOAA BJIEKTPOOUIBHOI'O ATEHTA

PaznuuHble apeHbl HUTPYIOTCSI CaMbIMU Pa3HOOOPa3HBIMU pearcH-
tamMu. Haubonee yacTo B KayecTBE HUTPYIOLLETO areHTa HCMHOJb3YIOT
A30THYIO KHMCJIOTY B CMECH C CEpHOM KHMCIIOTOM WJIM a30THYIO KUCIIOTY
B OPraHMYECKMX PACTBOPUTENISIX: YKCYCHOM KHUCJIOTE, HUTPOMETaHE U
T.1. VI3 Apyrux peareHToB cJeayeT YIMOMSIHYTb €le W COJM HUTPOHMS
(o6bryH0 NO,"BF,” B Tetpametunencynsdone u CH,Cl) u auertw-
Hutpat AcONO, (cMelaHHbI aHTUAPKUI, OOpasyloUIUiCsS B pe3ysib-
TaTe peaklMU MEXIy a30THOM KUCIOTOM M YKCYCHBIM aHTUIPUIOM).

HesameneHHBIIT GeH30JT OOBIYHO HHUTPYIOT CMECHIO KOHIIEHTPH-
POBaHHBIX a30THOM M cepHOi KuciaoT npu 45—50 °C. DTOT peareHT
Ha3bIBAETCS HUTPYIOLIEH CMECHIO:

C¢Hg + HNO;(xoH1L.) > C¢H;—NO, + H,0 .
H,S0, (K?HH') (HUTPOOEH30IT)
40—50 °C (85—86%)

YcraHOBJIEHO, YTO B 3JEKTPODUILHOM HUTPOBAHUM HE3aBUCUMO
OT MPUPOJIbl HUTPYIOLLET0 areHTa akKTUBHBIM 3JIEKTPO(PUIOM SIBISIET-
CSl UOH HUTPOHUS N02+, HCMO xoToporo ouyeHb IMoxoxka Ha aHTH-
CBSI3bIBAIOLIYI0 OPOUTANb AJUIMJILHOM TT-CUCTEMBI (CM. TJI. 2):
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Y

0—N—0O0 No? (HCMO)

0 6

B 130bITKE KOHIIEHTPUPOBAHHON CEPHOM KMCIOTHI TPOUCXOAUT KO-
JIMYECTBEHHOE MpeBpallleHue a30THON KMCIOTBHI B TMApPOCYJIb(dar
HUTPOHMUSI:

HNO, + 2H,S0, =—= NOY + H,0°+ 2HSOJ .

JlokazaTeabCcTBa TAaKOTO PaBHOBECHSI TOJYYEHbI C MOMOILLbIO ca-
MBIX Pa3HOOOPA3HBIX (PU3UKO-XUMUUYECKUX METOMOB. CIEKTPOB KOM-
OMHALIMOHHOTO paccessHus1 (IoJjioca NO2+ npu 1400 CMil), U3 KOH-
JYKTOMETPUUECKUX SKCIEPUMEHTOB, M3 JAaHHBIX MO 3JIEKTPOaU3y (Ha
katone obpasyercs N,O,), HO Haubosee yoeauTeNbHblE — U3 KPHUOC-
KOMUYECKUX OIBITOB, KOTOPbIE MOKa3aau, YTO Kaxaas MoJIeKyJia
HNO; mipu pacTBOpeHUM B CEpHOI KUCJIOTE NAeT YeThIpe YaCTHUIIBI.

IIpu pasbaBaeHUM CEPHOM KUCIOTHI BOAOM KOHLIEHTpalLUs MOHA
NO," yMeHbllaeTcs, 1 BMecTe C 3TUM PE3KO MagaeT CKOPOCTh HUT-
poBaHusi. OQHAKO OYEHb PEAKLIMOHHOCIOCOOHBIE apeHbl HUTPYIOTCS
Jaxe B TaKMX yCJOBMSX, Korja o6HapyxuTh MoH NO," B pacTBope
KaKUMU-JIM00 (PU3MUYECKUMU METOJaMU yxXe HeBO3MoxHOo. MMeroTcs
JI0KAa3aTebCTBA, YTO Jaxke B OTCYTCTBME CEPHOI KMCJIOThI HUTPOBA-
HUE OCYILECTBIsIETCS] MIOHOM HUTpoHUs. Hampumep, M30TOMHbIN 00-
MeH HNO; ¢ H2180 MMEET TOYHO TaKylo K€ CKOPOCThb, KaK U HUTPO-
BaHME PEaKLIMOHHOCIIOCOOHBIX apeHOB. DTO 3HAUUT, UYTO MeEIJICHHAas
cTaaus 060MX MPOLECCOB OHA M Ta ke (obpasosaHue NO,"):

MCIJIEHHO @ O @ ArH @

| HO" ®

> HNO;-F H~

B Takux ycioBHUSIX peaklIMd OY€Hb aKTUBHBIX apEHOB UMEIOT HY-
JIEBOW KMHETUYECKMIA TTOPSIJ0K MO apOMaTUUYECKOMY cyOcTpaty (Mel-
JIEHHas1 cTaausi — oOpa3oBaHMeE N02+ 0e3 yuactus ArH). B aTux xe
YCJIOBUSIX [IJISI MEHEE PEeaKIIMOHHOCIIOCOOHBIX apeHOB KMHETUYECKUI
nopsigpok 1mo ArH mepBbiit, T.e. JMMUTHUPYIOLIE CKOPOCTb CTaauei
CTAaHOBUTCS YK€ COOCTBEHHO TMpoliecc 3aMmelleHus. [1onooHbIil a¢-
ekt HaOMOmanCcs, HarpuMep, MPU HUTPOBAHUM TOJIYOJa BOIHBIM
pacTBOPOM a30THOM M CepHOM KuUCIOT. IIpyu HU3KOI KOHILIEHTapLUU
H,SO, nopsinok mo Toyyosny ObLT HyJEBbIM, a MPU 00JIee BHICOKOW —
MEPBBIM.

Ilpu vcnonb30BaHUMKM B KAYECTBE peareHTa HUTPYIOLIEH CMecu
(HNO;3;+ H,SO,) KoHLeHTpalLMsi MOHOB HUTPOHMSI B PacTBOpPE BCeriaa
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JOCTaTOYHO BBICOKA M TIpM M3OBITKE pearcHTa MOCTOSHHA, ITO3TOMY
HUTPOBaHME MOXHO pacMaTpMBaTh KakK IBYXCTaIMHHBINA IpOIEcC:

H NO,
ky (MC,ZUICHHO)
+
k2 (6BICTpO) HB

rae B:= HSO4

MeneneHHO cTagueil 3TOTO MBYXCTaIMHHOTO TIpoliecca SIBJISI-
eTcsT o0pa3oBaHME G-KOMIUIEKCA. DTO JTOKA3hIBAETCSI OTCYTCTBHEM
KWHETUYECKOTO M30TOMHOro 3(d@dexra Bogopoaa IpU HUTPOBAHUU
apeHoB U JeiitepoapeHoB. OIHAKO BBeJIECHUE OYeHb OOBEMUCTBIX TPYIIIT
¢ obenx CTOPOH 3aMENIAIoIIErocss BOJOPOAA MOXET CUJIBHO YMEHb-
IIUTh CKOPOCTb CTaAMM Ky U MPUBECTH K MOSIBJICHUIO M30TOMHOTO
addexra. Tak, B ciayyae 2,4,6-Tpu-mpem-0yTUITONYOIa U30TOIHbIIA

2 dexT 3HAYUTEIICH:
N® (CH;);C C(CH3)3
: o H )

C(CH3)3 C(CH3)3

(CH;);C C(CH3)3

13.7.1.6. IEPEXOJHOE COCTOAHUE U CEJIEKTUBHOCTb
HUTPOBAHUA

HutpoBaHue, Kak mpaBUJIO, OTHOCUTEJIBbHO MaJl0 YYBCTBUTEIBHO
K BBEICHUIO aJIKUJIbHBIX 3aMeCTUTeseil B OeH30JIbHOE KoJblo. Hampu-
Mep, Toiryon Gpomupyetcst B 600 pa3 OblcTpee, yeM OeH30J1, HUTPYET-
csl uib B 27 pa3 6bicTpee. B pamkax 000011I€HHOM cXeMbl MeXaHM3Ma
BJIeKTPO(UIBHOTO apoMatuyeckoro 3ameleHust (13.3) aTo o3Hayaer,
YTO TEPEeXOJHOE COCTOSIHME TP HUTOBAHUM SIBJISIETCSI «paHHUM», T.€.
0oJiee MOXOXUM Ha MCXOJHBIE pEareHThbl, YeM Ha G-KOMILIEKC.

OaHaKo HEOOXOAMMO PacCMOTPETh U APYroe oObSICHEHUE HU3KOM
cyOCTpaTHON CeJeKTMBHOCTU HUTPOBAHUSI, & UMEHHO JUMUTUPYIO-
1Iee CKPOCTh 00pa30BaHUE T-KOMIUIEKCOB. MBI yxKe MPUBOAUIN JaH-
HbI€, CBUIETEJbCTBYIOIIME O TOM, UTO KOHCTaHTa 0Opa30BaHUS MPO-
TOHHBIX T-KOMILJIEKCOB rOpa3io MEHee YyBCTBUTEIbHA K MIPUPOJE ape-
Ha, YeM KOHCTaHThl 00pa30BaHMsI G-KOMILIEKCOB. Tak, mpu mepexone
OoT OeH30j1a K TOJYyoJy KOHCTaHTa oOpa3oBaHusi m-komiuiekca HCI
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Bo3pacTtaer Bcero B 1,5 paza, a KOHCTaHTa 00pa30BaHMSI G-KOMILIEK-
ca — B 800 pa3. Ecau tonyon 6pomupyercss B 600 pa3 GoicTpee OGeH-
30J1a, a HATPyETCs Jullb B 27 pa3 ObICTpee, TO HEe O3HAyaeT Ju 3TO,
YTO JIUMUTUPYIOLLIEH cTanueit OpOMUPOBAHUS SBJIsIETCS 0Opa3oBaHUe
G-KOMILIeKca, a JIUMUTUPYIOLIEH CTaaueili HUTpOBaHUS — oOpas3oBa-
HUE T-KomIuiekca?

OcraHoBUMCS Ha (akTax, MOJYYEHHBIX MPU HUTPOBAHUMW TETpa-
¢TopbopaTOM HUTPOHUS B Cyiib(oiaHe (TeTpaMeTUICHCYIb(MOHE), Tae
mesutwieH (1,3,5-tpumeTniiOeH30/1) pearupyer Bcero B 2,7 pa3a Obl-
cTpee OeH3oJa (Ipyu OpOMUPOBAHUU Me3UTUJIeH pearupyeT B 200 Mu-
JIMOHOB pa3 ObIicTpee OeH30sa). OOHAKO IIPU 3TOM OpUEHTALIMs 3a-
METHO HE M3MEHSIETCS B CPaBHEHUM C JAPYTUMHU CIOCOOaMU HUTPO-
BaHUS TOJIyOJIa:

(No? BFf 25°C: £,/ f,,=22.7; HNO, B CH;COOH, 40°C:f, / f,=22.9).

Kak o0BSICHUTH ITOYTH TIOJIHYIO TIOTEPIO CYOCTpPaTHOM CEIEKTUBHOCTU
NP COXPAaHEHWM MO3ULIMOHHOM CEJIeKTUBHOCTU?

ITepBoHavayibHO TPEANOJIOXWIM, UTO peakuus ¢ O0opdropumom
HUTPOHMS UMEET YKa3aHHbIE OCOOCHHOCTH 110 TOW MPUYMHE, YTO MEJI-
JICHHOI ee cTajueil siBiseTcsl 00pa3oBaHUE T-KOMILIEKCa:

v
Hevo 6 P p
—
4 () OO TMIpe/noiaraeMoe CTpoeHre
\ n—komruiekca NO,* ¢ 6eHzonom

B3MO

[anee TIpeAmoiOXKUM, YTO T-KOMIUIEKC B OBICTPOI IMOCIEAYIOLIE
CTaIVN peakluu oOpa3yeT M30MEpPHBIC G-KOMITIEKCHI, OJHAKO dHEp-
TUs aKTUBALIMM OOpa3oBaHUS 0pmo-, Mema- W Napa-c-KOMITJIEKCOB
pasHast. [1oaToMy MO3UIIMOHHAS CEJIEKTUBHOCTh coxpaHsercs. Kasa-
JIOCh OBbI, OUYeHb cJIaboe BIMUSIHME METWILHBIX 3aMECTUTEJIEl Ha CKO-
pOCTb HUTPOBaHUSI OOPMOTOPUIOB HUTPOHMSI, CPABHUMOE C OTHOCH-
TeJIbHBIMIA KOHCTAaHTaMM YCTOMYMBOCTU T-KomriuiekcoB ¢ HCI (Ho He
c N02+), MOATBEPKAAET MPEAIOI0KEHNEe O TOM, UTO MEIJIEHHOM CTa-
IUel sIBIsieTcsl UMEHHO 0oOpa3oBaHMe m-KoMIuiekca (Tads. 13.8).
Tem He MeHee He HAOIIOAACTCS KOJMUYECTBEHHON KOPPEJSIIINU MEX-
Iy ycToMUMBOCThIO KoMIUieKCOoB ¢ HCI M cKOpPOCTbIO HUTPOBAHMUSI.

OTMeTuM TakKe, 4To JaHHble Tabja. 13.2 mpeacTtaBieHbl B Jora-
pudMUUECKOII 1IIKajie U COOTBETCTBYIOT MHTEPBAIY CKOPOCTE TOpsIaKa
10%; B Tabn. 13.8 sroT MHTepBajl MeHbIIe, 4yeM 3 : 1.
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Taobnuuma 13.8

CpasHenne ctadmwibHocTH KomiLiekcoB HCl ¢ moanmeTnideH30aMu U cKopocTeit
HATpPOBaHUs OopdTopumoM HATPOHHUA B cyibdonane mpu 25 °C

3aMecTUTeN B

Semsomnon komoue | — | Me [ 1:2-(Me)s [ 1,3-(Me)s | 1.4(Me); | 1,3,5-(Me)s

OTHOCHUTETbHAS 1,0 ] 1,51 1,81 2,06 1,65 2,60
YCTOMUYUBOCTh

komriekcoB ¢ HCI

OTHOCHTEIbHAS 1,0 | 1,67 1,75 1,65 1,96 2,71

CKOPOCTb HUTPOBAHMSI
(ctangapT — OeH30.1)

B Hacrosiiiee BpeMsi cuMTaeTcsl, 4YTO B OMMCAHHBIX 3KCIIEPUMEH-
Tax He ObUTO 00ECIeYeHO MOCTATOYHO OBICTPOE CMEIIMBAHWE pearcH-
TOB. Peakiusi HUTpOBaHUSI BO MHOTHX CJIyJasiX UJET OUYeHb OBICTPO, 1
I03TOMY TPOBECTU KOPPEKTHbIE KUHETUUYECKUE U3MEpPEeHHUs oOlie-
MPUHSTBIMA METOIaMM YPe3BBIYaifHO TpymHO. OOBIYHO HEOOXOTMMO
MPUMEHSITh METO KOHKYPUPYIOIIUX peakuuii. Hanprumep, oTHOCUTE Ib-
HYI0 PEaKIIMOHHYIO CIIOCOOHOCTh OEH30J1a U TOJIyoJa OMPEesIsIoT My-
TEM U3MEpEeHUs] KOJIMYECTB HUTPOOEH30JIa 1 HUTPOTOJyoJsia, o0pasy-
IOLIMXCSI TIPY HUTPOBAaHUM CMECH ITUX COCIMHEHMI B YCJIOBUSIX He-
JIOCTAaTOYHOUN KOHLIEHTpalUu 3eKTpoduibHoro areHta. Eciu peakiius
HUTPOBAHMSI UAET OYEHb OBICTPO, TO JUMUTUPYIOLIUM €€ CKOPOCThb
(bakTOpoM CTaHOBUTCS CKOPOCTb CMEIIMBAHUs, T.. CKOPOCThb, C KO-
TOPOIl peareHT U CyOCTpaThl CIIOCOOHBI MPOCTO BCTYMUTh B KOHTAKT
APYT C IPYTOM.

B monb3y muddysun Kak MeUIEeHHOM CTaauy peakIiyd TOBOPSIT,
Mo KpaiiHeit Mmepe, ABa ¢akTta. Bo-mepBbiXx, HUTpOBaHUE AUOEH3MIA
C¢HsCH,CH,C4H; 6opdToprinom HUTpOHUS B CyIb(hOIaHE TAET aHO-
MaJIbHO BBICOKUI BBIXOI JMHUTPOAMOCH3UIIOB. DTO MOXKET OBITH CIIeI-
CTBMEM TOTO, YTO PEAKIIMsI MPOXOJUT ObICTPO YK€ BO BpeMsl CMELU-
BaHMSI pEareHTOB B 00JIaCTM KOHTaKTa CMEIIMBAEMBIX PacCTBOPOB, T
JIOKaJIbHAsT KOHIICHTpAlLlMsl KIOHA HUTPOHUS BBIILLIE CPEITHE.

Bo-BTOpBIX, XOTs TOJYOJ B CEpHOU KUCIOTe HUTpyeTcs B 27 pas
ObicTpee OeH30j1a, JajbHElilllee BBeACHWE METHJIBHBIX TPYII yBEIH-
YHBaeT CKOPOCTh OYeHb Mayio. Bce Tpu Kcuona u Me3UTWIEH pearu-
pYIOT MeHee YyeM B 2 pasza ObICTpee TOJyoJa, YTO HaXOMUTCS B pe3-
KOM KOHTpacTe ¢ peakiiyeli rajoreHupoBaHus (tadi. 13.2). B atom cny-
yae TOXE MOXHO CUMTaTh, YTO HUTPOBAHUE KOHTPOJUPYETCS He
CKOPOCTBIO XUMHUYECKOW peaklvu, a CKOpocThio ud@y3nn (Tak Ha-
3bIBaEMBINl KOHTPOJIb CKOPOCTBIO KOHTaKTUpoBaHUs). OTMETUM, UTO
BO BTOPOM CJIydae CKOPOCTb JIMMUTHUpYeTCsl b dy3nueit B MUKPOCKO-
MUYECKON IIKaje, a He MaKpOCKOMUYECKHUM CMEIIMBAHUEM.
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Tem He MeHee cielyeT MpU3HATh, YTO T'MIIOTE3bl O T-KOMILIEKC-
HOM KOHTPOJI€ M KOHTPOJIE CKOPOCTbIO KOHTAaKTUPOBAHMS HECOBMeEC-
TMBL. COXpaHEHME OPUEHTHUPYIOIIETO BIMSHUS 3aMeCcTUTeseit (1o3u-
LIMOHHOM CEJeKTUBHOCTH) IMPU KOHTPOJIEC KOHTAKTHMPOBAHWEM ITOKa-
3bIBAET, UTO Tepe] G-KOMILJIEKCOM Ha KOOpAMHATE PEaKIMU JOJIKEH
OBITH ellle OMWH WMHTEepMeauaT. DTOT NMepBOHAYAIBHBIN MHTepMeauaT
OOBbIYHO Ha3bIBAIOT «KOMIJIEKCOM COyaapeHusi» U 0003HayaroT
[ArH - N02]+. B HacTos111ee BpeMsl HeT HUKAaKKUX CBEACHUI O €ro CTpo-
€HUU, BOZMOXHO, YTO 3TO U €CTb T-KOMILIEKC.

13.7.1.8. HIICO-HUTPOBAHUE

OO00011eHHBII MeXaHU3M 3JIeKTPO(GUILHOIO 3aMelleHHUs TIPEaIo-
JIaraeT, YTO MOXXHO 3aMECTUTh HE TOJIbKO BOIOPO/, HO U JAPYIYIO TPYII-
My, eciiu 2JIeKTPO(PUIbHBIN areHT aTakyeT aToM yrjiepoaa, UMeIoLIUi
3aMecTuTeNb. Takue peakiiuy TOJYYWUIM Ha3BaHUE unco-3aMelleHUs
(cm. 13.6), B 3TOM Ke pasjeie pacCMaTPUBAIOTCS TEOPETUYECKHE ac-
MEeKTbl UNCO-3aMELLEHUS.

Cpenu apyrux peakuuil 371eKTpo(pUJIbHOTO 3aMelleHUs unco-3a-
MEIIEHUE Yallle BCEro HaOJ0AaloCh B peakllMi HUTPOBAHUS TPU He-
COIJIACOBAaHHOW OpUEHTALIMU JBYX Pa3BETBICHHBIX AJKWIbHBIX TPYII
B napa- WA opmo-TIOJOXeHUU. BTopuuHas wWiu TpeTU4YHas ajKujib-
Hasl TpyMnra OTIIeIUIsieTCs MPU 3TOM B BUlle KapOOKAaTHOHA, KOTOPBIN
CTaOUIU3UPYETCS, TEPsIsl MPOTOH. TUMUYHBIMU MpPUMEpPaMU SIBJISIIOT-
cs1 HUTpoBaHue 1,4-nmum3onporideHsona win 1,4-au-mpem-0yTunoeH-
30J1a B KJIACCUYECKUX YCJIOBUSIX CMECHIO a30THOM M CEPHOM KUCJIOT:

(CH3)2 (CH3)2 (CH3)2
NO,
s Nens ©
CH(CH,), CH(CHjy),

M3BecTHBI MpuUMeEpbl unco-3aMmelieHuss Opoma U Homa, HO He XJopa
w GTopa, TaK KaK caMa HUTPOTPYIIA SIBJSETCS JydIleil yxomsiieit
IPYTIION MO CPaBHEHUIO CO (PTOPOM WU XJIOPOM:

NO,
(CH,CO),0
cmo@m + HNO; ———— CH,0 Br +

(70%)

(30%)
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[IpuBeneHHBIE TIPUMEPHI unCcO-3aMEIICHUS HAXOASITCS B XOPOIIEM CO-
OTBETCTBUMU C JaHHBIMU TabOi. 13.3, corjiacHO KOTOpPHIM OOpa3zoBaHME
UNCO-G-KOMILJIEKCOB C TEPMOJAMHAMMWYECKOU TOUKM 3PEHUS MpPEarod-
TUTEJIbHO, Korna yxomsias rpynna X=Alk, Br, Ho He Cl, F wiu NO,.
CrnenyeT 4eTKO pas3indyaTh unco-3aMelIeHWEe W unco-aTaky Tpu
3IIEKTPODMIHLHOM 3aMEIIeHNH, TIOCKOJIBKY UnCcOo-aTaKa COBCEM He 00sI-
3aTeJIbHO MPUBOIUT K unco-3aMellleHNI0. PaccMOTpUM 3TO Ha KOHK-
pETHOM TIpUMeEpPe HUTpOBaHUSA 2,3,5,6-TeTpaMmeTmiaHn3ona Gropoo-
patom HutpoHus. [1pu Huskoit temmneparype —60 °C B CHIBHOKMCION
cpene obpasyercsl unco-G-KOMIUIEKC C HUTPOIPYNION B IMOJOXEHUU 3.
ITpu nosbiieHun Temmeparypbl 40 0°C oH IeperpynmnupoBLIBAeTCS B
OoJsiee CTaOWIbHBIN «HOPMAJIbHBIN» G-KOMIUIEKC C HUTPOTPYMIION B
MOJIOXKEHNU 4, NeNMpOTOHUPOBAHME KOTOPOro naetr 2,3,5,6-TeTpame-
TUI-4-HUTPOAHU30JI — OXUIAEMBIN MPOAYKT HUTPOBAHUS:

OCH, OCH,
H,C CH ®,.0 H;C CH
3 3 NOyBF,” ° 3
T _se NO, — >
H,C CH; H,C CH,
OCH; OCH,
H;C CH, ) H,;C CH,
0°C
H,C CH, H,C CH,
H 'No, NO, (85%)

ITpu HuTpoBaHMM napa-uMosna (4-U30NPONUIITOIYoJa) (pTopdopa-
TOM HUTpPOBaHWS Tojydaetrcst 85,2% 2-HUTpo-napa-umMona; 5,3%
3-HuTpO-napa-uumona u 9,5% 4-HUTpPOTOIyosla — TIPOAYKTA UNCO-
3aMeIIeHNsT M30TPONMILHON TPYIIEI. AHAHJIOTUYHOE COOTHOIIECHHE
MIPOMYKTOB TOJy4aeTCsl TIPU HUTPOBAHUM Aapa-IIIMOJIAa HUTPYIOIIEH
cMechio. OMHAKO MPU HUTPOBAHWU Mapa-1ITAMOJIa alleTUTHUTPATOM B
YKCYCHOM aHTHUIPUIE HapsAmy ¢ yKa3aHHBIMU TPOAYKTAaMU B 3Ha-
YUTeJTbHOM KommdecTBe (41%) oOpasyloTcs yuc- U mpaHc-n30Mephl
1-HUTpO-4-aneToKCH - | -MeTHII-4- 30N pONMMILIMKIIOreKca-2,5-11ueHa, a
BBIXOJ 2-HUTPO-Aapa-niuMosa yMeHblnaercs g0 40%. DTo o3Havaer,
YTO UNCO-G-KOMIUIEKC TPHCOCAMHSIET alleTaT-MoOH ¢ 00pa3oBaHUEM
MPOMU3BOAHOTO IMKJIOrecanarieHa. Takoi CIoco0 CTabmIM3aiiu ape-
HOHMEBOI'O MOHA BO3MOXEH B HYKJIeODUIbHOU cpene (YKCycHas Kuc-
JIOTa WJIM YKCYCHBIM aHTHIOPUA), HO He B CHJIIbHOKUCION cpene. LImk-
JIOTeCKaJMeHMIAIeTaT TP PacTBOPEHUU B CEPHOM KHCIIOTE TIpeBpa-
11aeTcsl B 2-HUTPO-napa-uymoli. Takum o0pa3oM, He MEeHee MOJJOBUHBI
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O0ILIEro KoJIM4YecTBa 2-HUTPO-Aapa-1IuMojia o0pa3yeTcsl He B pe3yib-
TaTte IMPsIMOM aTakKu KaTHOHa NO2+ B IIOJIOKEHME 2, a MIyTeM UNCO-
aTakd B TOJOXeHUe | ¢ mocienyrollei rneperpyrnmnupoBKOR unco-c-
KOMILIeKCa B TEPMOJMHAMMYECKU 0o0Jsiee CTAOMJIbHBIM G-KOMILIEKC C
HUTPOTPYMIION B TOJOXEHUN 2:

CH,
CH(CH,),
CH{C—0—NO, | (CH,C0),0
0
NO,. CH, CH, CH, CH,
NO,
epe -
neperpym q NO,
MUPOBKA H
CH(CH,), CH(CHy,  CH(CHy, 92N CH(CHy,
+CH,C00°®
—y® —y® — (CHy,cH®

Y V Y

+ CH,CH=CH,
O\\ @

€O CH(CHy,  CH(CHy), CH(CH3)2 NO,
} (41%) (40%) (4%) (15%)

CiienoBaTesbHO, CaMbIM PEAKIIMOHHOCIIOCOOHBIM TMOJOXEHUEM B MO-
JIeKyJie napa-uMMmoJia o OTHOIIEHMIO K 3JIeKTpO(UIbHON aTake Ka-
TUOHOM HUTPOHMUSI OKa3bIBaeTcs MojioxkeHue 1, u (akTopbl napiu-
aJIbHBIX CKOPOCTEN YEThIpeX MOJIOKEHUN napa-uuMosia OTHOCSITCS Kak
10:5:1:2,5. Orcrona Takxe cjeayer, YTo Npu HUTpoBaHuu 1,4-au-
ATKWIOEH30JIOB U, BO3MOXHO, MOHOATKWIOEH30JIOB AOJISI OpmO-HUT-
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pO3aMeIleHHOTO TPOMyKTa BO3pacTaeT TakXkKe 3a CUeT unco-aTaku I10
3aMEIIEHHOMY aTOMY YIJIepo/a.

Cnez[yeT OTMETUTDL, YTO B HACTOALLECC BPEMA MU3BECTHLBI MHOIO-
YHUCJICHHBIC IIPUMEPLI Unco-ataku M unco-3aMCIICHUA KaK IIpU HUT-
POBaHUU, TaK U ISl IPYTUX PEAKUU 3JIEKTPO(PUIBHOIO 3aMELIEHUS
B apOMaTUYC€CKOM KOJIBIIC.

13.7.1.r. METOJIbl CUHTE3A HUTPOCOEIUHEHUU PAOA BEH30JIA

s HuTpoBaHUSI O€H30J1a, TOJyoJa, KCUJIOJIOB U apoMaTh4dec-
KUX COEIWHEHMI, COMEpXKAIMX 3JIEKTPOHOAKIIENITOPHBIE 3aMeCTUTE-
JI1, IPUMEHAIOT HUTPYIOLLYIO CMECh, HANIPUMED:

02
+ HNO;(koH11.) T(KOH;)@ @ @
4
(93%) ©%) (1%) NO,
CF,
H,SO
+HNO, — 2t @NO2 @ @
(91%) 6%)  (3%)NO2
®
N(CH,), H.50 N(CH3)3 N(CH3)3
29Uy
+ HNO; ——— >
(9%) NO, (11%)

HwurpoBanne noamMeTwioeH3010B HUATpytowieil cMecblo (HNO; +
+ H,S0,=1:2) He oTMeyaeTCcsi HU BBICOKOM cyOCTpaHTHOW (OeH30:1 :
TOJIYOJI : Mema-KcunaoJ : MeautuieH = 1 : 27 : 38 : 38), HU BBICOKOU
MO3ULIMOHHON CeJIeKTUBHOCThIO. XiopoeHsou 1pu 50—70 °C maeT cMech
opmo- (33—35%) u napa-nurpoxiaopoensona (65—67%).

1,3,5-TpuHUTPOOEH30J1 MOXHO IMOJYYUTh HUTpOBaHUEM 1,3-au-
HUTPOOEH30JIa B Te€UEHHE MHOTUX YaCOB KOHIIEHTPMPOBAHHOW a30T-
HOI KMCJIOTOI B OJieyMe, OMHAKO BBIXOJ IPOAYKTa HeBeduK. I'opaszmo
yaobOHee mosay4darh 1,3,5-tpuHurpobenson u3 2,4,6-TpUHUTPOTOIYOIIA
(B3pBIBUATOE BEIIECTBO TPOTWJI), KOTOPOE B CBOIO OYepedb IMOTYJarOT
HuTpoBaHueM Toiiyosua npu 70 °C oOBIYHOII HUTpPYIOLLIEH CMeChIO:
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CH, COOH

O,N NO, O,N NO, O,N NO,
K,Cr,0,—H,SO H,0, 100°C
2= 7 Had g 2 + Co,
JIeKapOOKCH-
NO, NO, nupoBaHue NO,
65% 70%

CoenuHeHusi ¢ akuentopHbeiMmu rpynnamu (CHO, COOH,
COOR, CN u ap.) Hapsiiy C OOBIYHBIM Mema-U30MEPOM AT 3HA-
YUTEJbHbIC KOJMYECTBA 0pmo-U30Mepa; napa-mu3oMep rnpu 3ToM 00-
pasyeTrcsl B MajibIX KojuuecTBax. [IpuurHbBI TaKOro MoBeneHust o0bsic-
HsoTcs TUIoM cummerpur B3MO Ttakux mosexyi. Hampumep:

COOC,H;
(19% (19%) (17%) (28%)
(72%) (80%) (81%) (69%)
9%) (1%) 2%) (3%)
OeH3aibaerua  OeH3oiHas OCH30HUTPUT STWIOEH30aT

KHncjaora

HwutpoBaHue HUTpYyIOIIEH CMEChl0 WIET Ha TpaHuUlle paszaena (a3
KHCJI0Ta—apoOMaTUYECKMIl YIJIEBOIOPO/, B CIydae aKTUBHBIX CyOCTpa-
TOB OHO KOHTpoJMpyeTcsl nuddy3ueil, Io3ToMy UIsI COKpaIleHUs
BPEMEHHU peaklnM HeooXomuMmo 3¢ @eKTUBHOE IepeMellBaHue:

OCH, OCH, OCH,
HNO;; 45 °C ©/ @
(40%) NO, (60%)

CoenvHeHus psjaa OeH307a, comepKallue 3JeKTPOHOIOHOPHbIE
3aMecTUTeNd, ynoboHee HUTpoBaTh pactBopoM HNO; B yKcycHOM aH-
TUAPUAEC WIM B YKCYCHOM KHUCJIOTE. ALIETUJIHUTPAT, 00pa3ylolIuics Ipu
pactBopeHurn HNO; B YyKCYCHOM aHTUIPUIE, B YMCTOM BUIE B3PbIBO-
onaceH, MO3TOMY €ro OObIYHO HE BBIACJSIOT B MHAMBUAYaJbHOM BUJE,
a UCMOJb3YIOT pacTBOPHl B Ac,O. C aTuM peareHTOM 3bupsl HeHONoB,
V- U TIOJUATKUIOeH30bl 1 N-allIMpOBaHHbIE apoMaTUYeCKUe aMM-
Hbl (Hanpumep, aneraHunun CcHsNHCOCH;) naioT cMmech opmo- u
napa-u3oMepoB C HECKOJIbKO 00Jiee BBICOKUM COAEpPKaHUEM Opmo-1U30-
Mepa, YeM MPU MCIOJb30BAaHWM HUTPYIOLIEH CMECH:
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NHCOCH; ~ NHCOCH, NHCOCH;
NO,

+ < HNO, + HNO, —>=

H,S0,
NO, (90%)  (10%)

NHCOCH;  NHCOCH;
No2
20 C
“(CH.C0),0 ,C0O),0

(10%)  (30%) No,

®eHoBI, apOMaTUYECKME aMUHBI, AUATKOKCUOEH30JIbI MOXHO
HUTpOBaTh pa3dasieHHo 20—30%-it 1 BOIHOM a30THOI KucoToii. [1o-
MMMO IIPOAYKTOB 3aMEllEeHUs] B 3TUX PeaklUsX 4acTO IPOUCXOMIUT
OKWCJIEHUE CyOCTpaToB. M- M TPUHUTPOCOCTWHEHUsS, COIEpXKalllne
HUTPOTPYIIIBI B 0pmo- WIA Napa-TOJOXEHUU IPYr K IpYyry WIA B
opmo- WIA napa-ToJIOKEHUM K 3JIEKTPOHOAKIICIITOPHOM TpyIIe, I10-
JIY4aOT OKHCJIEHUEM aMMHOTIPYIIIbI C ITOMOIIbIO pPeakTUBa DMMOH-
ca, TPENCTaBJISIIONIETO CO0OI pacTBOp MepTPpUGTOPYKCYCHOM KHMCIIO-
ol CF;CO3;H B xytopuctomM MeTwieHe:

o H,05: (CF;C0),0_
N NH
2 2 CH,Cly; 40 °C

(86%
Cl

o - H,0,; (CF;C0),0 o
2 CH,Cly; 40 °C ( 1(2)0 %)
0

Cl

H,0,; (CF3CO)2O
ON NHy ™ cHoc: 40 °C NO,
Mo (87%)

NO, NO,
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13.7.2. TAIOTEHUPOBAHUE

B peakuusix 3amellleHUs] apeHOBOIO BOIOPOJA Ha TajloreHbl aK-
TUBHOCTb TaJIOTeHOB yMeHbllaetcs B psay Cl,> Br,>>1,. B kauecTse
9J1eKTPOGUIBbHBIX TATOTEHUPYIOIIMX areHTOB B PeaKLMU UCIIOIb3YIOTCS
MOJIEKYJISIPHbIE TaJOTeHbl WJIM KOMILUIEKChI TaJIOTEHOB C pazHOoOpas-
HbeiMu kucnotamu Jlstonca (FeCls, FeBrs, AlICI;, AlBr;, rajoreHunsl
Ga, Sb, Sn, Ti u ap.). OueHp yacto npuMeHsOT pactBopbl Cl, uau
Br, B ykcycHolt kucnote. [aoreHnpoBaHve apeHOB MOJIEKYISIPHBIMU
rajjoreHaMi B OTCYTCTBUe KucioT JIpfomca mimm bpencrema, momspu-
3YIOLIMX CBSI3b TajloreH—TrajloreH, 3G(MEKTUBHO JUIIb TSI aTKUIOeH-
30JI0B, COAEPXKAUIMX HE MEHee TpeX aJKWJIbHBIX TPy, (HEeHOJIOB,
MPOCTHIX 3(PUPOB OTHO- M MHOTOATOMHBIX (DEHOJIOB M apoMaTHdec-
KUX aMUHOB. B npyrux ciydasx HeoOXxoauM Kataiu3 Kucaotamu JIbrouca
wim bpeHcrena.

XJtopupoBaHWe ¥ OPOMHUPOBAHWE MMEIOT YePTHI CXOICTBA C HUT-
poBaHueM. B ompeneseHHbIX yCIOBUSIX, HAIPUMEP B YKCYCHOM KHC-
JIOTe, XJIOPUPOBAHUE U OPOMUPOBAHUE OCYILECTBISIETCS Yepe3 «MO3M-
Hee» MepexoHOe COCTOsIHUE, OIM3KOE K G-KOMILIEKCY (cM. Tab. 13.2),
OJIHAKO, U3MEHUB YCJIOBUSI, MOXHO HapylIWUTb COOTHOILICHUE MEXIY
BHYTPU- U MEXMOJEYISIPHON CeJIeKTUBHOCThIO. Tak, peakuusi Opo-
MHUPOBaHUS OpOMOM B HHMTpOMETaHe B TIPUCYTCTBUM KaTallM3aTopa
FeBr; npu 25°C, nonoObHO HEKOTOPBIM peakUUSIM HUTPOBAHUS,
KOHTPOJIMPYETCSl YK€ HEe CKOPOCThIO XMMMUYECKON peakluuu, a CKO-
POCTBI0O KOHTAKTHPOBAHUSI peareHToB. TeM He MeHee IO CUX TTOp OC-
TalOTCSI COMHEHMS: YTO K€ SIBJISIETCS ACHCTBYIOIICH 27eKTPOhUIb-
HOH 4YacTulel B peaklusX rajloreHupoBaHUsi? AKTUBHBIE CyOCTPaThl
XJIOPUPYIOTCST XJIOPOM B YKCYCHOHM KHUCJIOTE, THE 3JIEKTPODUIOM SIB-
JIIeTcsl MPOCTO 3JIeMEHTapHbI xjop. Peakuusi nMeeT BTOpPOM KUHe-
TH4ecKkuii mopsnok (ckopoctb = kK|ArH][Cl,]). Ha ee ckopocTb He Biu-
SIOT TO00ABKM CHJIBHBIX KHUCJIOT, OcCHOBaHWIA. [Ipn mobaBIeHUN MOHOB
Cl" (obmwmit non) u CH;COO B 0b6oux ciayyasx MposIBISETCS JIIIb
HOpMaJIbHbIN cosieBoit apdekr. Ha ocHoBaHMM TOro MOXHO CAesaTh
BBIBOJI, uTO 3/ekTpodunamu He apisiotca Hu Cl7, nu CH;COOCI,

SoH
HU CH3C\ . [ToaTOoMy OBLT MpEeMIOXKEH OYEHb MPOCTOU ABYX-
0]@)]
CTAIVMHBIA MEXaHU3M:
k @ H .
A+ oy == A | a®IEL s 4 g
-1 Cl

O-KOMIUIEKC

Takoit xxe MexaHU3M HaOJIIoMaeTCs U B APYTUX OPTaHUYECKUX PacTBO-
pUTeNISX.
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BpomupoBaHre MPOMCXOOUT AHAIOTMYHO, OMHAKO IPU COXpaHe-
HUM MepBOro nopsaka mo ArH mopsimok 1mo 6pomy 4acTo OTIMYaeTCs
oT mepBoro. BeposiTHO, 3TO CBSI3aHO C Oojiee JErKoil 0OpaTMMOCTBIO
nepBoii ctaguu. [lpy MCTONB30BAaHUM TPUHIIMMA CTAIMOHAPHOCTHU
(3.3.6.a) nerko rmoJjiyyaercsl Cienylollee BbIpaxkeHue Jisi CKOPOCTH
(CTallMOHAPHOCTb MO G-KOMILJIEKCY):

CKOPOCTb = _ kR [ArH] [Br,].
k[Br®] + k,

[Ipu xnopupoBaHum cooTBeTcTBYIOIMI WieH k_;[Cl | nmpeHedpexu-
MO MaJjl, U TIO3TOMY peakliusl UMeeT OOLIMii BTOPO MOPSIAOK, HO TIpU
OpPOMUPOBAHNM CJlaraeMble B 3HAMEHaTesie MOTYT ObITh CPABHUMBIMU T10
BeJIMUMHE, M MO3TOMY Habmonaercst 3¢ dexT odiiero noHa. Kpome toro,

n06aBKK OPOMUI-MOHOB CBsi3biBatoT 6pom (Br—+ Bry, =2 Br;), no-
3TOMY IOPSAOK 110 OPOMY MOXKET OBITh BhILIE MepBoro. B Takux ycio-
BUSIX TIPOSIBISIETCS KUHETUUYECKUU M30TOIMHBIN 3ddekT Bomopoaa
(ky/kp>1), BeIMUMHA KOTOPOTO 3aBUCUT OT KOHLEHTPALMU HMOHOB
Br, a a0 ykasmeiBaeT Ha TO, 4TO k_([Br | >k, T.€. IMMUTHpYIOLIER
CKOPOCTb CTAHOBUTCS CTaAMsl OTLIEIIeHUs MpoToHa (cM. 13.5).

MexaHu3M rajoreHMpoBaHUs MpU Kataause Kuciaoramu Jlbrouca
win bpeHcTena 4acTo HA3BIBAIOT TaJOTEHUPOBAHUEM <«IIOJIOXKUTEIb-
HbIM OPOMOM» WJIA <«MOJIOXUTEJbHBIM XJIOPOM», HO 3THU Ha3BaHUS
YUCTO YCIIOBHBI.

IIpn GpoMupoBaHUM OPOMOM B MHPUCYTCTBUM KuCJIOT JIbionca B
9THUX peaklMsIX ydyacTBYyeT KOMILIEKC rajjoreHa ¢ Kucjaotamu JIbrouca,
nanpumep [Br°" ... Br—FeBr;°"]. O6b4HO B KauecTBe KaTaausaTopa Ge-
pyt FeCl; nin FeBr;, KOTOpbIE MOMYYalOT M3 METAIMYECKOTO XKee3a
u Cl, win Br, npsgimMo B peakllMOHHOM cocyze. bosee akTUBHbIE KaTa-
smmzaropsl AlCl; 1 AlBr; Hepenko NpHUBOAAT K 00pa30BaHUIO MPOAYK-
TOB IOJIMTaJIOTeHMpoBaHus. Tak, Hampumep, IIpu OpoMUpPOBaAHUN OEH-
307a B npucyrtcTBun AlBr; 3amemiarorcs Bce IIECTb aTOMOB BOIOPO-
Ja, 1 obpasyercsa rekcadpombdensos. IToatomy AlHal; Mano mpurogHst
JJIsl TaJIOTeHUMPOBaHUSI OeH30j1a, MOHO- M AUANKWIOEH30JI0B, rajio-
reHo0eH30/10B. CuiibHble KUCIO0Thl JIbtorca 3(hheKTUBHBI MpPU rajore-
HUPOBAaHWM HUTPOOEH30J1a, OEH30MHOW KUCJIOTHI U JAPYTUX COENMHE-
HUH, comepKalllnX 3JeKTPOHOAKIIEIITOpHBIC 3aMecTUTe . Bo Beex ciy-
yas aTakyloUlMM areHTOM, IMO-BUAUMOMY, siBisieTcss komiuiekc Hal,
¢ kucinoramu Jlpronca. JIo cux mop HET MPSIMBIX J0Ka3aTeIbCTB ydac-
st B peakuuy katroHa Cl7 wmm Br' kak KuHeTHMuecKu He3aBUCH-
MbIX yacTull. Ha OCHOBaHMM JAaHHBIX MO MEX- U BHYTPUMOJEKYISIP-
HOM CeJeKTMBHOCTH MOXHO I10jIaraTh, YTO 3JIEKTPOMWIBHBIM areH-
ToM gBiserca KoMiuieke Hal, — xucnora Jlptounca:

465



H

S+ oO— MEOJIEHHO © .
+ Cl... Cl... FeCh=——"" FeCly———
OBICTPO

Z Cl Z

© S}
B =Cl us FeCly
— + HCI + FeCl,

V4

MexxMoseKyJIsIpHasl CeJIEKTUBHOCTb OPOMUPOBAHUS JOBOJBHO BeE-
Jmka (cM. Tabi. 13.2). Hampumep, nipu karanmuse FeBrs kg qyoq/ksenson =
= 160. [1pu1 GpoMHPOBAHUK TOJIYOJIA TIOJYYAETCSI CMECH HaApa- U Opmo-
M30MEPOB B COOTHOLLIEHUU ~ 2 : | U COBCEM He IMOIy4yaeTcsl Mema-nu3o-
Mepa, a MpU XJOPUPOBAHUU TOJIYOJIa Opmo- U napa-u3oMepbl odpa-
3YIOTCS B MPUMEPHO PAaBHbIX KOJIUYECTBAX:

H3
FeBr3, 25°C
+ B, —————>
Br (65% (35%
3
_FeCly; 25°C_
+ Cl, —————
(55%) Cl (45%)

Hadranun npu xnopupoBaHuu B npucytctBun FeCl; obpasyer 90%
1-xnopHadranuHa u 10% 2-xnopHadranuHa. ClienyeT TakKe OTMETHUTh,
YTO BBEACHME XJIOopa WIM OpomMa B OCH30JIbHOE KOJIBLIO YMEHbBIIIAeT
CKOPOCTb JallbHEHIIIEero 3aMelleHus He Oosiee yueM B 7—8 pa3 B OTJIU-
yye OT HUTPOBAHMUS, TlIe CKOPOCTb peaklUM BBEACHMSI BTOPOTO 3aMe-
CTUTEJISI YMEHBIIIAETCS B 107 pa3. IloaToMy xyopupoBaHue U OpOMU-
poBaHue OeH30Jila Bcerma COIPOBOXKAAIOTCS 00pa3oBaHUEM AUXIIOP-
OeH30J1a U TpuxJiopoeH3oa. Ilpu xjtopupoBaHUK XJI0pOEeH30a CHavyaia
o0pasyeTcsl CMeChb opmo- W napa-nuxjiopOeH30J0B B COOTHOILICHUM
3:7, a ipu JajbHEHIlIeM XJIOPUPOBAHUU IOJydaeTcss cMech 1,2,3- u
1,2,4-Tpuxa0pOEH30JI0B:

a FeCly; 25°C Ccl a
b, —— +
(30%) a d (70%)
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FeBr3 Br
+ Br2 25°C
Br

(13%) (86%) Br (1%)

B omiimuure oT 3TOro KaTaauTUdeckKoe TraJIOTCHUPOBAHUEC COCANHC-
HUI C 3JIEKTPOHOAKLENTOPHBIMUA 3aMECTUTEISIMU XapaKTepU3yeTcCs
BBICOKOW CTEIEHbIO BHYTpI/IMOJIeKYJIHpHOﬁ CCJIICKTUBHOCTMU:

+ Q1 FeCl3 + HCI
2 T40-50°C
// //
\ l \
_FeCly | + HCl
+
Ch “40-s0°C
FeBr3
+
B s 50c HBr
(90%
C C(CH3)3 Br AlBI'3 C C(CH3)3 + HB
27 80°C !

XJI0pupoBaHNUE B YKCYCHOIM KHMCJIOTE XapaKTEepU3yeTCsl OYEHb BBI-
COKOM MEXMOJNEKYISIPHON CceeKTUBHOCTBhIO (p =—10). DakTopsl map-
IMAJTbHOM CKOpOCTH sl Tonmyona f,= 617, f,=820, yro HamMHOTO TIpe-
BhIIIaeT (haKTOPhl MapUUaTbHBIX CKOPOCTEH MpPY HUTPOBAHUM TOJIyoOja
(f,=47, f,=62). [loaToMy TMepexomHOe COCTOSTHWE TIPU TaJIOTeHUPO-
BaHUM MOJEKYISIPHBIM XJIOPOM MOXKHO CUMTATh OY€Hb OJIM3KUM K
O-KOMIUIEKCY. bpomupoBaHue B YKCYCHOM KHMCJIOTE XapaKTepU3yeTCs
ele OOJbIIEH MEXMOJIEKYJISIPHOU CEeNeKTUBHOCThIO (p=-12), u
J»,=2500 nnst OpoMHpPOBaHMS TOJYOJIA.

IIIupokoe mprMeHEeHNEe B CMHTETMYECKOM ITpaKTUKE HaXOMSAT TaK-
K€ TaJIOTEHUPYIOIIME areHThl, TakKue, KaK TpU(TOPaALeTUITUIIOOPOMUT
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n ocobeHHo tpudropauetwirnnoogut (CF;COOI). Btn rumnorano-
TeHUTHI 00pa3yloTCsl TPU NEHCTBUM COOTBETCTBYIOIIETO rajioreHa Ha
TpudTOpaLeTaThl cepedpa Wi PTYTU:

CF,COOAg + I,—— CF,COOI + Agl,
(CF;CO0),Hg + 1,——> CF,COOI + CF,COOHgl ,

OCH; OCH,
OCH
’ CHCl; 20°C OCH,
+ CF;CO0Ag + I,——————> (85—90%)
1,2-nuMeToK coeH30J1 I
(Beparpoi)

MOXXHO MCTIOTh30BaTh TAKKe AlleTHJITUITOTAJIOTEHHUTHI, OMHAKO TPpUd-
TOPALIETWITUTIOOPOMUTHI Topa3no OoJiee peaKIIMOHHOCTTOCOOHBI. CKOpo-
cti 6pommpoBanus npu neiictsun Bry,, CH;COOBr u CF;COOBr co-
crasmsior 1 10%: 100,

MoneKyIsIpHBII 1o SABISIETCS CIUIIKOM CJIa0bIM 3JICKTPOMDUITH-
HBIM areHToM. ToJbKO OYeHb aKTWBHBIC apOMaTUYECKHUe COSIMHEHWS,
Takue, KaK apoMaTHYeCKUe aMUHBI WM (DEHOJAT-NOH, pearupyroT He-
nocpencTBeHHO ¢ [,. B KauecTBe Gosiee aKTMBHOTO MOAMPYIOIIETO areH-
Ta MHorga ucrnonn3ytot xjuopua oaa ICl. Haubonee ynoOHbIM U yHU-
BepCAIbHBIM METOIOM MOIMPOBAHUST apOMATUYECKIX COSIMHEHMIT OKa-
3BIBACTCS MCITONB30BAHIE CMECH MOJIEKYJISIPHOTO 101a M OKUCIUTENICH,
JY4IMM U3 KOTOPBIX siBJsieTcs], nmo-sunumomy, HIO,, HO a3oTHast Kuc-
JloTa HanboJIee 4acTo yIoTpedsieTcs: Kak Oojiee elieBast:

I
HIO,
+ [ —— > (80%)
H,C CH; H,C CH,

Jlypor

ned N e o, 0 e Nt o

OueHb XOPOLIME PE3y/IbTaThl IOJYYAOTCs MPU HOAUPOBAHMU apoMa-
TUYECKUX coeluHeHuit cMmechlo I, ¢ xmopunom menu (11) CuCl,. Xnop-
Hasi Me/Ib BBIIOJIHSIET, BEPOSITHO, ABOSIKYIO (DYHKIIMIO KUCIOTHI JIbou-
ca U OKUCIIUTEJIS:
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CH3 CH3 + 12 + CUC12—> CH3 CH3 .
(70%)

13.7.3. AIKMWJIMPOBAHUE 11O ®PUIEIIO—KPA®TCY

Peaxums 1. @punens—/Ax. Kpadprca (1877) mpencraBisieT co-
0ot HanboJiee OOLIMIA METOA MPSIMOTO BBEACHMSI aJKWUJIBbHOU TPYIIIbI
B apOMaTUYECKOE KOJIbIO. AJIKMJIMPOBAHUE apOMaTUUYECKUX COeIMHe-
HUI OCYILECTBsIETCS TOJ ACHCTBUEM aJKWUJITaJIOT€HUIOB, CIIMPTOB U
aJIKEHOB TOJIbKO B TPUCYTCTBMM B KauecTBE Karajaud3aropa IMOAXOas-
uieii kucnotsl JIstouca: AlBrj; AlCls; GaBrs; GaCls; BF;5; SbFs; SbCls;
FeCls; SnCly; ZnCl, n ap. CaMbIM pacnpOCTpaHEHHBIM METOIOM SIB-
JIsieTcsl aJIKUJIMPOBAaHUE apeHOB C MOMOIIbIO AJKWJITAJIOTeHUIO0B U
KucyoThl JIbtouca:

AlCl;(6e3B0nHbII)

ArH + RX ArR + HX.

HaubGonee akTuBHbIMU KucjoTamMu JIbtonca sBisiloTCS 0€3BOMI-
Hble CYOJIMMUPOBAHHbIE OPOMUIbI ATIOMUHUSI U TaIUSA, NATUGTO-
pucTasi cypbma, XJ0pUIbl AJIIOMUHUS U rajuivsi, MeHee aKTMBHBI ra-
snorennnbl xenesda (IIT), SbCls, Kk ManOaKTMBHBIM KaTaJIu3aTopam
otHocaresa SnCly; TiCly n ZnCl,. B neiaom aktuBHOCTb KUCHOT JIbton-
ca KakK KaTraJlu3aTopoB aJIKWJIMPOBaHUs O€H30J1a YMEHbBIIAETCS B psiiy
AlBr;> GaBr;> AlCl;> GaCl; > FeCl;> SbCls > TiCl, > BF; > BCl; >
> SnCl, > SbCl, > SbCl;. CambIM pacnpOoCTpaHEHHBIM KaTaau3aTOpOM
9TOU peakluM SBISIeTCS MPeaBapUTEIbHO CYOIMMUPOBAHHBINA XJIO-
PUCTBIA aTIOMUHUM.

13.7.3.a. KHHETUKA U MEXAHU3M

Kunetnyeckoe usydyenme peakumu Ppupens—Kpadrca mposec-
TU HeJIErKo, MOCKOJIbKY CKOPOCTb OYEHb YYBCTBUTEIbHA K CJle/laM Bjia-
'Y, peakliMOHHas CMECh paccjlalBaeTcss B HETOMOTEHHBbIE CJIOM, Tep-
BOHayaJbHbI€ MPOJAYKTHI peaklMu JIETKO M30MEPU3YIOTCS, U, KpOMe
TOr0, KWUHETHMKA CUJIbHO 3aBUCUT OT pacTBopuTessi. HecMoTpsi Ha aTu
TPYAHOCTU, OCHOBHbIE 3aKOHOMEPHOCTH 3TOW peakliMd B HACTOSIIEE
BpeMsl JIOCTaTOYHO XOPOIIO BbisiCHEHbI. Hanpumep, 6eH3uIMpoBaHue
XJIOPUCTBIM OE€H3UJIOM B HUTPOOEH30JI€ B MPUCYTCTBMU OE3BOJHOTO
AICl; B KauecTBe KaTaqv3aTopa ONMCBHIBAETCS KMHETUYECKUM YpaB-
HEHUEM TpeTbero nopsaka. [ToaToMy MexaH1M3M peakliMi MOXHO Tpei-
CTABUTH CJICYIOIICH CXEMOW:
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k ky|ArH](vennenno) @ H
RCI + AICI; =< [ RCI-AICL4] o — Ar\ —
-1 S) R
B (6bicTpO) AICly
> ArR + HCl + AICl, G—KOMILIeKC (Tpo-

_ _ THBOMOHOM MOXET
(B = CI wu3 AICl, ; H,O wm apyroe ocHoBaHue). ObiTh Al,Cl; )

Tounoe ctpoenue uHtepmenuata (RCl- AlCl;) HeusBecTHO. B
MPUHLUIE MOXHO MPEACTABUThH LIEJbIA PSIi CTPYKTYP OT MOJEKYJISIp-
HOro KOMILJIeKca A0 AMCCOLMUPOBAHHBIX KapOOKATUOHOB:

&~ @ ) @ €]

RCI - AICI, RCl —> AlCI; R™AICl, R™ + AICl,

MOJIEKYJISIPHBIN ~ KOOPIWHAITMOHHBII HMOHHAas CBOOOIHBIE
KOMILIEKC aIIyKT Tapa VOHBI

Yyactue cBOOOIHBIX KapOOKAaTMOHOB KaK aJKMWJIMPYIOLIMX arcH-
TOB MaJIOBEPOSITHO.

Eciu Obl alKunupyoIIMMU areHTaMu ObUIM CBOOOJHBIE KapOo-
KaTUOHBI, TO MEIJIEHHOM CcTaaueil Oblaa Obl cTaausl UX 0Opa3oBaHUS
(k;), a peakuusi ¢ apeHaMu ObLIa Obl OBICTPON U TPETHErO MOpSIIKA
He OOJDKHO ObL1o HabmomaTthes. KpailHe MajaoBepOosiTHO, YTOOBI aji-
KWIMPYIOLIIUM areHTOM ObUI Obl MOJIEKYJISIDHBI KOMIUIEKC. AJKUIIU-
poBanue no Opuneno—KpadTcy 0ObIYHO MMEEeT HU3KYI0 BHYTPU- U
MEKMOJIEKYJIIPHYIO CEJIEKTUBHOCTh (cM. Tab. 13.4 u 13.6), u, ciueno-
BaTeJIbHO, MEPEXOAHOE COCTOSHUE <«paHHEe», YTO XapaKTEepHO I
CUJIbHBIX 251eKTpoduaoB. [Ipu HU3KUX TeMmmepaTypax MHOIAa yaaeTcs
BBIICIUTh KOMIUIEKCHI aJIKUITaIOTeHUIOB ¢ KucioTamu JInonca. s
HUX XapaKTepeH MeIJIEHHbII OOMEH TajJoreHOB MO CXeMe

c1 a
o
RBr + Mc13<—_><jBr 1}4 —CI==Br—M—CI===RCl + MClLBr .
R’ :Cl /c1®
*_/ R

CkopocTh 00MeHa BO3pacTaeT B psimy IepBUYHBIM R < BropuuHsbli R <
< TPeTUYHBIN R, 4TO MOXHO OOBSCHUTH U MOH-TIADHBIM CTPOCHUEM,
1 CTPYKTYpOIl KOOPAMHALIMOHHOIO aIlIyKTa.

MHorue uccienoBaTesid, padboTalollde B AaHHOM 00JacTu, I0-
JIaraloT, 4To cTpoeHue KomriuiekcoB RX - MX, mocteneHHO M3MeHSI-
eTCsl OT CTPYKTYPbl KOOPAMHAIIMOHHOTO amaykTa B ciyyae R=CHj,
0 CTPYKTYpPbl MOHHOI mapbl B ciaydae R =¢-Bu, ogHako skcrepu-
MEHTaJIbHO 3TO MOKa He IOATBEPXKICHO.
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CnocobHocTh aToMa rajoreHa B RX K KOMILIeKCOOOpa30BaHUIO
¢ AICl; win apyroii XecTKoi kucaoTtoii JIplonca pe3ko yMeHbIIaeTcs
oT ¢Topa K MOMY, BCIACACTBUE STOTO AaKTMBHOCTH AJKWJITAIIOTCHUIOB
B KauyecTBe aJKUJIUPYIOILIUX areHToB B peakuuu Ppunens—Kpadrca
takke ymeHbinaercss B psimy RF > RCl > RBr > RI. 1o atoil npuuuHe
ATKUIROANABl HE TIPUMEHSIOT B KayeCTBE AJKWJIMPYIOIIETO areHTa.
Paznuune B aKTMBHOCTU aJIKWI(DTOPUIOB U aTKUIOPOMUIOB HACTOJIHKO
BEJIMKO, YTO TIO3BOJIIET CEJEKTUBHO 3aMelaTh ()TOp B MPUCYTCTBUM
OpoMa B OIHOM U TOI XK€ MOJIEKYJIE:

BF;; 20 °C; 4 4
C¢Hg + FCH,CH,Br > C,H,CH,CH,Br + HF .
(94%)

13.7.3.6. PEAKIINW AJIKUJINPOBAHUA
APOMATHUYECKHUX YITIEBOAOPOJOB B OPTAHMYECKOM CHUHTE3E

ApomaTuuecKkue YrjeBOoAOPO/Ibl JETKO alKWIMPYIOTCS Mo AeHCTBU-
€M CaMbIX pa3HOOOpa3HbIX aTKWITAIOTeHUI0B, AJJIMITaJoreHUI0B, OeH-
3UJITAJIOTEHUIOB U TPUAPUIMETUITAIOTEHUIOB B MPUCYTCTBUU XJIOPU-
Jna nim opomuna amomuHud, a Takke FeCly; wmm FeBr; mpu 0—25 °C
WK Tipu OoJiee BbICOKOU TeMrmeparype. PeakiiMoHHass criocoOHOCTb
ymenbmaercst B papy (C¢Hs);CX > (C¢Hs),CHX > C¢H;CH,X >
> CH,=CH—CH,X > R;CX > R,CHX > RCH,X > CH;X.

AnxunupoBanue apeHoB 1o Ppunemo—Kpadrey Kak cMHTETH-
YeCKMI METOJ MMEeT TPU CEPbe3HbIX HEeI0CTaTKa, OrpaHUUYMBAIOLIMX
ero NMpUMeHeHue B OpraHuyeckoMm cuHrtese. OIMH U3 HUX 3aKJIovyaeT-
Ccsd B TOM, YTO MEPBOHAYATBHO OOPa3yIOUIMICSI MPOAYKT aTKUIUPO-
BaHUsI OoJjiee peaKIMOHHOCIOCOOEH, YeM MCXOAHBIN apeH. ITosTomy
AJIKUJIMPOBAaHUE apeHOB AJIKWITaJOreHUIaMU TPU COOTHOIIEHUU pe-
areHTOB, OJIM3KOM K 3KBUMOJIbLHOMY, IPUBOAUT K OOpa30BaHUIO 3Ha-
YUTEJbHOTO KOJMYECTBA MPOAYKTOB MOJUANIKWIMPOBaHUs. B 3ToM OT-
HOLIEHUHU aJKUJIMPOBAHWE CWJILHO OTJIMYAETCSl OT HUTPOBaHUS U Ta-
JjoreHupoBaHus. s TOro 4ytoObl CBECTU IOJUAIKWIMPOBaHUE K
MUHHUMYMY, HCIOJB3YIOT OOJIbIION M30bITOK apoMaTUYeCKOTro yrje-
BoJOpoJa. B aTOM ciydyae OH BBIMIOJHSIET POJib U pearcHTa U pac-
TBOPUTEJISI.

Jpyroit HemoCTaTOK MeToIa aJKuInpoBaHus mo Ppunemo—Kpad-
TCY CBsI3aH C M30Mepu3alMeil aJKUJIUPYIOIIero areHTa B XOJe peak-
LIMK, B pe3yJibTaTe Yero oopasyercsi CMeCb M30MEPHbBIX MPOIYKTOB al-
kunupoBaHus. Kinaccuyeckum mpUMEpOM SIBJISIETCSl aIKMJIMPOBAHUE
OeH30/1a H-MPOMWIXJIOPUIOM, TE TOJYYAETCs] CMECh H-MPOMUI- U
MU30MPONuUIOeH30/a, B KOTOPO M30MEPHM30BAHHbBINA MPOAYKT OKAa3bl-
BaeTCs JOMUHUPYIOLINM:
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CH,  CH;
CH,CH,CH; CH

A1C13; 50°C
+ CH;CH,CH,CI + + HCl.
CeHe

(35%) (65%)
H3zornpornmmibeH30i1 ToydaeTcs B pe3yjbTare M3oMepusanum 1-xmop-
MpoIlaHa B 2-XJIOPIIPOTAH MO AeiCTBHEeM KUCIOTHI JIblonca:
Cl

BropuuHble aNKWITAJIOreHUABl B PEAKLIMU AIKWIMPOBAHUSI apOMaTH-
YECKUX YIJIEBOJOPOJOB 00Jjiee peaklIMOHHOCIIOCOOHBI, YeM TepBUY-
HbIE, O3TOMY JI0JIs UBOMEPU30BAHHOIO MPOIYKTA OKA3bIBAE€TCS BhIIIIE,
yeM aJKWJIOeH30Ja C MEePBUYHOMN aJKWJIbHOM TPYIIION:

AICL;; 0°C CHy
C¢Hg+1-CH;(CH,);Cl C¢H5(CH,);CH;+ C{H,CH-CH,CHj.
Cete (32-36%) (64—68%)

Takum 006pa3zoM, M3 MEPBUYHBIX AJTKUITAJIOTeHUIOB 00pa3yeTcsl CMeCh
MEePBUYHBIX U BTOPUYHBIX alKuiI6eH30510B. 10 3TOI MpuunHe H-aJiKWuiI-
OeH30JIbI 1ieJIecO00pa3HO ToydyaTh He aJlKWIMPOBAHWEM, a allujIupo-
BanueM apeHoB 1o ®punemo—Kpadrey (13.7.4) ¢ mocaemyommm Boc-
CTaHOBJIEHMEM XHWPHOAPOMAaTUYECKUX KETOHOB 1o KieMMeHceHy:

AtH 4 CHy(CHy, = A 70 Zndie HO
’ an Cl CH2C12 \(CHZ)I’ICH3

Ar(CH,),,+ |CHj .

M3omepusalus alkKuinupymollero peareHra (meperpynnupoBka BarHe-
pa—MeepBeiiHa, ¢M. TJI. 26) TIpeICTaBlisgeT co00i OOBIYHOE SIBIIEHUE
B peakuuu Ppunens—Kpadrca. Ilpu ankunupoBaHum GeH3oma Heo-
MEHTUWIXJIOPUIOM WIM M300YTUIXJIOPUAOM TOJIYYaeTCsl TOJbKO mpem-
AJIKUJIOEH30JT:

CH,
|
C¢Hs + (CH,);CCH,CI ’él% CeHs—C—CH,CH; + HCI,
o CH, (78%)
CHy + (CHy),CHCH,Cl 2L ¢y —c(cHy, + HCl.
6He (76%)
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TpeThe orpaHueuyeHHe, MPEISITCTBYIONIEe MPUMEHEHUIO peaKIuu
ankuaupoBaHus o ®Opuupemo—Kpadrey, cBg3aHO ¢ MUrpauuein ai-
KWJIBHBIX TPYIIT B KOHEUHOM TIPOAYKTE Peaklnu. AJTKIJINPOBAHUE TO-
ayona 2-xyopriporiaHoM u AlCl; B auetonutpuie npu 0 °C npuBonut
K cMmecu: 63% opmo-ummona (opmo-u3ornponuitonyonia), 25% napa-
uumona u 12% mema-upmona. OgHako yxe mnpu 25 °C B IPUCYTCTBUK
AICl; (2 mons) m HCI obpasyetcs TonbKO mema-u3omep uuMona. I1pu
PacTBOPEHUM CMECH TpeX M30MEPHBIX LIMMOJIOB B cMecu 0e3BonHoit HF
n BF; yxxe yepe3 10 MuH 0OpasyeTcs YMCTBIA Mema-IMMOIT.

AnxkunupoBanne no ®puupeno—Kpadrcy oTHOCUTCS K HEMHOTO-
YUCJIEHHON TpyIie OoOpaTUMBIX peaklUil 3JeKTPO(GUIBHOTO apoMa-
TUYECKOTO 3aMEIeHMS, TIOMUNHSIONINXCS TEMOAMHAMUIECKOMY KOHT-
pOJII0, KOTrnma B IMPOAYKTaX peakiMu MpeodsagaloT TepMOIMHAMUYEC-
K1 Oojiee cTtabuibHble 1,3-muankwi- win 1,3,5-TpuaikuiOeH30Ibl:

CH,CH,
AICI; (2 moms)
+ 3CH,CH,B 2
@ P T5C 24 CH,CH;
CH,CHj (85%)

C(CHjy);

AICly; —30°C
(CHy),C + 2(CH3);CCl——> (CH,);C

(80%) C(CHy);

M3zoMepusaiinst B MPUCYTCTBUU TaJIOTEHOBOIOPOAA M KUCIOTHI JIbIO-
rca TIPOMCXOMUT Ha CTaauu 00pa30BaHUs apeHOHUEBOTO MOHA 3a CUET
BHYTPUMOJICKY/ISIPHOrO 1,2-ciBura ajkuwibHOM rpymbl (cM. 13.6.1). s
B3aUMHBIX TIPEeBpAIlleHUN napa-, mema- N Opmo-KCUIJIOJIOB M30MepH-
3aIUsT OTIMCHIBACTCS CIIEAYIONIUM 00pa3oM:

CH;
—H®
3 ® H CH3 H /{Y
+H (> JCH, +H CH;
1,2- CZ[BI/IF ®\],2_\CHBHF CH,
CH; ® _H('D
H
cn, HE CH;
CH; 3 CH;
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B pesynbrare mepeMmelieHUsT METUJIbHOM TPYMIIbI B apeHOHUEBBIX
MOHAX MEXIy TpeMs M30MepaMM KCUJIoJa YCTaHABIMBAETCS PaBHO-
Becue, B KOTOPOM Bcerma npeobiagaeT Hauboiee cTaOMIbHBINA Mema-
KCUJIOJI. B 3aBUCHMMOCTU OT TeMIIEpaTypbl B CMECHU COOEPXKUTCS 52—
60% mema-xcunona, 23—24% napa-xcunona u 16—25% opmo-xcu-
Jnona. B Oojee XeCTKMX yCIOBMSIX M30MEpPU3aLUs aJKUIOEH30JIOB
MpUOOpeTaeT MEXMOJEKYISIHBIM XapakTep, B pe3yJbTaTe 4ero M3
KCHUJIOJIOB 00pa3yeTcs cMech, comepskallash Tpu-, TeTpa- W TeHTa-
METHJIOEH30JIbI Hapsiy ¢ 9KBUBAJICHTHBIMU KOJWYECTBAMHU TOJIyOJa
n OeH3osia. DTOT MPOIECC HMCIOJb3YeTCs B MPOMBILIJIEHHOCTH, TakK
KaK OH SIBJISIETCS 0€30TXOMHBIM U TTO3BOJISIET TTOJHEE YIOBIETBOPUTH
MOTPEOHOCTh XMMHUUYECKON MHIYCTpMU B OEH30JIe M TOJIyoJie, KOTO-
pasi HEeIpepbIBHO pacTeT.

[N anTKuImpoBaHUs apoOMaTUYECKUX YIJIEBOJAOPOIOB BMECTO all-
KUJITaJIOTEHUIOB MOXHO MCIIOJIB30BaTh TaKXKe M CIHUPTHI, B KAYECTBE
KaTaJIn3aTOpoOB B 3TOM ciydae Oepyr BF;, docdopHyro, nonudoc-
(GOpHYIO WM CEPHYIO KHUCJIOTHI:

O+ Oron gz OO+O0OO
+
60 °C H0.

(56%) (27%)

KaranuzaTtop ciemyeT npuMeHSITh B CTEXHMOMETPUYECKOM KOJIMYECTBE,
Tak Kak Boja, oOpasyoliascsd B pe3yabTaTe peakiuu, cBsa3biBaeT BF;
WIN JIpYyToil KUCJIOTHBIM areHT. HemocTtaTkm 3TOro Meroma ajkuiu-
pOBaHMS Te XK€, YTO U MPU AJKWJIMPOBAHU C MOMOILUBIO aJIKWJITAIO-
TeHUIOB:

CH;4

BF |
+ (CH,);CCH,OH —= 31> @C—CH2CH3.
616 |
CH,4

JBa M30MEpHBIX CIIMPTa — MEHTAHOJ-2 W MEHTaHOJ-3 Mpu B3au-
MoneicTBuU ¢ 6eH3onoM B npucytcTBunM BF; obpasyior cmech 2-de-
HuibyTtaHa U 3-peHundoyTaHa B OAHOM UM TOM K€ COOTHolleHuu 2 : 1.

OH
OH
+ CH,~CH,~CH-CH,~CH,
CeHs (33%)

CeHs  (67%)
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O0a KaTHOHA WU JOHOPHO-aKIIEIITOPbIHX KOMILIEKCa, 00pa3yIOIIXCs
U3 M30MEPHBIX CIIUPTOB, SBJSIOTCS BTOPUYHBIMU W OJM3KW MO CTa-
OMJILHOCTH, ITO3TOMY COOTHOIIIEHME MPOAYKTOB aJIKWaupoBaHus 2 : 1
OTpaXaeT CTAaTUCTUYECKYIO MPEeANOYTUTEIbHOCTb 2-MEHTUIKATUOHA.

AnxkunupoBanne 1o @pupemo—Kpadrcy MoxeT MpoUCXOoauTh U
BHYTPUMOJIEKYJISIPHO, YTO COCTaBJSIET OJAHO M3 Haubojee BaxKHBIX
CUHTETUYECKUX TIPUJIOKEHUI 3TOM peakumu. Llukiauzanus mpoucxo-
JIUT TOJIbKO B TOM CJlyyae, Korja o0pa3yeTcsi HOBBIH 111€CTU- WKW MSATU-
YJ€HHBbIA LUKI:

H,PO,-P,O - 70
3P0, F,05 S; ¢ +HS
80 °C
OH
katuoHur KVY-2 _
I'CIITaH
HO—CH, CH,  pnyopen

HauGonee memeBbIMU peareHTaMM IJIsl aJIKMJIMPOBAHUSI apeHOB B
MPOMBIIIEHHOM MAacluTa0e SBIISIOTCS alKeHbl — OTUJIEH, IIPOITM-
JIEH, M300yTWIEH U Ip. DTU peaklnu JIeXXaT B OCHOBE KPYITHOTOH-
HaXXHOTO TPOM3BOJACTBA 3TWJIOEH30/a, KymMoja. TUIMMYHBIMUA KaTa-
Jnm3aTopaMy Takux mpoiieccoB cayxar cuctembl HCl—AICl;; HF wim
HF—BF;; H;POy,:

+ CH,CH=CH, — 3% CH(CH
T2 950 °C; 25 arm (CHs),
AICI; HCI
+ CH,=CH, CH,CH,
80—120 °C; 10 at™m

Hapsny ¢ MoHOanKmIGeH30IaM BCeTaa 00pa3yloTcs MPOAYKTHI THaj-
KUJTUPOBaHUS.

ApomaTHYecKHe COeIMHEHUSs, ComepKallie 3JIeKTPOHOAKIIETITOP-
Hele 3amectutenn NO,, NO, CN, COOR u np., He aJKUIUPYIOTCS
B ycioBusx peakunn @pumens—Kpadrca. ApomMaTHyecKue aMUHBI,
(beHOIBI CBI3BIBAIOT KMUCIOTHI JIbloMca B HepeaKIIMOHHOCIIOCOOHBIM
JIOHOPHO-AKIIENITOPHBI KOMIIJIEKC, TIe HeIToJelIeHHas rmapa 3JIeKT-
POHOB KHUCJIOpPOIa WJM a30Ta KOOPAWHUPYETCS ¢ aTOMOM MeTallia
KucioTsl JIbionca. [TosToMy IjIsT adKWIMPOBaHUS 3TUX COEIUHEHUI B
apoMaTHUYecKoe SIAPO WMCITONB3YIOT IPYrvue METOJbI.
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13.7.4. ALIUINPOBAHUE 10 ®PUJEIIO—KPAOTCY

BBeneHue auuyIbHON TPYINbI B apoOMaTUUEeCKOe KOJbLIO C MOMO-
1IbIO AllMJMPYIOILIETO areHTa M KUCJAOThl JIblonca OO0beIUHSIIOT 00-
M TepPMUHOM <«auwirpoBanue mo dpupemo—Kpadrcy». Anmmm-
PYIOLIMMU areHTaMu OOBIYHO SIBJISIIOTCSI TAJIOTEHAHTUAPUABLI U aHTUI-
pyabl KUCJIOT B IPUCYTCTBUU TaJIOTEHUIIOB aJIIOMUHUS, TpudTOpUaa
O0opa uiau neHtadTOpUaa CypbMbl B KauecTBe KUCJIOT JIbtonca. Auui-
rajJoreHuabl M aHTUAPUIBl KUCIOT oOpasyloT ¢ kuciaoToin JIbrouca
JIOHOPHO-aKIIeNTOPHBIE KOMIUIEKChI cocTaBa 1 : 1 u 1 : 2. CriekrpaibHbI-
MM MeToAaMM ObLIO YCTAHOBJEHO, YTO XJIOPUM aJOMUHUS, TPpUPTO-
pun 6opa U meHTaTOUI CYpbMbl KOOPAMHUPYIOTCS IO KapOOHUJIb-
HOMY aTOMy KMCJIOpOJa, TaK Kak OH 0ojiee OCHOBEH, YeM COCEIHUI
aToM XJopa. DJEKTPO(UIbHBIM areHTOM B peaklyM aluJIUupOBaAHUS
apoMaTUYeCKUX COeAWHEHUU SIBIsIeTCSl MO0 3TOT JOHOPHO-aKLeTl-
TOPHBI KOMIUIEKC, JTUOO KaTMOH alWiIvs, oO0pa3ylolIuiics IpU ero
JUCCOLIMALUU:

+
RC<C1+ AlCl, =—= RC<C1 —=—> RC=0 AlCl, .

KoopauHauus mo KuciIopomy, a Takxke oOpa3oBaHME KaTHMOHA allM-
st CH;C®=0 noka3zaHO PEHTTEHOCTPYKTYPHBIM AHAJIU30M TBEPIBIX
xoMmIuiekcoB auetwixyopuna ¢ AlCl; cocrasa 1: 1. AnmiranoreHuasl
MpY B3aUMOAEHCTBUU C MIITU(MTOPUCTOM CYpbMOI B allpOTOHHOM Cpee

®~ e
00pa3syroT MOHHO MocTpoeHHble coau RC™ SbF¢X,  Bkmouarouime

KAaTUOH alWIus:

0 = (—=30°C %40

RCZ SbEC
CH,CI,

)
RC<F+ SbF;

MoOXHO TIojlaraTh, YTO MEIJICHHOM CTamWeil peakIlUM SIBJISIeTCS
aTaka OZHOTO M3 Tpex sinekTpodmios (RCO™, RCOCI - AICl;,
RCOCI - Al,Clg) Ha apeH, mpuBoAsIIas K G-KOMIUIEKCY. DdheKThB-
HOCTh 3THMX alWJIMPYIOIINX YaCcTHIL 3aBUCHUT OT IPHUPOABI cybcTpara,
alyITaJJoreHuAa W PacTBOPUTENSI, a TakKe OT KOJMYECTBa B3SITOTO
KaTajm3aTopa.

INpy anmIMpoBaHNM apeHOB aLVUITAJIOTCHUIAMM, KaTaTu3upyeMOM
XJIOPUIOM VI OPOMMIOM ATIOMHHUS B TIOJSIPHBIX allPOTOHHEIX pa-
CTBOpUTENAX (HUTPOOEH30JIe, HUTPOMETAHe M AP.), allMJIAPYIOIIAM
areHTOM SIBJISICTCS KaTMOH allvjIvs, TOrda KaK B MaJIOIOJISIPHOM cpefie
(XJIOpUCTOM METHJIeHE, OUXJIOpITaHe WM TeTpaxjopaTaHe) B peak-
MY TIPUHUMAET YJacThe TOHOPHO-aKIeNTOPHBIN KoMImieKe. [1pupona
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allMJIraJIoTeHUaa Takke oKa3bIBaeT BIUSHUE Ha oOpa3oBaHUE U CTa-
OMIBHOCTD coyielt aumius. [aroreHaHTUAPUIABI apOMAaTUIYECKHX Kap-
OOHOBBIX KMCJIOT JIeTye MpeBpallaloTcsl B alliIMeBbIe COJM 10 CpaB-
HEHHUIO C aHaJoTaMU XHUPHOTO psga. MeXxaHuU3M peaKIMU aluan-
poBaHus apeHoB 1o Dpunpemo—Kpadrcy mnoa ageiicTBueM

® O
_O0—AICl,
JOHOPHO-AaKIICIITOPHOIO KOMIIJIEKCA RC\ OITUCHhIBACTCSH
Cl
YpPaBHEHUEM:
® O
© B: B
+ RC AICI, —»@ + HCl —>
Z R_

+ HCI + AICI; .

ApomaTuuecKkMii KeTOH IpeAcTaBiisieT co0oil Oojiee CHIbHOE OC-
HoBaHue JIblonca, 4yeM alMJIrajJoreHua, u obOpa3yeT CTaOMIbHBIN
komruieke ¢ AlCl; unu npyroit kucinortoit JIstouca. [loatomy ans anu-
JIUPOBAHMST apOMaTUYECKUX COCAMHEHUI alMJIraJoreHuaaMu Tpeoy-
€TCs HECKOJbKO OOJIble DKBUMOJISIPHOTO KOJHUYECTBA KaTajlM3aTo-
pa, a MpM auWJMPOBAHMHU AHTUAPUIAMM KMCJIOT — JBa MOJIS KaTa-
aqu3atopa (Tak Kak OHHM cojAepxXaT ABa KapOOHUJIbHBIX aToMa
kuciopona). KeTon Boeiiensior, pasnaras ero komriekc ¢ AlCl; Bo-
JION WJIU COJISTHOM KUCJIOTOU.

AuumnupoBanue 1o ®punento—KpadTcy NOMHOCTHIO JUILIEHO TEX
HEJIOCTaTKOB, KOTOPbIE MPUCYIIM peakly ankuarpoBanus. [1pu anu-
JIMPOBaHUY BBOIMUTCS TOJHKO ONHA allUJIbHAs TPYIIIa, MOCKOJAbKY apo-
MaTUYeCcKre KETOHBI He BCTYMAlOT B NAJbHEMINYIO peakiuio (Tak ke
KaK M JIPYrMe€ apeHbl, CONEPXKAalUUE CUJIbHBIE 3JIEKTPOHOAKLENTOP-
uble rpynnsl NO,, CN, COOR). Eie ofHUM NpeuMyllecTBOM 3TOM
peakiMy MO CPaBHEHUIO C aJKUJIUPOBAHUEM SIBJISIETCSI OTCYTCTBUE
MeperpynnupoBOK B allMMpylolleM areHTe. Kpome Toro, s auuiu-
pPOBaHUSI HE XapaKeTPHbI peaklM AMCIIPONOPILIMOHUPOBAHUS MPOIYK-
TOB peakluu. Bce 3TM 0coOEHHOCTH AenaloT auwinpoBaHue mo Ppu-
nemo—Kpadrcy BakHEMIIMM METOIOM CHUHTE3a XUpHOapoMaTuyec-
KHUX M apOMaTMYECKUX KETOHOB, KOTOpPbIE MOJIY4aroTCs, KaK MpaBuiIo,
C OYeHb BBLICOKMMHU BbIxomgamu. IlepBoHayajbHO B KauyecTBE pacTBO-
pUTEsST UCIOAb30BaIN CEepOyIIepol, HUTPOMETaH, HUTPOOEH301 WU
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M30BITOK XKUIKOTO apoOMaTUYECKOro yrieBogopona. B Hacrosiee Bpe-
M$ TIpenNoYTeHHWE OTHAaeTCs TeTpaxJopaTaHy, 1,2-AUXI0pITaHy M
MpeKIe BCETO JETKOJIETYIeMY XJIOPHCTOMY METWIEHY, XOPOIIIO PacTBO-
pSIOIIEMY XJIOPUI M OPOMUI alTIOMUHUS:

0o AICI
—= 3
C4H:CH; + (CH3C\ )20 C—>6H5CH3 n-CH;C,H,COCH;  (85%)
C40 AICI,

CcH;OCH; + CH
675 3 3 \Cl C6H6

n-CH,0C(H,COCH, (88%)
COCH,

+ CH,COCI —» “ (92%)
+ CH,COCl ————> Q COCH
3 CH2<:12 " ’

0
COCH, O0%)

+ CH,COCI AlCl 70%
3 CH,Cl, (70%)

Hanbonee akTMBHBIMM alWJIMPYIOIIMMU areHTaMu SIBISIOTCSI CMe-
IIAHHbIE aHTUAPUABI KAPOOHOBBIX KUCIOT U TpudTOopMeTaHCyIbho-
KHCJIOTBI, OOBIYHO Tojyyaemble U3 anuiaraiorenuna u CF;SO;H
HEMOCPEACTBEHHO B PEaKIIMOHHOW CMecH. DTU peareHThl alvinpy-
10T OEH30J U Jpyrue apoMaTUuecKue YrieBOAOPOJbl B OTCYTCTBHE
KaTajau3aTopa:

o

0
~
CeHg + C6H5C<Cl+ CF;SO;H CgHsCOCH; (90%),

CH,0C(H; + CF;SO;H + n-NO,C.H,COCI

(84%)

OpI/IeHTaL[I/IH BXOISILUEH allJIbHOMN TpynIibl 3aBUCUT OT €€ IIpU-
POALI. ,[lJ'IH XJIOpAHIuaApuaoB U aHT'MAPUI0B aJ'[I/I(l)aTI/I‘{eCKI/IX KHCJIOT
IIpn p€akiuum € ap€HaMu, COACpXKalllMMMU 3aMCECTUTCIIN I poaa, Ha-
OromaeTcsl OYeHb BBICOKASI CEJIEKTUBHOCTH 3aMEIICHMSI B napa-10-
JIOXKCHUCEC:
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O AlCI 0

= =

X + ACT ——= X CZ—Alk .
cl

COOTHOIIIEHNE 0pmo-/napa-u3oMepoB B 3TOM CiIydae He IIpeBBIIIAcT
0,03 u xonebnercs B unHteppane 0,01—0,03. ConmepxxaHue mema-u3o-
Mepa He mipeBbimaeT 0,5%. TakuM oGpa3oM, allMIMpOBAHME apoMa-
TUYECKUX COCTMHEHUIN XJIOPaHTUIPUAAMI XKUPHBIX KUCIOT OCYIIIECTB-
JIIeTCS Ype3BBIYalfHO pPEruoceIeKTUBHO B napa-TiollokeHue. Jos
opmo-n30Mepa Pe3KO BO3pacTaeT MpH Tepexoie K raJoreHaHTUIpU-
JaM apoOMaTUYeCKUX KapOOHOBBIX KUCJIOT, IJIST KOTOPBIX opmo-/napa-
OTHOILLIeHUE U3MeHsieTcs B npeaenax ot 0,1 mo 0,8. BTu gaHHBIE HAXO-
IATCS B XOPOIIEM COOTBETCTBHM C TPEIITOJIOXEHUEM O TOM, UTO JIJIsT
MMPOM3BOAHBIX KUPHBIX KHUCJIOT AlWJIUPYIOIINM areHTOM SIBJISIETCS
oobvemuctoiii komiieke AlKCOCI - AlCl;, KOTOpBII aTakyeT apoma-
TUYECKHMI CyOCTpaT B TPOCTPAHCTBEHHO He3aTpyIHEHHOE napa-mo-
JloxkeHre. MeHbIast CeJIeKTUBHOCTh XJIOPAHTHUAPHUIOB apOMAaTHUECKUX
KHCJIOT, BO3MOXKHO, OOBSICHSETCS TeM, YTO B peakKlUM MPUHUMAeT
yJacThe KaTWOH allWJINS WJIM eT0 KOHTaKTHas WOHHAs Tapa.

BaxkHoe 3HaueHMWe IS CHHTE3a OMIIMKIMYECKUX W TTOJTULIMKITHA-
YeCKMX KETOHOB MMeeT BHYTPUMOJIEKYIISIpHOE alvinpoBaHue 1mo dpu-
nemo—Kpadrey. MMeercs MHOTO BapUaHTOB 3TOM peaKILMU, HEKOTO-
pble HanmboJjiee TUITMYHBIE TTPUMEPHI MPUBEACHBI HIXKE:

A1C13
1-nHmaHoH
DN 0 CH2C12
G

0 O
cH,—c”
2 ~ AICl, Zn(Hg); HCI1
+ 0O ——— —_—
CH—cZ
NS /
SIHTAPHBIN aHTUIPUIL O OH
_H;PO,
—— O—TCTPAIOH
(75—85%)
0 OH 0

BBenenune GOpMMIBLHOI TPYIIIBI B apOMaTUYECKOE KOJIBIIO MOXK-
HO paccMaTpyBaTh KakK YacTHBIM clydail arimpoBaHus 1o Ppure-
mo—Kpadrcy. Cnenmyroluii pa3mes MOCBSIIEH paCHOOOPa3HBIM CIIO-
cobaM (OPMIWIMPOBAHUS apOMATUYECKUX COCITUHECHUIA.
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13.7.5. ®OPMWJINPOBAHUE APOMATUYECKUX COEIWHEHUI

Oco0yto Tpyriy peakiii 2JeKTpoGUILHOTO apOMaTHUECKOTO 3a-
MEIIEHUSI COCTAaBJISIIOT peakKIiluy, MPUBOMASIINE K ITOJYYCHUIO apoMa-
TUYECKUX anbiaeruaoB. Croma BXOIST caMble Pa3HOOOpa3HbIE METOIbI
BBelIeHUsI (OPMWIBHOM IPYIIIBI B apoMaTuieckoe Kosblio. HekoTo-
pbIe U3 HUX COXPAHSIOT CBOE 3HAUEHME IO HACTOSIIIIETO BPEMEHHU, JPY-
TUe TIPEICTABJISAIOT JIMIIbL UCTOpUUYecKUiA MHTepec. [IpsMoe BBemeHMe
(opMUIIBLHOI TPYIITBI B OCH30JIbHOE KOJIBLIO BIIEPBHIC YIAIOCh OCY-
wectBuTh Jl.I'atrepmany u I'.Koxy B 1897 r. ®opMmunupoBaHue 1o
lFatrepmany—Koxy ocyiecTsisieTcsi mof AefCTBUEM OKCHIa YIIepo-
ga (IT) u xaopuctoro Bogopoaa B MPUCYTCTBUM TUIIMYHOIO KaTau-
3aropa ®pupenss—Kpadrca — xjmopuaa aaroOMUHMS, ITPOMOTUPOBAH-
Horo xjopuaoMm meau (I):

ArH + CO + HCI >

ArCHO + HCI.
(70—90%)

Ponb omHOXJIOpUCTOlN MenM B 3TOM peakilMy HesICHA: TIpeIoJiaraeT-
CsI, YTO OHA CITOCOOCTBYeT 00pa30BaHMIO KpaifHe HeCTaOWIBHOTO XJIO-
pucroro ¢opmmia HCOCI n3 CO n HCI, ogHako mpeariojokeHne
00 yyacTum xjopuctoro opmuaa B peakuuu I'arrepmana—Koxa Hu-
Korjza He ObLJIO CTPOro J0Ka3aHO 3KCHEpPUMMEHTabHO. TakuMm IyTem
yIAeTCsl BBECTH aJbIACTUAHYIO TPYMIY B Pa3JMUHbIE aTKWUIOSH30JIBI,
apUJIrajJoreHuabl, MOJULMKINYECKUE YIJIEBOAOPOAbl U T.A., NPUYEM
(opMmIbHAs Tpynmna BBOAMTCS CEJEKTUBHO B napa-TmojoxeHue. Bbi-
COKHME BBIXOIBI aJbICTUAOB HAOIIOAAIOTCS TP MCITOJIb30BAHUM BbI-
cokux gasneHuit nopsaka 100—200 atm B orcyrcreue Cu,Cl, wim npu
OOBIYHOM JaBieHuU B MpucyTcTBUU Cu,Cl,:

CH; CH;
AlCl;; Cuy(Cl,
CH; + CO + HCIW CH;4 CHO
(80%)
CH;4 CH,

AlCl;; Cu,Cl,
Cl + CO + HCl ———————CCl CHO (70%)
50°C
AICl,; 30°C
@CH(CH3)2+ CO + HCIW OHC@CH(CH3)2

(60%)
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B nabGopaTopHbIX yCI0BUSIX HEOOXOAMMYIO i1 (DOPMUIMPOBAHUS ape-
HoB cMecb CO u HCI ynoOHO mosiyyaTh IIpU JEMCTBUM XJIOPCYIb(hO-
HOBOI KHCJIOTBI Ha MYPaBbUHYIO KHUCIIOTY:

CISO;H + HCOOH THCI + COT + H,SO,.

B uHauBUayanbHOM BUAE XJOPUCTHIM (POopMuUI yaanoch 3apuKCUpO-
Bath npu neiictBum cyxoro HCI Ha N-dopMuanmumazon B XJIOPHUC-
TOM METUJIEHE TPU HU3KOK TemIieparype, HO yxe npu —50 °C oH
Hanesno pasznaraercsa Ha HCl u CO:

N N 0
+ HCI + HCZ
| NJ CH,Cl, | NJ e

| H
CHO

B xauectBe (hOpMIIIMPYIOIIETO areHTa MOXHO ITPUMEHSITh OTHOCUTEIIhb-
HO CTaOMJIbHBIA ra3000pa3HbIii (TOPUCTHIA (OPMUI IIPU KaTaau3e
TpexdTopucTbiM 60poM. DTOPHUCTHI GOPMUI ITOIyYACTCs IIPU B3au-
MOJIEMCTBUM CMEIIAHHOIO aHTHUAPHIA MYpPaBBUHOM M YKCYCHOM KHC-
JIOT ¢ 0e3BOAHBIM (DTOPHUCTHIM BOIZOPOIOM:

o _o : 0
HCZ0—cZ=cH, + HF —Y£> HC? + CHyCOOH,
F

0
AH + HCD —Pim ACHO + HF.
F

ITo cymectBy, peakuuto I'arrepmana—Koxa MOXHO paccMaTpUBaTh Kak
YacTHBIN ciyyail amwiupoBaHus o Ppuaento—Kpadrey, ogHako ¢
ropasno 0ojiee orpaHMUYEHHOI 00JIacThio TpuMeHeHus. B apomaTuyec-
KOe KOJbLO (heHOJOB, HA(PTOJOB, UX MPOCTHIX P(PUPOB, aMUHOB U
N,N-mnankunanmwimHoB ¢ roMmouisio CO u HCl BBecT (DOpMUIIBHYIO
rpyry He ymaetcs. ITostomy cam 'aTTrepmaH mpemioXus Ipyroi Me-
TOM BBEACHUS aJIbJAETUAHON TPYIIbl, B KOTOPOM B KayecTBe (hopMu-
JIMPYIOLIETO areHta ucnosib3oBaiach cmech 6e3BogHoro HCN u razo-
00pa3HOro XJI0pucToro Bogopoaa. st Toro, 4ToObl U30exkaThb IpUMe-
HEHMS SIOBUTONM CHMHWMJIBHOU KMCIOThI, P.Amamc mMomubuumuponan
YCJIOBUSI peakiluu, 3aMEHUB €€ LIMaHUIOM LIMHKA. DTO IMO3BOJWIO U3
nuanuaa uuHka u HCI mosyyaTh HEMOCPEACTBEHHO B peakKlMOHHOM
cmecu HCN 1 0e3BogHOI XJTOPUCTHIN LIMHK, UTPAIOLINI pOJIb CJIaboit
KUCIOThI JIborica. DTOT METOA AaeT XOpOollUue pe3yJbTaTbl Mpu hopMu-
JIMPOBAaHUU (PEHOJIOB M MPOCTHIX 3(UPOB (PEHOJIOB:
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CHj3 CH,4
Zn(CN), + HCl

HO
~op: 20°C HO CHO (85%)
OpCUH OH OH
CH3 CH3
Zn(CN), + HCl
HO n(CN), HO CHO (99%)
OeH30II
mumon  CH(CHj), CH(CHj3),

HMcTunHag npupoaa 31eKTpodUIbHOM YacTUlbl, TPUHUMAIOLLEH yJa-
cthe B BBeAeHUM (opMumibHO rpynmbl ¢ nomoibio HCN, HCI u
KUCIOTHl JIbloMca, TOUHO HE YCTaHOBJIEHA, IOJaraloT, YTO €0 MO-
KeT ObITh mHTepMeauar Tuna HN=CH-—-N=CHCI, ogHako Kakux-
JIN0O CTPOruX J0Ka3zaTeJbCTB 3TOro He umeercs. Peakuus I'attepma-
Ha cTaja OYeHb MOIYJSIPHON TOCje TOro, Kak ObLIO YCTaHOBJEHO,
YTO BMECTO LIMAHWIOB IJIs1 BBEACHUS (DOPMMIBHON TPYIIbl MOXHO
UCTIOJIb30BAaTh HETOKCUYHBIA U JIETKO AOCTYIHBIA CUMMETPUYHBIN
1,3,5-TpuasuH. DTOT peareHT oOecreynBaeT BBICOKME BBLIXOAbI ajlb-
JeruaoB npu (GOPMUIUPOBAHUMN AJKUIOEH30/10B, (DEHOJOB, 3(UPOB
(beHOJIOB, KOHIAEHCUPOBAHHBIX YIJIEBOIOPOAOB M TeTEPOLMKINYEC-
KUX COCIUHEHUM:

N

// HCI; AICI ® 0O . H®

ArH + N \> —— 3> ArCH =NH, Cl O H
—N H,O

— > ArCHO + NH,CI .
(55-90%)

B cuHTeTHMUeckoit mpakTuke A5l BBeAeHUsI (DOPMUILHOI TPYIIIbI OYEHb
YIOOHO MCIMOIb30BaTh JIETKO JOCTYITHBIE O, 0-AUXTIOPATKWIOBbIE 3(DUPHIL:

TiCl, R0
ArH + CHCI,OR Ar—CH ArCHO .
CH,Cl,; 20°C; 15 mun \Cl (70-90%)

OTO caMblil yIO0OHBII J1TabOpaTOpHBI MeTol (hOPMUIMPOBAHUS KOH-
JIGHCUPOBAaHHBIX YIJIEBOAOPOJOB, OM(peHnI0B, (HEeHOJOB U UX I(PU-
poB. [1aBHBIN €ro HeJOCTATOK COCTOUT B HU3KOW BHYTPUMOJEKYJISIP-
HOI CeJIeKTMBHOCTU (hOPMUIMPOBAHUSI aJIKUJIOEH30J10B, 1Jisi KOTOPbIX,
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Kak TpaBujIo, 00pa3yeTcs CMech opmo- W napa-u30MEpPHBIX albIeTH-
JIOB TIPUMEPHO B paBHBIX KosmyecTBax. HeobOxomaumbie o,0-AUXI0p-
aJKWIOBBIE 3(PUPHI MOJYYalOTCS MPU B3aUMOIEUCTBUM 3(PUPOB MY-
PaBbUHOI KUCIOTHI U IISITUXJIOPUCTOro docdopa:

HCOOR + PCl4 CHCL,OR + POCI,.

151 BBeneHUsI ajlbIeTAHON TPYIIbl B apOMaTUYECKOe KOJIbLIO, aK-
TUBHUPOBAHHOE MUAJKMIAMUHO-, TUAPOKCU- WIW QJTKOKCUTPYMIOM, (-
(hexTuBHA peakiuusi, onucaHHasg B 1927 r. A.Bunbcmeitepom n A.Xaa-
koM. N,N-/InankuiaMuHbl MypaBbUHON KUCIOThl — TUMETUIDOpMaMUL
u N-metundopMaMua B MPUCYTCTBUU XJIOpPOKUCH (ocdopa sSBstoTCS
MPEBOCXOTHBIMU PETHOCETIEKTUBHBIMU (hOPMUTUPYIOIIMA areHTamu. C
MOMOILLIBIO OTUX PEareHTOB AJIbICTUAHAS TPYIINa BBOAUTCS B napa-1oJo-
>KeHUe Mo oTHoleHuto K nMerommmMest NR,, OH v OR-rpynmam.

DTy peakurio MOXHO TakKe paccMaTpuBaTh KakK alUIMpOBaHUE,
[Ie poJib KaTalu3aTopa — KUCIOThl JIblouca — BBIMOJHSIET XJOPO-
kuch ocdhopa POCI;, tnonunxiopua SOCI, wmu docren COCI,.
DnekTpodUIbHBIM areHTOM B peakliuu BunbcMmeilepa—Xaaka siBiisi-
eTcsl UMMHMEBasl CoJib, KOoTopas obpa3yercsl NMpu B3aMMOACHCTBUU
AM®A u xnopokucu dochopa, THOHUIXIOPUAA WA (PocTeHa:

0 o
Co Z ® - Ol
ON(CHy), 7 \
(/.. 20
cP Cl

L] @
(CH3)2@CI< //O (CH;),N—CH PO2Cl§).
0,-PCl '
& Feh Cl
(MMUHMEBas COJIb)

MMuHueBas cojib MpU HEOOXOAMMOCTU MOXKET ObITh BbIAEJIEHA B WH-
JUBUIYaJTbHOM BUJe, Haripumep npu B3aumoneiictsun JM®DA c doc-
reHoM, rae nocie otuwerieHuss CO, obGpasyeTrcs coJib (CH3)2+N=
=CHCICI . OgHako OObIYHO €€ HE BBIICJISIIOT M MCIOJL3YIOT HEIoC-
PEICTBEHHO TIOC/Ie ee 0O0pa30BaHUSI:

® H

= —~(CH,),N —

(CH3)2N©+CICH N(CH,),=<==(CH), CH_N(CH3)2

¢l
®
CHSCOONa,[ (CH3)2N©fCH:N(CH3)2} B0
H,0
H,0
2 (CH3)2N@CHO (85%) .
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Peaxiiust Bunbcmeliepa—Xaaka 4pe3BbIYaiiHO MPOCTa B OKCIIEPUMEH-
TaJbHOM OTHOIIIEHWM M OOECIIeYMBAET OUYE€Hb BBICOKME BBIXOABI apo-
MATUYECKUX AIbIETUI0B, conepxalinx NR,-, OR- u OH-rpynnel. OHa
OKa3bIBaeTCs TPAKTUYECKU IIEHHOHN TNpu (HOPMUIUPOBAHUN KOHICH-
CHPOBAaHHBIX apOMAaTUYECKUX YIJIEBOMOPOIOB — aHTpalleHa, a3yJeHa,
MUpeHa W 1p., a TakKXkKe pa3HOOOpa3HBIX I'eTePOIUKINISCKIX COCIM-
HeHu#l psiga dypaHa, ThodeHa, nmupposa, uHnojaa. B tada. 13.9 npu-
BeJICHBI CBOIHBIC NaHHBIE MO (POPMIIMPOBAHUIO apOMATUIECKUX CO-
eIMHEHUN C TOMOILIBIO Pa3IUYHBIX PEarcHTOB, HAINISIIHO OTpakalo-
11I1Me UX JOCTOMHCTBA M HeAOCTaTKU. B KauecTBe cyOCTpaToB BHIOpPaHEI
anKWI0eH30J1bl, (PeHoNbl, Ha(TObl, UX 3(GUPHI, a TaKKe KOHIEHCH-
pOBaHHbIE YIJIEBOAOPOIbl U OM(EHIII.

13.7.6. CYJIb®UPOBAHUE

Beenenue B opraHnuyeckoe coeguHeHue rpynnel SO;H HocuT Ha-
3BaHME peakluil cylbhUpoBaHUS, a oOpa3ylolrecs MPOAYKThI Ha-
3BIBAIOTCS APEHCYNIb(GOKUCIOTAMMU:

ArH + HOSO,H ArSO;H + H,0 .

CynbbupoBaHUE ILIMPOKO MCIOJL3YETCS B MPOMBIILIJIEHHOM OpraHuyec-
KOM CHHTe3¢ IUISI MOJIyYeHUsT TPOMEXKYTOUHBIX MPOAYKTOB B IPOMBIII-
JIECHHOCTH OpraHMYeCKMX KpacuTesieil, a Takke Ul CMHTe3a MOBEpXHO-
CTHO-aKTUBHBIX BEIIECTB, CYJbMaMUIHBIX MpernapaToB U APYrux husmo-
JIOTUYECKU aKTUBHBIX COeIMHEHUH. B KauecTBe cyab(upyloliero areHra
yaie Bcero ynorpeosstior 98—100%-10 cepHyro KUCIOTY (MOHOTMI-
pat), 92—94%-10 cepHyI0 KUCIOTY (KYIIOPOCHOE MAciIO), a TaKxKe OJie-
yM, comepxkaiuii oT 20 1o 60% cepHOro aHruaApUAa, PACTBOPEHHOIO
B 0€3BOAHOI CEepHOI KMCIIOTE; MHOTAA ISl CYJb(UPOBAHUS HUCIIOJb-
3y10T pactBopbl SO; B SO, u SO; B xjiopuctoM MeTwiieHe. DdbeKTuB-
HBIM CYJIb(MUPYIOIIUM areHTOM SIBISIETCSI XJIOPCYJIb(OHOBasI KUCIOTa
(MOHOXJIOpAHTUAPUIL CEPHOI KUCIOTHI), KOTOPYIO TOJIy4YaloT MpU B3a-
MMOJEHWCTBUM CEPHOrO aHTMIpHUAA U XJopucToro Bomopoaa. Cynbbhu-
poBaHUE apOMaTUYECKUX COCIMHEHH XJIOPCYIb(OHOBOM KHUCIOTOM
MpeacTaBlisieT co0oil AByXCTaAMIHBIN Ipouecc. B mepBoii ctaguu 00-
pasyeTcs Cyab(hOKUCIOTA:

ArH + CISOz;H ArSO;H + HCI.

CynpdoKucioTa aajiee B3aUMOICHCTBYET C XJIOPCYJIb(OHOBOM KHC-
JIOTOM ¢ obOpa3oBaHUEM CYIbGOXJIOPHIA, 3Ta CTaAusl peakiMu obpa-
TiMa. KOHEYHBIM TIPOAYKTOM IIPH CYJIb(MUPOBAHUN XJIOPCYIH(HOHOBOIM
KUCJIOTOM SIBJISICTCS CYJIb(OXTIOPUII;

ArSO;H + CISO;H

ArSO,Cl + H,S0, .
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Tabnuua

@DopMHIHPOBAHAE APOMATHYECKHX COEJUHEHHil C MOMOIIBIO
Pa3IMYHBIX 3JIEKTPOQUIBHBIX AreHTOB

13.9

C?CCLZ(V(I)PIIL::;C PeareHnt nlvff;l(;p YcioBus peakuuu IMpoaykrt u BbIXOI B %
1 2 3 4 5
Benszon CO; HCI AlCl3 150 atm oensanbaerun; 85%
benzon ClL,CHOCH; | TiCly | CH,Cly; 20 °C | 6ensanbaerua; 80%
Benzon N AlCl; 20 °C oensanpaerun; 31%
S
\:N
Tonyon CO; HCl AlCl3; 50 °C N-TOJTYWJIOBBIN aJIbAETHU;
CUQCIQ 85%
Tonyon CI,CHOCH; | TiCly | CH,Cly, 20 °C | cMech 0- U h-TOJNYHUIOBOTO
aIbJeTuIoB 2:3
Tonyon N AlCl3 20 °C N-TOJTYWJIOBBIN aJIbACTUI;
N// > 81%
\:::N
Tonyon HCN; HCI AICl3 100 °C N-TOJIYWJIOBBIA aJIbICTHU/L;
90%
Mesutenen CO; HC1 AlCl3; 40 °C 2,4,6-TpuMeTHI-
Cu,Cl, 6ensanbaerun; 80%
Mesurenen | CLCHOCH; | TiCly | CH,Cl,, 0 °C | 2,4,6-TpumeTni-
oenzanbaerun; 88%
Mesutenen | HCN, HCI AICl; — 2,4,6-TpUMeTHI-
Gensanbaern; 13%
MesureneH AICl; | CH,Cl,, 20 °C | 2,4,6-TpuMeTHII-
// \ oenszanbaerun; 92%
\:N
budennn CO; HCl AlCl5; | 6enzon, 40 °C | 4-cdbenundensanbaerun; 73%
CU2C12
budennn ClL,CHOCH;3; | SnCly | CH,Cly, 20 °C | 4-penunbensanbaerun; 80%
budbennn AlCl; CHCI,CHCI, | 4-denunbensanbaerua; 63%
S
\:N
m-Kceumon N AlCl3 — 2,4-1UMeTHIIOEH3aJIbAET UL
N// > 89%
\:::N
m-Kcennon CO; HC1 AlCl3; 40 °C 2,4-muMeTUN0eH3aIbICTU
CU2C12 46%
Hadranun HCOF BF; |CH,Cly;—30 °C| 1-nadranbnerun; 73%
Hadramuu | CLLCHOC4Hgy | TiCly | CH,Cly; 0 °C | 1-Hadranbaerun; 79%
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IIlpomonxenue TabI.

13.9

1 2 3 4 5
Hadranux N AlCl; xjaopbenson | 1-nadranbaerum; 55%
N// > 20 °C
\:N
Antpauen | ClLL,CHOC4Hg | TiCly CH,Cly; 9-cdopmunanTpateH; 86%
0—20 °C
AHTpaleH AlICl3 xyiopbenson | 9-popmmnanrpaneH; 55%
// > 20 °C
\:N
AHTpaleH JIM®DA POCI; | AM®A; 20 °C | aurpanbaerun; 84%
dayopeH SnCly |CH,Cly; 20 °C| 9-dpopmundiyopeH; 92%
Dayopen N AICl; xiopbenson | 9-popmundayoper; 64%
77N
S
\:
TMupen ClL,CHOC4Hy | TiCly CH,Cly; 9-opmuniupeH; 88%
0—20 °C
AHu3zon CI,CHOCHj3; | SnCly CH,Cly; aHMCOBBIN anbaerun; 73%
0—20 °C
AHU301 AlCl3 20 °C AHUCOBBIIT anbaerun; 67%
TN
RN
AHU301 JIM®DA POCI; IM®DA aHMCOBBIN anbaernn; 21%
AHM30I HCI Zn(CN),| 6ensou; 40 °C | anucoBblit anbaerun; 94%
2-Hadton | CHCI,OCHj3; | SnCly | CH,Cly, 20 °C | 2-okcu-1-dopmunnadra-
mH; 82%
2-Hadron HCN; HCI ZnCl, a¢up, 20 °C | 2-okcu-1-HadTanpaerusn,
96%
2-MeTo- JIM®DA POCI; | AM®A, 20 °C | 2-meTokcu-1-
KcuHadra- Hadranbaerun; 90%
JIMH
®eHon HCN; HCI AICl; | 6en3oi, 40 °C | 4-okcubensanbaerum; 30%
Ddenon JIM®DA POCI; | AM®A, 20 °C | 4-okcubeHsanbaerun; 85%
Pe3opuun HCN; HCI ZnCly | adup, =5 °C | 2,4-nuokcubeH3aIbIeTU I,
70%
Pesopuux CHCHOCH;3 | SnCly | CH,Cly, 0 °C | 2,4-a1noKcuOeH3a bIer I,
68%
Pe3opuun AlCl3 acup, 20 °C | 2,4-1MOKCHOEH3AIbICTUI;
// \ 77%
\:N
JnMeTnii- JIM®DA POCl; | AM®A, 20 °C | 4-a1MMeTHUIaMUHO-
AHWINH 6eHzanpaerun; 85%
TMuppon AM®DA POCIl; | AM®A, 20 °C | 2-ntuppoanbaerun; 78%
Wunon MDA POCI; | AM®A, 20 °C | 3-unnmonansaerun; 97%
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1t Toro, 4T0OBI CMECTUTH pAaBHOBECHE BIIPABO, HEOOXOIMMO HCIIOJIb-
30BaTh 4—5-KkpatHblii n30bITOK CISO;H. lng cynsduposanus apoma-
TUYECKUX COCAMHEHUI, COmepXalluX 3JeKTPOHOIOHOPHBIC 3aMeCTH-
TeIH, a TaKKe MSATUYWICHHBIX apOMAaTUYEeCKUX TeTePOLUKINIECKUX CO-
eqMHeHUin — QypaHa, nuppoja, TuodeHa U Ip., HECTAOMJILHBIX B
CUJIBHOKMCIION cpene, MCIOJBb3YIOT KOMIUIEKCHI CEpPHOTO aHTHIpHAa
C MUPUAVMHOM, TMOKCAHOM WM IUMETU(hOPMaMUIOM:

< \: 100 °C

0~ >80,
\ o
] £ 6 oeso, 02205¢ ] (98%)
SNH /M0
NH 1 CH,CPNH™ SSO;H
CH,CI

cm&@ +0  0-50,-2C cmo@som

BaxxHOl1 OCOOECHHOCTBIO peakUMU CYJIb(MPUPOBAHUS SBIISICTCS €e
00paTUMOCTb. ApoMaTUUECKUE CYIb(MOKUCIOTHI PACIIEIIISIOTCS Tepe-
IpeTbIM BOASIHBIM TapoM B kucioi cpene npu 110—180 °C. TIpotone-
cyJlb(UpOBaHUE MPEACTaBIsieT COOOM TUMUUYHYIO PEaKLMIO 3JIEKTPO-
(pUIbHOrO apOMaTUUYECKOTO UNCO-3aMELIEHUSI.

13.7.6.a. MEXAHU3M CYJIb®VPOBAHWA

Jlo cux mop HeT €AMHOr0 MHEHMSI OTHOCUTEJIbHO MCTMHHOU Mpu-
ponbl 3JIeKTPOGUIBHOIO areHTa cyibhupoBaHus. JlaHHbIe KUHETUYEeC-
KHX M3MEpeHUIl He JaloT OJHO3HAYHOTOo OTBETa Ha 3TOT BOIPOC, IO-
CKOJIbKY B BOJHOW M O€3BOIHOU CEpPHON KUCIOTE COACPXKUTCS OOJIb-
1110€ YMCJIO TTOTEHLMATIbHBIX 3JIEKTPOMPUILHBIX areHTOB, OTHOCUTEIbHAS
KOHLIEHTpaLMsl KOTOPBIX 3aBUCUT OT oTHoweHus: H,0/SO;.

IIpu KOHLIEHTpaLUMKX BOOHOM CepHOIl KucioThl Huxe 80% ycra-
HaBJIMBAETCSl TJIABHBIM OOpa3oM CJeylolllee PaBHOBECUE:

H,S0, + H,S0, H,;502 + HsOP

nim

H,S0, + H,S0, so, + H,0® + HsoP.

IIpu Gosee BBICOKOM KOHIIEHTPALIMM CEPHOIl KHMCIOTHI B MHTEPBAJIE
85—98% cocrosiHMe CepHOI KHCIOThI B OCHOBHOM OITMCHIBACTCS ypaB-

HEHUAMMU:
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——=H,$,0, + H0 + HSOS,

3H,S0,
H,S0, + SO,

B 100%-1i cepHoit kuciote u B oneyme nomumo H,S,0- cyiectByior
u npyrue noiucepHsie kucaotel — H,S;0,,; H,S,053 u T.0. Bee ato
KpaifHe 3aTpyaHsIeT WHTEPIPEeTallNio NTaHHBIX 1O KWHETHUKE CYIb(U-
pOBaHMSI.

B BomHOIT cepHOlf Kuciaore TIpyu KoHLeHTpanuu Hike 80% cko-
pPOCTh CyIb(MUPOBAHUS JIMHEHHO KOPPEJNMPYeT ¢ aKTHUBHOCTHIO MOHA
H,S0,". Tpu KOHIEHTpaLMK cepHOil KMCIOTHI Bhillle 85% Habmona-
eTcs JIMHeHas Koppendauus ¢ aktuBHocThio H,S,0,. O1n aBe yactu-
1IbI, TIO-BUIMMOMY, W €CTh JIBa TJIAaBHBIX PEaJIbHBIX 2JIEKTPOGUIBLHBIX
areHra CyJb(pUpOBaHUS apOMaTUYECKUX COCTWHEHWI B CEpHOM KUC-
jore. Ux MoXHO paccMmarpuBarh Kak Mosekyny SO;, KOOPAMHUPO-
BaHHYIO COOTBETCTBEHHO ¢ MoHoM H3;0™ mnm cepHoii kucnoroit. Tpu
nepexone oT 85% k 100%-ii cepHOil KUCIOTE KOHILIEHTpalys MOHA
H;0" pesko ymeHbluaetcs, a koHueHtpauuss H,SO, ypenuumpaetcs.
B 91%-it xucnote [H;0"] = [H,S0,], Ho Tak kak H,S,0, Gonee cub-
HbII 3JIeKTPO(WIbHBIN areHT, YeM H3SO4+, OH JOMMHUPYET KaK 3JICK-
TpodusI He TOIbKO B 91%-it, HO maxke W B 85%-i1 cepHOI KuUCIOTE.
I1pu Gostee HU3KOIM KOHIIEHTPAIIMKM CEPHOIM KMCIOTHI OCHOBHBIM 3JIEK-
TPOMUIBHBIM areHTOM CTaHOBMTCSI, BEPOSITHO, MOH H3SO4+. Takum
00pa3oM, MEXaHU3M CYJIb(PUPOBAHUSI MOXET OBbITh MPEACTABJICH Clie-
IVIOIIMM 00pa3oM:

MeieHHo (1) @ /H
ArH + SOy X —— Ar\soe + X ArSO;H + X
3
X=Hy0" wm H,80,.  (O-KOMIVieKo)

Kunetnueckuii n3otonHbslit 3¢ deKT ky/kp MPU KOHLIEHTPALUU
CEepHOM KHUCIOTHI HIXKe 95% mpeHeOpexkuMo MaJl, HO TIpH CyIbdu-
posanuu 98—100%-it H,SO, nnu oneymom HabofaeTcsi KUHETHYEC-
KU M30TONHBINA 2(pdeKT ky/kp B nuamasone 1,15—1,7, T.e. onpene-
JISIIOLIet CKOPOCTh CTajuell cTaHOBUTCS yxXe craaus (2). Ilpu koH-
LHEHTpaIlUM CepPHOM KHUCIOTHI HIXe 95% NpPOTOH OT G-KOMIUIEKCa
otuieruisiercs: rupocyibdar-uonom HSO, , HO npu Gosiee BbICOKOM
KOHIIEHTPAIIMKA CEpHOM KHMCIOTHI pOJIb OYeHb CJIA00T0 OCHOBAHMS WT-
paetr cama H,SO,. [ToaTomy ckopocTh ctamuu (2) pe3Ko yMeHbIIaeT-
cs, M HaOMomaeTcs KMHETUYEKWI M30TOITHBIN 3(hQeKT.

B oneyme ckopocThb Cymb(hHpOBaHUS PEe3KO BO3pacTaeT. DIeKTPO-
(MIBLHBIM areHTOM B 3TOM cjydae, MO-BHIUMOMY, SIBIISIeTCS HE CBSI-
3aHHBIA B Komruiekc SOjs:
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©
OBICTPO @ /H H mennenno /H ©
(1) SO3 ) SO;H
H,SO,

ASOH + HyS0%.

3)

MemieHHo# siBisieTcs ctaaus (3), IIo3ToMy HaOJIOAAeTCsl 3aBUCUMOCTh
CKOpOCTH OT (PpyHKUMU KucJToTHocTH ['ammera H,.

[IpenmnonoxeHne 0 HATUYUMM HECKOJBKMX aKTUBHBIX YACTULL CYJib-
(bvpoBaHMsT MO3BOJISIET OOBSICHUTH UBMEHEHUE HE TOJbKO CKOPOCTH,
HO W OpMEHTALUU TPpU CYyJb(PUPOBAHUM CEPHON KMCIOTON WU OJey-
moM. Katnonst H;SO," u H,S,0, nomkHbl 061a1aTh Gojee BBICOKO
CEJIEKTUBHOCTBIO IO cpaBHeHUIO ¢ SO;. B ommmune oT HUTpOrpynmsl
cyabdorpyma, Kak MpaBUo, HE PacIoyiaraeTcsl B opmo-TIOJOXKEHUN
0 OTHOIIEHUIO K HUTPO- WIN CYIb(OrpyIie, Kak U B JII000e Apyroe
CTEPUYECKU 3aTPYyIEHHOE IOJOXKEHMUE.

IIpu paccMOTpeHNN SKCIEPUMEHTATBLHBIX JAHHBIX IO pacIpere-
JICHUIO MU30MEPHBIX MPOAYKTOB CYJIb(UPOBAHUSI HEOOXOAUMO UMETh B
BUIy, YTO 2Ta peaklMsl MOTYMHSICTCS HE KMHETUYECKOMY, a TEPMO-
JUHAMUYECKOMY KOHTpoJi0. [To3TOMy cOOTHOILLIeHUE opmo-, Mema- U
napa-u3oMepoB TMPU U3MEHEHUU TeMIlepaTypbl MEHsEeTCS He TOJbKO
MOTOMY, YTO KOHCTAHTbl CKOPOCTHU CYJb(DUPOBaHUSI B opmo-, mema-
U napa-mnoyIoXeHUs1 OEH30JIbHOTO KOJiblla MO-Pa3HOMY MEHSIIOTCSI C
pPOCTOM TeMIIepaTyphbl, HO M TOTOMY, YTO ITOJOXEHHE PaBHOBECHUS
BCEX BTUX IPOLIECCOB TaKXkKe OUYeHb CUJILHO 3aBUCUT OT TeMIepaTyphl.
Tak, Hanpumep, Ipu CyabpUupoBaHUU (peHOJa A0 MOHOCYIb(hOKKUC-
JIOTbI 00pa3yeTcsi CMeCh 0pmo- U hapa-rufpoKcudeH30JCYIb(POoKuCc-
notT. ITpu 20 °C obpasyeTcst paBHOE KOJIUUECTBO OpHo- U napa-u3oMe-
poB. OnHako npu cyiabpupoBaHuu deHona npu 100 °C B peakimoH-
HOi1 cMecu npeobnanaet napa-uzomep. I[Ipu HarpeBaHUU cMecu opmo-
u napa-uzomepoB B 80—90%-i1 cepHOit KUCI0TE TaKKe HAKAILUIMBAET-
csl napa-u3zoMep. DTO OOBSICHSIETCSI TEM, YTO CKOPOCTb MPOTOAECY/Ib-
(pupoBaHusg opmo-uzomepa Oolblie, ueM napa-uszomepa. [losaTomy
0pMo-TUAPOKCUOEH30JICYIb(OKUCIOTa HE TOJIbKO 00pasyeTcsl ObicTpee,
HO U paclIerisieTcsl oopatHo 10 (eHosia ¢ OoJbllieil CKOPOCThIO, a
napa-ruapoKcruOeH30CyIb(POKUCIOTa MelJIeHHee o0pa3yercsi, HO U
MeJIeHHel paciieruisiects. TakuMm o0pa3oM, napa-uzoMep Nnpu Tep-
MOIMHAMMYECKOM KOHTpOJIe Cyab(pupoBaHus (eHosa CTaHOBUTCS
JOMMHUPYIOLIIMM MPOAYKTOM 3TOM peakiimu. OOpaszoBaHue opmo-u30-
Mepa npu cyibpupoBaHun dpeHona 92—98%-ii cepHOIl KUCIOTOI IIpU
0 °C yka3pIBaeT Ha TO, YTO CKOPOCTb OOpaTHOM peakUWU MPOTOHAE-
CyJIbMUPOBAHUS B 3TUX YCIOBUSIX OYEHb MaJja:
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OH

@/503H 98%-31 H,80, 98%-51 H,S0,
—
T10°C 20 °C

(10%) SO,H
(90%

SO3H
—»

(49%) (51%) SO;H

AHAJIOTMYHO ToJiyoll mpu cyiabdupoBannu 100%-ii cepHOMl KMCIOTOM
npu 0°C nmaer 43% opmo-, 4% mema- n 53% napa-Tonayoicyibho-
kuciothl, Targa Kak rnpu 100 °C B paBHOBECHBIX YCIOBUSIX HaOJ01a-
€TCSl COBEpPIIEHHO MHOE pacmpeaeieHue uzomepos: 13% opmo-, 8%
mema- n 79% napa-toiyoncyab@oKUCIOTh. JIpyruM KIacCU4eCKUM
MIPUMEPOM IIPOSIBICHUS TEPMOAMHAMUYECKOTO KOHTPOJIS SIBJISIETCS
cynbbupoBaHre HadTaJIMHa:

SO;H

_011?1 éi CISO,H (84% (16%
277 wm SO3
CH2C1 96%-s H,SO,
160 °C SO;H
L
(100%) SO;H (10%) (90%)

B oueHb MSArKMX YCJIOBUSIX 00pa3yeTcs TOJAbKO l-HadTaluHCYJIb-
¢doxkuciora. DTOMy YCIOBMIO OTBe4yaeT CyabpupoBaHUE HadTaIM-
Ha XJIOPCYJAb(MOHOBON KUCIOTONH min pactBopoM SO; B AUXIOP3-
tane nipu 0...—10 °C. CooTHoOlIeHNE M30OMEPOB MpU CYIb(GUPOBa-
Hun 96%-it H,SO, 3aBUCUT OT TemIlepaTtypbl: B 0oJjiee XKEeCTKUX
YCJIOBUSIX IIpeodiiafaeT TEPMOAMHAMUYECKU Ooiee cTadbuiibHas 2-Had-
TaJUMHCYIb(pOKUCIIOTA.
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13.7.6.6. CYJIb®UPOBAHUWE BEH30JIA U EI'O ITPONU3BOJHDbIX

IlepeitmeM Temeph K paCCMOTPEHMIO 3KCIIEPUMEHTATBHBIX JTaHHBIX
Mo CyIbMUPOBAHUIO apOMaTUYECKUX COeaMHeHuid. beHzon npu neii-
ctBum 92—94%-i1 ceproit kuciaotel mipu 40—50 °C obpasyeT GeH30JI-
cyIbMoKHCIOTY ¢ BhixomoM 90—96%. BBemeHme omHOIM CyIbOTPyII-
bl YMEHBIIAET CKOPOCTh BBEAEHUSI BTOPOIl CYJIbL(OrPYIINL HE MEeHee
gem B 10* pas, mosromy mema-GeH30mmuCynbHOKUCIOTA MOTYYaeTCsI
npu cynbdupoBaHuM 6eH3071a U30BITKOM 20%-10 oneyma npu 100 °C
wm npu 60%-ro oneyma nipu 60—80 °C. OgHako IIMTEIbHOE Harpe-
BaHUe Mema-0eH30IIUCYTbMOKUCIOTH ¢ 90%-ii cepHOI KUCITOTOM TP
235 °C mpuUBOIUT K paBHOBECHOW CMECH, cocTosllell u3 66% mema-
n 34% napa-6eH301IUCYTb(MOKNUCTOTHL:

SO;H SO,H SO,H
@ 20%-it SO, @90% 1 H,S0,
100 °C SO,H 235 °C

(90%) (66% SO,H
(34%)

HanpHeiiliee cyibdupoBaHue Mmema-0eH30JIUCYIb(MOKUCIOTH 10
1,3,5-06eH30nTpUCYIMOKUCIOTH yaaeTCss MPOBECTU TOJBKO ¢ 60%-M
oneymoM mipu 250 °C B mpuCyTCTBUU cyabdara pTyTu. bosblioe mpak-
TUYECKOe 3HAUeHWE MMEET CYJb(pupoBaHUE aJKWIOSH30JI0B, COIEp-
KalIMX TOCTaTOYHO JUIMHHYIO aJIKWJIBHYIO TPYIITY, C LEJbIO I0JIyde-
HUSI TTOBEPXHOCTHO-aKTUBHBIX BellecTB (ITAB). PaHplie mist 310l e
CyIbGUPOBAIM JTOACLHIIOSCH30J1, KOTOPBIM ITOJIydaeTCs MPU aJIKUIM-
poBaHUU OEH30J1a TeTpaMepPOM IIPOITMJICHA B YCIOBUSIX peakunn Ppu-
nenss—Kpadrca. McxomHblil 0ACIICH JIETKO TI0JyJaeTcsT IIPU KaTHOH-
HOI OJIMroMepU3aluy IMPOIUIIEHA:

ACH.CH=CH HY CH CH{CH CH}CH CH—cCH,Z6He AlCly
= — — —CH— L
3 2 3 20 37 0-20 °C
CH, CH,
15%-it SO
— CH;CH{CH,~CH}-CH,—CH—CgHs -
I I 72 | SO,(xkunk.); —15 °C
CH, CH, CH,
NaOH
CH3ICH{CH2—ICH}20H2—CI:H@503H 0
CH, CH, CH,

C12H25@803Na .
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ITonyyeHHBIM TakuM 0Opa3oM AONCLMIOCH30JICYb(MOHAT HATPUS SIB-
JIIeTCST TIPEBOCXOMHBIM AETEPTEHTOM, HO OH CONEPXKUT Pa3BEeTBICHHYIO
AJTKWIBHYIO TPYIITy, KOTOpas He pa3pyllaeTcss MUKPOOPTaHMW3MaMM.
ITosTomMy B 1IeJIsSIX OXpaHbl OKPYXKAKOLIEH Cpelbl B HACTOSILLIEE BPEMs
JUTST aJIKUJTMPOBaHUSI OEH30J1a MCIIONB3YeTCsl CMECh XJIOPaJIKaHOB, KO-
TOpast obpa3yeTcs TIPU PaaTuKaIbHOM XJIOPUPOBAHUM CMECHU H-aJIKaHOB
C,—C;5. CynbdupoBaHue MOJyYeHHBIX TAKUM 00pa3oM aJKWIOEH30-
JIOB TipuBoauT K mojydeHuto ITAB, Koropble moaBepraiorcsl ObICTpOI
OMONEeCTPYKLIMU B CTOUHBIX BOIAX XMMUUYECKUX MPEANPUSITUIA:

CH;(CHy)p
CH SO;Na
CH,(CH,);{

CynbdupoBaHue XJIOpPOEH301a U IPYTUX TaJoreHOeH30J10B Mpo-
TeKaeT B JeCATh pa3 MelJIeHHee, YeM CYIb(pHpoBaHWe GeH30J1a, B pe-
3yJIbTaTe 00pa3yeTcsl napa-xaopOoeH30JCYIbMOKNCIIOTa, TTOUTH HE CO-
JepxKalasi opmo-u3omepa:

98%-5 H,SO
cl R S NS SO.H
80—100 °C

Hutpo6enson cynbpdpupyercst 60%-m oneymoM ripu 80—100 °C uckino-
YUTETHLHO J0 Mema-HUTPOOEH30JICYIb(MOKUCIOTHI:

NO,
60%-ii oneym
O,N - SO,H
2 80100 °C @ 3 (65%)

napa-Hutpotoiyos, Kak U ClelyeT OXuIaTh, oOpasyeT IpU Cyabdu-
poBaHuu 20%-M 0JieyMOM 4-HUTPO-2-TOJIYOJICYIb(HOKUCIOTY:

HO;S

20%-i oneyM

CynbdupoBaHrEM apOMaTUYECKUX aMUHOB TTOJTYYalOT aMUHOCYJIb-
(oKMCITOTBI. AMUHOTPYIINA SIBISIETCS OJHUM M3 CWJIBHEMIIUX 3JIEKT-
POHOJOHOPHBIX opueHTaHTOB I poma, ogHako B 90—100%-i1 cepHoit
KWCJIOTe WJIM OJieyMe OHa IPOTOHWPYETCSI, TIpUYeM PaBHOBECHE CMe-
IIIEHO B CTOPOHY NPOTOHMPOBAHHOM (hOpMbl. AMMOHMEBas TpyIa
N®H, OTHOCMTCA K CHIIBHBIM 3JI€KTPOHOAKLIENTOPHBIM 3aMECTHTE-
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M. TloaTomy ajisl IOy4deHUsl napa-aMUHOOEH30/CyIb(OKUCIOTH
(cynb(aHUIOBOI KUCIOTHI) MCHOJB3YIOT OOXOMHBIM METOH, KOTOPBIM
HOCHT Ha3BaHUE «PEaKIINMU 3areKaHUs». DTy peaKlMIO OCYIIEeCTBISIOT
MpU IJIUTEIHLHOM HarpeBaHWM THIPOCYIb(HATOB apOMaTUYECKUX aMU-
HoB npu 180—200 °C B BBICOKOKMITSIIIIMX OPraHUYECKUX PACTBOPUTE-
JISIX, OOBIYHO B opmo-auxjopoeH3one. IIpu 3ToM nepBoHa4YaabHO 00-
pasyeTcs apuicyiab@aMUHOBas KHUCJIOTa, KOTOpas 3aTeM H30MEPHU3y-
€TCSI C TIEPEeXOI0M CYIb(OTPYIIBI B 1apa-TIOJIOXKEHUE KOJbIIA:

®
NH,HSOS NHSO,H NH,

—H,0 _ 180-200 °C
opmo -III/IXJ'IOp6€H3OII opmo —)IPIXJTOp6€H3OJ'I

SO,H

BaxxHoe mnpakTuueckoe 3HaYeHUE ISl CUHTE3a MPOMEXXYTOYHBIX IPO-
JIYKTOB B XMMMHW KpacHUTeJiell UMEeIOT MPOAyKThl, oOpasyloluecs: mpu
cyibdupoBaHuu 2-Hadrosa, 2-aMUHOHA(TaIMHA U 1-aMUHO-8-TUMI-
pokcuHadTanrHa. HekoTtopble M3 MoJydyalolyxcsl Tpyu 3TOM CyJibho-
KHUCJIOT MPUBEIAEHBI HUXKE:

SO;H
IQCHNICO NN N
HO,S SO;H HO;S HO,S
R-kucnora kucnota [leddepa I'-kuciora
OH NH
0, L ™
HO,S SO;H H,N
OH OH
Al-Kuciora raMMa-KHCIoTa N-kucnora

B mpoMbIlIIeHHOCTH CYTb(MOKUCIOTHI BBIACHSIOT B BUAEC HATPUEBBIX
coJjieii Tocie HeUTpalu3aluy 11eJ0UYbl0 U BbICAIMBAHUS C ITOMOIIBIO
noBapeHHoM coiv. B naGopaTtopHoil mpakTuke MX yaIoOHO BbIACISITH B
BUJE PAcCTBOPMMBIX B BOJE OapMeBBbIX COJIe Mocjie HeWTpalu3aluu
peakiMoHOi cMecu KapOoHaToM Oapusi. VI3 GapueBOil cOM U 3KBU-
BAJICHTHOTO KOJIMYECTBA CEPHOM KMCIOThI TMOJYYalOT OYeHb YHUCTYIO
cyibhokucaory. Cyab(pOKUCIOTH 00BIYHO UASHTU(MULUPYIOT B (Op-
Me JIETKO 00pa3yloluxcsi S-0eH3UITUYPOHUEBBIX COJIei, KOTOpbIe
HEpacTBOPUMBI B BOAEC U BOAHOM CIIMpTE:
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®
P H,N=C—NH, CI°

® _ ©®
ArSO;Nat NH,=C—NH, H0-cpr 150 NH,=C—NH, + NaCl

c1© SCH,C.H; SCH,CH;

CeHsCH,Cl + NH,CNH,

13.7.6.8. CBOMICTBA APEHCYJIb®@OKHWCIOT

Cynb(pOKUCIOTHI, MOJ00HO KapOOHOBBIM KHCJIOTaM, O0pa3yloT
TaJIOTeHAHTUAPUIBI, aHTUAPUIBI, aMUABl U CIOXHBIE 3Pupbl. MeTo-
OBl TIOJYYEHMST 3TUX (YHKIMOHATBHBIX MPOU3BOMHBIX IO CYIIECTBY
AHAJIOTUYHBI METOJaM, TPUMEHSIEMBIM IS TIOJYYeHUs] TTPOU3BOIHBIX
KapOOHOBBIX KUCIOT. OMH U3 METOIOB IMOJYYEHUS XJIOPAHTUIAPUIOB
cynbgokucaor (Ccyab¢oxJIOPUAOB) 3aK/I0YaeTcs B 00pabOTKe CyXoi
HATPUEBOM COM TUOHMIXIOpUIOM B JIMDA:

Na + SOCI AM®PA

a

3 2 10—20 °C; 10 Mun
B mpombliieneHHOCTH Cyab(POXI0OpUIbl TTONYYAOT MPSIMBIM CYJIb(U-
pPOBaAaHUEM ap€HOB 4—5 SKBUBAJICHTAMU X)'[OpCYJ'[I;(bOHOBOﬁ KUCJIIOTHI.

AMMIIBI U CJIOXHBIE 3(UPHI CYIb(OOKUCIOT JIETKO MOJYyYaloTCsl U3 CYJlb-
(hoxJIOpUIOB C MOMOIIIbIO CTAHAAPTHBIX METOJOB:

MMMPUIAH @  ©
CH; SO,CI+ROH m CH; SO;R+CsH;NHCI,

H,N

OeJIbIil CTpenToLMI

SO,NH,

Ankunrosunarsl ROTs, ankuntpudarel CF;SO;R u npyrue ankumi-
Cyab(OHATHl HALLUIM LIMPOKOE NMPUMEHEHUE B KAYECTBE AIKUIMPYIO-
IIMX areHTOB B peakKLMSIX OUMOJIEKYISIPHOIO M MOHOMOJIEKY/ISIPHOTO
3aMeLIEHMNS:

ArSO ArSO,CI .

Nu@+ ROTs— RNu + OTse,
Nu@= Hale,) CNC:) NO? u J1p. ,

RoTs SHEEOOH, ROCCH; + TfOH .
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AJKMITO3WIaThl BOCCTAHABIMBAIOTCSI IO YIJIEBOIOPOJOB C IOMOILLbIO
JIMTURATIOMUHUNTAAPUIA:

ROH

CsHN

Cynbdoxaopuabl BOCCTAaHABIMBAIOTCSI OO CYJIb(OHOBBIX KHCJIOT
ArSO,H wnn tnodenonos ArSH. [myOuHa BocCTaHOBIEHUS 3aBUCUT
OT MpUpPOABLl BoccTaHOBUTENS. [Ipr BOCCTAHOBIEHWM IIMHKOBOM IThI-
JIBIO B BOJHOM JMOKCaHE 00pa3yroTcsl CyabGHUHOBbIE KUCIOTHI, a TIPU
BOCCTaHOBJICHUM IIMHKOBOM TBLIBI0O U cepHOil Kuciotoir mpu 0 °C
MOJTyYaroTcsT THO(hEHOJTBI:

Hzo—ﬂ,I/IOKcaH

H +Z CH §7

¢ 3@502C " e 3@ IS

Na,CO

#,cm@sozm Hel CH3@S<
OH

+ H,80,
Ars0,01 Z2 1804 oy
0°C

\

Cynbdorpyrina MoxeT ObITh 3aMeHEHa Ha HUTPOTPYIITY WJIM TaJoreH.
DT 31eKTPOPUIbHBIC PEAKIIMU UACO-3aMEIICHUS IIMPOKO HCIIOJb-
3YIOTCSI B OPTaHMYECKOM CHUHTe3¢, HallpuMep, IpH MOJIYYeHHMH ITUK-
PUHOBOI KHUCIIOTHI:

OH NO,

96%-51 H,SO HNO
@OH M SO;H —— O2NQOH

HO,S 0,

Br Br @

/ Br
S ) H,0 o
0,5 O+ Br, —2 Br — Br 0
0°C
} Br

Br
Br S0,H
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14.1. BBEJAEHUE

Padukanom, vian c60600HbIM padukarom, Ha3bIBAIOT aTOM WU TPYITITY
aTOMOB, coIepXKalllrue HecITapeHHBIN 3J1eKTpoH. B cooTBeTcTBHMM C Ta-
KM OIlpeielieHneM K pagukaiam oTHocsitcs atoMbl Cl, Br, H, mo-
nekyael NO, NO,, a Takke Takue (parMeHTbl OPTaHUYECKHMX MOJIe-
kyn, kak CHjye, Ar;Ce, ArOe u 1.1.

CoriacHO OCHOBHBIM TIpEACTABICHUSIM O XUMUYECKOI CBSI3U, B
monekyae staHa CH;—CH;nBa metwibHbIX pagukana CHje mpu He
CJIMIIIKOM BBICOKUX TeMITepaTypax IPOYHO CBSI3aHBI IPYT C JIPYTOM
10 TOW TIPUYMHE, YTO IO CPABHEHUIO C IBYMSI OTHETBHBIMU METHIIb-
HBIMU pagvKajJaMHi MOJIEKyJIa 3TaHa MMeeT MEHBIIYI0 MOTeHIIMATh-
HYIO DHEPTHI0. DHEPrus IBYX 3JIEKTPOHOB, COBMECTHO CBSI3aHHBIX C
IBYMS siIpaMM yIJIepojaa, HIDKe dHEPTUM JIBYX 3JIEKTPOHOB, Ka KIBINA
W3 KOTOPBIX IO OTHEIHHOCTH CBSI3aH CO CBOMM SIIpoM. OmTHAKO eciu
monekyine CH;—CHj;kakuM-nmnbo mytem (Hampumep, NMpU Harpesa-
HHUU) COOOILINTH JOCTATOUYHYIO SHEPTUIO, YTOOBI OHA CTajia BEIIIE SHEp-
ruu AByX panukanoB CHse, To mpousoiiner nuccouuaiusi Ha paauka-
JIBI. DHeprus, KOTOPYI HeoOXOOMMO TPUAATh MOJIEKYJIe 3TaHa IS
paspbiBa cBsi3u C—C, Ha3bpIBacTCS SHEPrUeil TUCCOIMALINM CBSA3U (CM.
Tabi. 4.6. BT 4, 4. 1).

OueBuaHo, 4To 6-CcBI3b C—C B MOJIeKyJie 3TaHa MOXET OBITh pa-
30pBaHa JIByMsI CIIOCOOAMU: eemepoau3 BelIeT K 0Opa30BaHUIO MOHOB
MPOTUBOTIOJNIOKHOTO 3apsiia, a 2emoaus — K 00pa30BaHUIO PaguKalloB:

reTepoIIn3

CH,~CH,4 CH,* + CH?

TOMOJIN3

B eazoeoii gpaze npoueccom, mpedyrowum HauMmeHblel 3ampamsl SHep-
euu, eceeda seasemces eomoaus. Jaxe NaCl ripu HarpeBaHUU B Ta30BOM
(aze OyneT auccolMUpoBaThb HAa aTOMbl HaTpus U xjgopa. OmHaKo B
pacTBope, B OCOOCHHOCTH B PACTBOPUTEISIX C BHICOKOM NMANIEKTpUYeC-
Koit mpoHunaemoctbio, NaCl muccoumupyer Ha monHsl Na™ u Cl,
4yTO 00YyCJI0BIEHO conbBatauueit. ConbBaTHas 000704YKa OKa3bIBAaeTCS
CTOJIb TECHO CBSI3aHHOW C MOHAMHU HATpUs W XJOpa, YTO TOCJEAHUE
He CITOCOOHBI PEeKOMOMHMPOBATH C 00pa30BaHWEM KOBAJEHTHOW MO-
Jekynbsl NaCl, HecMOTpsl Ha CUWJIbHEMIIee 3JeKTpoCcTaTUUYecKoe IMpU-
TSDKEHUE MEXITY HUMM.

Panukansl He cOCOOHBI COJIBLBATUPOBATHLCS IO TUIY COJbBaTa-
uuy uoHoB. s apdekTuBHON cosibBaTallMM paardKaaioB HEOOXOAUM
pacTBOPUTE/b, COAEPXKAIIUI HecClapeHHbIe 2JeKTPOHbl. OObIYHO B
MoJIeKyJlax pacTBOPUTENEil BCce DJEKTPOHBI CIIapeHbl, BCIAEICTBUE YETO
B3aMMOJIEMCTBME MEXIy PaauKaJoM M PacTBOPUTEIEM OYeHb C1abo
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(Kpome Tex ciyyaeB, Korma paaudkajbHasi yacTUlla COAEPXKUT CUJIBHO
MOJISIPU30BaHHbIE 3aMECTUTENN). DTO O3HAyaeT, YTO BOKPYT IMPOCTEli-
LIMX PAAUKAIOB HET MPOYHOI COJIbBATHOI O0OJOUKU, U ITOITOMY, €CIU
JIBa paaukajga B pacTBOpe COJMKAIOTCS, MPOMCXOIUT UX PEKOMOMHA-
1M1 ¢ 0Opa30BaHNWEM KOBAJEHTHOM MOJIEKYJbl. B MoyISIpHbIX pacTBOpU-
TEJISIX MOXHO TTOJIyYUTh OYeHb BBICOKYIO KOHILIEHTpaluio MoHoB. Ha-
MPOTUB, TMOJYYUTb BBICOKYIO KOHIICHTPALIMIO METWJIbHBIX WJIA JPYTUX
AJIKWIbHBIX Y MPOCTHIX apUJIbHBIX pauKajioB HUKOTJIA HE yAaeTcsl.

WmeroTcst, omHaKoO, 0COObIe KJIACChl CBOOOIHBIX PaIMKaOB, KO-
TOpbIE HA3BIBAIOTCS CrabUAbHbIMU WIN doa2oxcugyuumu. Takue pagu-
KaJibl MOTYT CYILIECTBOBaTh B XXUAKOM WU Jaxe B TBEPAOM COCTOSI-
Huu. Ho B o0uieM ciyyae paaukaiabl — KpaliHe HecTaOuibHble Jac-
TULBI C OYEHb KOPOTKMMM BpeMeHaMmu Xu3Hu. EcTecTBeHHO, UTO
CBOICTBA paauKaJoOB 3KCMEPUMEHTAJbHO yaoOHee M3yyaThb Ha Ipu-
Mepax JOCTaTOYHO CTaOWJIbHBIX YacTull. B CBSI3U ¢ 3TUM TepBbIie pas3-
JIeJIbl 9TOU I1aBbl OYAYT MOCBSILIEHBI ONMMCAHUIO METOJIOB TMOJTYYEHMUS
1 XMMHUYECKUX CBOMCTB CTaOMJBHBIX palMKaaoB, a 3aTeM OymyT pac-
CMOTpPEHbI peaklMyd C y4yacTUeM HEeCTaOWJIbHBIX PaauKaaoB, UX Mexa-
HU3M U CHMHTETUYECKOe MPUMEHEHMUE.

Panukanbl ObIBalOT T-TUIA U 6-TUNA. Hampumep, B peakiysix apo-
MAaTMYECKOro 3aMellleHUs TMOJ JeHCTBUEM paauKalbHbIX YaCTHUII BO3-
HUKAIOT MPOMEXYTOUHbIE KOPOTKOXUBYIIWE LUKIOTeKCaaueHUIbHbIE
paauKabl:

H R
+ R- —> — R + RH
R

LIUKJIOreK CaTeHIIbHBIN

panukain (m-paaykan)
DTN pamguKaabl OTHOCATCS K T-THUITY, TTOCKOJBKY HeCTIapeHHBIA 3JIeK-
TPOH PACIOJIOXEH Ha OJHOKPATHO 3aHSTON MOJEKYISIpHO opOuTa-
mm (O3MO), umermuit t-cummeTputo. K m-pagukasaM OTHOCSITCS
TakKe OCH3UJIbHBIM W aJUIMJbHBINA paguKanbl, OAHAKO (eHUJIbHbII
pagvKan SIBISIETCS O-paJMKalloM, TaK KaK HECIapeHHbI 3JeKTPOH B
5TOM CJIy4ae pacrojaraetcsl Ha sz—l"I/I6pI/II[HOI7I opouTau.

OCH3MILHBIN AUIWILHBIA  (PEHWIbHbIN
T-pagvKasibl G-paguKanbl
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14.2. CTEPEOXUMUA PAIUKAJIIOB

BIIP-, UK- n Y®-cneKTpsl METWILHOIO paavKaja, MOJydeHHO-
ro Mpu OYeHb HU3KMX TeMIIepaTypax B aproHHOM MaTrpuile, Tae OH
KMBET JOCTAaTOYHO JOJITO, CBHIETEILCTBYIOT O €T0 IIOCKOM CTpOe-
HUU (m-pagukan). Eciim B MeTMJIbHOM paauKalie aToMbI BOIOPOIA 3a-
MENIAIOTCSI Ha TPYIIIbI, HECylue HEeMoJAeIeHHbIe TMapbl, TO pajuKa-
JIBI CTAHOBSITCS HETIJIOCKUMU (G-PagyuKabl):

Q . H NI
H—CY B do I o
0N F’ /C H’ f

F H
(TL10CK i) (HerutocKue)

IIMKIOreKCUIbHbIN, IUKIOMEHTUIbHBIA U LUKIOOYTUIbHBIN pa-
JUKaJIbl UMEIOT MPaKTUUECKU TUIOCKUI paauKalbHBIN LEHTP, HO LUK~
JIONPONUJIbHBIN paauKalbHbI LIEHTP Herockuil. TlocieaHee moka-
3aHO CIEKTpaJbHBIMU JaHHBIMU, a TaKXKe TeM, YTO 4YacTO OMNTUYEC-
KWe aKTUBHBbIE LMKJIOMPOMUIbHBIE COEIUHEHUS B paduKalbHbIX
peakiusIiX pearupyroT ¢ YaCTMUYHbIM COXpaHEHMEM KOH(UTIypaluu Ha
paavKaJbHOM 1IEHTpE.

=% ’

LUKJIOTEKCIWIBHBI ~ LMKJIONPONMIIbHBINA
(TUTOCK MiA) (HerTocKuit)

OTHocUTEeNIbHAS KOH(MUIypalMOHHAsI CTAOMJIBHOCTh LIMKJIOTPOITWIIb-
HOTO paauKaja OOBSICHSIETCS OTHOCUTEJIBHO BHICOKMM OapbepoM WH-
BepCUU TIMPaAMHUAATBHON CTPYKTYPHI (KaK W B ITUKJIOTPOIMILHOM
aHUoOHe, cM. TJI. 3, 4. ).

VA AN

= < (nHBepcust)

® = 0 8

AJIKUIIbHEIE paaukKajabl, HECYLIUE B B—HOHO}KeHI/II/I Kakou-11b0o

samectutesb XCH,CR,, Moryr cyuectBoBaTth B JBYX MpeAeIbHbBIX
KOoH(popMaluusix: 3acioHeHHOU (A) u eou-popme (b):
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H H

R R R R

H H X
A b

ITo nannbiM DITP-cniekTpockonuu, mponuiabHbIi pagukan (X = CHj,
R =H) cyuiectByeT B eow-KoHdbopMallui, HO mpem-aMUJIbHBIN pa-
nukan (R=X=CH;) — B 3acioHeHHOIl KoH(bOpMaUUU, YTO JIETKO
O0BSICHMMO C YYeTOM MPOCTPaHCTBEHHOro B3amMmopeiictBus X u R.
Papukaner Tuma R;MCH,CH,» (M=Si, Ge, Sn) umeloT 3aciioHEeH-

e
HyI0 KOH(MOpMaIInio 3a cueT pd -romocomnpsikeHust csisu C—M ¢ mo-
JIy3arOJTHEHHOW OpOMTAJIbIO pamyKaJbHOIO IIEHTpA:

Rﬂ\@/}_{@ RM R;M
- - ”/ _C”/

C-C” mwm  .C—C «—> .C=
7~ 7N TS

Ocoboe BHMMaHUE HCCenoBaTeell MpUBIeKaeT CTpoeHUe [-ra-
JIOTEHATKWJIbHBIN PaauKaloB. DTO CBSI3aHO C TE€M, YTO PaauKaJbHOE
npucoenuHenre HBr u Br, K ajikeHaMm MpeAnovYTUTENbHO MPOTEKaeT
Kak mpanc(aumu)-nipucoeavuHenue. st 0ObsSICHEHUSI TAKOTO PE3YJib-
TaTa TIpenriojaraeTcsl oOpa3oBaHWEe MOCTMKOBOTO paauKaja, aHayo-
TMYHOro OpOMOHUEBOMY MOHY (1. 5, 4. 1):

Br
AN e .
C=—=C + Bre —» \C/ \C/
/ N Vs AN
MOCTHUKOBBIU
pagukan
Br Br ,/I
. \ Al
>C/ \C< C C\
H—Br A H Br-
(mpanc-)

CornacHo DIIP-criekTpam, B-XJIOpATUIBHBIA pamuKaa MMEET 3aciio-
HEHHYI0 KoH(popMauoo (A), B KOTOPO aTOM XJiopa «OTOTHYT» Ha3aj
B CTOPOHY OpOMTal HEeCHapeHHOIo 3JIeKTPOHa:

H\\g Cl\ ,,'H
H/O \H
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Pagukan He sBisIeTCSI, CTPOrO TOBOPSI, MOCTHMKOBBIM (KaK 3THJIOPO-
MOHHEBBI MOH), HO B 0oJiee IIMPOKOM CMbICJIE MOXHO TOBOPUTbH O
HECHUMMETPUYHON MOCTHUKOBOI CTPYKTYpE.

ITono6Hble 3(hhEKTh OTCYTCTBYIOT B ciydyae B-¢hTOpaJKUIbHBIX
pagMKajoB, TaK KakK d-opOutaiu (Topa JjexkaT O4eHb BHICOKO U He
YYacTBYIOT B COMNPSKEHUU C PaavMKaJbHBIM LIEHTPOM.

AnnuibHbIe paguKaibl KOH(PUIYPAUIMOHHO CTAaOWJIbHBI IIPU HU3-
KUX TeMmIiepaTrypax, Harpumep:

HE H30MEPH3VETCA

"

Hike 0 °C

CH, H

DTO CBA3aHO C TeM, YTO CONpPSKeHWE paIWKalbHOTO ILEHTpa C
JIBOWHOWM CBS3bIO MPEMNSITCTBYET CBOOOMTHOMY BpallleHUIO BOKPYT
cea3u C—C=C.

BunuibHBIe paguKaibl OOBIYHO MMEIOT G-, a He T-CUMMETPUIO:

\ 18, \ V)

C—C C—=C—
/ N / 0
G-paguKan T-paguKan
(TpeanoyTUTeseH)

CrepeoXruMusT OCHOBHBIX TUIIOB 3JIEMEHTOOPTAaHMYECKMX paguKa-
JIOB C HECHApEHHBIM SJICKTPOHOM Ha HEYIJIEPOJHOM LIEHTPE IIpe-
craBiieHa B Taoi. 14.1.

Tab6nauua 14.1

Hpe,[[ﬂO‘ITl/ITeJ'lLHOC CTPOCHHE JJIEMCHTOOPraHHYECKHX PaJHUKAJIOB

HasBanue dopmyna Crpoenue
CunusbHble R3Si- nupaMmuaaibHbie (o)
I'epMmuibHbIE R3Ge- nupamuiaibHbie (o)
JnankuiaMUHUIbHBIE RN HeJIMHEMHbIC (HeCNapeHHBIH 3JICKTPOH
2 Ha p-opOuTanu, HemoAeAeHHasl mapa
Ha sp2-opouTann)
HuTpoxcunbHbie sz\] -0 HEMJIoCcKue
MMUHOKCUIBHBIE R.C=N -0~ opOuTaib, Hecyllasl HeClapeHHbIi

2 " 37IeKTPOH, MeprneHANKYISIpHA

njaockoct C=N—0
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14.3. JOJTOXNBYIINE PAAVKAJIBI. CUHTE3 U PEAKIIN

K nonaroxusyiium (cTaOMJIbHBIM) paavKajlaM OTHOCSITCSI YacTu-
IIbI, BpeMs XKU3HU KOTOPBHIX B PAacCTBOPE B MHEPTHOM pAaCTBOPHUTEsIE
BapbUpYyeTCs OT HECKOJIbKUX MHHYT IO MHOTHX HEIelIb, MECSIIEB WIN
naxe yer. K TakuM pagukanamM OTHOCSITCS TPUAPWIMETWIIBI, THIpa-
3UJIbI, BEPAA3WJIbl, HUTPOKCWIbI, apOKCWJIBI U HEKOTOPHIE IpYrHe.

Bpems Xu3HU CBOOOTHOrO pagvKaja, Kak OymeT IMoKa3aHO B JaH-
HOM pasziesie, B TOpas3no OOJIbINe CTETIeH! 3aBUCHUT He OT CTEIIEHM JIe-
JIOKIM3AIIMN HECITapeHHOTO 3JIeKTPOHA, a OT CTEPUYECKOrO SKPaHUpPO-
BaHMS PaIVKaIBHOTO ILIEHTpPa OOBEMUCTBIMM 3aMECTUTEISIMU, TIPEITST-
CTBYIOIIMMU pPEaKIUsIM paguKaloB MEXIy COo0Oil, C pacTBOPUTEIIEM,
KVCJIOPOIOM BO3AyXa WM APYTUMM CyOCTpaTaMM C 3aTlOJTHEHHOW WU
He3aIloJIHEHHOM 3JIEKTPOHHOM 000JI04KOi. BaskHOCTL cTepruYecKux Tpe-
MITCTBUN CBHUIETENBCTBYET O TOM, UTO ITOHSITUE «CTAOMIBLHOCTH Paiy-
KaJIla» OTHOCUTCS TJIAaBHBIM 00pa3oM He K TePMOIMHAMUUYECKUM (HATIPH-
Mep, dHeprus paspbiBa cBs3n C—H), a K KMHETUYECKMM CBOICTBaM,
T.e. K CKOPOCTHU peaKIInii, B KOTOPBIX paIlKaJl THOHET.

K OCHOBHBIM peakiUsIM paavdKaJbHBIX YaCTUL[ OTHOCATCS CJIEOy-
IOIME TIPOLIECCHI.

1. Pamukan-pagukanbHble peaklun:

a) peKoMOMHaLus:

R-+ 0, ™ R—0—-0-,
Ph- + R- —> Ph—R,
Ph- + Ph- —> Ph—Ph (mumepuzauusi),
Ph;Si- + Ph;Si- —> Ph;Si—SiPh; (aumepusanns);
0) AUCIIPOIIOPLMOHUPOBAHUE:
CH,=CH,

e 7+

H
®

2(CH,),CHS- —> (CH,),CHSH + (CH;),C=S,
CH,CHy + CH;CH,CH, —>

—> CH;CH; + CH;CH=CH, (xpocc-a1cnpornopLyOHUPOBAHUE).
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2. Peakuym pagukai—MoJIeKyJa;
a) MepeHoC paauKalioB:

0) mpucoeguMHEHUE:

R- + CHX=CHY —> RCHX—CHY;
B) paauKaibHas nojumepusauus (1. 5, 4. 1);

I') TOMOJIMTUYECKOE apoMaThuyeckoe 3amelleHue (cM. 14.5);
1) paguKaJlbHble PeaKIUd OKUCJICHUS W BOCCTAHOBJICHMSI:

Ar- + CuCl, —> ArCl + CuCl.

IIpu paccMoTpeHUN CTaOMILHOCTU PamIMKaloB B JaHHBIX YCIOBM-
SIX HEOOXOMMMO YYMUTHIBATh BCE 3TU pPa3HOOOpa3HbIe MO TUIY XUMM-
YECKHUe TMPOLECCHI.

14.3.1. TPU-, I1U- 1 MOHOAPUIIMETUIBHBIE PAJIUKAJIBI

14.3.1.a. OTKPbBITUE TPUAPUJIMETUJIbHBIX PAJJMKAJIOB,
MX CTPOEHUE U CBOMCTBA

IlepBblii CBOOONHBIN paaukanl — TPUPEHUIMETUT — ObLT OTKPBIT
B 1900 r. M. 'omGepromM, KOTOPBIN IILITAICS IOJYYUTh TeKca(eHUI-
atan Ph;C—CPh; (00 HacToslero BpeMeHU HE CUHTE3UMPOBAHHBIN).
Korna crannaprtHeliii myte cunresa no Biopuy—®utrury uz Ph;CCl u
Na He gan xejaeMoro pesyJjbraTa, HaTpUil ObLT 3aMEHEH MOPOIIKO-
0o0pa3HbIM cepedbpoM. [Ipu HarpeBaHuUM TpUMEHWIXJIOpPMETaHA C ce-
pedpoM B pacTBope B O€H30Ji€ Ha BO3AYyXe BMECTO MpPEArnoyaraéMoro
rekcaeHuIdTaHa COBEPUIEHHO HEOXWJIaHHO ObLT TMOJy4YyeH MepoK-
cup tpudenmwMermna (CqH;);C—0—0—C(C4H;);. B atmocdepe CO,
nmm N, nipu B3auMmozeiictenn (CyHs);CCl ¢ cepebpom, IMHKOM WU
PTYTbIO OBUIO BBIIEIEHO 0€10€ KPUCTALINYECKOE BELIECTBO, PACTBOP
KOTOPOTO B OEH30J1€ IMMPUOOPETAIT XKEJITYI0 OKPACcKy. DTOT pacTBOp obec-
IIBEUMBAJICSI TIPM BCTPSIXMBAHWM Ha BO3MyXe, HO 3aTeM OKpacKa TI0-
SIBJISITIACh BHOBB; TPYM TTOBTOPHOM BCTPSIXMBAHMM Ha BO3AyXe OKpacka
OISITh McYe3ajia, U TakK Jajee 10 TexX Iop, MoKa He MPOUCXOAUIIO
oOpa3zoBaHue Tepokcuaa TpUEeHWIMETUIa ¢ KOJUYECTBEHHBIM BbI-
xomoMm. Otcroma Ob1 caenad BeiBom (I'. Bumanam, 1909), uyto yrieBo-
nopon I'ombGepra B JeMCTBUTEILHOCTU B PacTBOpE SIBJISIETCS paBHO-
BECHOU CMechlo paaukaia TpudeHWIMETUIa U ero auMepa:

80 °C

(CgHs);CCl + Ag Sorson AgCl + (C¢Hs);C- =——= numep.

503



IlepBoHavyasbHO OECIIBETHOMY OMMEPY IMPOM3BOJIBLHO MPUIHCATN
dopmyny rexcapenmnsrana (CgHs);CC(CeHs)z, uTO OKasaysoch He-
BepHbIM. OKpallleHHass B KeJIThblii LIBET (hopMa IIpeAcTaBisieT co0oit
cBobonHbIi pamnkan (CgHs);Ce, KOTOpPBIA NMpU B3aUMOAECUCTBUM C
KUCJIOPOIOM JaeT TEePOKCUI:

(CeHs);C- + O > (CGH5);C—~0—0—C(CeHy)5.

OrnpeaeneHre MOJIEKYJISIPHON Macchl yrieBogopona 'ombepra u
JIPYTUX TPUAPUIMETUIIOB, BBIMOJHEHHOE 30YJIMOCKONMUYECKUM WU
KPHUOCKOMMWYECKUM METOJaMU JIJIsl PACTBOPOB B OE€H30J1e WM pacruiaB-
JICHHOM HadTalriHe MOATBEPAWIO 3To npennoyoxenue*. Ipu ymeHb-
LIEHWU KOHUEHTPALUUKU U POCTe TeMIepaTypbl BO3pacTaio KOJUUeCTBO
MOHOMEpHO# (popMbl, oOpasytollieiics npu pacnaae numepa. Ha npo-
TSDKEHUW CEeMUAECATH JIeT TMpearnojarajiv, 4to IUMep UMMeeT CTPYyK-
Typy TekcadeHWIdTaHa, OMHAKO TIIaTebHOe M3ydyeHue SIMP- nu YD-
CIIEKTPOB AMMeEpa TT0Ka3ajao, YTO AUMepU3alnsl paauKana TpUuQeHMI-
METHJIAa HAa CAMOM JIeJI€ TIPOMCXOUT O HaApa-TMOJOXKEHUIO OEH30JbHOTO
KOJIbLIA, U IUMEP UMEET CTPYKTYpy |-nudeHunmeruneH-4-tpudeHu-
MEeTHUJILIMKIIOTeKcaarueHa-2,5, a rekcadpeHUI3TaH KakK WHIWBUAYaJlb-
HO€ COEIMHEHUE HE MOXET CYLIECTBOBATb:

C(C¢Hy),
H

CreneHb TOMOJMTUYECKOM AUCCOLMAIIMM AMMEPA B pacIIaBICHHOM
Hadranune npu 100 °C cocrasisier 17%, a B 6eH3oie — Bcero 2—3%.
BBeneHue n00bIX 3aMecTUTeNed B napa-, mema- 1 0OCOOCHHO B opmo-
MOJI0XeHUEe OEH30JIbHBIX KOJIEll CITOCOOCTBYET POCTY CTENEeHU IHUCCO-
uanuu aumepon (tabn. 14.2).

W3 paHHBIX, IpeacTaBlIeHHbIX B Ta0J. 14.2, cleayeT, 4To cTaOuIb-
HOCTb TPUAPUIMETUIILHBIX PAAUKAIOB B OCHOBHOM OIPEIENSIETCS CTe-
pUYECKUMM (paKTOpaMu, 3aTPyIHSIOIIUMU UX peKoMOMHaLuo. B Tpu-
(beHUIMEeTUILHOM panuKaie, MMeroleM (hopMy TPEeXJIONacTHOIO Mpo-
nejuiepa, OEH30JbHBIE KOJblIa HAKJIIOHEHBI APYr K APYTrY IOA YIJIOM
40—45°, pnuHa CBSI3W LEHTPAJIbHOTO aToMa yrjiepoja ¢ aTOMOM YrJje-
poza 6eH30JIbHOTO KoJIblia cocTapisieT 1,48 A, 4To 3HAUMTEILHO MEHb-
e, yeM B TpudeHwMerane (1,53 A). BanenTHerit yron C—C—C B Tpu-
bernmmmetmipaaukane (118°) cOOTBETCTBYET sp’-rMOPUAN3ALINK LIEHT-
paibHOro aroma. HecrmapeHHbI 3J€KTpPOH ACI0KaJM30BaH IO Bcei
apoMaTUYeCcKol CHCTeMe, YTO KOJIWYECTBEHHO OMpenessercs ¢ Io-

* B HacTosiiee BpeMsl CTeNeHb TUCCOLMAlMKM AMMepa Ha PaJuKaibl ONpeaessioT
¢ nomoinpto DITP-cniekTpockonuu.
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Taonuma 14.2

Crenenn JAUCCONHMANMA NTUMEPOB TPHAPHUIMETHIIbHBIX PAJHUKAJIOB
B 0,2 M pacrBope B Oen3oge mpu 20 °C

AT B AryC* nucc(;fgﬁilbu, % Ar B ArsCt nucc(;;ir;i;[bu, %
0-CH;CgH, 87 0-PhCgH4 100
#-CH3CgHy 40 M-PhCgH4 60
n-CH;CgHy 16 n-PhCgHy 100
0-FCgH,4 7,5 ArC
0-CICgH, 12 (n-CH3CgHy),CPh 75
0-BrCgH, 17 n-PhCgH4CPh, 14

motisio DITP-cnexkrpockonuu. CornacHo DITP-cnexkrpy, 6oiee 50%
criuHoBoi mioTHocTH B (CgHs);Ce cocpenoToueHO Ha LIEHTpaJbHOM
yriepone. B opmo- n napa-nonoxenusx ¢heHWIbHBIX KOJeI CITMHOBAST
TUTIOTHOCTh TIOJIOXUTEIbHA, B Mema-TIOJIOXKEHNUSIX — OTpHUIIaTesIbHA.
3aMecTUTeIN B napa- W mMema-TOJOXEHUSIX He3HAYNUTETHbHO BIUSIOT
Ha pacripenejicHre CITMHOBOM IUIOTHOCTH, TOTJA KakK TP BBEICHWU
0pmo-3aMeCTUTeJIel CITMHOBAS TUIOTHOCTDH Ha IIEHTPaJIbHOM aTOME yT-
JlepoJia YBEJIMUMBACTCS, a B OEH30JbHBIX KOJbIIAX YMEHbIIaeTCs. DTO
BBI3BAHO YBEJIMYEHUEM OTKJIOHEHUS apOMaTHMYECKMX KOJIEIl OT KOII-
JTAHAPHOCTH.

JlaHHBIe PEeHTIeHOCTPYKTYPHOTO aHalli3a YKa3bIBAIOT Ha TO, YTO
B CTaOMJILHOM TpHUC-(4-HUTpO(PEeHUT)METUI-paguKkaie OeH30JbHbIE
KOJIbLIA HAKJIOHEHBI OpYyr K Apyry noxa yriaom 30°, U B LIEJIOM 3TOT
paaMKas Takxke nMeeT hopMy TPEXJIONACTHOTO «Iporneiiepa». B Tpuc-
(2,6-mnmeTorcHdeHMT)MeTHIIe (DeHUITbHBIE KOJIblIa OPHEHTUPOBAHBI
nox ymiom 50°. CTaOMIbHOCTD paJvKaja ITOBBIIIAeTCs B OOJIbIIEH CTe-
MEeHN TIPW BBEACHWUW 3aMECTUTENST B opmo-, YeM Mema- VUIM napd-
TOJIOKEHWsI, W C POCTOM YKCJIa M pa3MepoB 3aMeCTUTeNIeid B opmo-
rrosioxkeHnu. OObEeMUCTBIEC 3aMECTUTEIN B 0pmo-TIONOKEHUSIX SKPaHU-
PYIOT paiMKaJIbHBIA LIEHTP W 3aTPYIHSIOT TMMEPU3ALUIO PATMKAJIOB.
3aMelleHne BO BCEX TPEX Hapa-TIOJOXEHUSX TpU(MEHWIMETHIBHOTO
paguKkaia Ha OOBbEeMUCTHIC TPYNIbl (Hampumep, (eHWIbHBIE) AellaeT
aTaky BTOPBIM paJWKallOM IO napa-TIOJIOXKEeHWI0 HeBO3MOXHON. On-
HAKO, eClIi OIHO W3 napa-TIOJOXEeHWI He3aMelleHO, CTeNeHb THC-
COLIMALINM OKa3bIBaeTCs 3aMeTHO HuXe. Tak, Tpuc-(napa-oudeHu-
JIAJT)METUJT CYIIECTBYET IMOJTHOCTHIO B MOHOMEPHOI opMe, Torma Kak
n-C¢Hs—CcH4(C4H;s),Co — numep B GeH3ore.

BBenenne o-HaTUILHOM TPYIITBI 0OCOOEHHO CIOCOOCTBYET AMC-
conmanuu agumepa. B 3%-m pactBope B OeH30je muMep TU(EHUI-
o-HadTUIMeTHUNAa auccounupoBad Ha 60%, a (peHUIT-napa-o6ude-
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HUJIWI-0-HADTUIMETUST HaXOJAUTCSl TTOJHOCTBhIO B (hopMe CBOOOAHO-
ro pagukana. Oco6o0ii CTaOUJILHOCTBIO OTJIMYAETCS TePXJIOPTPUPEHUII-
MeTubHbIN panukai (CgCls);Ce, nonyueHHslit M. bayutecrepom (1971).
DTOT pamuKaa MHEPTEH MO OTHOIIEHUIO K KUCIOPOMy, KMUCIOTaM, pa-
ctBopy NaOH u rajoreHaM M MOXET OBITb BbIIEI€H HEU3MEHHBIM U3
KUTISIIIIETO TOJIyoJjla, OH HE pasjiaracTcsl B TBEpIOM BHE Oaxe IpHU
300 °C. B nepxiopTpudeHUIMETUIIBHOM paauKaje 0eH30JIbHbIE KOJIb-
1Ia HAKJIOHEHbI IoA yrjoM B 60°, O3TOMY HeCHapeHHBI 3J1eKTPOH
JIUIIIb B MAJIOM CTETIEHW MOXKET OBITh EJ0KaIMN30BaH MO OeH30JIbHBIM
KoJbuaMm. B coorBeTcTBuM ¢ 3TuM B DIIP-criekTpe pagukana HaOmio-
JAeTCS TOJIBKO OOWH CUHMIET. Xummyeckas MHEPTHOCTb (C(Cls);Ce
00ycCJIOBJIEHA TEM, YTO IIEHTPAJbHBIA aTOM yTJepoja IMOJTHOCTHIO
O0J0KMpOBaH TpeMs NepXIopPeHUIbHBIMU KOJbLAMU. DTOT IIpUMeEpP
0COOEHHO HAarjsaHO JEeMOHCTPUPYET TOT (aKT, YTO CTAOMJIbHOCTh
TPUAPUIMETWIILHBIX PAAMKAOB B IEPBYIO Ouepeab OMpenesseTcs
crepudecknM (pakropom. Takoil BEIBOI MOXKHO JOTOJHUTEIBHO TIPO-
WLTIOCTPUPOBATh CPaBHEHUEM CTaOMJILHOCTU 9-DeHuI(p1yopeHUIbHO-
ro (I) u 9-mesutundayopenunbHoro (II) pagukanos:

a) CH; (I

CreneHb AelOKaIU3allMd HECIapeHHOTo 3JeKTPOHA B 3TUX OJM3KUX
M0 CTPYKTYpe paaukaiax odyeHb BeJIMKA BCJIEACTBUE MX MJIOCKON CTPYK-
Typbl. OgHako 9-heHundayopeHUI-pagukanl MOYTU MOJHOCTbIO ac-
COLIMMPOBAaH B OTJIMYME OT 9-ME3UTUIILHOTO aHajora, KOTOPbIH IO
CTEPUYECKMM TMPUUYMHAM He AuMepusyeTcs. UpesBblualiHO cTabuiIeH
tak HasbiBaeMblii pagukan K. Kenbura (I1I):
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DTOT pamvKal He pearupyeT ¢ KUCIOPOIOM M He IUMEpPU3yeTcs B
KPUCTAINTMYECKOM COCTOSTHUM M B PacTBOpE.

BnepBbie oH Obu1 mojiyueH B 1932 1., HO cTaThsd C ONUCAHUEM
€ro CHMHTe3a He ObUIa MPUHATA K MyOJMKAIMM, TaK KakK TOraa IoJa-
rajy, 4TO paauKajibl B MPUHILINMIIE HE MOTYT 00JlafaTh TaKON CTaOWMIIb-
HocTtblo. PagukanbHas mpupopa (III) Obuia moaTBepxkmeHa ¢ MOMO-
o DITP-criekTpockonuu 25 jieT COycTs, M Torga 3Ta padora ObLia
onyOJMKOBaHa.

14.3.1.6. ZJMAPUIMETUJIbHBIE PAJTMKAJIbBI

HuapunmerwibHele pagukansl Ar,CH wu  Ar,CR ropasno me-
Hee CTaOMJIbHBI, YeM TpUapUIMETUIIbHbIE. DTO OOYCJIOBJIEHO MPEXIe
BCEro MpOCTPAaHCTBEHHBIMU MpUYMHAMU. [IUEeHUTIMETUIBHBIN paau-
kait (C¢Hs),CHe mouTn 1utockuii, ero pagukajJbHbI LEHTP MPaKTU-
yeckM He OJIOKMpOBaH apoMaTUYeCKUMMM KOJbLIAMU, YTO OJaromnpu-
SITCTBYET AuMepusaluu. JIudeHuIMeTua-paaukal B KauecTBe OUYeHb
HECTaOUJIbHOTO MHTEpMeauMaTa TeHEepUpyeTcsl C MOMOLIbI CTPYEeBOM
TeXHUKU MPU JSUCTBUM TPUITUICUIMIBHOIO paavkana Ha AueHU-
OpoMMeTaH:

Haxe BBeneHUE B OcH30ybHBIE Konblia Ar,CHe 00BEMHBIX mpem-0y-
TUJILHBIX TPYII He CTAOMIM3UPYET ero B TOCTaTOYHOI Mepe. Tak, eciau
TPUAPUIMETUIIBHBIN pagKal, COASPKAIINI B Mema-TIONOKeHNN OeH-
30JIbHBIX KOJIEll 10 JiBe mpem-0OyTuiibHble TpynIbl (IV), MoxeT ObITh
BBIJIEJIEH B KPUCTAIJINYECKOM COCTOSSHWUM, €TO JUapVIMETHIILHBIN
a"asior (V) cyllecTByeT JMWIIbL B pacTBOpe B O€H30JiIe B OTCYTCTBUE
BO3IyXa:

(CHy),C C(CHy); (CHyC
@qcmh
(CHy),C C C(CHy); H—C
@qcmh
(CH,),C C(CHy); (CH;);C
(Iv) V)
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EnvHCcTBEHHBIMM MPEACTABUTENSIMU BBIIEJIEHHBIX WHIAWBUIYATbHO
TUapUIMETUIIBHBIX PaJAUKaIOB SIBISIOTCS TPOU3BOIAHBIE TEPXJIOPIM-
¢denmnmernna oodien GopMyJibl

Cl Cl Cl Cl

Rl

Cl
Cl Cl Cl Cl

rie R u R'=Clwm C,Cl;. .
OcranbHbIE IPOU3BOIHBIE Ar2CH Ype3BbIUAHO JIETKO IUMEPU3Y-
I0TCA B KPUCTATNIMYECKOM COCTOAHMHM M B pacTBOPE.

14.3.1.8. BEH3UJIbHBIE PAIIMKAJIbBI

bensmnbhblit panukan CoH;CH,* 6bl1 3adukcnpoBaH Kak Kpaii-
He HecTaOmibHasl yactuua mMerogoM DIIP ¢ mcnonb3oBaHueM cTpye-
BOl METOIMKMW MpHU OTIIETUIEHUM aToMa BOIOpojaa OT TojyoJia. B or-
JINYME OT 3TOTO APYroi OSH3WILHBIM pamuKaa o,o -au-mpem-0yTui-
oeHzu (VI) cradbuiieH B uHAU(MGEPEeHTHOM pacTBOpUTEie B TeUeHUE
MHOTIUX JTHEW.

B sTtoMm panukane aBe mpem-OyTUIbHbIE TPYINbI OJOKUPYIOT pa-
JUKAJIbHBIA LIEHTP, MPEINsSTCTBYS AMMEpHU3allMy, a caM paaukaa 00-
pasyeTcsl CleayllIM 00pa3oM:

| | Na/ K |
(|: o0— C O— (|: .
(VD

Ewme 6onee crabunen nepxiopoeHsun CqClsCCl,e. OH momyvaercs u3
NEPXJIOPTOIYOJa B pe3ysbTaTe OTILEIUIEHUS OJHOTO aToMa XJopa ¢
MOMOILBIO MEJIH:

2C,CI,CCl, + 2Cu —» 2C,CI,CCl, + Cu,Cl, .

OTOT paguKal CyLIECTBYET B paBHOBECHUU CO CBOMM IMMEPOM B pa-
CTBOPE€ B TCUYCHUE roja.
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14.3.1.r. METObI [TOJIYUEHUA TPUAPUTIMETUIIbHBIX PAANUKAJIOB.
XUMWYECKWE CBOMCTBA TPUAPUJI- U TUAPUIIMETUIOB

BoccraHoBieHre TpUapUIMETWITaJIOTeHUI0B MeTaUIaMUA 10 TPU-
apUJIMETWIbHBIX PaIuKaioB ObUl0 OTKpbITo M. 'omGeprom B 1900 r.:

M = Ag, Hg, Zn.

DTOT METOI COXpaHWJI CBOE 3HAUYeHHME M B HacToslilee Bpems. B
KavyecTBE BOCCTAHOBMTEJICH Yallle BCEro MCIIOJIB3YIOT cepedpo, PTYTh
WIM IIMHK, peakiluio IPOBOIAT B MHEPTHON aTMocdepe B OeH30IIE,
rekcane, aupe, TI'D, ameroHe u ap. BMecTo MeTautoB B KadyecTBe
BocctaHoBUTeNST Ar;CCl unu Ar;CBr MoryT ObITh UCITOJIB30BaHbI Mar-
HUHAOPraHU4YeCKUe COCIUHEHUsI, (PEHONAT-UOH, HOOUA-UOH, Tpude-
HUIGOCHUH U APYrMe BOCCTAHOBUTEIM.

Hpyroii oOIIMI MeTOA MOJYYeHUs] TpUApMJIMETUIbHBIX paauKa-
JIOB, OCHOBaHHBIII Ha BOCCTAHOBJICHUN TPUAPUIMETUIKAPOOKATHUOHOB
(Ar;C"), 6b11 npemnoken Ix. Konantom (1923).

B kauecTBe BOCCTAHOBMTENISI B 3TOM Cllydyae ClenyeT IPUMEHSITh
comu BaHamust (I1), xpoma (II), Turtana (II). TpuapunmeTun-KkaTuoH
obOpa3yeTcsl pU PAaCTBOPEHUM TPUAPMIMETUIKAPOMHOIOB B CEPHOIM,
TPUMTOPYKCYCHOM KHUCIOTaX WU, B OTACJIBHBIX CIy4asix, B CMeCH
YKCYCHOU M XJIOPUCTOBOIOPOIHOM KHCIIOT:

H,S0, VCl
Ar,C—OH ——> Ar,C® 25 Ar,C- + V"

B kauecTBe mpmmepa TIpuBeneM BoccTaHoBiIeHUe 2,2’,2”,6,6”,6”-Tek-
caMeTOKCUTpU(MEHUIKapOMHOIA OO0 paauKaja:

OCH, OCH,
10%-5 H,SO
Cc—on 28 30 C®—>
\ H,O — s¢up 5
OCH, OCH;,
OCH,
cr'so
L C-  (94%).
H,O — a¢up ;
OCH,
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AnbTepHATUBHBINA CHNOCOO TeHepaluKu TPUAPUIMETUIPAANKATIOB
OCHOBBIBAETCSl Ha OKUCJIEHUU TPUAPUIMETUIbHBIX aHUOHOB MOJ Aek-
ctBueM K;Fe(CN)g, AgNOs, coneil pryTy, iona u IpYyrux OJHOJIEKT-
POHHBIX OKUCJIUTEIICIA:

(<]
B o IOl
ArCH — A7 ———» AryCe |

BMecTo HeopraHMYeCKMX BOCCTAHOBUTENICH ymoOHee MCIIOJIb30BaTh
BMOJIHE AOCTYMHBIA TeTpaMeTuasTuiaeHauopomun (K. Lurnep, 1924):

2Ar,C®K® + (CH3)2?—?(CH3)2
Br Br

ahup umm TT®

—— 2Ar,C* + (CH,),C=C(CHy), + 2KBr.

[MoMuMO TpHapWIMETHIIBHBIX PAgUKAIOB 3THM CITOCOOOM MOKHO TTO-
Jdy4yath OuapuimerwibHble panukansl Ar,CH u  Ar,C—R wu ux
IUMEpPBI, HaTpuMep

2Ar2C|Z:eK®+ (CH,C—C(CHy), ———>

R Br Br
e 2ArCR + (CH;),C=C(CH,), + 2KBr.

McxoaHylo KalveBylo COJb KapOaHMOHA IOJYYaloT paclleIUIeHUEM
MpoCTOro adupa Kaauem:
0 ®
— —_ .
Ar2(|3 OCH; + 2K >0up Arz(lj. K"+ CH;0K.
R R

3aMelleHHBIE B KOJIbLIE TUAPWIMETIWIbHBIE pagukaisl (Z—CqH,),CHe
reHepupytoT 1o 'ombepry. [anee oHU OBICTPO TUMEPUBYIOTCS:

(ZCeHy,CHBr + Ag ————3 (ZC¢H,),CH" + AgBr.

OyeHb CTAOWIBHBIN MEPXAOPTPUDEHUIMETIII M €r0 TUAPUIIMETUIb-
HbIe aHAJIOTM OBLIM CHMHTE3WPOBAHBI B pe3yibTaTe CIeAYIOLIe ITo-
CJIeIOBATEILHOCTH TIPEBpaIllcHUIA:
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AICI
(CeH)sCH + SOLCL, + S,CL = (C,Cl),CH  (82%)

SO,Cl,
JAMCO — s¢pup o O,
(C6C15)3CH + KOH > (C6C15)3C: —> (C6C15)3C‘
Cl Cl Cl c
NaOH B ToKe N,
V4 H 7'+ >
(\: 4 AMCO — crupr
Cl
Cl cl Cl Cl
C Cl ¢ Cl C Cl Cl
z e b '
—> |
I 4 >0 Z (|3 7
Cl Cl
CI cl d Cl (@ cr C Cl

rne Z u Z' = Cl, C,Cls.

Panukainbsl TpeXBaJIeHTHOTO yIjiepoaa HaXOOSTCS B TePMOIMHAMM-
YeCKOM paBHOBecHU co cBommu auMepamu. Crekrpbl 1M P-gumMepos
TPUAPWIIMETUIBHBIX W JUAPUIMETWILHBIX PaIvKajaoB OIpenesieHHO
YKa3bIBAlOT Ha WX LMKIIOTeKCAaNEHOBYIO CTPYKTYpy M TPOTHBOpeYaT
CTPYKType TeKcaapujdTaHa W TeTpaapujIdTaHa:

Ar,C
2Ar,C- —> CAr,
H
Ar,CH
2Ar,CH: —> CHAr
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WcTuHHBIE TeTpaapWIMETaHbI JIMIIbL IIPU BBICOKOM TeMIIepaType
JIUCCOLIMUPYIOT C 00pa30BaHUEM IUAPWIMETUIbHBIX paankaaioB. Camu
K€ paiMKaibl IPYU JUMEPU3alMy Jal0T He TeTpaapuMeTaHbl, a IIpo-
n3BoIHbIe MeTwieHuuKorekcanuena. Pagukan (CgHs),CH BooOwIe
HEBO3MOXHO TOJYYUTh TOMOJIM30M ero numepa. CTereHb IUccolra-
UUM IPYTUX AMMEPOB MHOTO HUXE, YEM CTeleHb AUCCOLMALUU AU-
MEPOB TpUapWIMeTWIOB. Tak, HalpuMep, CTeIeHb AMCCOLMALIUN T~
MEpOB paaukayioB au-(2,6-guMerTuadeHnn)MeTaa u au-(2,6-1usTmi-
denun)mermna B mema-xcunone npu 25 °C coctasnsget 0,35u 2%
COOTBETCTBEHHO, a Jisl IU-(2-mpem-OyTUadeHWI)MeTUIa — TOJbKO
0,6%. Jluiip ipy HAJIMYKMKM B KaXKIOM KOJIbLIEe IBYX OOBEMHBIX 0pmo-
3amectuteneit, Takux, kak (CH;),CH uwm (CH;);C, crenenn nucco-
nuamuu numepa gocturaet 70—100%. IlepxaopaudeHUIMETUT —
EMMHCTBEHHBII IPUMEP IMOJTHOCTbIO MOHOMEPHOTO Jake B KPHUCTas-
JINYECKOM COCTOSIHMM paiuKajia cpeau 3Tux vactuil. [IpocTpaHCTBeH-
HO 3aTpyIHEHHbIE aJKWIbHbIC pPaauKalbl, TaKKe, KaK TpU-mpem-0y-
tunmeTun [(CH3);Cl3Ce u nu-mpem-6ytunmetun [(CH;);Cl,CHe,
TaKXe€ MOHOMEDHBI.

[IpocTpaHCcTBEHHO He3aTpyaHEHHbIC OCH3WIbHbBIC PAIUKaIbl MTHO-
BEHHO IMMEPU3YIOTCs II0 LIEHTPaJIbHOMY aToMy yrjepoaa ¢ o0paso-
BaHMEM CUMMETPUYHOTO JAWApWIdTaHa:

TpuapuamMeTuibHble U OMapUIMETUIbHBIE paIuKalbl B pacTBOPE
JTUCTIPOTIOPIIMOHUPYIOT, MPUYEeM HaIpaBJIeHHE IUCIIPOITOPIIMOHUPO-
BaHWs 3aBUCUT OT CTPOEHUA paamKama. Hampumep, TpudeHmIMeTHI
Ha CBETY OMCHPONMOPLMOHUPYET IO CICAYIOLIEH CXeMme:

O O

Ph

hv
(CgHs)3C- =" (CgH3);CH +

Ph

o ©

ITpoMexXyTOUHOI YacTUIE B 3TOM IPEBpAlllcHUU OKa3bIBAETCS
9-beHunpayopeHUIbHBINA paauKal, aHaJoT KOTOpPOro ObUI BblAEIeH
py POTOXUMHUYECKOM JUCIIPOITOPLIMOHUPOBAHUHN TIEPXJIOPTPUGBEHMIT-
MeTHIa:
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Cl

Jns TpuapuiaMeTWIbHBIX paauKaaoB, coaepXkalluX B napa-mojo-
JKEHMH aJKWJIBHYIO TPYIITy, XapakKTepeH APYroil TUM AMCIIPOIIOPIINO-
HUpoOBaHMS. B aTOM cilyyae pamukan OTLIEIIIsIET aTOM BOIOpPOAa U3 all-
KWJBHOM TPYIINbI, MPOAYKTAMU 3TOM peakluy SIBJSIIOTCS TpUapuiMe-
TaH U XMHOUAHOe coeauHeHue VII, KkoTopoe ObICTPO MOJIMMEPU3YETCS:

CH3@ cal e, cm@ C-—>

3 3
CH,

— CH3@ CH* CH2=<:><C
3
(VID)
CH,

HuapunaikKwiIMEeTWIbl CIIOHTAHHO IMCIPOMOPLIMOHUPYIOT B COOTBET-
CTBUM C YpaBHEHHEM

2Ar,CCH; —> Ar,C=CH, + Ar,CHCH; .

An- ¥ TpUapWIMETWIBI JIETKO BOCCTaHABIMBAIOTCS IO YIJIEBOIO-
ponoB amajibramoit Hatpusi, HuHKoM, HCl M1 apyrumu BOCCTaHOBU-
tenssmMu. C Ipyroil CTOPOHBI, 3TU PaUKaJIbl OKUCISIOTCS 10 KapOoka-
tuoHoB mof AeiictBuem cojeir Fe(IIl), Au(Ill), Hg(Il) ut.n. B pa-
CTBOpPE XUAKOTO TUOKCHIA cepbl. OKMCIUTETLHO-BOCCTAHOBUTEILHEIE
npespalleHust Ar;Ce Mpolle BCETrO OCYHIECTBISIIOTCSI 3J€KTPOXUMMU-
YeCKM Ha BpalllaloleMCsl IUIATMHOBOM BJICKTPOJIE, HaIlpuMep:
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+ +e
(C4Cls)sC® = (C4Cls)sC- > (C4Cls);C:°

IToutn Bce TpPUAPUIMETUIbHBIE PAAMKANbl B3aUMOIECHCTBYIOT C
KUCIIOPOIOM, 00pa3ysl TpU 3TOM OeCIIBETHBIC MEPOKCHIBI:

Ha sr1oii peakiimy ocHOBaH CIIOCOO KayeCTBEHHOTO OIIpeaeseHuUs
TPUAPUIIMETHIIOB — TaK HasbiBaeMast npoba 0. ImuminHa. OkpalieH-
HBII pacTBOp, colepKallMii CBOOOIHbBIN paauKaj, IPU BCTPSIXUBAHUU
Ha BO31ayxe O0eclBEeUMBAETC, HO 3aTe€M B pe3yJibTaTe AUCCOLMUALUU
JuMepa oKpacka mnosiBisieTcsl BHOBb. IIpoOy IlIMumimHa MOXHO IIO-
BTOPSTh MHOTO pa3, A0 KOJMWYECTBEHHOTo 0Opa3oBaHus repokcuaa. B
MNEepBOM CTaAUM 3TOM peaKlMKU MPOUCXOAUT OOpaTuMoe 0Opa3oBaHUE
NEPOKCUIIBHOTO pajuKaja, KOTOPbIi Aajee Wid peKOMOUHUPYET, WIU
HEIOCPEACTBEHHO MPUCOEANHSIET BTOPOW paauKal:

(CeHy):C- + 0,—> (C,Hy);C—0—0-,
_02

—> (C4H5);C—0—0—C(C¢H5);,
(CeHs);C—0—0- + (C¢Hs),C- — > (C¢Hs);C—0—0—C(C¢Hy); .

[Tepokcuapl, MonyyaroUIMecs NPU B3aMMOJEHCTBUM KHUCIOpOaa C
Ar,CH, HecrabwibHbl M pasyaralorca ¢ obpaszoBanHuem Ar,CO,
Ar,CHOH u Ar,CHOCHAr,. TpuapuameTusasl NpUCcOEIUHSIIOT OKCHL
azota(ll) ¢ oOpazoBaHMEM TUMOHUTPUTOB, KOTOPbIE HEYCTOWUMBBI U
OBICTPO TIpeBpalIaTCd B 3(GUPHI a30TUCTON KUCTOTHL. [lpn B3anmo-
JIeWCTBUY TPU(PEHUIMETHIIA C IPYTUM HEOPTaHWUYECKUM PaINKaioM —
okcugoM azora (IV) — monyuaroTcs aBa mpoaykKTa — TpUDEHUIHUT-
poMeTaH W TpUGEHWIMETITHUTPUT:

DTO O3HayaeT, YTO pajuKajl aTaKyeT oba 1LIleHTpa Me30MEepHOK
cucteMbl okcuaa azota(lV). AKTHMBHbBIE palMKajabl MPUCOEAUHSIIOTCS
M0 Mapa-TnoJJ0XEHUID apoMaTUYECKOro KOJiblia TPUAPUIMETHUIIA:
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CeHs
(CHs);C- + CgHs ——> —C(CeHs), -
H

TpuapuamMeTusibl CHOCOOHBI OTLIENMUTHL aTOM BOJOPO/A OT METUILHOMN
IpyIIibl TOJyoJa nmpu HarpeBaHuM Bbiiie 100 °C:

Ar,C+ + C¢H;CH; —> Ar;CH + C4HsCH,,
AryC- + CH;CH, —> Ar;CCH,CH;.

TpuapuIMeTHIIBI pearupyioT ¢ rajoreHaMHu ¢ OOpa3oBaHWEM TPHU-
apunranorenMmeTtana. C iomoMm 3ta peakmus obparnma. MHTepecHOM
O0COOEHHOCTBIO XMMHUUYECKOTO TMOBEACHUST TPUAPWIMETUIBLHBIX paIyi-
KaJIOB SIBJISIETCST MX CITOCOOHOCTh K COMPSIKEHHOMY MPUCOETUHEHHIO
K 1,4-nneHam:

CH;4

CH,

14.3.2. PAAUKAJIBI IBYXBAJIEHTHOI'O A3O0TA (AMUHUJIbHBIE,
I'MJAPASUJIBHBIE, TUIPASUANJIBHBIE)

Bckope mocie orkpeiTusi ['oMOGeproM TpUapUIMETWIbHBIX palu-
kanoB I'. Bunann ycranosun (1911—1915), yro TeTpaapuiaruapasvuHbl
Ar,N—NAr, BenyT cedsi aHaJIOTUYHO AMMEpPaM TpUAPUIIMETUIIA U TIPU
HarpeBaHuU IUCCOLMUPYIOT:

Ar,N—NAr, 2Ar,N- .

LenTpanbHas CcBSI3b a30T—a30T B TeTpadeHUITHAPA3UHE PaCIIETLISI -
eTcs mpu 6osee Beicokoit Temriepatype (90—100 °C), ywem C—C-cB3b
B auMepe TpudeHuIMeTuaa (MMelero MeTUJIeHIUKIoreKcaame-
HOBOE CTPOCHME), OMHAKO NTU(PEeHUIAMUHUI CaMOITPOM3BOJIBHO AMC-
MIPOTIOPIUOHUPYET ¢ oOpa3oBaHMEeM AWeHWIaMWHA U TUGEHUI-
ruapasodeHasnHa, MO3TOMY AWCCONUALNS TeTpadeHUITUIApa3uHa
HeoOpaTuma:
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90—100 °C
(CgHs),N—N(CcHs), — > 2(C¢H;),N- —>

CsHs

—> (C¢H5)NH + @;[ :@

C6H5

TerpaapuaruapasvHel C JIEKTPOHOJOHOPHBIMU 3aMECTUTEIISIMU
IUCCOLIMUPYIOT Ha paguKaibl 3HAYUTEIHHO JIeTde, YeM TeTpadeHUI-
TUAPA3WH U TeTPaapUITUAPA3UHBI C 3JIeKTPOHOAKIIETITOPHBIMU 3aMe-
crurenamu. Tak, HampuMmep, TIpUBEACHHBIC HUXKE TeTpaapUITHIpa-
3UHBI auccouuupytot yxe npu 0—20 °C:

— OCH; CHﬁ@
20°C_

CH, CH,
CH
2
H;

CH;0

CH;0

be
@Z@

CH,

CH}

@
z

orIo
OLI0

OO6pa3zoBaHe AUAPUIAMUHWIBHBIX PaAUKAIOB MOATBEPXKIAETCS U3Me-
HEHUEeM OKpacku pacTtBopa, DITP-crnexkrpamMu u uX B3auMOACHCTBU-
€M C U3BECTHHIMM aKleIITopaMu paaukajioB — okcuaoM azoTa (II),
TPUDEHUIMETUIOM U IPYTUMU paavKaIaMu:

Ar,N- + NO —————> Ar,N—N=0.
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TerpaanusunruapasuH auccouurpyetr B 6eHsone mnpu 20 °C npumep-
HO B ToOl ke creneHu (3%), uro u aumep TpudeHmwiMmeruia. [lpu pa-
CTBOPEHUM B OEH30JI¢ OCCIIBETHOTO KPUCTAIIMYECKOTO TeTPAaHM3WII-
ruapa3MHa BO3HUKAET 3eJieHasl oKpacKa, Mmpucyuiast pagukany. dua-
HU3WJIAMUHWIbHBINA panukan MrHoBeHHO pearupyeT ¢ NO, (CgH;);Ce
¥ APYTUMM aKIIeITOpaMK CBOOOMHBIX pamukanoB. CTereHb Auccolma-
UM Ha paguKaibl BodpactaeT 10 20% mns pactBopa Tetpa-(napa-nm-
MeTuaaMUHOGEHUI)TMApa3iHa B HUTpoOeH3o01e. JuapuiaMuHuiI-pa-
OMKaJbl C BJIEKTPOHOAKIENTOPHBIMU 3aMECTUTEISIMU HE YAaeTcs
roJyyaTh 10 MeTonmy Bumianma, Tak Kak pacman TaKuX MCXOTHBIX TeT-
paapWITHAPA3MHOB TMPOUCXOAUT TIPH JOCTATOYHO BBICOKOM TemIlepa-
Type, a OUAPWIAMAHWIBI C 3JIEKTPOHOAKIIENITOPHBIMU 3aMECTUTEIISIMU
HECTaOMJIbHBI: OHM ObUIM 3a(pMKCHUPOBAHbI B KAYECTBE HECTAOMJIbHBIX
MHTEpMEANATOB NpU (poronnse GeH30IbHBIX pacTBOpoB Ar,N—NAr,
C TIOMOIIBIO CTPYEBOM TeXHNKN. VICXOMHBIEC TEeTpaapyITHAPa3HbLI OBUTH
CUHTE3UpPOBaHbl BuaaHAOM Npu OKUCICHUM Pa3HOOOPA3HbIX AUaApU-
JIJAMUHOB TIepMaHTraHaTOM Kajus wiu okcuaom cBuHua (IV) B ale-
TOHE WIu 3dupe.

Cpenyt HEMHOTMX CTaOVIIBHBIX aMUHWIBHBIX PaIuKaloB, BIICICH-
HBIX B KPHMCTAJUTMYECKOM COCTOSIHMU, CITEIIUAJIbHOTO YITOMWHAHUS
3aciayxuBaetr 1,3,6,8-terpa-mpem-6yTn-9-kapo6asmn (VIII), koTopslii
o0pasyeTrcsl Ipu OKUCIEHUU MOIOM JIMTUEBOM coyiu Kapbasosa:

(CH,),C C(CH;);  (CH,);C C(CHjy);
1. BuLi; CcHg @
OL IO peasen, 100
(CHyC H ¢y, (CHy)LC C(CH,),

(VD)

K numapriaMMHWIBHBIM pagyKajaaM II0 CTPYKTYpPe IPUMBIKAIOT TET-
paapWIUPPUIbHbIE PaIuKallbl, KOTOPbIe ObLUIM ITOJIyYeHbI IIPU OKKUC-
JICHUM TETPaapUIIUppOIOB AMOKCUIOM CBMHIA WIX (DeppoLIMaHuI-
WOHOM, a TaKKe WX KaJIMEeBBIX COJIEH XJIOPOM; OTU paarKalibl oOpasy-
IOT TUMEPHI:

Ar Ar Ar Ar  Ar Ar AT Ar
e [ (=N
Ar” N Ar A TNT CAr =/ A" N A

K® Ar Ar
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Ocoboe MecTo cpeau CTaOMJIbHBIX paguKajloB 3aHMMAalOT TpHUa-
PUITHIPA3WIIBHBIC PaIUKalTbl Aer—NAr. BIiioTh 10 OTKPHITHS ain-
(haTrueckux HUTPOKCUIOB (cM. 14.3.3) oHM cuMUTaIMCh HauboJee cTa-
OWJIbHBIMU CBOOOIHBIMU paavKaiaMu. Takoe MojoxXeHue oObsICHSIET-
csl peaKoil CcTabUJIbHOCTbhIO HauboJyiee HW3BECTHOrO CBOOOMHOIO
pagukana — 1,1-mudenmn-2-nmukpunruapasuna (JAPIIT), koropwrit
obu1 ntoyyeH C. NonpammuaToMm B 1922 1. okuciaeHueM IUEHUIMUK-
pUArHapa3vHa AUOKCUIOM CBUHIIA:

No, NO,
PbO, .
(C;Hy,N—NH NO; G (CoHIN-N NO,
NOj3 NO3

DTOT METOI U B HACTOSIILIee BpeMsl SBJSIETCSl OOLIMM [IJisi CUHTE3a
JPYruX TpUApUITHApasuiioB. McxonHble COeAMHEHUS ISl CUHTE3a TUJI-
pa3sWJIOB MOJYYAlOT MPU B3auMOACUCTBUU 1,1-auapuiaruapasmHoOB C
TPUHUTPO- WU JIUHUTPOXJIOPOSH30I0M:

NO, NO,
Ar,NNH, + 014§C:>>—N02 — Aer—NH@Noz
NO3 NO3

JDIIT xapakrepusyeTcsi 0O4eHb BBICOKOI CTAOMJILHOCTBIO B KpU-
CTaJUIMYECKOM COCTOSIHMU T10 OTHOLLICHUIO K KUCIOPOLY U MOXKET ObITh
OUMILIeH TepeKpUcTaIn3aluei.

Ha npumepe aToro paavkajga MOXKHO TOSICHUTb, Kakue (haKTOPbI
OMpee/IsIIOT CTaOMILHOCTb CBOOOAHBIX paaukanoB. K uuciay Takux
(bakTOPOB TJIaBHBIM 00pPa30M OTHOCSITCS:

1) mpocTpaHCTBEHHOE 3KpaHUpPOBAaHHWE aTOMOB, HECYILIMX Hau-
OOJIBIIIYI0 CIIMHOBYIO TIJIOTHOCTD;

2) OTCYTCTBHME aTOMOB BOAOPOAA B TeX IOJOXEHMSIX, IJIe MOXET
MPOUCXOAUTH M30MEpU3aLUs WU AUCIPONIOPLUOHUPOBAHUE;

3) MakcuMasbHasl JeJIoKaau3alus HeClapeHHOro 3JIeKTpoHa. DTU
YUCTO KauYeCTBEHHbIE KPUTEPUHU, €CTECTBEHHO, HE OXBaThIBAIOT BCE
MHoroo6pasue (hakTopoB, OINpPEACSIOUIMX YCTOMUMBOCTh PaAUKAJIOB,
OIHAKO MMEHHO OHM OKAa3bIBAIOTCSI PEIIAOIIMMU IJIsI KaueCTBEHHOM
OLICHKM CTaOWJIbLHOCTHU.

PononayanbHUK cepun apoMaTHIeCKUX TMAPAasUIOB TPUPEHMUI-
rugpasun  (CHs),N—N—C¢Hs He ynoBiaeTBopseT mepBbIM IBYM
KpuTepusiM. [leidcTBUTEIbHO, 3TOT pagukan yxe mpu —55 °C Haxo-
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IUTCS B PaBHOBECHHU C IMMEPOM — TeKcadeHWITeTpa3aHoM, a Ipu
0 °C pucnpornopunonupyet. JPIIT moMHOCTHIO yIOBIETBOPSIET BCEM
TpeOOBaHMUAM, ITOITOMY OH HE TIPOSIBISET TEHACHLUMU K ITUMEpHU3a-
LIMY; OH CTAaOMJICH B Pa3IMYHBIX Cpelax B IIMPOKOM MHTEpBae TeM-
nepatyp. BiusHue mpocTpaHCTBEHHBIX (DAaKTOPOB JIETKO MPOIEMOHCT-
pUpOBaTh Ha TPUMEPE ABYX M30MEPHBIX PATUKAJIOB:

NO,
(C¢Hs),N—N (C¢Hs),N—N NO,
NOj3 NO3

IlepBblil U3 HUX YCTOMUYMB B KPUCTALIMYECKOM COCTOSIHUM, & BTOPOiA
CYIIECTBYET TOJIBKO B PacTBOPE, XOTS pacmpeneaeHne CITIMHOBOM TIIOT-
HOCTHU Y HUX IIPAKTUYECKU OIMHAKOBO. B ominyue or cBOMX apoMaTu-
YECKMX aHaJoroB Tpuankuiruapasuwisl R,N—NR u mnankuiruapa-
suibl RyN—NH HectabmibHBI M IUCTIPOITOPUMOHUPYIOT WK JIUME-
pusytorcst (peKOMOUMHUPYIOT).

MHorue THapa3wiIbl TPUHUMAIOT YYacTHE B peakiud PeKOMOU-
HallUM KaK CO CTaOMJIBbHBIMU, TaK M C aKTUBHBIMM paauKalaMu C
00pa3oBaHMEM TeTpa3zaMElIeHHBIX TUIPA3uHOB. TpudeHWIMETII IIpu-
coenunsercsa Kk JPIIT:

NO,
(C4Hs);C- + O,N N—N(C(Hy),—>
NO,
NO,
— Noz@ NH—I|\14<(:>>7C(C6H5)3
NO, CeHs

CxomHbIM obpa3zoM mpoucxoaut pekoMmoOuHanusa JPIIT ¢ oxcn-
poM azora(lV), no A®III He pearupyer ¢ NO:

N
O
Ph,N—-N NO, + NO,—> —NH NO,
Cotl
NOJ NO#
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CrocooHocTh J®IIIT B3auMoAeiicTBOBATh C paauKajiaMH I103BO-
JISeT MCMOJb30BaTh €ro B KauyeCTBe MHTMOMTOpAa TaKWUX PamauKaJbHBIX
peakumii, KaKk TMOJMMEpU3alMs M paguKalbHOE IIETTHOE OKMCIICHUE.
A®IIT ucronb3yloT B KauecTBE OJHO3JICKTPOHHOTO OKUCIUTENS IS
OKHCIIEHHS TUOJIOB U (heHOJIOB. B KauecTBe OCHOBHOTO MPOAYKTa OKUC-
JIEHUSI TMOJIOB 00pa3yeTcsl OUCYIbGhUI:

RSH + DI —> RS- + JPINI—H

2RS- —> RSSR
NO,
SR

|
RS- + JIOIT —> Ph,N—N NO,
NO3

A®IIT, nomodHo comu ®pemu (1. 23, 4. 3), MOXKET OBITH MCIIOJb-
30BaH IJIT OKUCIeHUS (beHOJIOB B napa-XWHOHBI. Ha pammkambHBII
MEXaH!3M 3TOU peaKIMM yKa3biBaeT 00pa3oBaHWE apOKCUJILHOTO pa-
nukana (. 23) npd OKMCIEHUM TPOCTPAHCTBEHHO-3aTPYyIHEHHOTO
2,4,6-tpu-mpem-oytunderona non nevicrsueMm JDIIT:

OH

+ O ——> + J®II—H.

MexaHM3M 3TOI peaklMK BKJIIOYAET IMEPEHOC OJHOrO 3JIEKTPOHA OT
(beHONA K OKMCIIUTENIO C MOCIEAYIOIIMM IIEPEeHOCOM IPOTOHA OT Ka-
TUOH-paauKaa:

s @ -
OH OH NO,
Q
+ AONT —> + Ph,N—N NO,
NO3
O.

+ IOIT—H .
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C moMoIIbI0 CIIEIMATbHOTO METOIa IIMKJIMYECKOM BOJbTaMmIle-
POMETPUM TIOJYYEHBI DJIEKTPOXUMUUECKHE XapaKTEePUCTUKU oOpa-
tuMbIX penokcrpeppamenuii J®IIT. Jua JPIIT o6HapyxXeHbI de-
THIpE OJHO3JIEKTPOHHBIX TIepexona, ABa U3 KOTOPBIX COOTBETCTBY-
IOT KaTUOHY M aHWOHY, a MpPU OTPULIATEIbHBIX MOTEHIIMANAX BBIIIE
—1,7 B HaGniomaeTcss BOCCTAaHOBJIEHUE HUTPOIPYINBI 10 aHMOH-pa-
IUKajaa U TMaHWOHA:

o e . +e o +¢ : +e =
AP " <= (APIN) == (APII === (APII) <= (APIII) .
—€ - — -
0,5B —0,12B —1,71B —2,03B
A®DIIT pearupyer ¢ N,N-TeTpameTwiI-napa-heHUICHINAMIHOM KakK
OTHORJIEKTPOHHBIN OKUCIUTENb ¢ 00pa30BaHWEM KaTHMOH-paanKaa,
HOCSIIIETO Ha3BaHUE eonyboeo Bropcmepa:

. -®
NMe, NMe,
©
(A®IT) + @ = (A®NI +
NMe, NMe,

A®IIT oxucnsgeT psig HEOPTaHMUYECKUX KATHOHOB, TaKUX, KakK Fez+,
Sn**, Cr*" u mp.

AHajioraMu TUAPa3UJIbHBIX PaJIMKAJIOB SIBJISIIOTCS TaK Ha3blBaeMble
eudpasuodunvHvle paouxkansl. TePMUH <«TUAPA3UIUIbHBIN paavkail» ObUl
BBE/IEH B XMMUU CTAOWJIbHBIX PAUKAIOB JIJIsi TOTO, YTOObl OObEIMHUTD
OIHMM Ha3BaHWEM TPYMITy TeHEeTUUECKU CBSI3AaHHBIX MEXIy COo0Ooil pa-
JUKAJIOB — BepHa3ujbl, TeTpa3oawibl U 1,2,4,5-TeTpaa3zaneHTeHUIbL:

R. R Ar Ar R
Ar—N><N—Ar \N—N/ NZ\N-
N N Vo b AN A
Y Y NoA
BEpIa3UJIbI TETPa30JIMIIbI 1,2,4,5-Terpa-
a3aneHTeHUITbI

Cpenu pa3HOOOpA3HBIX METOMOB ITOJYYEHHUsS BEpAa3uIbHBIX paauKa-
JIOB BBIICIMM TOJIBKO OAMH, B KOTOPOM (hopMaszaHbl aTKWIMPYIOTCS
ankwirajoreHuaoM a0 N-ankuiagopmaszaHoB. IlocienHue jJerko nuk-
JIU3YIOTCS B JIHKOBEPAA3WIbI, KOTOPBIE B CBOIO OUepelb OKUCIISIOTCS
0 PaIvKaJiOB KUCIOPOIOM WM (PeppUIIMAHUIOM KaJIUs:
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Ar\ /CH3 N
Ar—NlH N—Ar N N—Ar Ar—N Il\I—Ar

I CH5l | I |
NS/N —>> N ~ N —> NYNH
Ar Ar Ar
TpuapuwiopmazaH 0, wm
K;Fe(CN)g
Ar—Tl\I/\Tl\I— Ar
NYN )
Ar
BepIasuiI

TeTpaSOJ’[I/IJ'H)I MOTYyT OBIThH TIOJIYYEHBI IIPHU OKMCJICHUN (bopMa3a—
HOB OTUOKCUAOM CBUHILIA WJINW APYTUM CUJIBHBIM OKMCJIUTCIICM:

AN NHAr Ar AT
PbO N—N
2
2 ‘ I S A
Ar Ar

TeTrpaazaneHTeHUIbI 00PA3YyIOTCSl B pe3yJbTaTe CACAYIOLIEH LIenu mpe-
BpalUCHUIL:

OPTOMYPaBbUHBIA
apup
PbO, .
—> Ar,N—N=CH—-NH—NAr, ﬁ’ Ar,N—N=CH—N—NAr,.
()

Bce TUAPA3SUIbHBIC paguKaJbl 1 B TBEPAOM COCTOAHMH, N B paCTBOPEC
MOHOMEPHBI, CTaOMJIbHBI MO OTHOILIEHUIO K Kucjaopoay, HO JIETKO
OKHUCJIAIOTCA IIPHU B3aMMOJICMCTBUU C TAJIOTEHOBBIMU COJISIMU pTYTH,
TIIEPKUCTIOTAMMN U HEKOTOPLIMU APYTMMHN OKHCIIUTEIIAMMU.
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14.3.3. HUTPOKCHUJIbI

Hwutpoxkennbel umeror oburyto gopmyny R,N—Oe, rae HecnmapeH-
HBI 3JIEKTPOH IEJOKATM30BaH MEXIYy aTOMaMM a30Ta M KHUCJIOPOIA.
IlepBbIM M3BECTHBIM HUTPOKCUJIBHBIM pPAagUKaJIOM SIBJISETCS TaK Ha-
3biBaeMast coib @pemu (KO;S),N—Oe, monyueHHas eie B 1845 .

CTabWIbHOCTH HUTPOKCHWIIBHBIX PAIUKAJIOB ONPEAEISETCS TIaBHbBIM
00pa3oM COOCTBEHHOM YCTOMYMBOCTBIO 3JICKTPOHHON KOH(UTYpalluu
¢parmenTa N—QOe, a He CTEpUUYECCKMMM WJIM DJIEKTPOHHBIMU 3(PdeK-
TaMU TPYII, COEIMHEHHBIX C a30TOM.

OcHOBHasl TIPUYMHA BBICOKOI CTAOMIBHOCTH HUTPOKCUIBHBIX pa-
JMUKAJIOB 3aKITIOYAETCST B 0COO0M TTPOYHOCTH TPEXIIIEKTPOHHOM CBSI3U
a30T—KUCJIOPO, KOTOpas B TEpPMUHAX TEOPUM PE3OHAHCA MOXET OBITh
OITCaHa C TTOMOIIBIO CIEAYIONINX TPAHUIHBIX (POPMYIT:

R\@ @ R\O @
/@ O\ /0 O\’

DHeprus JeaoKaau3aluuu HecrmapeHHoro 37ekKTpoHa B [(CH;3);Cl,N—0Oe,
COIJIaCHO pacueTHBIM JJaHHBIM, COCTaBJIsIeT 33 KKaJl/MoJb. Takoil 60Jb-
IO BBIMTPBIII B 9HEPTUM CIIEAYET pacCMaTpUBaTh KaK KOJMUYECTBEH-
HYyIO Mepy TepMOIMHAMUYECKOM YCTOMYMBOCTU paavKkaia. B mpuankw-
HUTPOKCHMJIAX HUTPOKCIWJIHLHYIO TPYIITy MOXHO pacCMaTpWBaTh Kak
M30JIMPOBaHHYI0. HUTPOKCUITBHYIO TPYIITy, KaK W M303JIEKTPOHHYIO
el KapOOHUJIbHYIO I'PYIIIy, MOXHO OMucath TeM e Habopom MO:

HecnapeHHBIII 3JIEKTPOH HAXOAMTCS Ha Pas3phIXJISIOIEH T*-0p-
OuTtanu, oOpa3oBaHHOI M3 2p -opOuTajeil aTOMOB a30Ta U KUCJIOPO-
na. JimHa cBsi3n N—O B HUTPOKCHIIAX MaJio 3aBHCUT OT CTPOCHWMSI
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panvkaia u coctasiseT 1,26—1,28 A, T.€. UMEET IPOMEKYTOUHOE 3Ha-
YeHre MeXIy ommHapHOW cBA3bl0 N—O B TMIpPOKCWIAMWUHE U CBS-
310 N=0 B HHUTPO30COCAMHEHUSIX. BOIBITMHCTBO CTAOMIHLHBIX HUT-
POKCUJIOB MOHOMEpHBI BIUIOTH 10 —260 °C, HO HEKOTOpbIe HUTPO-
KCWIbl JUMEPU3YIOTCSl B pacTBope mpu TemnepaTtype Huxe —80 °C B
HETIOJIIPHBIX PACTBOPUTENISAX B IMAMarHUTHBIE AuMephl 1X:

O@
R\\\@/ \@///'R

N N (IX)
7 ol Nk

R

CTaOMIBHOCTD HUTPOKCWIBHBIX PAagWKajIOB OrPaHUIMBACTCS TOJIBKO
HX CITOCOOHOCTBIO K AUCIIPOTIOPIIMOHUPOBAHNIO0. HUTPOKCHITBI yCTOT-
YUBBI, €CJIM TPYIIIbI, COCMMHEHHBIE C a30TOM, HE TTO3BOJISIIOT PaIu-
KajaM B3aMMOZCHCTBOBATh MeXIy co0oil. [109TOMy HUTPOKCHIIBI, Tae
C a30TOM CBSI3aHBI TIEPBUYHBIC WJIM BTOPUYHBIC AJKUJIBbHBIC TPYIIIIHI,
OBICTPO ITUCTIPOIIOPLIMOHUPYIOT ¢ 00pa30BaHMEM THAPOKCHIAMUHA W
HUTPOHA:

R’ R’

| | o R
2RCH2—N—O- — RCHZ—N—OH + RCH=N\ o
(@)
HUTPOH

OnHako U-mpem-aJKWIHUTPOKCWIIBI OYeHb CTaOWIbHBI, U -Bu,N—O-
YCTOMYMB MO OTHOLUIEHUIO K Kucjaopony aaxe npu 100 °C u moxer
TOIaMH XPAHUTHLCS O3 3aMETHOTO M3MEHEHUSI. Y CTOMUMBOCTD TV -mpem-
ATKWIHATPOKCHITOB OTIPENeIsieTCS B OCHOBHOM TeM, YTO OHU HE BCTY-
MaroT B peakInio TUCIIPOITOPIIMOHNPpOBaHMs. [IpocTpaHCTBEHHEIE TIpe-
MIITCTBHSI, CO3aBaeMble AJTKWJILHBIMU TPYIIIIAMHM IPHU a30Te, KOTO-
phle TIPETIITCTBYIOT WX OUMEpPHU3allMi, WTPAloT MeHee BaXKHYIO POITb.
Taxkoit BBIBOI TIOATBEPXKIAETCS BHICOKOW CTaOMIBHOCTBIO IH(TPU-

(bTopMETHIT)-HUTPOKCUITA _N—O-, roe pagukaabHbI (PparMeHT
F;

c1ab0 3KpaHUpPOBaH. ApoMaTHMUyecKMe HUTPOKCUJIbI MeHee CTaOWJIb-
Hbl, YeM IU-mpem-aJKUIHATPOKCUIbI. [IpruMHONi OTHOCUTEIbHOMI
HEeCTaOMJIbHOCTU apoOMaTUYECKUX HUTPOKCUJIOB SIBJISIETCS NEJOKAIU-
3alMsl HECMapeHHOro 3JeKTPOHa Mo OeH30JbHOMY KOJblly. Tak, Ha-
npumep, mpem-0yTUAGEHUIHUTPOKCUI HEeCTaOMJIeH M JIeTKO duMMe-
pu3yeTcs Mo 1apa-TNoJIOXKEHUIO OEH30JIbHOTO KOJbIIA:
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2 N C(CH3)3—>K @N C(CHy);—>

o- (CH,),C— N\BO
C6H5

®
— > C4¢H;NHC(CH;); + O Il\I—C(CH3)3
0°

Humep nmanee pasnaraetcss Ha N-mpem-OyTulaHWiIMH U N-mpem-0y-
TWI-hapa-0eH30XMHOHMMUH-N-0OKCcUA. AHAJOTMYHOE MpeBpalleHue
nperepreBaeT U AMGeHWIHUTpOKCUA. BBeaeHue B napa-1ionoxeHue
KOJIbLIa mpem-aJKUJIbHOU TPYNIbl Pe3KO MOBbIIIAET CTAOUIBbHOCTh
HUTPOKCUJBHOTO paaukana, u mpem-0yTui-(napa-mpem-0oyTuide-
HUJ)HUTPOKCUI YCTOMYMB B KPUCTAIMYECKOM COCTOSIHUM B Teue-
HUe MHOrux mecsieB. OnIHaKo apuii-mpem-O0yTATHUTPOKCUJIBI C TIep-
BAYHOM WJIM BTOPUYHOU aJIKUJIBHOU TPYIIIION B nApa-TOJIOXKEHUU JIET-
KO JIMCITPOIOPIIMOHUPYIOT:

2R,CH 1'|\'I—C(CH3)3 —
O.

—>R2C:<:>:N C(CH,); + R2CH@N C(CHy),.

IMepxnopaneHMITHUTPOKCUII, €CTECTBEHHO, aOCOJIOTHO CTaOWJIEH B
KPUCTAJUTMYECKOM COCTOSIHUM W B PAacTBOpPE W HE OKMCISIETCS MpU
XpaHEHUM Ha BO3IYXe.

14.3.3.a. METOAbI ITIOJIYYEHUA

Oxucnenue euopokcuramuros. I'MIpOKCUIaMUHbI YPE3BBIYANHO JIeT-
KO OKHUCJISIOTCS IOJ NEMCTBUEM CaMbIX Pa3HOOOPA3HBIX PEAreHTOB IO
HUTPOKCUJIOB:

[O]

Jlid mpenapaTUBHOIO IOJIYYeHUSA HUTPOKCUJIOB Yallle BCEro MC-
MOJIb3YIOT TaKWe okucaurenau, kak PbO,, Ag,O, MnO,, H,0,, B He-
KOTOPBIX CIIy4adX 3TO IPeBpallieHUe MPOUCXOAUT yXKe IPU CTOAHUU
Ha BO3IYyX€ PACTBOPOB NUAJKWITUAPOKCUIAMUHOB U IUAPUITUAPO-
KCWJIAMWHOB.
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Oo6wmwmit Meton cuHTe3a muapuiaHuTpokcwioB (I'. Bunann, 1914—
1922) 3axiouaeTcss B KOHAEHCAIIMA HUTPO30COENMHEHUI C apuimar-
HUUTAJIOTeHUIAMUA C TTOCIEAYIOIINM OTHORJEKTPOHHBIM OKHCICHUEM
IApWITUAPOKCUIAMIHOB OKCHIOM cepedpa B alpOTOHHOI cpene:

- H,0
ArIN=0 + Ar’MgBr —» Arl—N—OMgBr —»

Ar?

—» Ar'—=N—OH he0 Arl—=N—0-
| odup; 0... =10 °C |

Ar? Ar?

Becbma cxomHbIi METOI CUHTE3a HUTPOKCUJIOB OCHOBAH Ha KOH-

JeHCAalMU OMCTUAPOKCWIAMUHOB C QIbICTMAAMU U OKMCJICHUU IIPO-
JYKTa KOHACHCALINU:

OH cl)e
R R N@
~_ /
R-C~NH-OH o > pr02 ple \ R

+RC. —> |
RS SC—NH-OH H R< Els R\
R” R” H R-C \ll\l

OH 0-

Hwuknmmyeckre HATPOKCHIIBI MOTYT OBITh ITOJyYeHBI HAa OCHOBE ITWK-
JIMYECKNX HUTPOHOB, HAIIPUMeEp:

CH; CH, CH, CH, CH; CH,
@ 1. RM @ I. RM .
/N—Oezo—gx> /N—Oezo—gXP N—O-
/4 M2 < M2 <

R R R

AHaJIOTUYHO HUTPOHAM pPEarupyloT ¢ MarHUMOPraHUYECKUMM COEIM-
HeHUsIMU N-OKHCH a30TUCTBIX Te€TePOLIMKIIOB:

Ph—>
@ Ph N
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OKucaenue 6MOPUHHLIX AMUHO8 SIBISIETCS, TO-BUAWMOMY, HamboO-
Jiee BaxKHBIM METOIOM TOJydeHMsT HUTpoKcuioB. [IpemapatuBHoe 3Ha-
YeHMe B STOM IIpoIlecce MPUOOpEeTn TaKhe OKUCIUTENM, KaK TepOK-
CUJl BOIOpPO/Ia B BOIHOM Cpelle WIU MEePKUCTOThl (Mema-XaopnepoeH-
30liHas 1 nepOeH30iiHas1) B alipOTOHHOI cpene. B ripeabimyiiem pasnesie
yXe ObLJIO OTMEUEHO, YTO HUTPOKCUJIbI 00J1adaloT BHICOKOM CTaOMJIb-
HOCTBIO B TOM CJIydae, KOTZa C a30TOM CBSI3aHBI IBE mMpem-aKuib-
Hble Tpynmbl. [1oaToMy MeTom mpUMEHSIeTCsT I OKHUCIEHUST UMEHHO
TaKWX BTOPUYHBIX AMUHOB:

R R R
“NH + H,0 NaWO._ SNHOH| —>  RN=0
R 22 H,0 R R

R u R’ = mpem-Alk

Boccmanosaenue Humpo- u HumposocoeduneHut. JAn-mpem-0yTu-
HUTPOKCHUJI BIEPBbIE ObUI TMOJYYeH TMPU BOCCTAHOBJICHUM 2-HUTPO-
2-MeTUJIIIpOIIaHa HaTpUEM:

o
Na an
2CH,—C—CH » (CH,);C—N—C(CH;); .
3 3 aup win TP (CHy)s I (CHs)s
N02 O'

Hdpyrre ov-mpem-anKWTHATPOKCUIBI MOTYT OBITH TOJYYeHBI BOCCTa-
HOBJIEHMEM HUTPOAJIKAHOB C TPETUYHON aJKWUJIBHOM I'PYMIION 1IeI0u-
HBIM METAJIJIOM WIIM mpem-0yTHIMarHUIXJIOPUIOM.

B Hacrogiee BpeMs M3BECTHO OOJIBIIIOE YMCIO HUTPOKCUIIBHBIX
oupagukanoB (M paxe tpupamukaiaon) (D.I. PozaHueB); HeKoTopbie
NPUBEICHBI HIKE:

CH,_ CH,

CH, CH, 0- o-

| |

CHY CH, CH{ CH,
N=CH—CH=N
CH/ 1|\1 CH, cH{ N7 CH,
0- 0-
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14.3.3.6. XUMUYECKHUE CBOMCTBA HUTPOKCHUJIOB

Boccmanosaenue HUMPOKCUN086. HI/ITpOKCI/IHbI MOTIyT OBITh KaTaJln-
TUYECKM BOCCTAHOBJICHBI, ITPUYEM CTCIICHL BOCCTAHOBJICHUSA 3aBUCHUT
OT MpUpOoAbl T€TCPOIrCHHOI0 Karajausaropa. Ha nnatuHOBOM KaTanuv-
3aTOpeC Anamca HUTPOKCHJIBI BOCCTAHABJIMBAIOTCA OO T'MAPOKCHUIIaMH-
HOB, a4 Ha HUKCJIC Penes — mo aMuHOB:

Pt . Ni
R,N—OH <—— R,N—0- + H, —> R,NH + H,0 .

MHorme BOCCTaHOBUTEIM, TaKWe, KaK TUApa3WH, QEHWITHIPA3UH,
ATIOMOTHIPH]T JIUTHSI, aCKOPOWHOBAsT KUCIIOTa, CEpPOBOIOPOM, BOC-
CTaHABIIMBAIOT HUTPOKCUJIBI 0 THAPOKCHIAMUHOB. KoTmdecTBeHHBIM
aHaJIN3 HUTPOKCHUJIOB OCHOBBIBACTCS Ha BOCCTAHOBJICHWU WX IO CO-
JIel TUIPOKCHIIAMUHA C TTOMOIIBI0O MypaBbUHOW KUCJIOTHI:

. @
2R,N—0- + 3HCOOH —> 2R,NH—OH + 2HCO0® + CO, .

ITpu neiictBUM Oojiee CUJILHBIX BOCCTAHOBMUTENEH — XJIOpUAA OJIO-
Ba (II) B HCIl win nMHKa M YKCYCHOW KMCJIOTbl — HUTPOKCUJIbI BOC-
CTaHaBJIMBAIOTCS 1O AMUHOB:

. ®
2R,N—0- + 3SnCl, + $8HCI —> 2R,NH,CI+ 3SnCl, + 2H,0 .

HuTpoKCHIIBI OTHOCSTCST K YMCITY MSITKHX OIHO3JIEKTPOHHBIX OKWC-
nuteneit. Takue pagukaibl, Kak coib @peMu Uau arui-mpem-0yTui-
HUTPOKCHUJIbI, MCITOJB3YIOT IS MPerapaTUBHOTO ITOJyYeHUs XUHO-
HOB MPU OKHUCJIEHUU (PeHoI0B (cM. T1. 23, 4. 3):

OH
+ (KO,S),N—0- —TLCOOK
372 CH,0H—H,0
CH,
0
0
%
— + HON(SO;K), .
CH,
(82%)

IIpu okucieHnu cojibio GpeMu IPOCTPaHCTBEHHO-3aTPYIHEHHBIX
(beHOIIOB 00paA3yIOTCsl apOKCWIbHbIC paguKainbl (1. 23). Hutpokcuiast
MOXHO MCIIOJIb30BaTh B KaUECTBE OXHODJIEKTPOHHOI'O OKUCIUTENIS 1O
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OTHONICHUIO K AUTHIPOAPOMATUUECKUM yIieBogoponaM. Tak, Harpu-
Mep, 9,10-guruapoaHTpalleH AeTUAPUPYETCS B OEH30JbHOM pPacTBO-
pe yxe npu 20 °C 1o aHTpaleHa:

H H
- 20 °C
CeHe

H H

Oxucnenue nHumpokcunog. IIpu OTIIETJIEHUM OIHOTO BJEKTPOHA
HUTPOKCUJIBI 00pa3yloT COJM OKCOAMMOHMUSI:
- R

~ — ~®
N—0O- —> N—O .
- .
R R
HOTCHL[I/IEUI OKHMCJICHUA HUTPOKCHJIIOB OOCTATOYHO BBICOK, WU IJIA
NX OKHUCJICHUA CICAYET UCIIOJIb30BAaTb TaKHWE€ CUJIbHBIEC OKUCIIUTEIIU,

KakK xJop, OpoM u Op.:

CH, CH;
— 2( N=0 B° (99%).
cal, ch,
CH,

B kauectBe OIHOJJIEKTPOHHOI'O OKMCJIUTEIA HUTPOKCUIIOB YZ[O6—
HO HMCIIOJIb30BaTb TpI/I(I)eHI/IJ'IMCTI/UI—KaTI/IOHI

. ®.0 ® (]
R,N—0- * Ph,C°X°—> R,N=0 X° + Ph,C-
PhC- + O, —> Ph;C—O—O0—CPh; .

Bzaumoodeiicmeue numpokcunog co c60600HbviMu padukaramu. Cro-
COOHOCTh HUTPOKCUJIOB B3aMMOJCHCTBOBATh C aKTUBHBIMU CBOOOII-
HBIMM pagvKajiaMy ¢ o0pasoBaHHEeM 3(DUPOB TMAPOKCUIAMUHOB TIPH-
BOIUT K OOPBIBY PagWKAIbHBIX IEITHBIX IPOIIECCOB, YTO ITO3BOJISIET
HCTIOJIB30BaTh HUTPOKCWIIBI B KauyeCTBe HANEXKHBIX WHTHOMTOPOB TT0-
JIMMEPHU3alM U TEePMOOKUCIUTEILHON NeCTPYKLINU OPTaHUYECKUX
MOJMMEpOB. DPUPH THAPOKCHIAMUHOB TIPH B3aUMOICHCTBUM C TIe-
POKCUJIBHBIMU panuKaJiaMu, 00pas3yiolIUMUCI TPU OKHUCICHUUW TI0-
JIMMEPOB, BEPOSATHO, PETCHEPUPYIOT MCXOTHBIM HUTPOKCWI, TMO3TO-
My OIWH CTaOWMJIBHBIA pammKall criocoOeH 000pBaTh HECKOJIBKO KH-
HETUYECKMX LIeTeil OKMCIICHMS.
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Psaa HUTPOKCUIIOB B3aMMOIENCTBYET CO CTAOMJIBHBIMU paauKaia-
Mu. Tak, Hampumep, IU-mpem-OyTUITHUTPOKCWI B3aUMONCHCTBYET C
A®IIT 1o OKUCIUTENHHO-BOCCTAHOBUTEIIBHOMY MEXaHU3MY:

- ®
-Bu,N—0O- + IGIT —> £-Bu,N=0 + APIT®.

OaHako MUOEPUIMHOKCUII HE pearupyer ¢ TPpUPEHUIMETUIOM U
O®IIT, B TO BpeMsT KakK OTU(PEHIITHUTPOKCUI TIPUCOCIUHSIET IBE Ya-

cruupl (CgHs);C

Ph

2Ph,N—O + 2Ph,C- —»thN—o—clz@cph3 + Ph,N—OH.

Ph

Peaknug oxkcupga azota (II) ¢ nuapuyIHUTPOKCUIIAMU TPUBOIUT
K CM€CH TPOAYKTOB HUTPO3UPOBAHUSI U HUTPOBAHMUSI B apoMaTUyecC-
koM koJsbue. [Ipu B3aumonerictBuu audeHwiHuTpokcuwia ¢ NO, 06-
pasyetcs nu-(napa-HuTpoheHWI)HUTPOKCHUIL.

Peaxyuu numpokcuios 6e3 3ampacusanus paduxkaibHo20 UeHmpa.
Bbicokasi ycTOMYMBOCTD HUTPOKCUJIBHOU TPYIINbI MO3BOJISIET peayiu-
30BaTh NMPUHUMUIIMAIBHO HOBBIM KJIacC peakUMid paauKaloB, HE 3aT-
parvMBarolMX HECMApeHHOTO 3JIEKTPOHA W HANpPaBJIEHHBIX MCKIIOYM-
TeJIbHO MO MMeEIolIeiics B pagukaje ¢GyHKIMOHAILHOU rpyrmne. Brep-
Bble «HepaIMKaJlbHble peakii» PaJIuKalioB OBIJIM OCYILIECTBIEHBI C
2,2,6,6-TeTpaMeTHII-4-0oKconunepuanH- 1 -okcuiaom (D.I. Po3aHiues):

OH
CH; CH,
CHy 'N° 'CH,
NaBH, o.
NHCH,CH,0H
CH,OH
CH; CH; 1) HOCH,CH,NH,CH; CH,
CHY "N° "CHy ) NapHen N CH;

CH;3 CH;,

NH,0H
CH; CH;,
i
O .
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HepanukaabHble peakiuy XapaKTepHbl M I IPYTUX OM(PYHKIINO-
HaJbHBIX HUTPOKCUJIOB, B OCOOCHHOCTM JISI ILIECTUWICHHBIX U TISITU-
YIEHHBIX OKCUPAAUKAJIOB M aMUHOpaaukaioB. Haubosee nocTymHbIi
CHUHTE3 MapaMaTHUTHBIX CJIOKHBIX 2(HMPOB 3aKII0YaeTCs B KOHICHCA-
o 2,2,6,6-TeTpaMeTHI-4-TUAPOKCUTTUTICPUINH- 1 -OKCHIa ¢ allpIra-
JIOTeHUJAMMU:

)
OH o—c?
R
0
CH 7 SN coq
CHy N” “cH, c %% CH Il\I CH,
oF O-
OTs Nu
CHy] | CHy+Nu® —— CHy| | CHy+Ts0®
CHj Il\f CH, CHy Tl\f CH,
O- O-

B HacTosiiee BpeMmsi U3BECTHBI MHOTHME JIpyrue MpUMEpbl peakuuit
HUTPOKCUJIOB, B KOTOPBIX COXPAHSETCS CTPYKTypa CaMOro HUTPO-
KCWJIbHOTO paaukana. OTKpbITUE U MCCeIOBAaHUE PeaklMil, B KOTO-
PBIX COXpaHsIeTCsl paJuKalbHBIA LIEHTP, MO3BOJMUIN CO3AaTh MPUH-
LIMITMAJbHO HOBBI METOJ MCCJIeIOBaHUs, TMOJYUYMBIINI Ha3BaHUE
MeToJia CIUHOBBIX METOK (cM. 14.4.2). OH IIMPOKO HCMOJb3YeTCs B
COBPEMEHHON MOJIEKYJISIpHOI Ouonorud u ouoxumuu. Passutue Me-
TOJAa CIIMHOBBIX JIOBYIIEK, CTUMYJIMPOBAHHOTO MCCIEIOBaHUSIMU
X. Mak-KonHena, uaer no aBym HampabieHussM. OJHO U3 HUX CBS-
3aHO C CHUHTE30M CIMH-MEUYEHHBbIX OMOMOJIEKYJI — MeNTUIOB, Oel-
KOB, HYKJEMHOBBIX KHCJIOT, caxapoB M T.I. BTropoe HampaBieHue 3a-
KJII0UaeTcsl B CMHTe3¢ MapaMarHUTHBIX aHaJloroB W Mojeseld 61oJo-
TMYECKU aKTUBHBIX COEAMHEHMIA, OTIMYAIOIIUXCS OT HMX TOJbKO
HaJIMYMEM paIuKaJIbHOTO LHIEHTpa. DTO JaeT YHUKAIBHYIO BO3MOXHOCTD
YCTAaHOBUTb METa00JIM3M OMOJIOTUYECKU aKTUBHBIX COEAUHEHMI,

14.3.3.8. APOKCHIJIbI

CaMOCTOSITeNIBHBIM KJTacC CTAOMJIBHBIX PAJIMKaJOB COCTABJISIOT
apokcuibl ArQOe, Te HeCIapeHHBIN 3JICKTPOH NeIO0KaJIM30BaH II0
opmo- U napa-mnojIOXKEHUSIM apoOMaTUYECKOIO KOJIbLIA M aTOMY KUC-
Jopona. ApOKCWIbHBIE PaauKallbl 00pa3yloTcsl B pe3yibTaTe OKHUCIIe-
HMSI TIPOCTPAHCTBEHHO-3aTpyIHEHHBIX (eHOI0B. [loTyueHre apoKCHITb-
HBIX paJMKAaJIOB MPUBEICHO B CIELMAIbHOM paszelie IaBbl 23 (4. 3),
TTOCBSIIEHHON XUMWU (DEHOJIOB.

531



14.4. KOPOTKOXUBYIHINE PAJIUKAJIbI

14.4.1. METObl TEHEPALIMMN HECTABWJIbHbIX
CBOBOJHLIX PAIMKAJIOB

Metoabl reHepaliy HECTaOMJIbHBIX paIUMKAaJIOB MOXHO IIOApa3-
JIeIUTh Ha Tpu KaTeropuu. K mnepBoil Kareropum OTHOCSATCS peaKLvu,
B KOTOPBIX paguKaabl 00pa3yloTcsl B pe3ysibTaTe HEIMOCPEACTBEHHOIO
TOMOJIMTUYECKOIO paCIIeIICHNsI KOBAaJEHTHOI CBSI3M, HAIIpUMeEp IIpU
TePMUYECKOM WU (POTOXMMUUYECKOM pa3lOKEHUU IEPOKCUAOB WU
A30COEIMHEHUI:

0 0
I I 100 °C I
CH;—C—0—0—C—CH,— > 2CH;—C—0- —>2CH; + 2CO, ,

hv
R—N=N—R —>2R- + N, .

Ko BTOpoii Kareropuu ciaenyeT OTHECTU peaklMU TOMOJUTUYECKOTO
pa3noXeHus1, UHAYLUPOBAHHBIC OPYroil aKTUBHOW YACTULICH, HAIpHU-
MEpP pas3ioXeHUe MEPOKCUIOB, UHAYLIUPOBAHHOE APYTUM DPAIUKAIIOM:

0 0
V,
R+ + CgH;—C—0—0—C—CgH;—>CH;—C. _ + CH,—C_
I I OR 0-
0
CHs + CO,

Tpetuii MeTon reHepalid CBOOOMHBIX PaIMKAJIOB 3aKJII0YACTCSl B Mepe-
HOCE 2JIEKTPOHA OT MOHA MeTajlla K OKUCIUTENIO, POJIb KOTOPOTo OOBIYHO
WUrpaeT TMAPOIEPOKCUL WU APYIOil POACTBEHHBIN €My OKUCIUTEID:

(CH;);C—0—0—H + Fe*® —> (CH,),C—0- + Fe’®+ OH®.

I’ opas3ao peXKe UCIOJb3YIOT BOCCTAHOBJICHUEC METalJlaM B HU3KHX CTC-
NEHAX OKHMCJICHUA, HAIIPHUMEDP

Ph,C® + V*® —> Ph,C- + V*°.

s reHepaliMyd paauKaloB B pe3yjbTaTe TOMOJUTUYECKOIO pas-
pbIBa CBSI3M HamboJjiee MOAXOMSIIMMU OKa3bIBAIOTCS COCTUHEHMS C
sHeprueir cBs3m 30—50 kkan/mMonb. Takue coeamHEeHUs pa3iaraloTcs
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Ha paaukainbl Ipu HarpeBaHuu Ao 100—150 °C u Huke. DTOMY ycCIiO-
BMIO B TIEPBYIO OYepelb YAOBIETBOPSAIOT MEPOKCHUIL M THIPOIEPOK-
cunpl, roe sHeprus cBsa3u O—O cocrasnsier Bcero =40 KKaji/MOIb, U
pacran Ha paguMkaibl ocyliecTBiseTcs yxe npu 80—100 °C:

80 °C
(CH;);C—0—0—C(CH;); — > 2(CH;);C—0-.

IMeprnon momypacnama mpem-6ytrnmepokcuna mpu 60 °C cocraBisieT
11 mer, mpu 100 °C — 200 4, npu 150 °C — okono 14, a npu 180 °C —
BCEro OHY MHWHYTY; mpem-O0yTOKCWIBHBINA paIrKall TTOABepraeTcs Obl-
CTpoMy B-pacmamy ¢ OTIIEIUICHHEeM MeTWJI-pajauKajia, KOTOPBIA JINOo
3axXBaTBIBACT aTOM BOJOPOJA U3 CyOCTpaTa, MO0 TMMEPU3YETCS B STaH:

(|:H3 I
CH;—C—0- —> CHy + CH;—C—CH,

CH,

KapOokcunbHble paguKanbl, o0pa3ymliuecsl Mpu TOMOJIUTUYECKOM
auccoumanuu avauuianepokenaos npu 60—100 °C, otweruisiior CO,
¢ oOpa3zoBaHMEM AaJIKWJIbHBIX PaguKaloB. DTO, MO-BUIAUMOMY, Hau-
0oJiee TIPOCTOI M JAOCTYIHBIN COCOO TeHepaluuu aJKUJI-pajuKajaoB B
pacTBope.

Ilepuon monypacnaga 6eHzounnepokcuaa mnpu 90 °C cocrtapisieT
24, a ipu 100 °C — Ttonpko 0,5 4.

Te Xe camble peakUMU MOTYT ObITb MHULIMUPOBAHBI HE TOJBKO
TEPMUYECKU, HO M (POTOXUMUYECKU, TJe OCOOCHHOE 3HAUYCHUE IPH-
0o0pes MeTol MMITYJIbCHOTo ¢otonuza. B meroge uMmnyiabcHOro ¢oro-
JIN3a UCTOYHHMK PaIUKajoB MOABEpPraeTcs AEMCTBUIO MOITHONW KOpPOT-
Koii Benbluky Y®- unu Bugumoro ceeta. [1pu a3ToM pasnaraeTcst 3Ha-
YyuTeJbHAs YacTh MCXOQHOIO cyOcTpaTa, B pe3ybTaTe Yero co3aaeTcs
BBICOKAsI KOHIIEHTpAINs pPagvuKajIoB, KOTOPHIE JIETKO MOXHO OOHa-
PYXUTb pa3iMyHbIMU usnueckumu Metomamu (BIIP, ontuueckas
CITEKTPOCKOIIMST M T.1.), HO 3TH METOABI HEAOCTATOYHO UYBCTBUTEIb-
HBI JUISI OOHApPYKEHUSI PAJIMKaJIOB B HU3KUX KOHIICHTPALUSIX B OITbI-
Tax 1o (POTOJIM3Y B CTALIMOHAPHOM pexXuMe o0irydeHust. OOBIYHBIN (O-
TOJM3 KaK METOJ TIeHepalny paJauKajioB UCITOJb3yeTcsl B IIpernapa-
TUBHOM OpraHUYeCKOM XMMHUM, TOTJAa KaK MMMYJIbCHBIA (oTOIN3
oKa3zaJicsl HamboJjiee IIEHHBIM NP BBIICHEHWM CTPYKTYPBI PaaulKaIoB
1 U3YYEHUM KUHETUKU PaauKaJIbHBIX peakIIvii.

JpyriM MCTOYHNKOM CBOOOTHBIX ATKVMIIBHBIX PAINKAJIOB SIBIISTIOTCS
a30aJIKaHbl, JIJI1 KOTOPBIX, B OTJIMYME OT MEPOKCUIOB (CM. HIXE), He
XapaKTepHbl peakUUu UHAYLUMPOBAHHOIO paszioxeHusi. CrnocoOHOCThb
a30COeAMHEHUI K paguKaJTbHOMY pacIiagy 3aBUCUT OT CTPOCHUS a30-

533



ajikaHa 1 cTaOWIBLHOCTU OOpasymllerocs paaukaina. Ecim mosydeH-
HBII paguKajl OTHOCUTEIbHO CTaOWJIEH, pa3joXeHUe a30COeIMHEHUI
npoucxoaut npu temmeparype Hike 100 °C, HampuMmep pasioKeHUe
a300MCcU300yTUPOHUTPUIIA:

T T g
CHy—C—N=N—C—CH; —> 2(CH3),CCN + N, .
CN CN

IMepuon monypacnama azobucuzodyruponntpuia mpu 60, 80 u 100 °C
cocrapnsieT 17, 21 0,1 4 coorBeTcTBeHHO. C APYroii CTOPOHbI, pacnai
azoMeTaHa Ha paauKaabl HauMHaeTcsl Toabko Bbiiie 400 °C, yTo, KO-
HEYHO, CO3[aeT OIpeNeCHHbIC TPYIHOCTU UISI TeHepalluM ITPOCTHIX
AJIKWJIBHBIX paarKajioB. bojiee MpenmouTUTeIbHBIM JIJIST 3TOM LIeJIN OKa-
3bIBaeTCsl (hOTOJIM3 a30aJIKaHOB B MHAUGMGMEPEHTHOM Cpeie.

OnrcaHHOE BBILIE TEPMHUUYECKOE Pa3jIoKeHUe IEPOKCUIOB U THI-
POIIEPOKCUIOB SIBJISIETCSI MOHOMOJIEKYJISIDHOM peakiiueii, KOTOpoii
JOJDKHA COOTBETCTBOBAaTh KMHETHKA IIEPBOIO MOPSAKA MO CyOCTpaTty.

B GosbIIMHCTBE ClyyaeB pa3jiokeHUE MEPOKCHUIOB IPOTEKAET C
00Jiee BBICOKOI CKOPOCTBIO U OoJiee CIIOXKHOM KMHeTHKOI. Takoe 1mo-
BeJCHUE HOCUT Ha3BaHUE uHIyyuposaruoe paszroxcerue. OHO HaOIIO-
JIaeTcsl B TeX CIIydasix, KOrma, 1o KpaifHell Mepe 4acTUYHO, pa3yioxke-
HMe MEePOKCHIA ITPOMCXOANUT B Pe3yiibTaTe OMMOJICKYISIPHON peakiuu
C y4yacTMEM paJuKajloB, MPUCYTCTBYIOLIMX B pacTBope. Tak, Harpu-
Mep, MHIYIIMPOBAaHHOE Pa3jIOKCHHE STUJIEPOKCHUIA MOXET OBITh
MPEICTABICHO CIICAYIOIINM 00pa3oM:

X- + CH;CH,—0—0—CH,CH;—> HX + CH,CH—O—0—CH,CH;,
CH;CH—0—0—CH,CH;—> CH;CHO + CH;CH,0- .

CreneHb MHAYLIMPOBAHHOTO Pa3JIOXKEHUs OINpeAessieTcsl peakKIIMOHHOMK
CMOCOOHOCTBIO U KOHLIEHTpalMeid TeHEPUPOBAHHbBIX PAJIMKAJIOB U UyB-
CTBUTEJIbHOCTBIO CyOCTpaTa K paJuKallbHOW peakluu. ATaKyOLIWK
paaukan X MOXET caM IoJydyaTbCs M3 MEepPOKCHIa, HO MOXKET MpOuC-
XOOWUTb U U3 APYroro MCTOYHUKA.

Takum o6pa3zom, IS MHAYUMPOBAHHOTO Pa3fiOXEHUs MO CpaB-
HEHUIO C MOHOMOJIEKYJISIPHBIM T€MOJIM30M MMEIOT 3HAYeHUEe U CTPYK-
Typa MCXOJHOTO IMEepOKCUAa U MUKPONPUMECHU, U JlaXe Mpuponaa pe-
aKIIMOHHOM cpenbl. [Ipu pasznoXeHUM AuALUIA- U JTAATKUINEPOKCHU-
JIOB B CIIUPTE 4YacTUllei, y4acCTBYIOILIEN B MPOJOJKEHUU LEIH,
SIBJISIETCS aJIKWJIBHBIM paguKal:

534



(CH,);C—0—0—C(CH,); ——>2(CH,),C—O- ,

(CH,);C—0- + R,CHOH —> (CH;),C—OH + R,C—OH ,
R,C—OH + (CH;);C—O0—0—C(CH,);—> R,C=0 +

+ (CH;3);COH + (CH;3);C—0- u 1.1

Tpetuit crmocob reHepallii HECTaOMJILHBIX aKTUBHBIX W PeaKIIv-
OHHOCITOCOOHBIX PAJMKAJIOB OCHOBAH Ha MepeHoce 3JIEKTPOHA B OKUC-
JINTEIbHO-BOCCTAHOBUTEJIbHBIX PEaKLIUSIX, KATaJTU3UPYEMbIX HMOHAMU
nepexoaHbix MeTa/uioB. [lpucoeanHeHUe WM OTLIEMJIEHUE OTHOTO
BJIEKTPOHA OT JAMAMarHWUTHOTO cyOcTpaTa MPWBOAWT K BO3HMKHOBE-
HUIO paJMKalIbHbIX YAaCTUL. MHOrMe opraHuueckue paavkaibHble pe-
aKILIMKM BKJIIOYAKOT KJIIOUEBYIO CTAAUIO0 OJHO3JIEKTPOHHOTO IepeHoca,
WHHUIIMMPYEMOTO MOHAMU MW, Xejie3a, KobaibTa, MapraHiia, Ba-
Haausl, Lepus, TUTAaHA U APYTMX MEPEXOMHBIX METa/UIOB. XapakTep-
HOI OCOOEHHOCTBIO BTHX NEPEXOAHBIX METAJIJIOB SIBJISIETCS HAJIUMUME
JBYX WK 0o0Jiee OTHOCUTENbHO CTAOWJIBHBIX CTEMEeHEeN OKUCICHUS,
pasaMuaoLIMXcsl Ha OmMH 371ekTpoH (Cu™, Cu’"; Fe?*, Fe’*; Co’",
Co**; Ce*, Ce* UT.J.).

Krnaccuueckrum npuMepoM reHepauyu CBOOOIHBIX PaiuKaJlOB B pe-
3yJIbTaTe TMEPEHOCA OJHOTO BJICKTPOHA CIIY>KUT B3aUMOJEHCTBUE MOHOB
KeJie3a ¢ BOTHBIM pacTBOpoM Trepokcuaa Bomopona (X. dentoH, 1894).
MexaHM3M 3TO# peakIy TTOAPOOHO M3YUYeH M MOXKET OBITH OMMCAH C
MOMOIIBIO CACAYIOLINX YpPaBHEHUIA:

Fe* + H,0, — Fe’* + HO~ + HO-,
Fe3t + H,0, — Fe?' + HO* + HO',
Fe2t + HO- — Fe3* 4+ HO™,

Fe3* + HOO- —> Fe2* + H* + 05,

Fe2t + HOO- —» Fe3* + HOO
H,0, + HO- — > H,0 + HOO-,

H,0,+ 0, —» 0,+ HO + HO-.

I'uapokcuibHbIE paguKailbl Jajiee MOTYT PearupoBaTb CO MHOTMMU KJlac-
caMu OpraHMYecKux coearHeHuil (cM. 14.5.5). OmHO3IEeKTPOHHOE BOC-
CTAaHOBJIEHUE OPraHMYEeCKMX TI'MApPONepoKcuaoB ¢ momolubio Fe(Il),
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Cu(I), Co(Il), Ti(Ill) 1 npyrux MOHOB MEPEXOJHBIX METAIIOB MPUBO-
JUT K O6pa3OBaHI/IIO AJIKOKCWJIbHBIX, a HEC TMAPOKCUJIbHBIX paauKaJlOB:

(CH3);C—0—0OH + Fe(Il) —> (CH;);C—0- + OH@+ Fe”' :

e e
(CgHy)—C—O0—OH + Ti(Ill) —> CgH;—C—0- + oH +Ti".
CH, CH,4

AHAJIOTUYHO TIPOMCXOIUT pa3IOKeHUE MEPOKCUI(UPOB, KaTaiu-
supyemoe cossimu meau (I):

o
CH—C~ + Cu(l) —> CgH;,CO0° + (CHy),C—0- + Cull) .
~N
JTOT METO reHepally aJIKOKCUJIbHBIX paarKaJ0OB UCIIOJIb3YETCA IJIA

BBEICHUSI allMJIOKCUTPYIIb B aJIMJIbHOE IOJIOXEHUE aJlkeHa, Ha-
nmpumMep:

0 Cu,Br,
+ CeHsCL e + (CH;);C—OH .
OOC(CHy), 80°C 0

0—C_
~CgHs

[nsg aToi peakiMy Mpearnosaraercs cieayrollas nociaenoBaTeIbHOCTb
MpeBPALLEHUIA:

0 I //O Il
- + Cu —>CH,C  + (CHy);C—0- + Cu,
OOC(CH,); o°®

@ + (CHy),C—0- —> @ + (CH,),COH ,
Cu —> + Cu ,
. @
@ + CH,C00° —» @\ 0
@

Ve
cH,C”
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IlepBoHavanbHO mpem-OyTOKCU-paarKal OTILEIUIIET aTOM BOAOpPOAA
13 aJJIMIBHOTO TIOJOXEHMST IIMKIOreKCeHa ¢ oOpa30BaHUEM aJUIMIIb-
HOTO paauKalia, KOTOPBIN Jajee OKUCISIETCS 10 KapOoKaTMoOHA MOHOM
menu (II). Peakuust 3aBepiiaeTcs nprucoeIMHeHneM KapOOKCuIaT-noHa
K KapOOKaTHOHY.

HaubGonee mogpoOHO MCCIEAOBAHO PA3JIOKEHUE OUALIMIIIIEPOKCH-
JIOB, KaTaJIM3MPyeMoe COJISIMM Menu. B mepBoil cTamuu u3 aualvine-
pPOKCHIA TIOJIyYyaeTcsl paavKai, KOTOPBIA 3aTeM OKHUCISIETCS M0 Kap-
ObokatuoHa. [lasee KapOOKAaTUOH CTAaOWIM3UPYETCS B pe3yjbTare 3a-
XBaTa Hykjeodusia, OTLWIEIUIEHUS TPOTOHA WU IMeperpyrniyupoBKU:

0
Vi
(CH,) C—CH,—C_ ,0 + Cul —>
0-0-C”
CH;—C(CH,),

. Vs
—> (CH;);C—CH, * (CH3)3CCH2Ci F €O, + Cull |
0

- @

® @ —H

Nus®

Nu

B ToM ciydae, Koraa pasioxkeHUe TUAIMITIEPOKCHIOB, KaTalu3upye-
MOE COJISIMU MEIH, MPOBOIST B IMPUCYTCTBUM TaJOr€HUI-, a3Uld- WIK
TUOLMAHAT-MOHA, KOHEYHBIM IPOAYKTOM, KaK IIPABUJIO, OKAa3bIBAET-
Cs AJKWITAJOTCHUI, AJKWIA3MI WIM aJKWITHOLMAHAT, M IPOLECC
HOCUT Ha3BaHUE GHYMPUCHePHO2O NePeHOCa AUeaHOa:

(RCOO), + Cul —> RCOO° + R- + CO, + Cull

R-+ Cull + X® —> RX + Cul .

OaHOBJIEKTpOHHOE oKuciieHue Kapbokcuiar-uoHa (RCOO ) B
KapOOHOBOI KHUCJIOTE TPUBOIUT K 0Opa30BaHUIO allMJIOKCUpaanKasia
(RCOOe), xotoprrii ganee otierisier CO, U NaeT alKWIbHBIA paan-
kan (Re). Takoe okucaeHre KapOOHOBBIX KUCIOT peanu3yeTcsl Mo Aeii-
CTBUEM CHMJIBHBIX OTHORJIEKTPOHHBIX OKWCIUTENIEH, TAKUX, KaK MOHBI
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Mn(IIT), Ce(IV) u Pb(IIl). DT e MOHBI OKUCISIIOT pagukan Re mo
KapbokaTnoHa RY (okucieHue ¢ mepeHOCOM 3J€KTpPOHA), KOTOPBIii
3aTeM TIpeTepIieBaeT Psi XOPOIIIO M3BECTHBIX MaTbHEHUIIMX TpeBpalie-
Huti. CocTaB MPOAYKTOB peaklIMKU COTIACyeTCs C MEXaHM3MOM, BKIIIO-
yalluM oOpa3oBaHUe KapOOKaTHOHA.

Tak, mpu OKMCIEHUM HUKIOOYyTaHKApOOHOBOM KMCJIOTHI TeTpaa-
1IeTaTOM CBMHIIA TTOJy4aeTcs TPaKTUYECKM TakKasl Xe CMech aleTa-
TOB, YTO W TPU COJHBOJIM3E TO3WIATa LIMKIOOyTaHOA:

COOH OAc
Pb(OA
(OA0), + I>CH20AC + CH,=CHCH,CH,0Ac
AcOH
(52%) (44%) (4%)
OTs OAc
AcOH + I>CH20AC + CH,=CHCH,CH,0Ac
(47%) (48%) (5%)

HukoO0yTHIbHBIE pamguKaabl HE MeperpymniipoOBLIBAIOTCS B OTIMYME
OT KapOOKaTMOHA, KOTOPBIM MOABEPraeTcsl MeperpyrnmupoBKe Jlembsi-
HOBa C CYXEHHMEM IIMKJIA.

OxucauTeabHOe AeKapOOKCUINPOBAaHUE KapOOHOBBIX KUCIOT TET-
paaleTaToM CBMHIIA B MPUCYTCTBUU TaJOT€HUI-MOHOB IPUBOAUT K
ankuiarajgorenuny (peakuust Koum, 1965):

Pb(OAc),, LiCl

CH;(CH,);COOH CeHlg, 80 °C > CHé?;I;hCI + CO,,
Pb(OAc),, LiBr ’
C¢Hg, 80 °C (76%)

Hna peakuuu Kouu ObL1 mpemsioxkeH LIEMHOM MexaHu3M 0e3 obpaso-
BaHMsSI KapOOKaTMOHA B KAayeCTBE AUCKPETHOM YaCTUIIbI:

IIIal Il-lal
RCOO—ll)bIV— —> R-+CO, + 1|>bIH—

| I
R- + Ha1—1|>bW— —> R—Hal + 1|°b“'—
| I
}rblll_ + RCOO® —>» R-+ CO, + 1|3b”— U T.IL.
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B nepBoii craguu B pe3yiabTaTe BHYTPUMOJIEKYJISIPHOTO OKMUCIUTENb-
HO-BOCCTAaHOBUTEJILHOIO Mpolecca u3 kapookcunara Pb(IV) momy-
yatorcst ankui-pagukan, CO, u yactuua Pb(III). Ankun-panukan ga-
Jiee OTLIEIUIsIeT rajoreH u3 komiuiekca Pb(IV) ¢ obpasoBaHuem B
koHeyHoM utore coju Pb(III) u HoBoro ankuia-paagukaia. B orcyr-
CTBUE rajoreHu-uoHa OCHOBHBIMU MPOAYKTaMU OKa3bIBAIOTCS aJiKe-
Hbl U 3(PUPbI YKCYCHON KMCJIOTBHI.

Peaxkuust Koun npeacrapisier co0oil onuH M3 HauboJjiee BasKHBIX
B CUHTETMYECKOM OTHOLIEHWU MPUMEPOB OKUCIIEHUS pajuKaja c ITe-
PEHOCOM JIMraHJa, poJib KOTOPOTO BBIMOJHSET raJloreHuaA-uoH. OTiu-
yuTeabHasl OCOOEHHOCTb OKMCJIEHUSI C MEPEHOCOM JIMTaHJa COCTOUT
B TOM, YTO BTa peakuusi POUCXOAUT Oe3 MeperpyninupoBKUA aaKUIb-
HOW TIpYMIIbI.

Taxk, Hanmpumep, NPU OKUCIEHUW HEOINMEHTWJI-paauKaia XJIopu-
npom menu (II) oOpasyercss TOJIBKO HEOIEHTUJIXJIOpUI, TOrma KakK B
aJIbTEpHATMBHOM MpOLIECCe MepeHoca 3JIEKTpoHa 0e3 IepeHoca Ju-
raHga B peakuuu ¢ auetatoM Meau (II) mosayyaroTcss mpomyKThl me-
perpynnupoBKMU:

. CuCl,
(CH;);CCH, —> (CH,);CCH,Cl

Cu(OAc) OAc®

. €] @
(CH3);CCH, ———> (CH3);CCH, —> (CH,),CCH,CH;— >

—>(CH3)2|CCH2CH3 + (CH;),C=CHCH,; + CH;CH,CH=CHCH;,4
OAc

DTO 03HAYAET, YTO B PeaKLMIX C IIEPEHOCOM JIUTAHAA B IIEPEXOIHOM
COCTOSIHMM KapOOKATUOH He oOpasyeTcs B OTIMUME OT IIPOLECCOB C
MEPEeHOCOM 3JIEKTPOHA.

14.4.2. METOJAbI JETEKTUPOBAHUA CBOBOJHbBIX PAIVMKAJIOB
14.4.2.a. CIIEKTPbI OIT1P

OOBIYHO paaMKajbl OMPEAEsSIOT C MOMOUIbIO CIEKTPOCKOMUU
3JIEKTPOHHOTO MapaMarHutTHoro pesoHaHca (DI1P). [TpuHUMIBI crieKT-
pockornuu DITP oueHb OJIM3KM K MPUHLIMIIAM Topa3fao 0oJiee M3BeCT-
Hol criektpockoruu AMP. HecriapeHHBII 21eKTPOH B paauKajie UMeeT
CBOI CIMH U, MOAOOHO MPOTOHY, 00JaJaeT COOCTBEHHBIM MarHUTHBIM
MOMeHTOM. IIpu HanoXeHWM MarHUTHOTO TMOJS JMEKTPOH OyIeT Ipe-
LieCCUpOBaTh BOKPYT BEKTOpa MOJIsI ¢ TOYHO OMpeAeSeHHON 4acTOTOMn
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U, eCclid eMy COOOLIaTh SHEPIUIO0 HYXKHOM 4acTOThl, TIpeTepreBaTh Ie-
pPeXoabl MEXIY CIUHOBBIMU cOCTOsIHMsSIMU. KoOHUEeHTpaluio paguka-
JIOB OIPEAEISIIOT CPAaBHEHUEM ILJIOLIAJAM KPUBOM TOIJIOLIEHUS C TIJI0-
1IAAbI0, TOJIyYYEHHOM IJisi oOpa3lia ¢ M3BECTHOIl KOHILIEHTpaluel pa-
IWKaJIoB. B KauecTBe cTaHmapTa 4acTO HMCIIOJB3YIOT coib Ppemu
(KS0O;3),NO.

YTo06bl MOJYYUTh JOCTATOYHO BBICOKYIO CTAllMOHAPHYIO KOHILIEH-
TpalMIO PaIMKaJOB, UCIOJb3YIOT T€HEPUPOBAHWE PAIMKaJIOB B Mart-
pulie MPpU OYEeHb HU3KUX TeMIlepaTypax, HEeNoCpeICTBEHHOE T'eHEepu-
poBaHHE B pe3oHaTope crekTpoMeTpa ((POTOXUMUYECKU WIM BJIEKT-
POXMMUYECKHW) WIU T€HEPUPOBAHUE B NMIPOTOUHBIX cucTeMax. Pagukaiibl
MOXHO PErucTpupoBaTh B MPOTOYHOM METOJE HE IO3[Hee, YeM ye-
pe3 0,2 ¢ mocie ux obpazoBaHusl. IlpenenbHO HU3KaAsE KOHILEHTpaLIUs
pagMKajaoB OKOJIO 1078 M.

Cnektpbl DITP xapakrepusyloTcss Tpems Iapamerpamu: g-(hakTo-
pOM, KOHCTAaHTaMM CBEPXTOHKOTO pAaCIIEIJIEHUS U LIMPUHON JIMHUM.
g-DaxkTop 10 CMBICTY aHAJIOTMYeH XUMUYeckoMy casury B AMP. Pa3-
HOCTb g-(aKTOpOB IsI JAHHOIO paauKaja M CBOOOJHOIO 3JEKTpOHA
JaeT MHOpMaLMIO O CTPYKTYpe paauKaia.

CBepXTOHKOE pacllierieHle BO3HUKAET B pe3yjbTaTe B3auMOAEH-
CTBMSI HECIIAPEHHOTO JIEKTPOHA C COCEIHMM MarHUTHbBIM stapom ('H,
Bc, N, "0 U T.O.). DTOT IapamMeTp UCHOJb3YeTCs IJIs YCTaHOBJIE-
HUS TE€OMETPUM M3Yy4aeMOoro paaukaia. B MeTUIbHOM paauvkaie B3au-
MOJIefiCTBME€ HECHapeHHOTro 3JIEKTPOHA C TPeMsl MarHUTHO-3KBHBa-
JICHTHBIMU TIPOTOHAMHU MPUBOJAUT K TOSBIEHUIO KBapTeTa C COOTHO-
meHueM JquHuii 1 : 3 : 3 : 1. DIIP-criekTp pagukana ¢ HEHTPOM Ha a30Te
coctouT u3 Tpuruiera 1 : 1: 1. HecrmapeHHBII 371€KTPOH CIOCOOEH B3a-
UMOJEUCTBOBAaTh TakKxXe U C P-NIPOTOHAMM, YTO JaeT BO3MOXHOCTb
BBISICHUTb KOH(OpMallMio pagukana.

KoHcTaHThl paclieruieHuss Ipu B3aUMOICHCTBUU C B¢ ropasuo
OoJibllle MO BEJMYMHE, €CJIM HECIapeHHbIM 3JIeKTPOH HaXOAMUTCS Ha
S-0pOUTaNIM, YEM €CJIM OH 3aHUMAET p-opOuTaiab. Takum myTem ObLIO
YCTaHOBJIEHO, YTO METUJIbHBIN paluKai MJOCKUH (T-TUna), a BAHWUJIb-
HbI U (hDeHUJbHBIN paguKalibl OTHOCSITCS K G-TUITY.

14.4.2.6. CIIMH-JIOBYLIKHA

Ecnau papmkansl HeCTaOMIIBHBI, TO MX CTallMOHApHAsl KOHIIEHTpa-
1M B pacTBOpPE HACTOJIbKO Majia, YTO C TMOMOIIbIO MPSIMOTO CHSTHUS
cnektpoB DOIIP, maxe B IPOTOYHOU CHUCTEME, 4acTO ObIBaeT OY€Hb
TPYIHO OKa3aTh MX y4acTHE B KaueCTBE MHTEPMEAMATOB B peaKIIMsIX
OpraHMYecKMX coeMHeHU. B Takux ciyyasix MOXKHO MCII0J1b30BaTh Tak
Ha3blBaeMble CHUH-108YWKY (JIOBYLIKM pagukaiaoB). CHUH-JIOBYILIKa
OOBIYHO CONIEPXUT IBOMHYIO CBSI3b, MO KOTOPOW TPHUCOEANHSIETCS
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KOPOTKOXMBYILIMIA paguKaa, MpU 3TOM 0Opa3yeTcsl HOBBIA paauKail,
o0Jagaronnii 3HAYUTEJIbHO OOJIbIIIEi CTAOMIBHOCTBIO, YeM MCXOIHBIN:

R- + cnun nosyuika (CJI) —> (R—CJI)-

HecTaOMJIbHbBIN CTaOMJIbHBIN
paguKan paguKan

OOBIYHO B KayecTBE CHMH-JOBYILIEK HCIOJb3YIOT HUTPO30COE-
JUHEHUST (Hampumep, 2-MeTUJI-2-HUTPO30MporaH; X) U HUTPOHDI
(N-mpem-0yTun-o-hpeHUIHUTPOH; XI), KOTOpbie OBICTPO pearupyror
C CaMbIMM Pa3JIMYHbIMU KOPOTKOXMBYLIMMU paauvKaiaMmu, obpasys
OTHOCUTEJIbHO AOJITOXKUBYIIIME HUTPOKCUJIBI (cM. 14.3.3):

t—Bu\ .
R-+ +~-BuN=0 —> _N-0O-
R
X)
L
® /Oe PhCli .-
R-+ PhCH=N_ > _N—-O-
Bu-¢ t-Bu

(XI)

AHanmusupys crnektp DIIP o0pa3yloluxcsi HUTPOKCUIBHBIX paguKa-
JIOB, NeJIalOT BBIBOJI O MpUpojae pamukaia Re.

14.4.2.8. METO/ XII51. PAIMKAJIbHBIE [TAPDI

Ecnu B xome XMMMYECKOW peakiMM, BKJIOYAlOlleld paauKalb-
HBIe WHTepMEIMaThl, CHUMAaTh cIieKTp SIMP, To MOXHO ycTaHO-
BUTH MPUCYTCTBHE KOPOTKOXUBYIIUX PaanKaaoB. B 00bdHOM MoOJIE-
KyJie TTPOTOHBI pacHpeaceHBbl MO CIUHOBBIM COCTOSIHUSIM (KOTO-
pBIX BCEro ABa) B COOTBETCTBUM C paclierieHueM bosblimMaHa.
ITockoabKy pa3zHMLA MEXIY 3TUMU COCTOSHUSIMU OYeHb Maja, oba
YPOBHSI 3ace/ieHbl MOYTH OAMHaKkoBo. OMHAKO B MPOAYyKTaX HEKOTO-
PbIX palMKaJbHBIX peaklUil OOJbLIMAHOBCKOE pacrlpeaejieHue Mo-
XeT OBITh CYIIeCTBEHHO HapyIIeHO: M30BITOYHOE YMCIIO IMPOTOHOB
3aHMMaeT BepXHee WIM HUXHee CIIMHOBOE cOcTosHue. Torma mar-
HUTHBIE SApa CIOHTAaHHO MCITYCKAlOT WUIM TIOTJIOIIAIOT M3JIyYeHHE
JI0 TeX Iop, MOoKa He BEPHYTCS B paBHOBECHOe cocTosiHue. [1oaTo-
My B crnektpe IIMP-mpoaykra, cHSITOM B XoIe BO3BpaTa MarHuT-
HbIX SIIep K PaBHOBECHOMY pacIpele/eHUI0, AJIsI HEKOTOPBIX JIU-
HUI OymeT HAOIIOHATHCS PEe3KO TTOBBIIICHHAS WHTEHCUBHOCTH ITO-
TJIOMIEHUWs, a IS APYTUX JUHUN — OTpHIaTeNbHbIE MMUKHU, T.C.
HCITyCKaHWEe PaanloYacTOTHOIO W3TyUYCHUS.
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OT0oT 3(DDeKT Ha3bIBaeTCs Xumuueckou noaapuzayueti sdep (XI15).
OH TpogBIsIeTCS MCKIIOUUTENBHO IJISI TIPOAYKTOB PaaWKaTbHBIX pe-
akumii. Peaknuu, wayiime yepe3 KaTMOHBI WJIM aHUOHBI, a TaKXe CO-
IJIaCOBaHHBIE PEaKIIMKU HE NAl0T MOJSIPU30BaHHBIX MPOIYKTOB. MoJe-
KyJa TPOAyKTa HEKOTOPOE BpeMs IIOCJie CBOEro OOpa30BaHMS elle
«TIOMHHUT», YTO OHA TPOM3OIIJIa M3 PATIUKaIOB.

ITo cywectBytoueit Teopuu 3¢pdexkt XIIS Bo3HuKaeT Oiaromaps
00pa3zoBaHUIO padukanvhbix nap. IlycTh MoJieKya R'-R? pasznaraercs
TOMOJIUTUYECKN B pacTBOpe, 00pasys mapy paauKaJoB BHYTPH KJIET-
KN M3 MOJIEKYJ pacTBoputessi. Pamukansl R's u R% MOTIYT pearmupo-
BaTb GHYMpU KjAemKu IIyTeM PEeKOMOMHALMKU U (M) AUCIIPONOPLIMO-
HUPOBAHUS, WIM OHU IUPPYHAUPYIOT U3 KIETKHM B 00BEM pacTBO-
puUTeNIs, TIe BCTYIAIOT B peaklUM ¢ APYTUMHU MOJIEKyJIaMu (HarmpuMmep,
C pamuKajaMM, BBIIIEIIINMU M3 COCEIHEN KIIEeTKM):

TOMOJTA3 nuddysust
RRP—— » [Rl. ----R%} /\/\/\/\—»Rl. L R?
paavKabl pamuKabl
B KJIETKE B pacTBope
BHYTPUKJIETOYHbIC peakuuu
peakuuu B pacTBope
Y \J
R'R? (pekomGuHarms) R'R!; R?R?
n Opyrue
TIPOITYKTHI

R'H + (Rz)—H (mucrpornop-
LIMOHUPOBAHKE)

R'H + R?H (mpoxykrsr
OTpbIBa BOIOPOIA
OT PACTBOPUTEJISI)

W JpyTue MOMyKThbI

[MyukTupHas uuaus Mexxay R'u R? wist pamvkanos B KIeTKe 03Ha-
4aeT, YyTo B KJETKe HecHapeHHble 27eKTpoHbl y R's u R% xors u
c1abo, HO BCe e B3aMMOIEHCTBYIOT IPYT ¢ ApyroM. Pamukaibl B KieT-
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K€ — 9TO He JIBa CBOOOMHBIX pamguKaia, a padukaivhas napa, Kotopas
MpU TEPMUYECKOM WHULIMUPOBAHUM PeaKUMU (Hampumep, Mpu pas-
JIOXKEHUM TIEPOKCHUIIOB TIPW HarpeBaHMM) OymeT HaXOMWUTHCS B CHHT-
JIETHOM COCTOSIHMHU (C aHTUIIapa/UleJIbHbIMUA CIIMHAMMU), a IIpU (HOTO-
XUMWYECKOM TeHEepUPOBAHUY PaIMKAJIOB YacTO, XOTS M He Bcerma, —
B TPUIUIETHOM COCTOSTHUM C TMapaiIeIbHBIMU ciiiHamMu. CHHTJIETHBIE
pamuKanbHBIe TIaphl pearupyloT ¢ oOpa3oBaHUEM ITPOIYKTOB PEKOM-
OMHALMM U ITHUCIIPOIOPIIMOHMPOBAHUS OBICTpee, YeM TPUILIETHbIE,
TakK KakK B TPUIUIETHOM (opMme mepeld oOpa3oBaHMEM CBSI3M IOJKHA
TIPOMBOMNTHU UHBEPCUs CHUHA:

iRz}S Owictpo_

[RlT R'—R*,

[RIT TRz}T —X—> RI—Rg%,

IlycTh BHauane pagukaiabHas rapa oOpa3oBajach B CUHIJIETHOM CO-
crossHun (uHaekc S). IlocTterneHHO BO BpeMEHM 3Ta CUHTIJIETHas Tapa
OyneT oOHapyXMBaTh TEHACHLMIO K Iepexody B TpuIuieT (uHaekc 7),
M 9Ta TEHIACHLIUS OyIeT YCUIMBATBCS WM OCIA0MISIThCS 3a CUET MecH -
H020 MAZHUMHO20 NOAA, ABJISIOLIETOCH CYMMOM HaJIOXKEHHOTO 1o (By)
1M BHYTPEHHMX TI0JIel, BO3HUKAIOUINX Oyaromapsi OpOUTaIbHBIM IBU-
JKEHUSIM 3JIEKTPOHA U COCEIHUM SIAEPHBIM crHaM. CIIMH-0pOUTaIb-
HO€ B3aMMOJCHCTBME 2JIEKTPOHA BBbIpAXKaeTCsl BEIUYMHON g-(akTopa
panukaia. Eciu R's 1 R% HeoamHaKOBBI, TO g-GhaKTophl Aj1s1 3TUX pa-
JIMKAJIOB XOTb HEMHOIO, HO OTJIMYAIOTCS APYT OT Opyra (g,#g,), 4
ckopocTh (S — T)-mepexoma OyaeT 3aBUCETb OT Pa3HULbI B BEJIUYU-
Hax g-(pakTopoB ABYX paauKaioB. BiusHue cocemHUX MarHUTHBIX sIep
3aBUCUT OT MX KOHCTAaHT CBEPXTOHKOTO B3aMMOICHCTBMS C 3JIEKTPO-
HOM (@) U UX CIIMHOBBIX KBAaHTOBBIX uMces (m). Takum obpazom, cKo-
poctb (S — T)-mepexona ornpeaensieTcss CyMMOI ABYX cilaraeMbIX:

(81 —82) B+ (Zaym — Zaym,).

[lepBrBIil YieH 3TOi CyMMBI TTOKAa3bIBAeT, YTO CUHIVIETHAS pPaIdKallb-
Has Tapa ¢ TeYeHWeM BpPEeMEHHM TeM OBICTpee MPUHUMAET TPUILICT-
HBII XapakTep, yeMm OoJblle pazauuue Mexay g-dakropamu. Bropoit
YJIeH YYUTHIBACT BIMSTHUE HAa CKOPOCTH TIepexoa BCeX MAarHUTHBIX SiIep
panykanos R'e u R%.

PaccmoTpuM mpocteiimiuii ciyvait, Korga R1=CH3, a R? ne
COAEPXKUT MAarHUTHBIX snep (T.e. X a,m, = 0). Lt HeKOTopo# noau
panuKanbHbIX Tap R; HaxomuTcsi B BepXHEM CIIMHOBOM COCTOSIHUU
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(m;=—1/2). lng MeTuna KOHCTaHTa CIMH-CIIMHOBOTO B3auUMOJEii-
cTBug otpuuarenbHa (a; <0), ciaenoBaTeJbHO, BTOPOW YJIEH TNPUBE-
JMEHHOU BBIIIE CYMMBI TTOJOXWUTEJIeH. DTO O3HayaeT, 4YTO CKOPOCTh
nepexona K TPUILIETY OyAeT 3aMemJIsThCs, T.€. paauKajbHbIE Maphbl,
B KOTOPBIX MPOTOHBI HAXOASITCS B BEPXHEM CIIMHOBOM COCTOSIHUM,
OyIyT COXpaHSIThb CUHTJIETHBIM XapakTep M Jierde pearupoBaTh ¢ 00-
pa3oBaHuEM IIpoayKTa caBauBaHus. IlosTomy mocienHue OyayT o0-
pPa30BBIBATECS C M3OBITOYHOM 3aCeJIEHHOCTBIO TTPOTOHOB B BEpXHEM
cocTosiHUM. PaBHOBecHasl 3aceIeHHOCTh CITMHOBBIX COCTOSIHMI BOC-
CTAHOBUTCS MYTEM IIepexoaa MPOTOHOB Ha HUBLIMK YPOBEHb, UTO
BBIpaXXKaeTcsT TIOSIBICHUEM «OTPUIATEIbHBIX» MMHUKOB PaTNMO3IMUCCHU
B criekTpax [TMP. MMeHHO Takoii crieKTp Habomaacs ajas MpoayK-
ta casauBaHusi CH;CCl;, obpa3yrolerocsi mpu pa3aoxXeHUW aleTI-
TPUXJIOpALIETUIITIE POKCHUIA:

mnboysus
50 °C
CH{C-0-0-CCCly ey |:CH-——-CC1:| /N WAcHI + calyl.

(0) (+1,)

CH;CCl,4
(MUCCUOHHBII CIEKTP)

IMponykT peakuuu B pactBope CH;I numen HopmanbHblii ciektp [TMP.
Crektpbl XIIS 1IMPOKO MCIIOJB3YIOTCS IIPU U3YYEHUUM Pa3JIOKEHUS
MEPOKCUIOB, peaKLMii MeTaJIOPraHMYeCKUX COeNMHEeHUM, (HOoTOMu-
3a, a TakKxXKe B M3yYeHUU TeperpyrnnupoBok CtuBeHca, Burtura, Meii-
3eHreiiMepa u ap. (cMm. 1. 4 4. 1).

14.5. TOMOJIUTUYECKOE APOMATNYECKOE
SAMEINIEHUE

B sTOM pasmene paccMOTpuUM 3aMeIlleHHME B apOMAaTHMYECKHUX CO-
eIMHEHUSIX, B KOTOPBIX aTaKyIoIIel YacTULEH CIY>KUT pPamuKal:

Ar—X + R-—> Ar—R + [X°] .

B momamnsiolieM OONBIIMHCTBE CydaeB 3aMellacMOll TPYIIION SBIIsI-
eTcs Bogopon, T.e. X = H. Hanbonrbllee cuHTETHYECKOE 3HAYEHUE NMe-
eT peakiuus apunupoBaHus (R = Ar), koTopast uCnoab3yeTcs: Ajsl Io-
JIydeHUs] AUapujoB. B cCBsI3M ¢ 3TUM MBI pacCMOTpPUM ee Oosiee ne-
TaJbHO, TeM OoJiee YTO MMEHHO I 3TOM peakIuyd MUMEETCSI MHOTO
KOJIMYECTBEHHBIX TaHHBIX.
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14.5.1. MEXAHU3M TI'OMOJIUTHUYECKOI'O APOMATUYECKOI'O
SAMEIIEHNA

B HacTosiiee BpeMsi yCTaHOBJIEHO, YTO MPU B3aMMOACHCTBUM pa-
JUKAJIOB C apOMaTUYECKUMMU CyOCTpaTaMu TNEpBOHAYAIbHO 00pasy-
eTcsl paguKai-aiayKT (paauKalbHbI G-KOMILIEKC), aHAJIOTUYHbBIN MO
reoMeTpUU KaTOHHOMY G-KOMILIEKCY B Sp-peakuusx (1. 13) wiu anu-

OHHOMY G-KOMILTEKCY B SyAr-peakuusx (ri. 15) apomatuyeckux co-
eOIVHEHWI:

H R H

MEIJIEHHO OBICTPO

TIPOIYKTBI

+ R-

panTuKaIbHBIA
G-KOMITIEKC
(X1I)

Kowmmnekcobl Tuna (XII) BblaeauTh He yaaeTcsi, HO UX oOpa3oBa-
Hue moaTrBepxnaercss metonoM XIIH, a Takxke xapakTepom MNpPOIYK-
TOB, 0Opa3ylolIMXCsl U3 3TUX aAaykToB. Hampumep, npu ¢dheHunmpo-
BaHUM MEepBOHAYaIbHO oOpasylolluecs GeHWIIUKIOTeKCaaueHUIbHbIE
panukanbl (XIIT) morytr pearupoBath gajee Mo TpPeM HampaBIECHUSIM:
(1) aucnponopuuMoHUpOBaTh A0 OudeHUsIa U AUTrUApoOUdeHuIa,
(2) nuMepu3oBaThCsl ¢ oOpa3oBaHMEM TeTparumiapokBaTepdeHua,
(3) okucnsaTeed 10 OudeHuna:

1) Ph H
Ph H —> + Ph— Ph
H H
2

2 Ph H
—>
Ph_ H H Ph

3
+ R- L> Ph—Ph + RH

e 9 ph—ph+H®
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IIpu peHMIMpOBaHUN UCTOUHUKOM (DEHUJIbHBIX PaauKaloOB O00ObIY-
HO ciyxuT aubeHsounnepokcun (PhCOO),, pasnoxeHue KOTOpPOro
nepBoHaYaIbHO maeT oeHzomnokcupanukanbl PhCOOe, paznaraioiiue-
cs pajnee 10 (peHUIbHBIX paauKaaoB. B aToM ciydyae repoKcu siBisieT-
Cs TakKe OKHUCIHUTeNeM (PeHWIIUKIOTeKCaIueHWIbHBIX PaauKalioB,
YTO YBEIMYMBAEeT KOHEUYHBIN BbIXOH OMpeHuIa:

Ph H

+ (PhCOO), —> Ph—Ph + PhCOOH + PhCOO-

+CeHg

Ph-

dpyrum 3(pHeKTUBHBIM METOIOM apMIMPOBAHUS SIBIIIETCS peak-
uust ['ombepra, Kotopasi ocyluectBisiercst ipu godasieHurn NaOH k
OBICTPO TIEpEeMEIINBAEMOIl CMECH BOTHOTO PACTBOPA COJM AMA30HUS
W apoMaTH4YecKoro cyocTtpara. OgHAaKO 3TOT MeTOA MeHee yaoOeH U
HaZeXeH, YeM pasJIoKeHUe AUapourepokcunoB. B HoBeleir Mmomu-
ukauym peakunro ['oMGepra mpoBOAAT AMA30THUPOBAHMUEM apOMAaTH-
YeCKOT0 aMWHa aMWJIHUTPUTOM B allpOTOHHOW cpene, T.. B OIHO-
daznoit cucreme. OmuH M3 TIpEATIONIaracMbIX MEXaHM3MOB PeaKIINU
I'omGepra B alipOTOHHOI cpefie TTPUBEICH HITKE:

PhNH, + CsH,;,ONO —> Ph—NH—N=0 + CH,,OH ,

PhNH—N=0 PhN=N—-OH,

®
PhN=N—OH PhN=N + OH®,

PhN=N—OH + OH® PhN=N-0°+ H,0 ,

]
PhN=N + PhAN=N—0° —> (PhN=N),0 ,

(PhAN=N),0 ——> Ph- + N, + PAN=N—-O-,
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Ph- + PhH —>

PhN;

PhYH
Ph—Ph + H === @ + N, + Ph u 1.

AHAaJIOTUYHBIA MEXaHU3M peajn3yercs W B IBYX(a3HBIX MPOTOHHBIX
cpenax B mipucyrctBur NaOH.

14.5.2. PACIIPEJEJEHUE N30MEPOB B PEAKIIUAX APUJINPOBAHUSA

DOeHUIMPOBaHUE 3aMEIICHHBIX OCH30JI0B MMEEeT 3aIlIOMUHAIOIIYIO-
¢ ocobeHHOCTh. OKa3bIBaeTCs, YTO 6ce 3aMECTUTENI B KOJIblle He3a-
BUCHMO OT UX IIOJIIPHOCTH, BO-IIEPBBIX, CJIEIKA YCKOPSIOT PEaKLMIO
(110 CpaBHEHUIO CO CKOPOCTHIO (PeHMIMPOBAHMSI HE3aMEIIEHHOro OeH-
30j1a) W, BO-BTOPBIX, HAIIPABIISIOT 3aMelleHME IPEUMYIICCTBEHHO B
opmo- U napa-ToJIOXKEHMS, €CJIM TOJIBKO HET CTEPHUCSCKIX TIPETTSITCTBUIA,

Kak B ciiyyae mpem-0yTuiaoeH3ona (tadn. 14.3).

Taonuma 14.3

OTHOCHTE/IbHBIE CKOPOCTH, COOTHOIEHHE M30MEPOB M (PAKTOPbI MAPUHUAIBHBIX
ckopocreii ajusa peakuuu PhX + (PhCOOQO), npu 80 °C

OTHOCHTEbHAS Pacnipenenenue DakTophl TAPIUATEHBIX

PhX CKOPOCTb nusomepos, % CKOpoCTei
(6enson-1) opmo- | mema- | napa- 1o | S | fn
PhNO, 2,94 62 10 28 5,50 0,86 4,90
Phl —* 51 32 17 2,80 1,70 1,80
PhPr —* 50 33 17 2,60 1,75 1,80
PhCI 2,20 59 25 16 3,90 1,65 2,12
PhF —* 53 30 17 2,20 1,25 1,35
PhCHj 2,58 61 16 23 4,70 1,24 3,55
PhC(CH3);3 1,09 22 50 28 0,70 1,64 1,81
PhPh 2,94 48 23 29 2,10 1,00 250
PhOCHj; 2,71 56 27 17 2,94 1,42 1,85
TMupuns —* 58 () 27(B) I15(p 194 086 1,01

* B peakiuu I'ombepra ¢ PhAN=N—OH.
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Ha ocHoBaHUM OOJIBIIIOTO KOJMUYECTBA SKCIIEPUMEHTATbHBIX MaH-
HBIX MOXHO JOCTAaTOYHO HAeXXHO YTBEPXKIaTh, YTO KaK 2JIEKTPOHO-
TOHOPHBIC, TaK M B3JEKTPOHOAKIEIITOPHBIE 3aMECTUTEIM HaIlpaBiis-
IOT aTaKy B opmo- U napa-tonoxeHus. OMHAKO MPearnoOYTUTEIbHOCTD
opmo-, napa-aTaku B TaHHOM CJIydae BbIpaxkeHa ropasmo cjabdee, yem
B Cllydae 3JeKTpOo(GMILHOIO apoMaTUUEeCKOro 3aMelleHus (cm. 1. 13).
DTO CBA3aHO C TEM, YTO M 3JIEKTPOHOIOHOPHBIC U 3JIEKTPOHOAKIIETI-
TOPHBIE 3aMECTUTENIM MOTYT JeJIOKAIN30BaTh HECTApEHHBIN 3JIEKTPOH,
€CJIM aTaka paauKaJoM HaIlpaBJIsIeTCs B 0pmo- WIN Napa-ToJoXeHUe:

G- Q-

O/ \O 'O O

JIOHOPHBIM 3aMECTUTEIIb AKLENTOPHBIA 3aMECTUTEND

B T1abn. 14.3 npuBeneHbl akmopsbl hapyuaibHulX CKOpOCTeid (CM.
. 13) mng peHuwmpoBaHus apoMaTUyecKux cyocTtparoB. M3 npuse-
JNIEHHBIX MPUMEPOB BUIHO, YTO (PAKTOp CKOPOCTEH aTakuh IO Opmo-
MOJIOXKEHUIO f; HEU3MEHHO BBILLE, YEM f,, 32 UCKIIOYEHUEM TEX CIIy-
yaeB, KOrja BEJIMKW CcTepuueckue mnpensTcTBus. Eie OoJjiee HeoxXu-
JaH TOT (HaKT, 4TO B OOJIBLIMHCTBE CIYYaeB f,, TAKXKE OOJbIIE €TUHULIBI.
DTOT BOIpPOC IMOKAa HESICEH.

14.5.3. POJIb IIOJIAPHBIX ®AKTOPOB

MHTepecHble pe3ysibTaTbl MOJYYEHbI MPU U3YYEHUU apUIUPYIO-
LIMX CBOWCTB napa-3aMellieHHbIX (PeHWIbHBIX paaukanoB. B tadi. 14.4
MPUBEJEHbBI Pe3yJbTaThl apujnupoBaHust 6eHzoTpuxiopuaa npu 80 °C
(beHUNbHBIMU, hnapa-XA10pOEHUTbHBIMU U napa-HATPOGDEHUIbHBIMU

Taonuma 14.4

PesyabraTel apumupoBanus Gensorpuxiaopuga C4H;CCly
cBoOoanpiMu pagukanamu tuma RCoH,

Brixox usomepos, %
Panukan
opmo- mema- napa-
C¢Hs 0 60 40
n-ClCgH, 0 83 17
I’l—OzNC(,H4 0 100 0
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CBOOOMHBIMU paguKajdaMu. beH3oTpuxiaopua M30paH B KaueCTBE MO-
JIeTBHOTO COeMMHEHMS, cofepkalero opueHrtanr Il pona, ¢ mpocTpan-
CTBEHHO 3a0JIOKUPOBAHHBIMU OpmO-TOJOXEHUSIMU (CJIe0BATEIbHO,
KOHKYPUPYIOT TOJIbKO Mema- U napa-3aMelleHUsl).

Jlerko BuueTh, B ciyyae XJIOP(EHUIBHOTO M OCOOCHHO HUTPO-
(beHMIBHOTO pamMKaia TPOLEHT Mema-3aMeleHHBIX TTPOU3BOIHBIX
MOBBILIAETCSI MO0 CPABHEHUIO CO CJIyyaeM He3aMELIEHHOro (heHWII-
panukana. UHbIMU ciioBaMU, XJOP(PEHUIbHbIM U HUTPOGhEHUIbHBIN
paauKabl MPOSBISIOT ONpenesieHHbIe 2JeKTPOo(hUIbHbIE CBOWCTBA B
CBSI3M C HaJWYMEM B Mapa-TOJOXEHUU HE TOJbKO HEeCapeHHOTO
3JIEKTPOHA, HO U HABEAEHHOIO YaCTUYHOrO MOJIOXUTEJIBHOIO 3apsi-
Jla, HarpuMep:

Posib mosisipHbIX (DaKTOPOB B peakLUsIX paauKaJbHOTO 3aMelleHUs
HAIJSIAHO BUAHA U U3 PE3yJbTaTOB apWIMpPOBaHUS HUTPOOEH30Ja U
ranoreH6en3osioB npu 80 °C.

Kak BugHO u3 Tabn. 14.5, npu mepexone oT (peHUI-paguKana K
xJiopeHWI- U HUTPpO(hEHUI-paauKajaM COOTHOIIEHUE M30MEPHBIX
MPOJAYKTOB apUJIMPOBAHUSI U3MEHSIETCSI U TPUOJIMXKAETCSI K TaKoMmy,
KOTOpOE XapaKTepHO ISl peakKUMil 3J1eKTPOGUIBHOTO 3aMelleHuUS.

Ta6bnuuma 14.5

Pe3yabTaThl apuiMpPOBaHUS HHUTPOOEH30J1a M TajouAOEH30JI0B

ApuIpyemoe Pania Beixon nzomepos, %
COCAMHEHNE opmo- mema- napa-
C¢HsNO, CeHsr 62,5 9.8 27,7
CgH3sNO, n-CICgH,y* 59,0 13,8 27,2
C¢HsNO, n-BrCgHy® 57,7 13,2 29,1
C¢HsCl C¢Hse 50,1 31,6 18,3
CgHsCl n-0O,NCgHye 59,6 24,2 16,2
CgHsBr C¢Hse 49,3 33,3 17,4
C¢HsBr n-0,NCgH,* 60,5 25,1 14,4
CgHsNO, CgFse 20,8 53,4 25,8
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14.5.4. BIMAHUE TOBABOK OKWCJIWTEJEN
HA BBIXOJ BUAPWJIOB

Breixon O6mapwmioB nipu (peHUIUPOBAHUM THOEH3OJTEPOKCUIOM
MOXHO PE3KO IMOIHSTh, €CJAU TPOBOAUTH PEakidi0 B IPUCYTCTBUU
kuciopona wim 6enszoara meau (I1) (tabm. 14.6).

Ta6numa 14.6

Bausinne n00aBOK Ha BbIXOJ Ou(eHHIIa
npu pasnoxenuu (PhCOO),B GeH3oibHOM pacTBOpe

JlobGaBKa Boixon, %
HET 40
Mema-JIuHUTPOOEH307T 85
(PhCOO0),Cu 88
(PhCOO)sFe 90

Biusinue KHCJIOopOoJa COCTOUT B TOM, YTO OH OTPbLIBACT BOOOPOM:

Ph, H

+ 0, —> Ph—Ph + HOO- .

Biaromapst aToMy yMmeHbIIaeTcsi pacxofl mepokcuaa OeH30miIa, KOTO-
pbIii B OTCYTCTBME KMCJIOpO/A y4acTBOBa Obl B OTPbIBE BOAOpoAa (CM.
14.5.1).

Comu menu (II) medAcTBYIOT CIIEAyIOLIMM OOpa3oM:

Ph. H Ph. H

Ph—Ph + H®

Cu®+ (PhCOO), —> PhCOOCu!! + PhCOO-
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14.5.5. ATIKWJINPOBAHUE

T'omonuTuyeckoe alkKuIUpoOBaHUE apOMaTUUYECKUX COCIAMHEHUM
psima O6eH30j1a B CMHTETUYECKOM OTHOIIEHWM TOpa3lo MeHee BaskHas
peakiusi, 4yeM apuwiupoBaHue. MeTwibHble paauKaibl 00jiee HYyKJIeOo-
(bunbHbBI, YeM (eHUIbHBIC, TTO3TOMY COOTHOILLUCHUE Mema/napa s
METHJIMPOBAHUS 3aMeIleHHBIX OEH30JI0B, COMepKAIINX DIIEKTPOHOIO0-
HOpPHBIE 3aMECTUTEM, OoJblie, yeM Wil peHmmpoBanus. Oo6paTHoe
CMpaBeAJINBO JISI COEAUHEHUI ¢ aKLENTOPHBIMU 3aMECTUTEISIMMU.

WuTepecHo, uTO 3amellleHHble OeH30Jbl OOBIYHO HE pearupy-
I0T C OTHOCHUTEJIbHO CTaOMJIbHBIMU OCH3WJILHBIMU paauKajiaMu, HO
NOJUUMKINUECKUE COCIMHEHUSI B 3Ty peaklMIO BCTYIAIOT, HAIpU-
Mep aHTpalleH OeH3WINpyeTcsl OCH3WIBHBIMU paagvKajlaMu B TOJIO-
xenue 9 (10).

OrnpenesieHHYI0 MPaKTUYECKYI0 LIEHHOCTh UMEIOT PeaKUUW TOMO-
JINTUYECKOTO aKUJIMPOBAHUS TeTepOoapoOMaTUUECKUX COCTWHEHWIA,
TakuxX, Kak MNUPUAMH, XUHOJWH, U30XUHOJUH, aKpUAWH, XMHOKCAa-
JINH, TIMPUMUWAWH, TUA30J U MUMUAA30j. s yBeludeHUsl BbIXoaa aj-
KWJTMPOBAHHBIX TETEPOIIUKIIOB PEaKIIN0 HEOOXOIUMO TTPOBOIUTE 00~
3aTe/IbHO B MPUCYTCTBUM KUCJOTHI, KOIJA TeTePOLUKIIBI pearupyoT B
MPOTOHUPOBAHHO 1O a30Ty (hopMe. B Takux ycioBMSIX BBIXOMBI MPO-
IYKTOB aJIKMJIMPOBAHUS BHICOKM, W pPEaKIUs TPOUCXOAUT NCKITIOUM-
TEJIbHO IO O- U Y-TIOJOXEHHUSIM MO OTHOLIEHUIO K MPOTOHUPOBAHHO-

My a30Ty:
R

™y RCOOH . @ . @

N $,04%/Agt/H* N R N

AJNKWIbHBIC paguKallbl B 3TUX PEaKLMIX OOBIYHO TEHEPUPYIOT ITy-
TeM KaTajuzupyeMoro coyisimu cepedpa (I) okuciaeHMsI COOTBETCTBY-
IOIIMX KapOOHOBBIX KHCIIOT MEePOKCUANCYITH(ATOM:

$,04° + 248 — > 2Ag" + 280,

20
Ag"+ RCOOH —> R" + CO, + Ag®.

Hanee MpoUCXOAUT AIKWIMPOBAHUE MPOTOHUPOBAHHOIO cyOcTpara
JIKWJBbHBIM PaJMKajoM IO MecTaM HauMeHbIIEel 3J1eKTPOHHOI TJIOT-
HOCTU (0i- U -):
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X X
37 NG
H H

Ponp oxuciutens Ha HOCJ’IGI[H@f/T CTaguMn HUTpac€T TAKXKE CUCTEMaA
S,04% /Ag".

C IIOMOUIbIO 3TOI0 ME€TOJAa MO2KHO IT10JIydaTb aJKWJIMPOBAHHbLIC I'C-
TEPOLUMKIIBI, TPYAHOOOCTYITHBIC WHBIMU ITYyTAMM. Bboiee TOro, MO>XXHO
BBECTU OCH3WJIbHYIO U mpem-OyTUJIbHYIO TPYIIIbI, KOTOPble OObIYHBIMU
METOAAMU T'OMOJIMTUYCCKOIO aJKWJIMPOBAaHUA HE yAaC€TCA BBCCTU. 3a-
MellleHMe MPOMCXOAUT 0e3 TeperpymnIimpoBOK JaXe B cllydae peak-
MU C HCOIICHTWJIbHBIMU paduKaJlaMU.

14.5.6. THAPOKCUJINPOBAHUE

PanukanbHOEe TMAPOKCUIMPOBAHME B CUHTE3€ IMPAKTUUYECKU He
MpUMEHSIETCSI, HO MMeeT OoJibllioe Ouosiornyeckoe 3HayeHue. Yyxke-
pPOIHBIE apOMATUYECKUE COCTMHEHMS MPU BBEACHUM B OPTaHU3M KH-
BOTHOro 00€3BpEXMBAIOTCS MyTeM TMAPOKCUIMpoBaHMs. Hampumep,
OeH30IiHas1 KUCIOTa MPEBPALIAETCS B CMECh 0pmo-, Mema- U hapa-ruji-
pOKCcHOeH30MHbIX KucaoT. OOpa3oBaHUE BCEX TpeX M30MEPOB CBUIC-
TEJIbCTBYET O PAAUMKAIbHOM XapaKTepe peaklM.

B naGopaTopuu ruapoKCcuIbHbIe paauKalbl FeHEPUPYIOT IO peak-
unu PeHroHa u3 nepekucu Bogopona u FeSO,:

Fe’® + H,0,— Fe*®+ OH®+ HO- .

OTU paavKalibl MPUCOCAUHSIIOTCS K OeH30J1y, 00pasysl TUIPOKCH-
LIUKJIOTeKCcaaueHWIbHbIe panukanbl (XIV), KoTopble TUMEpU3YIOTCS,
00pasys mocie aeruapaTaiud AUQeHnT:
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H OH
+6H—>©—>
(XIV)
HH
—> HO OH—aww4m+mp.

H H

Papukanel (XIV) MoryT Takke OKUCISATBCS, U 3TOT MYTh CTAHOBUTCS
[JIABHBIM B IIpUCYTCTBUM H00aBok coiieit meau (II), xxenesa (1II) unu
KHCIIOpo/a:

H OH H OH
Cuze
> + Cu©

I'mapoKCHIBHBIN paguKaa UMeeT 3JeKTPOGWILHBIN XapakTep, T.e. C
AHU30JIOM pearupyer ObICTpee, YeM ¢ HHUTPOOEH30JIOM, U B TO Ke
BpeMsI BBIXOJ Mema-TIDOAYKTa IPU Mepexoie OT aHu30Jla K HUTPO-
OeH3071y Bo3pacTtaeT (Taos. 14.7).

PhOH + H®

Taonuma 14.7

I'uapokcuIHpoBaHHE APOMATHYECKHX COeTWHEHH

OTHOCHTENbHASI CKOPOCTh Pacnipeniestene nsomepos, %

PhX

(6enzon-1) opmo- mema- napa-
PhOMe 6,35 85 4 11
PhCH; — 55 15 30
PhF — 37 18 45
PhCl 0,55 42 29 29
PhNO, 0,14 24 36 40
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14.6. PEAKIIUU PAAUKAJIIBHOT'O INTPUCOEIVMHEHUA

PaznmmuHble paguKaabl OYeHB JIETKO BCTYNAIOT B pEaKIIIO MPUCO-
eAnHeHus: K KpaTHbIM cBszsim C=C, C=C, C=0, N=0 u ap. Otu
peakuuu UAyT B Oojiee MSITKUX YCIOBUSIX, YEM MPUCOCAMHEHME pa-
IUKAJIOB K apOMaTUYECKUM MOJICKYJIaM.

Pamnkan Re, KOTOpBIiT MOXeT OBITh YACTHUIEH C paguKabHBIM
LIECHTPOM Ha aToMe ymiiepona, rerepoarome wiu mpocto atomoMm (Cl,
Br), Ha mepBoii cTamuuM TPHCOEAMHSIETCS] K KPaTHOW CBSI3W C oOpa-
30BaHMEM HOBOIro paauKana (paaukKai-amiyKTa):

R- + CHX=CHY —> RCHX—CHY .
pamuKam-agayKT

JanpHeiimas cyap0a epBOHAYAIBHOTO paavKal-aaIyKTa 3aBUCUT
OT MHOTHUX (DaKTOPOB, KaK BHEIITHUX (YCIIOBHS TTPOBEIECHUS PeaKIInin),
TaK U BHYTpeHHMX (CTpoeHue paaukai-aanykra). K Haubosee pacnpo-
CTpaHEHHBIM peaKINIM PamTuKaa-aJIyKTa OTHOCITCS TIPOIIECCH ¢hpae-
MeHmayuu, nepeHoca, meaomMepusayuy i peKoMOouHayuu.

Peakiimu ¢dparmMeHTalI MpUBOIIT K 00pa30BaHMIO HE MPOMYKTa
MPUCOCTNHEHNS, a TIPOAYKTa 3aMeIleHUS:

RCHX—éHY —> X+ + RCH=CHY (¢parmenraumus).

OOBIYHO TaKWe peaKUWW WAYT JIETKO, €CIU paguKal-aaayKT COIep-
JKAT aTOM TaJloTeHa WY IPYTyIo Tpymnmy X, XapaKTepHu3yIoIIylocs cia-
0oit cBsizpto C—X, T.e. HU3KOUM 3HEpruei Iuccouvaluy 3TOU CBS3MU.
Peaktmm (pparmMeHTaIMM TIPEACTABIISIOT OMpEAe/IeHHBIN CUHTeTHYEC-
KWl MHTepeC, OMHAKO B 3TUX CIyJasx (parMeHTHUPYIOIINeCs paarKa-
JIBI TIONYYalOT He IyTeM IPUCOSAMHEHUs K KPAaTHBIM CBS3SIM, a JIpYy-
TUMH CITOCOOAMU: 3JIEKTPOJIU30M, (DOTOIM30M MM TEPMUUECKIM BO3-
JIEVICTBUEM.
Hike mpuBeneHb HEKOTOPBIE BaXKHBIE TTPUMEPHI.

Peaxuus Koavoe

SJIEKTPOJIN3 dparmeHTaLnA
R—C00° ————> R—COO- > R-+ CO,
—e OBICTPO

R—R

(Bpel(\)/lﬂ KM3HH ALIOKCIIBHBIX pannkanoB RCOO- cocrasisier ~107°—
107"%¢).
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Pa3znoocenue mpem —aﬂxoxcupaauica/zoe

Me

o

Me

, | 80°C_ |
-Pr—C—0—Cl —5 > i-Pr—C=0:
Et

—Cl-

Me—C—FEt + i-PrCl +- CCly
o)

Et

(< 0,5%)

(3%)

Bt—C—Pr-i + MeCl + - CCl;
0

Y

Me—ﬁl—Pr-i + EtCl +- CCl4

lecmpykuus anvoeeudos

R- + CO
¢parmMeHTaLsg
CCly

R—C—Cl +-CCly

®parMeHTHPOBAThCS MOXET TakXKe M TIePBOHAYAIBHO ITPUCOCIH-
HUBLIMICS paguKa, T.e. MpUCOeInHEHNE Re K KpaTKOi CBS3M MOXET
OBITh 0OPATUMBIM. DTy PEaKIIMIO UCTIONB3YIOT s (Yuc — mpauc)-n3o-

MEpU3alln AJIKCHOB!:
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Ph Ph Ph Ph
., ..~ cBobOOmHOE
H H I y H BpalleHe
yuc-CTUIboEeH
Ph N
P H
H\c — >c=c< -
Ph

Ph
mparHc-CTUIbOEeH

Peaxumst nepenoca pamnkana TIpOMCXOAUT C yJacTHUEM areHTOB-TIepe-
HOCUMKOB RZ, B KauecTBe KOTOPBHIX MOXKET BBICTYIIaTh MHOXKECTBO pa3-
JIMYHBIX OPTAHNYECKUX MOJIEKYJI:

RCHX—CHY + RZ —> RCHX—CHYZ + R- .

Ecnu nipu sToM Mojiekyia RZ ciayXuT Takke NepBOHAYAJIbHBIM MC-
TOYHUKOM paguKajoB, TO oOpa3yercs 1 : 1-agmykT ajJkeHa M pearcH-
Ta-niepeHocurka. Hampumep:

CCl3Br —> CCl; + Br+  (MHMUMMPOBaHMUE),
CCl; + RCH=CH, —> RCHCH,CCl, ,
RCHCH,CCl; + CCl;Br —> RCHBrCH,CCl, + CCl, .

Ecnu panykanbHBIN angyKT MPUCOSAMHSIETCS CHOBA K alKeHy U 3Ta
cxeMma OyIeT TOBTOPATHCS, TO HAOIIONACTCS meaomepusayus, TIPOIYKThI
KOTOPO¥ MpencTaBasoT coboit cmech menomepoe R(CHXCHY),Z, tne
n 06bIYHO KoJiebsaeTcst ot 2 1o 10:

RCHX—CHY + CHX=CHY —> RCHX—CHY—CHX—CHY —>

RZ
.. — R(CHXCHY),,Z
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OCo0eHHO JIETKO BCTYMHAlOT B TeJIOMEpU3aLUI0 (DTOPUPOBAHHLIE
aJKeHBbI, HAIpUMep TeTpadpTOpITUIIEH:

R(CF,CF,); + RZ —> R(CF,CF,), Z + R- .

B mpenenbHOM cilydae IPOMCXOOUT MoJuMepu3anus (¢ oOpa3oBaHU-
eM TpOLYKTOB, B KoTopbix n = 10°—10%; eii criocobcTByeT BbICOKAs
KOHLIEHTpALMsI ajIKeHa.

Pexombunayuss — 310 peakuysi MEXIy IBYMs paguKajaMu, IIpH-
BOJSIIAs K OOpbIBY LICTIN:

RCHX—CHY + R- —> RCHX—CHYR .

OnHako MPOAYKTHI 3TOM peakiuu OObIYHO OOpa3yloTcsl B OUeHb He-
OOJIBLIIMX KOJIMYECTBAX.

14.6.1. CKOPOCTHU INIPUCOEJIVUHEHHUA PA3JIMYHBIX PAIUKAJIIOB
K AIKEHAM

Artombl (H, Cl u ap.) oObIYHO MPUCOECAUHSIOTCS TOpasno Jierde
MHOTOATOMHBIX PaJMKaIOB, TOCKOJbKY Y HUX OTCYTCTBYIOT KOJieOaTe/b-
HbIe WJIM BpalllaTeJbHbIe CTETIEHW CBOOONBI, KOTOPBIE B XOIE PeaKIIMu
JOJIKHBI «3aMOPaXKMBATLCS», YTO JOJDKHO MPUBOAMTH K SHTPOMUAHBIM
notepsiM. AsikuiibHble pagukaisl CHse u C,Hse nprcoennHsitoTcst K 3Tu-
JIEHy Ha [Ba Mnopsiika MmejeHHee, yeM TpudropMmeTuwibHble (CFse),
MOATOMY aJKWJIbHbIE paAvKayibl HA3bIBAIOT «MEIJIEHHBIMU», a TPU-
(bTOopMeTUNIbHBIE — «OBICTPBIMM» pamukagaMu. [IpuumHa COCTOUT B
TOM, 4TO pagukan CFze snekTpoduieH, Tak KaKk UMEET JIEKTPOOT-
puLatenbHble 3amecTuTenud. OOlIee MPaBUJIO COCTOUT B TOM, YTO C
YBEJIMUEHUEM DJIEKTPO(PUILHOCTU paJuKaia CKOPOCTh €ro MpUCOeIm-
HEHUs K MPOCTHIM ajJKeHaM BO3pacTaerT.

OnHako eciau CFs-panukanbl IPUCOELUHSIIOTCS K 3TUIEHY Jier-
ye, yeM CHj-panukainel, To B cilyyae 3J€KTPOHONEDULIUTHOTO ajlKe-
Ha — TerpadropaTuieHa, Haoobopor, CH;* mpucoennHserca yerde,
yeM CF;e. D10 yKa3biBaeT Ha BaXHYIO POJib MOJISIPHBIX 3P (dEKTOB.

14.6.2. HAUBOJIEE BAXKHBIE PEAKIIUN
PAAUKAJIBHOI'O INTPUCOEJWMHEHUS

s oOpa3oBaHUSI HOBOM CBSI3U YIVIEPOA—YIJIEPOA MCIIOJIb3YIOT
paavKalbl ¢ paIMKaJbHBIM LIEHTPOM Ha aTome yriepoaa. OObBIYHO Me-
XaHU3M 2TOM peakUMy LEMHOM, MpuBoAdIIuid K 1 : 1-agmykTy:
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RZ + In- — R + InZ (MHULIMMPOBaHKe)

\ / [
R- + c=c\—> R—C—C-

(poct uenu)

| |
R—C—C:+ RZ —» R—C—C—Z + R~
[ [
R-+ R+ —» R—R (oOpbIB LIETTH)

B kauecTBe MHUIIMATOPOB Yallle BCETO MCITOJB3YIOT MEPOKCHUIbI,
azocoeauHeHus U Y®-cBeT. [1000YHBIM MPOLIECCOM SIBJISIETCS TeJIOME-
puzanust. OcoOeHHO TT0JIe3HbI IS IToaydeHus 1:1-amaykToB ¢ ankeHa-
mu nonuranoreHankansl: CCly, CC3Br n np. CrenyeT Mcnonb3oBaTh
MOJIUTAJIOTEHAJIKAHBI, CoIepXKallye He MeHee TpeX aTOMOB rajioreHa.

JlerkocTh mepeHoca rajgoreHa Uil CMELUIAHHBIX TOJIMTaJOreHaIKaHOB
yMmeHblIaercst B psapy: CX;l > CX;Br > CX;CL:

cal,
+ CClLBr > @
Br
hv

RCH—CH, + CFCl,Br —* RCHBr—CH,CFCl, ,

hv
CF,CF=CF, + CF;] — CF,CFICF,CF;, (94%).

IMo ananormyHoif cxeme K ajJlKeHaM IIPUCOEAMHSIIOTCS TaKKe ayble-
TUIBI U CIIUPTHI, HAIIPUMED:

0
2
CH;CH,CH,C__+ CHy=CH(CH,),COCH;
H
—> CHyCH,CH,CCH,—CH,(CHy),COCH,  (70%),

0
TEPOKCHL
C,H;OH + 4-C;F,CF=CF, > 1#-CjF;CHF—CF,CHCH; .

OH
Peakuust npucoeanHeHUs] oKazajiachb OCOOEHHO MOJIE3HOM IS ajl-
KWJIMPOBAHUSI HACBHILLEHHBIX T'eTePOLIMKIOB C MCIIOJb30BaHUEM aJiKe-

HoB-1. Ilpu neiictBuu mpem-0yTOKCU-pAIUKAIOB, 00pa3yoOIINXCs U3
N-mpem-OyTUITIEpPOKCUIA CHavajla MPOUCXOAUT OTPHIB BOAOPOAA OT

TIEPOKCHU
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aToMa yIrjiepoia, COCEIHEro ¢ rerepoaToMoM. Takum oOpa3oM, ajaKu-
JIMPOBaHUE OOBIYHO MPOMCXOAMUT B CL-ITOJIOXKEHUE:

+-Bu—O—0O—Bu-t ——> 2-Bu—0- ;
N

+ 1-BuO - —> O + 1-BuOH
H N~
H H

MNeEpuanH

t—BuOH

—CHC4H
H 6113

—> + -BuOH -
1;11 (CH,),CH;4

K ankuHam mpucoenvMHeHUe YIIepoa-LIeHTPUPOBAHHbBIX pajuKa-
JIOB MJET HE TakK JIeTKo, KaK K ajkeHaM. [Ipu aTom oOpasyeTcsi mpu-
MEpHO paBHasl CMeCh yuc- U mparc-aaaykToB. [10CKONBKY 3TN aaIyK-
Thl coliepKaT JIBOMHbIE CBSI3W, MOXET HaAOJIOAAThCsl MOBTOPHOE MpU-
COeIMHEeHUE, HaIllpUMep:

hv CH,CHO
PRC=CH + CH;CHO — CH;COCH=CHPh — —>

—» CH,COCH(Ph)CH,COCH, + PhCH,CH(COCH,), .

MexaHM3M TPUCOCIUHEHUS TeTepopaauKalioB K HeIpeaeabHbIM
COENMHEHMSIM B 1IEJIOM TaKOM e, KaK M I YIJIepOa-1IeHTPUPOBaH-
HBIX PaIMKajaoB, T.e. TMPOILECC MPEACTaBIsET COOOM LEMHYI0 peaklnio,
WHULIMAPYEMYIO M OOpBIBAaEMYIO TaK e, KaK M JUISl aJKWIbHBIX pa-
nvkanoB. OTIMYME COCTOUT B TOM, UYTO ISl TETePOPaIUKaIOB CTaaus
MPUCOCINHEHUSI OYeHDb YacTO SIBJISIETCS OOPaTUMOIA.

IMpucoeaunenne HBr k nporeHy, nnununpyeMoe Y®-cBeToM WIN
MepoKCrUaaMu, IIPOMCXOIUT MPOTUB TpaBuiaa MapKoBHUKOBA (L. 3, 4. 1):

H—Br w» Br-,
CH;CH=CH, + Br- —» CH3CH—CHZBr,

CH;CH—CH,Br + HBr — CH,CH,CH,Br + Br- u 1.
559



B 3T0ii peakiiuy akTUBHOI YacTULIEH SIBsIETCSI aToM Opoma. IIpaBuiib-
Hoe OObSICHEHHE MeXaHM3Ma 3TOM peakuuu (CM. IJ1. 5) SIBWIOCH Kpa-
€yrojibHbIM KaMHEM B Pa3BUTUU PAIUKAIbHOU XMUMMUMU.

Cramust mpucoennHeHus atoma Br mmeer AH =—11 KKayi/MoOb,
a cranus peakiuu pagukan-aaaykra ¢ HBr — AH = —7 kkan/monb. O6e
CTaIuM 3K30TEPMMYHbBI, M 3Ta peakuus IIpoTeKaeT ObIcTpo. st mpucoe-
muHenust HCI mepBast cranys Toxe sk3oTepMuyHa (AH = —22 KKaji/MoJb),
HO cTaaus IepeHoca sHaoTepMuyHa (AH = +8 KKai/Molib), ISk Ipu-
coenuHenuss HI, nHaobopor, cTagus IpUCOCOAMHEHMS SHIOTePMMYHA
(AH =7 kxan/MoNb), a cTagus IepeHoca 3K3oTepMuyHa (AH =
= —24 xxay/Mojib). Obe cTaguy 3K30TEPMUYHBI TOJIBKO UISI TIPUCOE-
nuHeHuss HBr, u mostomy paaukalbHOE MPUCOEAMHEHUE IMPOTEKAeT
JIMIIb JJIsS1 OTOTO peareHTa, HO HEM3BECTHO IJIs JPYIMX rajoreHBOAO-
ponos. IlpucoenuHeHue paauKaaoB OpoMa K ajKkeHaM 0OpaTuMoO, U
CKOPOCTb ATON peaklMM MMEET OTPULATEbHbIA TeMMOEepaTypHbI KO-
3¢ duLreHT.

MonexyisipHbie ranoreHsl F,, Cl, u Br, Takxe cnocoOHbl npu-
COEUHSITBCS K aJIKeHaM I10 LieMHOMY MexaHu3My. Eciu ajikeH conep-
JKUT aJIKWJIbHbIE 3aMECTUTENIM, TO aTOMbI TaJOT€HOB JIETKO OTPbIBAIOT
aTOMbI BOJIOpOJA U3 aJUIMJIbHBIX IoJIoXeHui (TJ1. 5, 4. 1). Hanpumep,
XJIOpUpoBaHUe OyTeHa-1 JaeT cienyiolye MpOMyKThI:

cl
C,H;CH=CH, Tz> CH,CH,CHCICH,CI  (85%)

MPOAYKT MPUCOSTUHEHUS

)
+ CH,CH—CHCH,Cl ~ (7,5%) )

g TIPOIYKTEI
+ CH;CHCICH=CH, (2,5%) ) AJUIJIBHOTO

) XJIOPUPOBAHMSI
+ CH,CICH,CH=CH, 4,5%) )

)

C moMoIIbI0 peaklnii paguKaJbHOTO MPUCOEINHEHUS IIOJIy4aloT
pa3HOOOpa3HbIe 3JIEMEHTOOPraHWYeCKre coeauHeHus. ['mapuabsl op-
TaHOCWJIAHOB, OPraHOCTAaHHAHOB M OPraHOTePMaHOB IIPUCOCINHSIIOTCS
0 PaauKaJbHO-LIEITHOMY MEXaHU3MY IO CJIEAYIOIIEH CXeMe:

(R = ankw, apui, rajoreH)
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KoHKpeTHBIE TTpUMephl TaKUX PeakIUil TPUBEACHBI HIDKE:

-Bu SiCl
TIEPOKCULL, 3
+-BuC=CH + HSiCl, ————"> Sc— c< (39%),
H H

CH,=CHCN + HGeCl; —> Cl;GeCH,CH,CN
AKPWIOHUTPIIT (53%)

CH,=C=CH, + HSnMe;—>Me;SnC(CH;)=CH, + Me,SnCH,CH=CH,
avIeH (37%)

IIpocreiilline CIUMPTHL HE MPUCOSAUHSIOTCS K ajJKeHaM ¢ 00pa3o-
BaHueM HOBBIX cBs3eii C—QO, IMOCKOJbKY OOBIYHBIE METOIbl MHULIMU-
poBaHUS MPUBOIIT K pa3pbiBy cBsi3u C—H, koTopas MeHee MpoyHa,
yeM cBsi3b O—H. OnpHako nepdTopalIKOKCU-paauKaabl U3 meppTopu-
POBaHHBIX CITMPTOB MPUCOCTUHSIOTCS OUEHb JIETKO.

B nporuBononoxkHocTh crimptam TUoabl RSH saBisioTcss oyeHb
MOJIE3HBIMU MCTOYHUKAMU PaIMKaaoB IJIsi 00pa3oBaHMS CBS3M yIJIe-
pon—cepa, HampuMmep:

C,HSH + #-BuOCH=CH, —> 1-BuOCH,—CH,SC,Hj .

Ananornyio npucoeauHsoTcas trnokucioret RCOSH, cyabdoHumi-
W CyTb(QYPUITATIOTeHUIBI, TUCYIbMUILI, OUCYTbGUTHI U IPYTHE CO-
eIMHEHUS:

PhSO,Br + CH,=CH, —> PhSO,CH,CH,Br (67%),

NaHSO, + RCF=CF, —> RCHF—CF,SO;Na (73%; R-u-CsH,),

CH SR CH H
hv 3 3
RSSR + CH;C=CH —> >c=c/ + Se=cl
~ I
RS H RS SR
(64%) (16%)
(R = #-Bu)
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14.6.3. OPUEHTALIUA INTPUCOEINHEHNUA

B cirygae HeCMMMETPUYHBIX aJTKEHOB MOTYT 00pa3oBaThCs IBa pa-
IUKaI-aUTyKTa: O-aUIyKT W B-aIIyKT:

—> RCHZ—éHX (o-ammayKT)

R- + CH,=CHX ———

—> RCHX—CH, (B-amyx).

B pesynbrate BO3MOXHO 0Opa3oBaHUE ABYX M30MEPHBIX 1:1-agmyKToB:
RCH,—CHX + RZ —> RCH,—CHXZ + R- ,
RCHX—CH, + RZ —> RCHX—CH,Z + R- .

Ha npakTtuke oObIlYHO OOpa3yeTcss cMech 000OMX aaayKTOB, XOTS 4ac-
TO OJMH U3 HUX mpeobiagaeT. MoHo3aMelleHHbIe U 1:1-au3amelteH-
HbI€ AJIKEHbl NAIOT MPEUMYLLIECTBEHHO AIAYKTbl, COOTBETCTBYIOLLUE
npucoeaMHeHUI0 Re Mo He3zamelleHHOMY IIEHTPY, He3aBUCHUMO OT
npupoasl X u Y B XCH=CH, u XYC=CH,. 1,2-/lu3amellieHHble U
TpU3aMeIlIeHHbIe alKeHbl, KaK TMpaBWJIO, PearupyloT M0 MeHee 3ame-
LIIeHHOMY KoHI1y. OIHAKo 3TU IpaBUJia He YHUBepcalbHbL. B Tads. 14.8
MpUBeIeHa OpUEHTALUs MPUCOCAUHEHUS METUJIBHOTO M MOHO-, IH-
U TpUPTOPMETUIbHBIX paauKajaoB K (PTOpUCTOMY BUHUIY, 1,1-mu-
¢ropaTueHy U TpUDTOPITUIICHY.

Tabnuua 14.8

Opuentanusa (o : B) A NpUCOeTUHEHUs] AJKHIBHBIX PAJUKAJIOB
K ankeHam mpu 150 °C

Paaukan CH,=CHF CH,=CF, CHF=CF,
*CF; 1:0,09 1:0,03 1:0,50
‘CHF, 1:0,19 1:0,15 1:0,95
-CH,F 1:0,30 1:0,44 1:2,04
‘CH3; 1:0,20 - 1:2,10

Bce pagukanel npenMy1uecTBeHHO npucoennHsaoTces K CH,-KoHIy
(¢Topucroro BuHWIA U ITUMTOPITUICHA, XOTSI COOTHOIIECHHUE TPOIYK-
TOB 3aMETHO 3aBUCHUT OT MpUPOAbl paaukana. OgHako B ciyyae Tpu-
dropatunena CF;e npeumyiectBeHHo npucoennusercs K CHF-koH-
uy, Ho CH;* — k Haubonee 3amelmieHHOMY CF,-koHuy. Takum obpa-
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30M, HabII0maeTcsl pe3Ko BBIpaXKeHHasl 3aBUCHMOCTb OPMEHTALIMU OT
TIPUPONBI aTaKyIOIIETO paauKaa.

Takyio 3aBUCMMOCTb MOXKHO OOBSICHUTh, UCIOIbL3Ys Teopuo MO.
Paccmorpum aBa ajkeHa — (DTOPUCTBIM BUHUI U TPUGMTOPITUIEH U
JIBa paavKaja — METWIbHbII U TpUPTOpMETUIbHbINM. YpoBHU B3MO
nu HCMO nnsa uentpaibHoit m-cBsi3u C—C 3251eKTPOHOAEPUIIMTHOTO
aJKeHa TPU(TOPITUICHA MOKHBI JIeXKaTh HMXE COOTBETCTBYIOLIMX
YPOBHEHN (pTopucTOro BMHWIA, MOCKONbKY m-CBs3b B CF,=CHF ro-
pasno Oosnee obenHeHa 3aeKTpoHaMu, yeM m-cBsa3b B CH,=CHF. Oto
MOKAa3aHO Ha MPUBEICHHON HIDKE CXeMe:

o B o B
CHF=CF, - CH,4 CH,=CHF
0,44—0,49 0,46—0,51

0,37 0,27 0,47 0,30
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B peakiiuu ¢ C=C-cBs3bl0 y4acTByeT OIHOKPATHO 3aHsITas MOJIEKY-
nsipHast opoutanb (O3MO) METUIBHOIO paaukKana, 3HepreTudecKuii
YPOBEHb KOTOPOI pacrloyioKeH IMPUMEPHO IMOCEepeIrHe MEXIy YPOB-
HsiMu HCMO TpudropatuneHa u B3MO ¢ropuctoro BUHMWIA U Ta-
KuM obOpazoM, uto O3MO nyuue B3aumoaeiictsyer ¢ HCMO
CHF=CF,, yvemM B3MO CHF=CF,, HO c npyroii CTOpOHBI, Jyulle
B3aumozericteyer ¢ B3MO CH,=CHF, yem ¢ HCMO 310t Mosieky-
Jbl. (Ha cxeme 3TM HawlydllivMe B3aMMOACMCTBMS MOKa3aHbl 00O0IOI0-
OCTPbIMU CTpesiKamu). [pyrumMu cjaoBaMu, MO OTHOILIEHUIO K TpUQTOp-
STUJIEHY METUJIbHBIM panaukai BeneT cebsl Kak Hykjieo(uabHas 4acTu-
1a, a M0 OTHOLIEHUIO K (DTOPUCTOMY BUHWIIY — KakK 3JeKTPOUII.

Ha cxeme nokazaHbl Takxke paccuuTaHHble MeTonoM CNDO/2 kBan-
paThl KO03(hGUIIMEHTOB Ha o- M [-aToMax yriaepojaa, XapakKTepu3ylo-
1e 7-3JIeKTPOHHYIO TIOTHOCTH Wit t-B3MO uimm «ImmoTHOCTh opOy-
tanu» i n*-HCMO. Kak BumHoO, mig obomx ankeHoB n-B3MO
“MeeT 0obllyto MmiuoTHocTh Ha C,, torna kak n*-HCMO — nHa B-yr-
JnepogHoM atome. M3 cxeMbl SICHO, 4TO ¢ TpUGPTOPITUIEHOM IIpe-
WMYIIECTBEHHO J1I0JKEH 00pa30BbIBATHCS paAUuKaI-aJAyKT MO B-KOH-
1y (6osiee 3aMelIEHHOMY), a ¢ GTOPUCTHIM BUHUIOM — IO O-KOHILY
(cp. naHHbIe Tao. 14.8).

Tenepb paccmorpuM pagnkan CFse. DToT panukan ropasno 6onee
anektpoduneH, yem CHjse, T.e. ypoBeHb ero O3MO eXUT HUXe ypoB-
Hs O3MO meTwibHOTO paaukana, ckaxem, Mmexay B3MO CHF=CF,
n B3MO CH,=CHF. TpudrtopMeTuibHbIil pagukan B ciaydyae o0OUX
aJKEeHOB OyIeT BecTU cedsl Kak 2JIeKTpodui, T.e. Haubojee BaXKHBIM
oyner B3ammonelictBue ¢ B3MO o6oux ajikeHOB, M TOATOMY B 000MX
cllydyasix MpeuMYyILIeCTBEeHHO OyneT HaOJoaaThCsl MPUCOEAMHEHUE IO
MeHee 3aMEelleHHOMY O-KOHILy ¢ HauboJblieil mioTHocThio B3MO.

B psny CF3, CHFz, (.?HQF, CH3 TMOCTETIEHHO YMEHBIIAETCS 3JIEK-
TPOGUIBHOCTh PAAMKATIOB, U B COOTBETCTBUM C 3TUM YBEJIUYMUBACTCS
CKJIOHHOCTb TMPUCOEIMHEHUS N0 P-yriepoaHoMy atoMy. ITomoOHbIe
TEHAEHLIMY HaOJI0AaIMCh MIPU MPUCOSIUHEHUU XJIOP- U OPOMMETHUIIb-
HbIX panukanoB, pagukanoB (CH,),Pe, H,Pe, (CF;),Pe u psnga npy-
rux K dropucromy BuHMIy, 1,1-nudTopatuneHy u TpupTOPITUIICHY.
DTO CIYXUT ellle OAHUM JOBOIOM B TOJIb3Y BAXKHOTO BIUSHUS IO-
JIIpHBIX 3(P(HEKTOB B paIuKaJIbHBIX PEeaKIIUSIX.

B 3akiroueHue cienyer OTMETUTh, YTO YacTo JJIs1 OObsICHEHUSI OpU-
EHTaLMM PaaUKaJIbHOTIO MPHUCOSAMHEHUST UCIIOIb3YIOT apryMeHTalluIo,
AQHAJIOTMYHYIO apryMeHTalluyd TpU OOBSICHEHUU OPMEHTALIMU 3JIEKT-
podunbHOro npucoenrHeHus. Ilpu aaeKTpopuIbHOM MPUCOEAUHEHU
(r1. 5) obOpasyeTcsl TOT U3 ABYX KapOOKaTHOHOB, KOTOPBI OoJiee cTa-
OujIeH u3-3a COMpPSDKEHUs ¢ COCENHUM TeTepoaToMOM, HECYIIUM He-
MOJENIEHHYIO Mapy 2JIEKTPOHOB:
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. = @ (<]
X—CH=CH, + E®==={ X—CH—CH,E<—>X=CH—CH,E }.

AHaJIOTUYHO ISt paguKaJdbHOTO NPUCOCIMHEHUA MOXKHO HaIllMcaTb

©
X—CH=CH, + R- —»{ X—CH—CH,R<—> X—CH—CH,R }.

OnHako JIErKO BUAETh, YTO B KapOOKATHOHE OCYILUECTBIISIETCS 0eao-
Kaauzayus 3apsiia, B TO BpeMsl KaK B pajuKaje IO/KHO BO3HUKATh
pasdenenue 3apsiia B HeTpaibHOI cucrteme. TlocaenHee He MOXKET ObITh
BBITOJIHO, W, CJIEJAOBATEIbHO, TMOMOOHBINA IYyTh CTAOWJIM3ALUNA Pali-
KaJIOB HE MOXKET MIPaTh CYLIECTBEHHOM POJIN.

14.6.4. CTEPEOXUMUA INPUCOEJVMHEHNUSA

PagukanpHoe nmpucoeaMHeHue K 1,2-mIu3aMellleHHBIM aJKeHaM
00byHO HectepeocenekTnBHO. Hampumep, CH;Se B peakumu ¢ yuc-
WU mpauc-OyTeHOM-2 J1aeT OJIHY U Ty XK€ CMEeChb 3pumpo- U mpeo-
n3zomepoB. OnHako HBr npu moctaToyHO HU3KOM TeMmIlepaTtype U Mpu
6onpiIomM n30bITKe HBr mpucoenmHsieTcss oyt crepeocneuruaHo
(mpanc-(aumu)-npucoeHEeHUE):

CH
CH B 3
3\C:C/CH3+ g M ' ‘aH
- Ny " 70°C CHs"j
H D
yuc-oyTeH-2 mpeo-uzomep  (95%)

CrepeoceneKTUBHOCTb 9TOM peaklMu OOBSCHSETCS TeM, 4TO IpoMe-
JKYTOUHBIN B-OpOMaNKWIbHBIA pamvKal MMeEeT 3aCJIOHEHHYIO Tpei-
MOUTUTENbHYI0 KOHMopMmaiuio (XV) ¢ BBICOKMM OapbepoM Bpalle-
Hust Bokpyr C,—Cg-cBsisu. peanoyruTesbHOCTb 3aCJIOHEHHON KOH-
(opmalLiuu o0yciaoBiaeHa d-opOUTaIbHBIMU 3 deKTaMu aToma OpoMa
(;rokanusanust HecrapeHHOro anekTpoHa Ha Cy—Br-cBasu 3a cuer co-
NpsKeHus tana p-d v o-w; cp. 14.2):

Br

CH, H (XV)
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IIpucoenuHeHne K HMUKIOATKEHAM YacTO OYEHb CTePEOCEIeKTHB-
Ho. 179 TUMJIBHBIX, CUJIMIBHBIX, HUTPOKCUIBHBIX PaluKaloB U aTo-
MOB OpoMa HaOJogaeTcsl MPEANOUTUTEIbHOE MpaHc-TIPUCOSTMHEHNE
K 3aMeIleHHBIM IMKIOreKCeHaM, HaIlpuMep:

mpanc- Br
+ HBr =
MpUCOEIMHEHUE

Br

Br

yuc-1,2-n11udpom-
mukJiorekcad (~100%)

14.6.5. IIMKJIM3ALIASA PATUKAJIOB

AnkennnpHble pagukansl Tuna CH,=CH(CH,),CH,* Moryr nmk-
JIN30BAThCS TIyTEM PEAKIIMM BHYTPUMOJIEKYISIPHOTO TPUCOSTUHEHMS
K IBOMHON CBSI3U. B 3aBUCMMOCTM OT JJIMHBI LIETIM W TUTIA 3aMECTUTE-
JIell B pamuKajie MOTYT OO0pa30BBIBATHCS LIMKIOATKWIMETHIIBHBIE WU
LMKJIOATKWIBHBIE pamuKabl:

—> (CH,),;—CH, UMKJIOAIKUIMETUIbHbIH
paguKan
(CH,),
> - CH, uMkiIoanKWIbHBII
/ panukan

(CH,),

byren-3-un-1-pagukansl (roMoajiujbHbIe paguKalibl) LUKIN-
3yI0TCS JIMIIb B UCKJIIOYUTENIbHBIX ciiydasx. IlenteH-4-un-1-pagu-
KaJIbl TakXe LUKIU3YIOTCS C OoibluM TpyaoMm. OmHako peakiius
LUKJIN3alMK OYeHb XapaKTepHa IJIsI TeKCeH-S5-uj-1-paankanon
CH,=CH(CH,);CH, , xoTopble nipu J1000M CIIOCOOE reHepaLluu Ipe-
TEpNeBalOT ObICTPOE BHYTPUMOJCKYJISIPHOE MPUCOEIUHEHMUE:
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A

o -
2
- » CH3
Bu,Sn (>94%)
_% pu—
N Br N
(e
—>> —>
P(OEY), :
T (<6%)
N SH

B xaxxngoM cirydae OCHOBHBIM IIPOAYKTOM SIBJISIETCSI LIMKJIOTICHTUIIME-
TUJIBHBIN paguKall, TOrJa KaK LMKJIOTeKCWJIbHBIN pagnKall HaiaeH
JIMIIB B CJIEAOBBIX KOJIMYECTBAX.

HeoObIYHOCTh TAKOTO ITyTH PEaKIUM COCTOUT B TOM, YTO MCXOJ-
HBI TeKCeH-5-MJI-1-panukan LUKIN3YeTcsI ¢ 00pa3oBaHMEM TEPMO-
JIMHAMAYECKM MeHee CTaOMJILHOIO paauKajia. B 3ToM OTHOLIEHNN ITUK-
JM3auus pagukajga pe3Ko OTIMYAeTCS OT LMKIM3ALUM aHaJIOTUYHBIX
KapOOKaTMOHOB, KOTOpbIE BCErJa IMpeBpallaloTCs B IIECTUYICHHBIC
LMUKJINYECKUE TIPOIYKTHI:

— , OTHAKO O —
X @ ® ¢

Paznuune B HampaBieHUM LIMKIM3aLUU 3TUX IBYX TUIIOB peaKIMOH-
HBIX MHTEPMEIMATOB HACTOJBKO XapaKTEPUCTUYHO, YTO UM IOJIb3y-
I0TCSI KaK TECTOM JJISI OIpeAesIeHUs] MPUPOJbI PearupyrolmnxX YacTULl
W WUCCIIEeIOBAaHUSI MeXaHW3Ma peakuuii (cM., Hampumep, I 26, 4. 3).

[IpennouTuTeIbHOCTH 0OPA30BAHUS MSTUUJICHHOTO MPOAYKTA LIUK-
JIM3alMU TeKCeH-5-uj-1-paauKaloB MOXET ObITh OOYCJIOBJIIEHA Ieo-
METpUEl MepexoJHOr0 COCTOSIHUSA. B mepexogHOM COCTOSIHUMU, MO-BU-
JUMOMY, HeCIapeHHBIN 3J1eKTpoH B3aumoaeictsyer ¢ HCMO n-cu-
creMbl (cMm. 14.6.3), T.e. moaxon paaWKaJlbHOTO ILIeHTpa OymeT
OCYILECTBISITbCS MTPEUMYILIECTBEHHO CBEpXYy (MM CHM3Y) ILIOCKOCTU
HeHachlleHHOro (parmeHTa. Hiuke mokazaHbl MOAEIM MEPEXOMHBIX
COCTOSIHUI JUIST LUKJIU3ALMUA B 5- U O6-WIEHHbBIE LIUKIIBL.
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BungHo, 4TO mepexomHble COCTOSIHHUS ITOCTATOYHO XKECTKHE, Cle-
JIOBaTeIbHO, 00pa30BaHME CBS3M OyIET TPOMCXOMMTH C TeM U3 aTo-
MOB yIyiepofa, K KOTOPOMY paauKaJbHOMY ILIEHTPY Jierdye TNpuou-
3uThesl. IIpocTpaHCTBEHHBIE MOJEINU TI'eKCeH-S5-WiI-1-panukana 4eTKo
IMOKa3bIBalOT, YTO 0Opa3oBaHMUE S5-UJIEHHOIO LIMKJIa JOKHO OBITH 0O-
Jiee OJIaronpusiTHBIM, YeM OOpa3oBaHUE 6-4JIEHHOTO.

2 -6
5
3
4
1
2 6
3 "5
4

CBOOOMHBIE paguKalbl MOTYT BCTYNAaTh TakKe B pa3IMYHbIC TIe-
pPETpYIIUPOBKI, KOTOPBIE paccMaTpuBaioTcs B TII. 26 (4. 3).
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Peaxkuyn HyK1eoUILHOIO apoMaTUYECKOIO 3aMelleHMsT 0e3 ydera
UX JIeTaJbHOIO MeXaHM3Ma MOXKHO OITMCATh CJEAYIOLIel OOIIEH CXeMOIl:

V4 Nu
o o
@+ Nu:—>©+z
X X

3aeck Z — yxonsuasi (HykjieogyrHast) rpymnna, X — 3aMeCcTUTE]b B
OeH30JIbHOM KoJiblle, Nu:~ — HyKJeodMs, KOTOPbIl Yallue BCero
nmeeT otpuuartenpHbiid 3apsaag (OH, OR™, NH, wu T.1.), HO MOXeT
ObITh Takxe snekrpoHedTpanbHeM (R,NH, RNH,, ROH u 1.1.).

IIpu paccMoTpeHN MeXaHM3Ma HYKJIeO(PUILHOTO apOMaTHIECKOTO
3aMeIlleHUs] Mbl HEBOJILHO HAaYyMHAeM C TOTO, YTO CpaBHUBAaeM 3THU
peakinuu, ¢ OMHOM CTOPOHEI, ¢ HYKJICOMWIBHBIM 3aMellleHUEM B aJli-
(hatueckom psiay (M3-3a OOILIIHOCTU THUIIA 3aMeIlEeHUs), a C JAPYrou
CTOPOHBI, C NEKTPODIIHLHBIM apOMaTHUECKNM 3aMelleHueM (M3-3a
OOLIHOCTU TUIIA OPraHUYECKOro cyocTpaTta).

SAcHo, yTo MexaHM3M Sy2, XapaKTepHBIA g adudaTu4ecKoro
psAma, HampuMep I aJKWITAJTOTeHUAOB, KOTma TPOUCXOIUT CHUHX-
pOHHOE oOpa3oBaHMWe HOBOM M pa3phlB CTapON CBA3M B TPUTOHATb-
HOM OMIUPAMUAAIBHOM MEPEXOJHOM COCTOSIHUM (CM. II. 9, 4.2), B
apOMATUYECKOM DSy OCYIIECTBUTHCS HE MOXKET, TTOCKOJIBbKY aphiI-
TaJIOTeHUIBI He MOTYT TIPUHATH KOH(MDHUTYPAIIIO, HEOOXOMUMYIO IJIsT CUH-
XPOHHOTO S)2-3aMellleHNs, TaK KaK TbhUIbHas CTOpoHa cBsA3u C—Z B
ArZ O610KrMpoBaHa OE€H30JIbHBIM KOJIbLIOM.

Ilo anamorum ¢ 31eKTPODWIBHBIM apOMATHUECKUM 3aMeIleHUEM,
OCYILECTBIISIIOIIMMCS Yepe3 KaTUOHHbIE G-KOMILIEKCHI (CM. TJ1.13), ms
HYKJICO(PMITHLHOTO apOMaTUIECKOTO 3aMEIeHNST MOKHO TIPEIITONIOXUTh
MEXaHU3M C yJacTHeM aHAJIOTMIHOTO aHWMOHHOTO G-KOMILIEKCa:

7 Nu Nu
© ©]
+ Nus @ — @ + Z
X X X

OjHaKoO apoMaTUYeCKHUe COENVHEHUs IO CBOEW IIPUPOIE SIBIISIIOTCS
T-OCHOBAaHUSIMHU, a HEe T-KUCIO0TaMH. [103TOMy B GOJIBIIMHCTBE CBOEM
OHM He CKJIOHHBI pearnpoBaTh ¢ HYKJIeopUIaMU TyTeM TIpUCOearHe-
HUS ¢ 00pa3oBaHMEM aHMOHHBIX G-KOMITIEKCOB. /11 apoMaTHyecKux
CcyOCTpaToOB, B KOTOPBIX 3aMECTUTENIb X He OUeHb CHJIbHAs 3JIEKTPO-
HOAKIIETITOpHAs TpYIa, MOBBIIICHWE CHJIBI HYKJIeodWiia, KaKk Ipa-
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BWJIO, HE TIPUBOAUT K YBEIMUYECHUIO CKOPOCTH OOpa30BaHUS aHUOH-
HOro o-KoMmIuiekca. OgHa M3 MPUYMH COCTOMT B TOM, YTO OTHOBpE-
MEHHO C BO3pacTaHUEM HYKJICO(MUIbHOCTU (CPOACTBA K YIJIEPOAHO-
MYy LIEHTPY) ropasao ObICTpee pacTeT OCHOBHOCTb (CPOICTBO K IpO-
TOHY) 4YacTulbl Nu: , U MO3TOMY HYKJIeohua neicTByeT Kak
OCHOBaHue, OTpbiBasi MPOTOH OT OeH30JibHOTrO KoJiblia (cM. 15.1), HO
He TMpUCOeaUHSIETCS MO aToMmy yriepoaa. M TonbKo B Tex ciyyasx,
Koraa X — CHIbHBII aKLeNTOp 3JMeKTpoHOB (Hampumep, X = —N"=N,
—NO,, SO,R u T.11.), peakuyg MOXeT UATA Yepe3 aHUOHHBIN G-KOM-
miekc (cMm. 15.4).

HccnenoBanus mokasaiu, YTO MeXaHU3Mbl HYKJI€O(UIBHOTO apo-
MaTUYECKOro 3aMelleHUs] OYeHb Pa3HOOOpa3Hbl, U TUM MeXaHU3Ma
3aBUCUT IJIABHBIM 00pa3oM OT MPUPOIbl apoMaTUYeCKOro cybcTpara.
HaubGonee pacrnpocTpaHeHHBIMU SIBJISIIOTCS MEXaHM3MbI OTILEIJie-
Hus — npucoenuHenus (15.1) ang Tak Ha3bIBaeMbIX HEAKTMBHUPOBAH-
HBIX CYOCTpaTOB, HE COAEPXKAIIMX CUJIbHbIE DJEKTPOHOAKIIENTOPHbIE
3aMecTuTesm X, U MNPUCOEIMHEHUST — oTueruieHus: (cMm. 15.4) mus
AKTUBUPOBAHHBIX CYOCTPAaTOB C CHJIbHBIMM 3JIEKTPOHOAKIETOPHbI-
MU 3aMECTUTEIISIMU.

15.1. MEXAHU3M OTIIEIIJIEHUA — ITPUCOEAVNHEHUA

HCaKTI/IBI/IDOBaHHBIe apuJraJloreHuabl, B KOTOPbIX XOTs OBl OJHO
n3 OBYX Ome-HOJ'[O)KGHI/Iﬁ IO OTHOLICHHUIO K aTOMy rajorcHa HE€ 3a-
HATO 3aMCCTUTEJIICEM, C CHUJIbHBIMU HYKJ'IGOd)I/IIIaMI/I pc€arupyroT 1mo mMe-
XaHN3MY, BKIIOYHAOLIEMY ITOCJIC€I0OBATCJIbHbBIC CTaAUN OTILUCIIVICHUA N

npucoeauueHus. Hykneodbun Nu:~ Ha nepBoii cTaauu ASHCTBYET Kak
OCHOBaHUE, OTUICTUISISE MPOTOH B 0pmo-TIONIOKEHUU K aToOMy rajore-
Ha apomaTuyeckoro cyocrpata. OTUWIEIUISIETCSI UMEHHO 0pmOo-TIPOTOH,
MOCKOJIBKY B apMJITAJIOTEHUAAX Opmo-TIPOTOH CaMbIii «KUCIBIi» (KUC-
JIOTHOCTh YObIBaeT B psny opmo-H > mema-H > napa-H). O6pa3osaB-
wmuiicst kapoanuoH (I) OeicTpo BbIOpachiBaeT aHMoH Hal ', B pe3ysb-
TaTe 4yero obpaszyercsi He3apsDKEHHAasi OYEHb HeCTaOWibHAs 4YacTUlla,
KOTOPYI0O MOXHO TIPEICTaBUTh B BUIE OCH30JBbHOTO KOJbIIA C TPOIi-
Hoii cBsaszbio (II). Ha aToM 3aKkaHUMBaeTCsl CTaausl OTIICTUICHUS:

Hal Hal
Q
H N
e —_— A
+ Nu —— + HNu —(9>
“Hal

X X X

4y oy
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Yactuupl tTuna Il moayyumnu HazBaHME apUHOB, WX AerUapoape-
HoB; eciiu X = H, T0 oOpasyercst neruapodeHsosn. B cBs3u ¢ aTuMm pac-
CMaTpMBaeMbIii B 9TOM pasiesic MEXaHM3M 3aMellleHUs] Ha3bIBaloOT apy-
HOBBIM MEXaHM3MOM.

Hanee cnenyer craausi npucoenuHeHuss HNu: K MoJekyse apu-
Ha, Beayllas K 0O0pa30BaHUI0 KOHEYHOTO MPOAYKTA:

Nu

C]
N o .0 >3 Nu
+ Nu —— +
X X X
l HNu: lHNu:
Nu H
H Nu
©
+ Nu:
X X

MexaHnU3M C TIPOMEXYTOUHBIM OOpa3oBaHWEM MErHUApPOOEeH30J1a
peay3yeTcsl TIpU 3aMeEIleHWN TaJIOTeHa B apwrajorTeHuaax, He CO-
JepKaLIUMX 3JI€KTPOHOAKLENTOPHBIX TIPYIII, aKTUBUPYIOLIMUX HYKJIEO-
dwunpHOe 3amenieHue. [Ipu 3aMelieHNM XJIopa B 0pmo-XJIOPTOIyOJIe
Ha TUAPOKCWIBHYIO TPYITy MpU HarpeBaHuu ¢ 15%-M BOOHBIM pa-
ctBopoM 1esnoun npu 350—400 °C nopn gapjieHHeM 00pasyeTcsl CMeCh
opmo- N mMema-Kpe3oJioB B cooTHoIeHnH 2 : 3. B Tex Xe ycioBusix n3
napa-xjioproyryosia 00pasyercss CMech Mema- U Hapa-Kpe3oJioB:

HOH
CH; + NaOH ———> CH; + CH;
350—400 °C,
30 MIla

Cl OH OH
2 3
HOH
Cl@’CHﬁ NaOH 350-400 °C, HOOCH3+ §;>7CH3
30 MIla HO
2 1

AHaJI0TUYHO IIpn B3aUMOAEUCTBUN opmo-XJIOpTOoJyoJa C aMUIOM Ka-
JIUA B 2KMAKOM aMMHMaKe o6pa3yeTCH CMECh opmo- N mema-TOJIyuIau-
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HOB, a 1-MeTOKCHU-2-xJIOpHA(PTAIMH B TE€X Xe YCJIOBUSIX AaeT 1-MeTOK-
cu-3-aMrUHOHa(TaIUH:

NH; Gknik (kunk.)
QC] + KNH2 33 °C 3C@ + H3CQ

CH, H,N NH,

OCH, OCH,
cl

NH; (XuIK.)
ow, MR Ay

OO6pazoBaHue cMeceil M30MepHbIX (DEHOJOB WMJIM aMMHOB O3HAyaeT,
YTO BO BCEX ITUX PeaKIUsAX MepBOHAYAIbHO OOpa3yeTcsl HeCcTaOWIb-
HBIl MHTepMeauaT, a UMEHHO apuH, KOTOPbI 3aTeM MpPUCOEeIUHSIET
HykieopuiabHblil areHT OH™ wmnm NH, ¢ Hu3Kkoit pernocenekTus-
HocTblo. Takoe mpenrnosoxeHue ObLIO BepBble BbicKazaHO B 1942 r.
I'. BurturoM, KOTopblil n3ydan peakuuio GeHuumThs ¢ GTop-, XJI0p-,
OpoM- U iombGeH3070M B 2hUpe, Ie HEOXKMIAHHO OKaszajaoch, YTO
CKOPOCTh 0Opa3oBaHUs 2-JTUTUIOUGEHUTa yMEHbIIAeTCI B PsLY
C¢HsF >> C(H;Cl > C(HsBr ~ CgHl. Ins1 o6bsicHeHUs1 0Opa3oBaHUs
2-1uTUiiodeHIa 1 aHOMaJlbHOM peaKkIIMOHHON CcrocoOHOCTH e-
HWITAJIOTeHUA0B BUTTUT MpeaioXua CAeayIolIyl0 CXemy:

C¢HsLi C¢HLi
O v imie] Q] = [ © |
a¢up; —78°C Q —LiF

NH,

Li F JETrnapo-
OeH30IT

OLi (I)H
C6H5 - C6H5 Ph—C-Ph

B 1953 r. JIxx.PoGepTc npuBen yoenuTelbHOe A0Ka3aTeJbCTBO 00-
pa3oBaHUs eruapodeH30Jila Kak MPOMEXYTOUYHOTO MPOIyKTa B peak-
LUK XJI0pOeH30/la C aMUIOM Kajiusl B XXUAKOM amMMMake. XJIOpOeH-
30J1, MEUEHHBI B IMOJIOKEHUU | pagroakTUBHBLIM M30TOIIOM 14C, 00-
pa3yeT TOYTU PaBHBIE KOJIWYECTBA aHmwmHa-1-'*C u anwmna-2-'*C:
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NH; (xuax. c®
QNNHzL‘i) Q LY |~
3%

.é) k —

Cl Cl

O | 09

NH, BaHUE
(48%) (52%)

[Iportecc MPOMBILIICHHOTO ITONIyYeHUs (eHoja M3 XJIopOeH30J1a
TaKKe MICT Yepe3 CTaIUio z[erI/Iz[po6eH3ona'

Cl
4M NaOH_ © ©/0H
340 °C, H,0
(58%) (42%)

OnHO M3 10Ka3aTeNbCTB, MPEACTaBIEHHbIX BMIOCIEACTBUU BuUTTHU-
rom (1956) B moJb3y CylleCcTBOBaHUSI AErMAPOOEH30J1a, OCHOBbIBA-
JIOCh Ha yJaBJIMBaHUM 3TOTO KpailHe HEeCTaOUJIbHOTO MHTepMeauaTa
Kak aveHoduaa ¢ MOMOUIbI0 AMEeHOB B peakuuu Junbca—Asbaepa.
Tax, npu BCTpsIXMBaHUU pacTBopa opmo-hTropdpombeH3osia B (ypa-
He C amajbramoi JuTusi Obul mosydyeH 1,4-nuruapoHadraiuH-1,4-
9HJO0OKCHU]l, KOTOPbIM MpW KUCJIOTHOM THIAPOJM3Ee TpeBpallaeTcs B
1-nadron:

Br . Li 1
F -LiBr F
— “
CH3OH

(76%) (90%)

IIpu ncroNb30BaHNM B KadyeCTBE IMEHOBOM JIOBYIIKHU JIETMIPOOEH30-
Jla aHTpalleHa 00pa3yeTcs CBOCOOPA3HBIN YIIIeBOAOPO/, Ha3bIBAEMBINA
TPUNITULICHOM:
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T I (s e
— = D | _—
F

£ TT®; 60 °C

- > O/ O TpunTuLeH (28%)

IIpu oTCYyTCTBUM HYKICO(MUIbHBIX areHTOB WJIM OPYIUX <«JIOBYILIEK»
JeruapoOeH30J1 TIpeBpallaeTcsl B auMep (AudeHuaeH) u TpuMmep (Tpu-

deHuIeH):
by (J
Li—H
L S| Q| — QD - T
F a¢pup
nudeHnIeH ‘

(24%) TpudeHmIeH
(3%)

15.1.1. CIIOCOBbI TEHEPAIIUU JETUJAPOBEH3O0JIA

B HacTosiee Bpemsi pazpaboTaH psii METOJOB I'eHepaluud KOPOT-
KOXXMBYILETo JeruapodeH3ona. Mbl IipuBeneM HaunOosiee BaxHbie. Mc-
TOPUYECKHU TMEPBBIM METOAOM OOpa3zoBaHUS AeruapoOeH30Jia ObLIO
B3aMMOJCHCTBUE apUITaJIOTeHUIOB C CUJIBHBIMU OCHOBAaHUSIMU (aMU[
Kanusi, GeHWUIUTUM, TUNepuan JUTus u ap.). O6pazyrouuiics mpu
9TOM AErMApPOOEH30J1 Jajee B3aMMOACUCTBYET C OCHOBaHUEM C 00-
pa3oBaHUEeM KOHEYHOIO MPOAYKTa HYKJIeO(UJIbHOrO 3aMellleHUs ra-
JoreHa. IToaToMy 3TOT MeTon HeymoOeH AJisl M3yuyeHUs CTaOUIbHOCTU
apUMHOB. DTOro HemocTaTKa JUILIEHbI APYTUe METOIbl, OCHOBAaHHBIE Ha
TreHepaluyuy apuHOB M3 apUJaHUOHOB, COAEpXKAIUX B 0pmo-TIOJIOXKe-
HUM XOPOILLYIO YXOISIIYIO Tpymily. TakoMy YCJIOBMIO YIOBJIETBOPSIOT
TpUBEICHHBIE BBIIIE pEaKlMU 0pmo-AUTaIoTeHOeH30JI0B ¢ amMajbra-
MO JIMTUSI WM MarHusl. B aTUX peakuusix 1eruapo0eH30s oopa3yeTcs
U3 0pmo-rajoreH3aMelleHHbIX apui-aHMOHOB MPU OTILETUICHUU Ta-
JloreHua-uoHa. bojee ymoOHbI criocod oOpa3oBaHUS AETUAPOOEH-
30Jla OCHOBAH Ha JMa30TUPOBAHUU aHTPAHUJIOBOM KMCIOTbI aMUJIHUT-
putom B TT'® winu npyrom opranuyeckoM pactBopurene (CH,Cl,) c
00pa3oBaHUEM OTHOCHUTEIbHO CTAOUJIBHOIO OeTamHa 2-KapOOKCUOeH-
30JIAMA30HMS. DTOT OEeTauH NMpPU HarpeBaHUU WM OOJydYeHUHU pas-
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Jlaraetcsi ¢ CUHXPOHHBIM oTilerieHueM azora u CO, ¢ obpa3zoBaHU-
eM JeruapoOeH30Ja:

®
@(NH2 CsH;,ONO N=N
TId; —10°C o

COOH ’ COO

hv wu £ l
—— | Qb

DTO OOVH M3 JIyUIIUX W Hanbojee MPOCTBIX METOIOB TeHepalu Jie-
TUAPOOEH30J1a, TTOCKOIBKY BBIXOM MPOAYKTOB 3aXBaTa Pa3IMIHBIX M-
€HOB OOBIYHO TMpeBbIIaeT 75%. AHAJOTMYHBIM CITOCOOOM JETHApPO-
GEH30JT MOXET OBITh TEHEPUPOBAH W TIPU TUAa30THUPOBAHUU Opimo-aMU-
HOOEH30JICYTb(UHOBON KHMCIOTHI, B Ka4eCTBE ITPOMEXKYTOUYHOTO
COCIMHEHUST TIpM 3TOM oOpasyeTcs OeH30TWMammnasoii-1,1-mrmokcun,
KOTOPBIN TIpU TEPMUYECKOM Pa3IOKEeHUN MU (POTOIM3E paCIIEInIsI-
eTcsT ¢ obpa3oBaHMEM AeTUIPOOEH30IA:

aHTpaLeH
+CO,tN, % tpuntrieH (75%)

NH, HNO, NS
H,0 10=°C N
3up— ;—
SO,H 2Pup—H, 0
OeH30Tuagua3oI-
-1,1-muoxkcun
e [©|] +80,+N, _HOH ©/
(88%)
@ CH,0H OCH,
==
s( CH3OH —50 °C

(95%)

OkucieHue AOCTYIMHOro |-aMMHOOEH30Tpras3oia B OUeHb MSTKUX
YCJIOBHUSIX TETpaalleTaTOM CBUHLIA WIW JAPYTUMU OKUCIMUTENISIMU TIpU-
BOJUT K JAErMApPOOEH30J1y B KaueCcTBe MHTEepMeauara:

I o, @@@ = CIE
- CH,Cl,; —=78°C
212 N/)

ITJ & 1@

NH, oN
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Cpenu Ipyrux HEUTpasibHbIX YXOASIIMX Tpynn Haubosiee 3¢ dek-
TUBHBIM OKa3bIBaeTCs HombeH3o0J. Hampumep, mpu TepMUYECKOM pas-
JIOKeHUHU 2-KapOOKCUANMEHUINOIOHUS B IIPUCYTCTBUU TeTpadeHUI-
LUKJIONEHTaAMEHOHA KaK PeaKIMOHHOCIIOCOOHOro aueHa oOpasyeT-
ca TerpadeHrmHadTAIMH ¢ BeIXomoM 68%:

©)
on o > || + CeHsl + CO,—>
o 150 °C; gurnmum

COO
Ph Ph

Ph : Ph bh

o Ph
NSO
Ph

Ph

Hernapo6eH30y1 B KaueCTBE MHIMBUIYATbHOTO COCAMHEHMS, a He
MpeAIoIaracMoro MHTepMeaaTa BIIepBbie ObLT 3a(bMKCUPOBAH TOJIb-
ko B 1973 1. npu doronuse ¢brasonanepokcuaa win OeH3UUKIO0Y-
TeH-1,2-1MOHa B TBepAOI aproHHoi Marpule rnpu —265 °C. Yke npu
—230 °C oH J1erko B3aMMOJEUCTBYET ¢ (PypaHOM:

o)
cZ _0
O  hv hy 2
| — | << ¢
0 —265°C —265 °C S
C ~o0
o

15.1.2. CTPOEHHME JETrMAPOBEH30.JIA

Jl1sl TpaBUJILHOTO TOHUMAHMSI CTPOEHUSI JIeTuapoOeH301a Heo0-
XOIUMO VMMETh B BUAY, UTO TIPU Sp-TUOPUAN3AIINM IBYX aTOMOB yTJe-
poma, CBSI3aHHBIX TPOMHOM CBS3bI0, BAJCHTHBIA YTOJ HOJKEH OBITh
paBeH 180°. DTo o3HayaeT, YTO 3TU JBa aToMa yIJiepola M JIBa aroma
yIiIepoaa, HEIMOCPEeACTBEHHO C HUMM CBS3aHHBIC, JOJDKHBI OBITH pac-
MOJIOKEHBI JTMHEWHO. B IIecTMWwIeHHOM IWKJIe AeTHIpPOOEH30Ia 110
TeOMETPUIECKIUM COOOpakeHNSIM 3TO HEBO3MOXKHO. [1oaToMy BTOpas
«T-CBSI3b» «TPOMHOM CBSI3W» OETUAPOOEH30Ja, JieXKalass B TIOCKOCTH
KOJTbIIa JeTHUApPOOeH30J1a, MOXKET 00pa30BaThCs TOJIHKO 3a CUET Tepe-
KPBIBAHUSI Sp°-TUOPUIHBIX OPOUTAJICH COCEIHNX aTOMOB yriepoma. [1pu
GOKOBOM TMEPEeKPBbIBAHUN sp°-0pouTaneil (HAXOMSILINXCS B IUIOCKOCTU
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OEH30JIbHOTO KOJIblla) 0Opa3yeTcs CBsI3b MPUOJU3UTEIBLHO BABOE Clia-
Oee OOBIUHON T-CBSI3U, TaK KakK 3TU JBE Sp2—0p6I/ITaIII/I CWJIBHO yaaje-
HbI IpYT OT Jpyra, 4YTO Pe3KO yMEHbIIAET 00JIaCTh UX MEPEeKPbIBAHUSI.
XoTs Jeruapo0eH30J] U OTHOCUTCSI K apoOMaTUYECKUM CTPYKTypaMm,
YAOBJIETBOPSIOIINM TIpaBUIy XIOKKenst (4n + 2), OH OYeHb CKJIOHEH
K npucoearHeHuto. OaHaKO B peaklusX MPUCOECIUHEHUs y4acTBYET
HE apoMaTUYEeCKUI CEKCTEeT, a OPTOrOHajbHAsl eMy OOKOBasi T-CBSI3b:

o06y1acTb NepeKkpbIBaHUST GOKOBOU
TT-CBSI3W B JICTUIpOoOeH301e

PeakuirionHast cnocOOHOCTb IETMAPOOEH301a U APYTUX apPUHOB UYpe3-
BBbIYATHO BeJIMKa, BCJIEACTBME YErO IMPOMEKYTOUHBIC COCAUHEHMS Ta-
KOTo THUIIa HUKOIAA HE YIaBaJloCh BBIACIUTh B HOPMAJIbHBIX YCIOBUSIX.
CnekTpockonuyeckue AaHHbIe YKa3bIBalOT Ha MX CYILIECTBOBaHUE B Ta-
30BOI1 (hase nulIb B TeUEHUE HECKOJIbKMX MUKpOCceKyHA. Heycroituu-
BOCTb apMHOB OOYCJIOBJIEHA TE€M, YTO B OOKOBOIl m-CBSI3M TEpeKphbIBa-
HUe TUIOXOE, U BCJIEACTBUE STOTO BO3MYILEHUE Sp’-THOPUIHBIX OpOH-
Tajeit, o0pasylolux 3Ty CBsA3b, HeBeauko. ChemoBaTesnbHo, B3MO
OOKOBOI1 T-CBSI3M pacIioyioXkeHa 3HauuTeIbHO Bbille, a HCMO — 3Ha-
YUTEJbHO HUXKE COOTBETCTBYIOLIMX TPAHWYHBIX OpOWTaNeil HOpMalb-
HOM m-CcBd3M B aueTwieHe. [1o 2Toi mpuyrHe apuHbl SHEPTUYHO MPU-
COEIMHAIOT MO0 OOKOBOWM T-CBS3M JIaXK€ OUYEHb ClIaOble HYKJIEOMUIbI, U
CEJIEKTUBHOCTb TIPU TIPUCOCAMHEHMH PA3JIMYHBIX HYKJIeO(pUIOB Mana.
Tak, Hampumep, OTHOCUTEIbHAsE aKTUBHOCTb TaJIOTEHUI-UOHOB MO OT-
HOILLIEHUIO K JeTUAPOOEH30Jy YMEHbIIaeTCs B Psay 19(60) > Br@

(10) > Cle(l). DTaHOJI, METAHOJI U APYTHEe CIIUPTHI PearupyroT ¢ HUM
JIMIIIb B CTO pa3 MeajieHHee, yeM OpoMUI-MOH. PeakliMoHHas crioco0-
HOCTb JIETMAPOOEH30JIa 10 OTHOILIEHUI0 K HYKJIEO(MUIHLHBIM areHTam
yOBIBaeT B psAy RS® > (C6H5)3C@ > C6H5CEC6 > EHOJISIT-UOHBI >

> C6H506 ~1°5B°>C1® >ROH - H,0, xapakrepu3syrommm nerua-
POOEH30.1 KakK JIETKO MOJISIPU3yeMyIo MSITKYyo KuciaoTy Jlbtouca. Jlerkas

MOJISIPU3YEMOCTb OOYCJIOBIIEHa Y3KOI SHEPTeTUYECKON IIEeTbI0 MEXKIY
B3MO n HCMO.

578



15.1.3. CTPYKTYPHBIE D®DEKTHI
B APUHOBOM MEXAHU3ME 3AMENIEHUSA

YTo6bl MpaBUILHO OOBSICHUTH BIMSIHWE CTPOEHUSI apoMaThyec-
KOro cybcTparta Ha CKOPOCTh peaklUU 3aMelleHUsl, HEOOXOIUMO yC-
TaHOBUTh, KaKasl U3 CTaJuil TMpoliecca SIBISIETCS] caMOi MeIJIEeHHOM.

ITpu mpoBeaeHUU peaklMK PaBHOMOJIEKYJISIPHOM cMec OpoMOeH-
30J1a U 0pmo-AeuTepoOpOoMOEH30/1a ¢ HEAOCTATKOM aMMl-aHMOHA Bbl-
JIeJICHHBIII HempopearupoBaBLIMN OpOMMI COAEPKUT OOJbllIe AeiTe-
pobpomOeH3oiia, yeM OpomOeH3oyia. M3 aroro dakra ciemyer, 4To
JIeiTepoOpoMOEH301 MEeHee peakKIIMOHHOCIIOCOOeH, YeM OpoMOeH30,
a Takxe To, 4yto otinervienne H" wiu D™ non nevictBuem NH, mpo-
WCXOOWUT B MEMICHHYIO CTaaWi0 PEeaKIuU, OIPEIe/ISIONIyI0 CKOPOCTh
rpoliecca B LEJIOM:

Br _
NH, (NHj;)
MEIJIEHHO
\]'\
Br = NH,
@ OBICTPO NH, (NH>)
—_—
‘0 ObICTPO
T
@ NH, (NH;)
MEJIJIEHHO

D

H

J

opmo-eiitepodropObeH3on oyeHb MelieHHO pearupyer ¢ NH,
MpeBpallasicb B aHWJINH, HO OBICTPO TepseT CBOM IeiTepuii, masas
HeMe4eHbI (PTOpOEH30IT:

F F

b NH, (NH,)

>

M B oTOM Cciyyae Ha MepBOil CTaAMM OTLICIUISIETCS] MPOTOH (Heii-
TepOH) ¢ oOpa3oBaHMEM KapOaHMOHa, HO, IpeXIe YeM B KapOaHU-
OHE pPa30pBETCsl MPOYHasl CBsI3b yriaepoa—@Top, KapOaHUWOH pearu-
pyeT ¢ aMMHakoM (HEeMEUYeHbIM), B pe3yjbTaTe Yero pereHepupyeTcs
(bTopOEeH30JI, HO yXXe He coaepKallUuil AedTepus.

B cnyyae opmo-neiitepobpomMOeH30/1a pa3pblB OTHOCUTENBHO Cla-
6ot (mo cpaBHeHuto ¢ C—F) cBsisu C—Br B kapOaHMOHE MpoTeKa-
€T ropasao ObIcTpee, YeM MPOTOHMPOBAHUE IO NEHCTBUEM aMMua-
Ka, U KapOaHUOH, KaK TOJbKO OH oOpasyercs, TepsieT OpOM-aHMOH,
npeBpallasich B neruapoodeHson. 1o sToil mpuyMHEe MU3O0TOMHBIA 00-
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MEH Bojopoaa B OpoMOeH30Jie He OCYILECTBIISIETCSI B 3aMETHOI CTe-
neHu. He uckioueHo gaxe, 4To OTPhIB IPOTOHA U OTIIEIIEHEe OpOM-
aHMOHA TIPOTEKAET CMHXPOHHO, B OMHY CTaauWIO.

OO11as1 cxema 3TUX IPOLIECCOB MOXKET ObITh M300paXkeHa CJIEHYIO-
LM 00pa3oM:

X X
a) o
i k, ’,
+ NH, + NH;
k—l
6) X
..@ k2 + X@

g X=Br  k, >>k_
i1 X=F ky <<k

ITpomexxyTouHoe oOpa3oBaHME AerMapOOEH30J1a JOJKHO OBITh He-
BO3MOXHBIM B ciIydae 2,6-au3aMellleHHBIX TaJIorTeHOSH30JI0B.

JleificTBUTENIbHO, HANpUMEDP, B ciaydyae 2-OpoM-3-MeTOKCUTOJIyoJia
OpoM He 3aMellaeTcs Ha aMUHOTPYIIITY:

Br

HsC H
3 ©
NH, (NH
2 (NHy) (peaxkuyst He UIET)

B 1iesioM MOXHO cKazaTb, YTO BO BCEX CJyyasix CKOPOCTb peak-
1IMM 3aMELIEHUs] TI0 apMHOBOMY MeXaHU3My (OTLIEIUIEHUSI — MpU-
COCJIMHEHUS) OMpeaesieTcs CKOPOCTbIO 00pa3oBaHUS apuHa, 4YTO
€CTeCTBEHHO, TaK KaK aphHbl OU€Hb PEaKIIMOHHOCIIOCOOHbBIE COEU-
HEHUS, MO3TOMY BTOpas CTajus NMPUCOEAMHEHUS UAET OUYE€Hb ObICT-
po. OmHako OTIIeNJeHUe TaJoreHOBOAOPOIa, MPUBOISIIIEEe K apu-
HY, COCTOUT U3 JBYX CTaJMii: OTPbIBA MPOTOHA W OTILEIJIEHUS Tajo-
TeHUI-UOHA OT apUJILHOTO aHUOHA (cTaauu k| u k,) U B 3aBUCUMOCTU
OT TIPUPOABI rajoreHa M OCHOBaHUs (HyKJeoduaa) aobdas U3 STUX
CTaAU MOXET CTaThb CaMON MEIJIEHHON, ONpeNessiolleii CKOPOCThb
o0Opa3oBaHMsI apuHa.

3aMellleHHbIe apuHbI MOTYT JaBaTh Ba Pa3HBIX MPOAYKTa, COOT-
HOIIIEHUE KOTOPBIX 3aBUCUT OT OTHOCUTEJIbHBIX CKOPOCTEN ajibTepHa-
TUBHBIX MyTei OBICTPOU CTaaAUM MPUCOECAMHEHUS K apUMHOBOMY WH-
TepMeauary.
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Ilpn neiictBum amuna kanus B xugkoM NHiz Ha opmo-, mema-
WU napa-3aMelieHHble TaToreHOEH30bI MOTYT 00pa30BBIBATLCS JIHIIh
nBa apuHOBbIX uHTepMenuaTa (I u II, cM. mpuBeneHHYIO HIKE CXEMY),
npucoeauHeHue Hykieoduna (B naHHoMm ciayyae NH, ) K KOTOpbhIM
MOXeT IIPUBECTU K 4eTbipeM KapbaHuoHam — III, IV, V u VI:

@( o

Hal opmo-

opmo- X NH,
\Ci @ ()

Hal / I X av) mema- X
X

mema- NH2

: X X
1l o M
\NHz
Hal S}
a H,N NH H,N o
3
—_— + NH,
X X

vp > napa-

\/

W13 opmo-3aMenieHHOro rajoreHOeH307a MOXeT 00pa30BaThCs
quib I, U3 napa-3zameiieHHoro — Juiib 11, a U3 mema-3amellleHHO-
ro oba M30MEPHbIX 3aMeleHHbIX JeruapodeHsona. M3 1 obpazyroTcs
kapOanuons! III u IV, a u3 II — xap6anuonsl V u VI. Peakuus nnet
yepe3 MpeuMyllecCTBeHHOe oOpa3oBaHue Oosiee cTaOMJILHOTO KapOa-
HUOHA (eC/IM CUMTaTh, YTO MEPEXOJHOE COCTOSIHHME TMPUCOEAUHEHUS
K JeTUapoOeH30aM 10 CTPYKType Onuxke K KapOaHUOHY, UyeM K Je-
ruapobeH3ony). ITockosibKy B KapOaHUOHE (M MMOXOXEeM Ha Hero me-
PEXOIHOM COCTOSTHMU) OpOUTaNlb, Hecylllas OTPULATeIbHBIN 3apsi,
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OpTOroHajibHa T-CUCTEME OE€H30Ja, TO COINPSIKEHUS MEXAYy HUMU
HET, U, CJIeNOBaTeIbHO, BIUSHNUE 3aMECTUTENSI TOJXKHO OBITh B OC-
HOBHOM CB$I3aHO C €ro MHAYKTUBHBIM 3 deKTOM U 3(PPEeKTOM MOJs.
(—1)-3amecTuTeNnn, MPUTITUBAIOIINAE 2JIEKTPOHbI, JOJKHBI CTaOMJIM-
3UpOBaTh OTPUIIATESIbHBIN 3apsi B COCETHEM TOJIOKEHWH, M TTO3TO-
My | TIpy HaMTMYMK TaKWX 3aMeCTUTeNIel OyIeT MaBaTh MPEUMYIIeCTBEH-
HO aHuoH IV. AHaJlOrMYHO, XOTS M C MEHBIIMM pa3inuyueM, TaKue
3aMEeCTUTENIU JIyullle cTaObunu3upyrotr mema-anuoH (VI), yem napa-
aHuoH (V), u noatomy Il n1o/KHBI MPEeUMYILIECTBEHHO 1aBaTh aHUOH VI.
(+/)-3aMecTuTENN, T.e. MHAYKTUBHBIC TOHOPHI BJCKTPOHOB, OKa3bIBa-
10T TIPOTUBOIIOIOXHBIN 3eKT. It HUX MyTh peaKlMKU Yepe3 aHMOHbBI
III u V npeamnoururenbHee myTeil yepe3 aHuoHbl IV u VI

Me3omepHbIil 3¢ @deKT 3aMecTuTesied Uurpaet, KOHe4YHO, BTO-
PUYHYIO POJIb, HO BCE XX€ MM TpeHeOpeub Helab3sa. Ecnu Bxomsimit
HyKJIeodua (B paccMaTpuBaeMOM Cliydyae aMUHOIPYIIa) UMEeT He-
MOJIEJICHHYIO Mapy 2JIEKTPOHOB M €CJIU TePEXOTHOE COCTOSTHUE TTO3I-
Hee, T.e. cBsI3b C—N B HEM B JOCTATOUYHOI cTeneHu chOpMUPOBAjach,
TO BO3MOXHO COMNpPSIXKEHWE HEMOJEJCHHOU Mapbl ¢ T-aKUENTOPHbIMU
(—M)-3amecTuTeNnsIMA, 4TO AOJKHO TOHU3UTh SHEPTUIO TEPEeXOTHO-
o COCTOSHUSI. DKCHepUMEHTaJIbHbIe JAaHHBIE, NMPUBEACHHBIE B
Tabj. 15.1, moATBEepKIAIOT TaKyl0 TOUYKY 3PEHMSI.

Tabnumuoma 15.1
Iponykrer peakunn XC H,Br ¢ KNH,/NH; (%)

X Hns opmo-XCgHyBr (uepes I) Hnst napa-XCgHyBr (uepes 11)
opmo- mema- mema- napa-
F 1 > 99 2025 75—80
CN 10—15 85—90 0-5 95—100
OCH; 0—5 95—100 45-50 50—55
CH; 55 45 60 40
(O 85—90 10—15 100 0

®top, cuibHbI (—[)-3aMeCcTUTENb, CIIOCOOCTBYET 0OpPa30BaHUIO
MOYTU UCKIIOUUTENbHO Mema-TipoaykTa (depe3 aHuoH IV) uz I u B
MEHbIIEH cTeneHn o0pazoBaHMIO napa-tipoaykra u3 Il. IluaHorpyma
no uHayKTuBHOMY (—/I)-3ddexTy cpaBHUMA ¢ ¢pTopoM (cMm. 2.3, 4. 1),
HO OHa 00JlafaeT K TOMY e U CUJIbHBIM (—M)-a3ddekroMm. Meszomep-
Hblit apdekt mexny NH, u X=CN B anuone VI yBenuuuBaeT cra-
OMJIBLHOCTBL 3TOro aHuoHa (odOpasywuierocst u3 I1), Ho He TposiBIsieT-
cs B ciydyae aHMoHa V. CienoBatenbHO, aHMOH VI noykeH ObITh cTa-
OusbHee aHMOHA V HE TOJbKO M3-3a MHIYKTUBHOTO, HO M HU3-3a
me3omepHoro addekra CN-rpynrbl. C Apyroii CTOpOHbI, B cIydyae aHU-
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oHoB III u IV (obpasyroniuxcst u3 I) mezomepHbiii adpdekt CN neit-
CTByeT B MeHee crabuibHoM aHuoHe III; oH cTrabuausupyer 3TOT aHU-
OH, HO He JeylaeT ero Oojyiee CcTaOMIBHBIM, yeM aHMoH IV, Tak Kak
TJIABHYIO POJIb BCE BpeMsI UTPaeT MHIYKTUBHBIN 3P (KT 3aMeCTUTENS
X. DTO PUBOAUT JIUIIIL K TOMY, YTO JOJISI BTOPOCTETIEHHOTO MPOMAYK-
Ta B ciyyae I (opmo-) Oomblie A0OIM BTOPOCTEIIEHHOIO MPOIYKTa,
ob6pazyrwerocs u3 Il (mema-) (cM. tadn. 15.1). Metokcurpymnima Be-
JIeT ce0s1 aHAJIOTMYHO (PTOpY, HO ee BiausHUE ciadbee. MeTuibHas TpyII-
na uMeeT HeOomblioil 3ddexkr +/. I'pynma —O  (okcumHasl TpyIina)
SIBJISIETCSI CWIbHBIM (+[)- U cribHBIM (+M)-3amecTuteneM (CM. I 2),
1 TI03TOMY €€ BIMSHHUE TUAMETPATbHO TPOTHMBOTIOIOXKHO BIUSHUIO
CN (—1, —M-rpynrbi).

15.1.4. BUHUKINYECKHUE APUHBI U TETAPUHBI

Kpome perumpoOeH30j1a M3BECTHbI MHOTHME OPYrue AEruapoape-
HBl U JETUIPOTETapeHbl, 00bEANMHIEMbIE OOIIIMM TEPMUHOM <«apUHBI».
Mertonpl MOAYYeHUS STUX YACTHUI aHAJOTUYHBI METOIaM, MCIIOJIb3ye-
MBIM [JIs TIOJlydeHMsI 1 (puKcaluuu JeruapooeH3ona. B kauecTse mpu-
Mepa MpuBeIeM MoJIyYeHue OMUMKIndeckoro 1,2-mermapoHadTalinHa
U TeTepOLUKINYecKuX apuHoB (3,4-merumponupuavHa u 3,4-merum-

POXUHOJIMHA):
F
+ [(CH;),CH],NLi L(CH,),CHI,NE S —>
>
LI emern S

N[CH(CH,),],

[(CH3),CHI,NH “ “—N[CH(CH3)2]2
ac¢up; —78 °C

5 (13%) (87%)

COO
® / \

N=N . ~ / \ a
| ~N ¢ | AN O | AN
NG dbypan N N (60%)

Cl

o 0

~
X Li-Hg @\j 0 \Lng
& Pypa N NG
(9%
peHaHTpUANH
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15.2. MEXAHU3M Syl C YHACTUEM
CBOBOJIHBIX PAJIUKAJIOB

B 1970 r. JIx.banHeT copmyanpoBal aHUOH-paAUKaIbHBIA Me-
XaHM3M HYKJIeO(DWIHBHOTO apOMATHUECKOTO 3aMEIeHNSI W TIPEITOKIIT
MPUHILMITUAIBHO HOBBIA CIOCOO aKTUBALIMM apOMAaTMYECKUX COEIM-
HEHUIi, He coAepxKallUX aKTUBUPYIOLIUX 3JIEKTPOHOAKLENTOPHBIX 3a-
MECTHUTEJeH, B HYyKJIeO(MIBHOM 3aMEIleHNH TajloreHa. DTOT MeXaHU3M
0003HauyaeTcss CUMBOJIOM Spyl (3amellieHre paauKaibHO-HYKIEOhUb-
HOe, MOHOMOJIEKYJsipHOe). Peakiiuss MHUUMUPYETCSI TEPEeHOCOM Of-
HOTO 3JIEKTPOHA OT BOCCTAHOBUTENS K apuirajioreHumy. B kadecTse
BOCCTaHOBUTEJISI-MHULIMATOPA PAAUKATLHON 1IETTU MOXKET ObITh UCIIONb-
30BaH TaK Ha3bIBa€MbIil «COJbBATUPOBAHHBIN 2JEKTPOH», KOTOPBI
00pasyeTcs TIpM PaCTBOPEHUN METATMYSCKOTO KaJaus WA HAaTpUs B
KUIKOM aMMHUake, HO OOBIYHO (DYHKIMIO OIHORJIEKTPOHHOIO BOC-
CTAQHOBUTEJISI BHITIONHSIET caM HykieobmwibHbli areHT Nu:©. B atom
caydJae IJISi MHUIMMPOBAHUS peakiuu Tpebyetcst YD-obmydeHne. B
pe3ynbTare MmepeHoca OJHOTO BJleKTPOéa Ha MOJIEKYJIy apujrajiore-
HMIAa o0pa3yeTcsl aHMOH-paguKal ArX  , M3 KOTOPOIo NpW OTLLEM-
JIEHWW TaJIOTeHUI-MOHA TTOTydaeTCs (gpnn—pa/:[I/IKan Are. OH npucoe-
JUHSET Hygleoq)Mbeuﬁ areHT Nu™~ c oOpa3oBaHHEM aHUOH-PAIU-
Kkana ArNu~ . IlepeHoc ajeKkTpoHa OT aHMOH-paaukana ArNu~ K
HUCXOAHOMY cyocTpaty ArX 3aBepliliaeT pa3BUTHE UOH-PAIKaJIbHON LIeTH.
Tpu craguu 3TOro aHMOH-pPaAAMKAIbHOIO Mpoliecca MOIYT ObITh BbIpa-
SKEHBI C TIOMOIIBIO CIIeAYIOIIE TTOCIeA0BaTeIbHOCTH TIPEeBPAIICHMIA:

_ ®
UHULUUPOBAHUE ArX + ¢ —> ArX
pazsumiue yenu ArX@—> Are + XG
Are + Nu@—> ArNu@

ArNu@ + ArX —> ArNu + ArX@

00pblL6 uenu Ar- + pacrBoputenr —> ArH

HetpynHo 3amMeTuTb, YTO HYKJIEO(MUIbHBINA areHT Nue CILyXKUT

«JIOBYLLKOM» JJIsI pagukaga Are, U 3Ta CTaausl SIBJISIETCS KJIHOUYEBOM
JIJIS1 pa3BUTUsI MOH-PaAMKaAIbHON Lenu. Apuiiioauabl 6ojiee CKIOHHbI
K BOCCTAaHOBJICHMIO 10 aHMOH-PAIMUKAIOB MO CPaBHEHUIO C apuiIOpo-
MyUgaMyd 1M TeM Oojiee apuixjiopuaaMu U apuwidtopugamu. IToaromy
TPUMETUINONO0EH30Jbl PEATUPYIOT C AMUAOM Kalud Mo Spyl-mexa-
HU3MY, TOTAA KaK [/l aHAJTOTUYHBIX XJIOp- U OPOMIPOU3BOAHBIX pe-
aqM3yeTcsl apvHOBBIH MeXaHM3M 3aMelleHUs rajoreHa Ha aMHMHO-
rpymmy. OmHaKO 3TO HE O3HAYaeT, YTO apuIOpOMUABI U apUIXJIOPHUIbI
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HECIIOCOOHBI BCTYIATh B peakUMU MO MexaHusMy Spyl ¢ momxons-
MU HYKJI€OMDWIBHBIMU areHTaMU W TIPA COOTBETCTBYIOIIEM CIIOCO-
0e MHULUMPOBaHUs LIEITHOro mpouecca. B o01ieM Buae LEMHYIO peak-
o Spyl MOXHO MPEeACTaBUTH CAENYIOLICH cxeMOW, rae Z — yXons-

1as rpyrmna, a Nue — HYKJICO(PUIbHBIN areHT:

yanW

ArZ + ¢ —> ArZ ArNu®

ArNu ArZ

Huxe mpuBeneHbl HEKOTOpbie HaubOojee TUIMYHBIE W BaXKHbIE
MpUMeEpbl peakiiuii, B KOTOPHIX peaqu3yeTcsl 3TOT MEXaHU3M 3aMe-
LIEHMS TaJloTeHa Ha caMble Pa3HOOOpa3HbIe TPYINbl. B KauecTBe HyK-
JIeO(UIbHBIX areHTOB MCIOJb3YIOTCS €HOJSIT-UOHbI, TUOJST-UOHBI,
KapOaHMOHBI, aMUII-UOH, aHMOHBI pa3InYHbIX (hochopopraHMIYECKUX
coequHeHuil, aHuoHel R;0, tne O = Si, Ge, Sn, u npyrue Hykieo-
(bunbl, HO HEe aNKOKCUA- WU (PeHOKCUA-UOHBI (Taba. 15.2).

Tab6nanuma 15.2

ITpumepsl HyKJI€o(hHILHOTO APOMATHYECKOTO 3aMelleHHs MO MexaHu3My Spyl

)
L. F + C¢HsS LS SC¢Hs  (96%)
NH;(ku.)
I
©
2. Cl + CHS — > SCH 0
6757 NH,(kuax.) oHs  O0%)
1 SCeH;
0
3 0@ 7
- HyC I+ (RO),P— OK ———> H,C P=—OR (95%)
H3(}KI/II|K) \

OR

Jlnst MHOTUX M3 TIpUBEACHHBIX B Tabjd. 15.2 coeaMHEHUIT TPYIHO
MPEUIOXUTh KaKOW-IM00 pallMOHAJIbHbINM albTEPHATUBHBIA CIOCOO
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IIpomonxenue Taba. 152

v
4. @Br + CH,—C—CH; ———> C¢H;CH,COCH; + (C¢H),CHCOCH,

| NH;(kmix.)
K@ ) \O (86%) (14%)
@
5. <:>70 K+ C4H;Br L» —O0 (72%)
e NH;(xuix.)
CeHs
CH; CH;
6 S] / \ 7
H,C Br + H,C N _™ o HC CH, N
@ NH;(xunk.) —
cuy, ¢ CH, (89%)
1 i
® 0
7. CgHsC —@—Br + K CH,~CN N o cHC —@CH2CN
NH;(xux.) (97%)
cl CH,CN

®0 I
8. + KCHCN ——> (89%)
NH;(knik.)
NH3()KI/IILK )
C

C6H5 6H5
(57%) (23%)
\
0. ¢ N 4 CH,—C—CH, _m_, / CH,—C—CH, (65%)
— =N NH;(kmix.) )
©,0
Br
I
CH CH,CH —C—CH,CH,4
H,C CH
1. H,C I+ CHy—CH-C—CH,CH, M 3
S NH;(kmiK.) (24%)
CH,
CH,
) 10 CH
~N ~7 v X 30 CH,
12 _|_+ CHT-C-CH-CH; > Lou CH
N“>Cl  CH; CH, SKHIK.) NT
CH, CH3

(98%)
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14.

Ilpomonxenue Taba. 152
CH; 0 CH; o 0
© 9 . Il Il
. HyC Br + CH,-C-CH-C-CH; ——> H,;C CH,-C-CH,-C-CH,
NH3()KI/LU.K)
CH, CH, (82%)
0 CH, S5 cpycox, w0 CHy_cH,
CH, C—CH; ——— > CH, | -
\O | | \O I, ~CH,
C=0 PN
H,C” CH,” o
(99%)
C¢HsBr + (CHj);SnNa ———>  C¢H;Sn(CH;); (87%)
NH;(xunx.)
CH; CH,
K
I + KNH, ——> NH, (64%)
NH; (kK. )

CH,4 CH,
H3C—©—l+ KP(CHy), — 8 5 H3C—©—P(C6H5)2 (88%)
NH;(kmix.)

v 9
/
I + (CH;0),POK — T » P—OC,H; (90%)
NH3(>KPII[K.) \
E . OC,H;
SC,H,
- ) v \
o +  C,H,S NS 2N (72—85%)

MOJIydeHHUsI. DTO OOCTOSITEILCTBO ChITPAjO BaXKHYIO POJIb B OBICTPOM
Pa3BUTHM METOJA apOMATUYECKOro HYKJI€O(MUIbHOIO 3aMEeLICHMUS.

Kak yxe oTMeydasoch BbIlI€, HEKOTOPbIC PEAaKILUM, IUISI KOTOPBIX
XapakKTepeH MEXaHU3M OTILEeIUICHUsS — IPMCOSAMHEHUsI ¢ 0Opa3oBa-
HMEM apuMHOB B KauecTBe MHTepMeauaTa, B MPUCYTCTBUM ITOIXOJISI-
1Ier0 BOCCTAHOBUTENSI U3MEHSIOT MeXaHM3M Ha Spyl, 4TO OTpaxaer-
cs B M3MEHEHMM COCTaBa IPOAYKTOB peakiuu. Tak, Hampumep, Mpu
B3aUMOIEICTBUM 0pmo-OpOMaHM30/Ia C aMUIOM KaJlusl B XKUIKOM
aMMMake obpasyercs 95% mema-anusuauHa (cMm. Tabdi. 15.1), uyto om-
peleieHHO YKa3blBaeT Ha 0Opa3oBaHME IErMIPOAaHM30JIa B KauyecCTBE
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MPOMEXYTOYHOTO TpoaykTa. Ta xKe camasl peaklusl B TPUCYTCTBUU
METaJUIMYECKOTo Kajus KaK MHUIIMATOpa IEMHOr0 MOH-paTuKaabHO-
ro TIpoliecca TPUBOIUT K 0pmo-aHU3NIWHY B KayeCTBE €IMHCTBEH-
HOTO TIPOIYKTa PeaKIINu:

KNH, @[ " |-Br @ KNH, @
NH; OCH OCH, NH; OCH;

Br | (kuik.) (CKMIK.)
NH,

o
KNH,; K~ Br (2 71)NH;
o far™ TP My
OCH{ 2 ¢ OCH;

OCHj54
NS
NH; OCH
(kUK. )
B peakuuio Syyl BCTynaoT He TONBKO apWITAIOTEHUIBI, HO U PN
JIPpYyTrUxX apoMaTthueckux cyoctpaTtoB. sl coseit apeHAua3oHus 3TOT
MEXaHM3M OyJeT pacCMOTpeH Huxe B pasaelie 15.8.

—_—>

15.3. MEXAHU3M S;y1 B AIMPATUYECKOM
HYKIEO®UJIBbHOM 3AMEIIEHUU

MexaHu3M paguKaaibHO-HYKIE€O(MUIBHOIO 3aMELIeHUs peaiu-
3yeTCsl U JIUISI HEKOTOPBIX CIIydyaeB 3aMelIeHUS] Y HACBIIIIEHHOTO aTo-
Ma yriepona. Mctopuuyecku napa-HuTpoOeH3UIbHbIE TTPOU3BOIHbIE
n-NO,C4¢H,CH,Z Obutn nepBbIMU COEAMHEHUSIMU, JJIs1 KOTOPBIX ObLI
OOHapyXeH Spyl-MOZOOHBI MEXaHU3M 3aMEILEHMS YXOIAIIEN Tpym-
MBIl Z TION ACWCTBMEM CaMbIX Pa3HOOOpa3HBIX HYKJICO(DMIBHBIX pea-
reHtroB (H.KopHOmtoM, 1965). AHMOHBI HUTPOAJIKAHOB IPEICTABIISIOT
OO0l TUIIMYHBIE aMOMACHTHBIE HYKJIeopwibl (cM. T71.22, 4.3), KOTO-
pble MOTYT aJKWJIMPOBATHhCS KaK MO YIJIEPOAHOMY, TaK W MO KUCJIO-
POIHOMY LIEHTpY:

Rl\c N O+ R’CH,X
R2 -5 | ?
;:/ \
1 . S
O
SC—CH,R? R\ @7
2~ , C=N 3
R Il\IO R OCH,R
2
C-ankuiupoBaHue O-ankuipoBaHue
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AJNKWIMpOBaHME aHMOHOB HUTPOAJTKAHOB IO JEHCTBMEM PasHOO0-
pPa3HBIX AJIKWITAJOTEHUIOB, AJUTMJITAJIOTEHUIOB U OCH3UITAIOTeHU-
JIOB TIPOTEKAET MO Sy2-MEeXaHU3My C Yy4aCTUEM HCKITIOUUTENIBHO KUC-

JIOPOJHOTO LIEHTPA 3TUX aMOMIEHTHBIX aHMOHOB (O-aJIKuIMpoOBaHUE),
HaTnpuMep:

/O
(CH3),C—N__  + n-XC¢H4CH,Cl ~ ——>
5.0

40
—> (CH;),C=N

JIM®A; 0 °C “OCH,C¢HsX-n

—L > (CH;),C=N-OH + X@CHO

0
(X =H, Cl, Br, CN, C/\/ » Alk, CF3)
R

OnHako napa-HUTPOOSH3WIXJIIOPUA B peakKlWU C HATPUEBOU CO-
JIbIO 2-HUTpOIpoIlaHa oOpa3yeT NMpoayKT C-aaKuInpoBaHUS C BBIXO-
noM 92% w Tonbko 6% mnponmykTa O-alKWIMPOBaHUS. DTO OIpeIeIeH-
HO yKa3bIBaeT Ha M3MEHEHWE MeXaHW3Ma peaKInh. JeiiCTBUTENBHO,
aKIIENTOPhl DJIEKTPOHOB MHTHMOMPYIOT peakinio C-anKuIUupOBaHUS,
a joist mpoaykra O-aJKUIMpOBaHUS TIPU 3TOM CUJIBHO BO3pAaCTaerT.
Tak, B mpucyrcrBum 0,2 skBuBajeHTa 1,4-mMHUTpoOOEH30/a KaK aK-
LIENTOpa BJEKTpOHa BbIXOA MHpoaykra C-aJKWIMpOBaHUSI YMeHbIa-
etcst ¢ 92 1o 6%, a BeIxOm mpoaykra O-aJdKWIMPOBaHUS BO3pACTacT
c 6 10 88%. DTO MO3BONET MPEIIONIOXNUTh, YT0 O-aJIKMIMPOBaHUE
AHUOHOB HUTPOAIKAHOB NIEMCTBUTENIBHO MPOTEKAET Kak Sy2-3amelle-
HMe Y HACBIIIEHHOTO aToMa yriepoaa, Torma Kak mist C-aJKuiampoBa-
HUS pean3yeTcsl albTepPHATUBHBIN MOH-PaIUKAIbHBINA IIETTHOM TIpO-
11eCC, aHAIOTUYHBIN Spyl-MexaHU3MY IJIS1 3aMelleHUs B apoMaTuyec-
KOM psIy:

&) . ®
0N/ \-CH,CI+ (CH;),CNOy> (CH3)2CN02+l02N@CH2CJ

© . o
[om@cnza] > OzN@Cﬂz +

CH,
. | ®
0N H-Ch, + (CH3),CNOS —> OzN@Cﬂz—(l?—Noz
CH

3
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CH;

|
02N@CH2—(|:—NO§) 4 OQN@CHQCI —

C

Hj

i ®
EEEE— OzN‘@’CHQClj_NOZ + |:O 2N@ CH2C1i|
CH

3

AHVOH-pagrKajl KOHEYHOTO MPOAyKTa 2-(4-HUTPOOEH3UIT)-2-HUT-
poriporaHa Obl1 0OHapyxeH ¢ nomounblo DITP-cnekTpockonuu.

KoukypeHuust mexay Spyl U Sy2-mexaHusmMamMu B 3HAUUTEINb-
HOM CTeNeHM 3aBUCHUT OT MPUPOABI yXonsdiluei rpymnmnbl (tadi. 15.3).
Vxonginuye rpynmnbl — MITKME OCHOBaHHUS JIblorca — CIIOCOOCTBY-
10T Sy2-MeXaHU3MYy 3aMellleHUs], TOTAa KaK >XKeCTKUe OCHOBaHWUS
Jlplonca B Ka4yecTBe YXOISIIEil TPYMMbI Aeal0T MPeArnOYTUTEIbHBIM
Spyl-MexaHu3M.

Tab6auma 15.3

Hanpasnenune peakuun n-NO,C¢H,CH,X ¢ anuonom 2-nutpomponana
B JIM®A B 3aBMCMMOCTH OT MPHUPOIBI yXOnasmei rpynnsi X

X Buixon nponykra, % X Brixon nponykra, %
C-ankunupoBaHue | O-aJKWIMpoOBaHUE C-ankunupoBaHue | O-aJKUIMpoOBaHUE

(CH3)3N* 93 0 TSO 40 32

CsClsCOO 93 0 Br 17 65

Cl 92 6 | 7 81

IToMMMO aHMOHOB HUTPOAIKAHOB B KayeCTBE HYKJICOMDUIBHBIX

areHTOB B anu@aTtuyeckoM Spyl-3aMElIeHUH MOTYT OBITh UCTIOJIb-
O O

3oBaHbl TUOAAT-(RS ™), HuTpur-, cynspunar-(RSO, "), unanua-

HMOHBI, a TAaKXe €HOJSIT-UOHBI. B 3TOM cllyyae B KauyecTBE MHTEPMeE-

IMATOB TakxXe ObLIM 3aUMKCHUPOBAHBI COOTBETCTBYIOLIME AHUOH-

paauKabl.

HaubGoiiee BaxHOII O0COOCHHOCTBIO aln(paTUIYECKOTO MOH-paau-
KaJIbHOTO 3aMEILEeHUs SBISIETCS] BO3MOXHOCTb 3aMEIIeHUsI Y TPeTHY-
Horo aroMa yrjaepona. M3BecTHo (cM. 171.9), UTO TpeTUUHbIE aJIKUJITa-
JIOTEHUbl UHEPTHBI B peaklusiXx Sp2 U BMECTO 3TOTO MOABEPraroTCs
SJIMMUHUPOBAHUIO MO MexaHu3My FE2. OmHaKo TPeTUUHBIN napa-HUT-
poxkymunxnopun n-NO,C-H4,C(CH3),Cl n ero npousBoAHBIE JIETKO
B3aMMOJEIMCTBYIOT C CaMbIMU Pa3HOOOPA3HBIMU HYKJIECO(MUIbHBIMU
areHTaMu Mo Syyl-MexaHu3My:
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$H3 |CH3 CH3
CH3—c—c|:—No2 c CH(COOGC,Hj),
CH; (90%)

fo
er &
7 CHQ
CH, 3
¢ NO, —¢-d _¢-en
No2
—>
(94%) (85%)
&
< %
S 9o
CH,—C-NR'R? - SOZC6H5

(90%) 95%)
NO, NO,

(90%)

Bce atu peakuuu nposoawnuck B JIM®PA nnmu IMCO nipu YO-
obyyeHuu. [ToMUMO napa-HUTPOKYMUIXJIOPUIA B TAKKE PEAKIIMKU BCTY-
MAaT W OpYrre COCAMHEHUSI ¢ TPETUYHBIM aTOMOM yriiepona: 4-(1-me-

/
TUJI- 1 -HUTPOSTUI ) TUPUANH N\:\>*C(CH3)2N02 , oGUpBI O-HUT-

pOKapOOHOBBIX KHUCJIOT, O/-HUTPOHUTPWJIBI, |,l-AUMHUTpOANKaHBI U
UKJIOANTKaHbI, TeMUHAIbHBIE TajoreHHUTpoaakaHel (H.KopHOmom):

NO
o IM®A; hv ’
(CHs)zF—COOQHs + (CH3),C—NO, —’(CH3)2C\—C(CH3)2
NO, COOC,Hj
95%)
CN CN CH3

NO
2 o IM®A; hv C NO;
+ (CH3),C-NO, ————> ‘CHy  (84%)
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NO, NO,

Br NO, TIM®A; hv
* Q@ (89%)

NO,
o THs
(CH3),C(NOy), + CgHsSO; MDA, 25 CC6H5502_|C—N02 (81%)
CH,
hv
(CH;),C-NO, + —0 > —O0  (46%)
5 /5~ IIM®A, 20°C
?(CH3)2
NO,

S] hv
(CH3)2IC—N02 + ICH—COOC2H5 E—— (CH3)2C—ICH—COOC2H5
Br CN JAM®O®A, 25°C NO,CN (78%)

IIpuBeneHHbIC BbIllle peakUMU JieXaT B OCHOBE CUHTE3a MOJU-
(DYyHKIIMOHATBHBIX COCIUHEHUI, a TaKXKe o,B-HenpeaeabHbIX HUTPU-
JIOB, CJIOXHBIX 3(pMpOB, KETOHOB M HUTPOCOCAMHEHUI TTOCE OTLIEM-
nenust HNO, npu HarpeBanuu B TM®TA npu 120 °C.

15.4. BUMOJIEKYJIAPHBIA MEXAHU3M
IHNPUCOEAJMHEHUA — OTIHEIIJIEHHUA S)AR

DTOT MeXaHU3M SIBJIIETCSl BeCbMa PaclpOCTPaHEHHBIM U XOPOILIO
n3ydyeHHbIM. Takoil cnocod 3amelleHust Haubosiee TUIIMYEH [JISI CO-
eAMHEHUH, comepKalluX OAWH, ABAa WM TPU CUJIbHBIX 2JIEKTPOHO-
akiuentopHeix 3amectutens: NO,, NO, RSO,, N,", CN, aktuBu-
PYIOILIUX MPUCOEIMHEHUE HYKJIeO(MWILHOTO areHTa, OT4ero U cam
MpolecC Ha3bIBAIOT peakiiMeil akKTMBHPOBAHHOTO apoMaTUYeCKOro
HyKJieopuiabHOro 3ameuieHus (cumBon SyAr, JIx. banuer, 1958).

B T1a67. 15.4 mpuBeaeHbI HEKOTOPHIE MPUMEPBI PeaKIii aKTUBUPO-
BaHHOTO apOMAaTMYECKOro HYKJIEOMMJIBHOTO 3aMelleHUs] ¢ yyacThUeM
caMbIX pa3zHOOOpa3HbIX HykJIeopuibHbIXx areHToB OH, OR™, SR,
RNH,, R,NH, NH,NH, u ap.

CBs3bIBaHKME HYKJICO(DUIBHOTO peareHTa, Kak v mpu 3J1eKTpopuib-
HOM 3aMellIeHUM, MepBOHAYaJbHO MPOUCXOJUT 32 CUET MEXMOJEKY-
JISIPHOTO B3aMMOMAEIMCTBUS, BEAyLIEro K 0oOpa3oBaHUIO KOBAJIEHTHOM
CBSA3U B G-KoMILIeKce. TakuM oOpa3oM, SyAr-mexaHusMm (popManibHO
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Taobnuwuma 154

Peakuuu AKTHBUPOBAHHOI0 apoMaTH4Y€CKOro HyKJ'leO(l)ﬂJ'll:HOI‘O 3aMeleHusA

1. ON Cl + CH;ONa O,N OCH,
JIMCO—CH,0H:; 60 7%)

@
2 ow@a + cHOK > @ _©
H,0; 150 °C

SY

(80%)
3. Cl + NaOH > OH (70%)
H,0; 150 °C
NO, NO,
NO, NO,
4. O,N Cl + CgHsNH, —————> O,N NH—C4H;
6enzoi; 10 °C
(90%)
NO, NO,
NO, NO,
@—F + HN > = @—N Y (93%)
STUWIEHIINKOJIB; 150 °C
NO, NO,
S}
6. O,N Cl + CH-COOCH; —————> ON CH—COOC,Hs
CN JIM®A; 20 °C &N 97%)
7. 02NQC1 + NH(CH;), m 02N4Q—N(CH3)2
1 130 °
2 (75%)
NO, NO,
8. O,N Cl + CH OeNa® > O,N OCH
C 2 3 ITM®TA; 100 °C 2 3
(78%)
Cl
9. O,N + CH SNaG)—>ON SCHs  (89%)
. 0
2 67 CH,OH; 60 °C ° s
NO,
a o+ Nas, (58—66%)
C2H50H 80 °C
NO, NO, O,N
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IIpomonxenue tabdbn. 154

on so.cp. CeHsSNas 20 °C
11. —F—F—F—FF > O,N S—CH 96%
p Q HCh; CHLOH ) Q ¢Hs  (96%)

NO, NO,
CH;0Na; 60 °C
> CHO SO,CF;  (85%)
CH,OH
NO,
12 ON—< ;}—01 + KI —> ON—< ;>—1 70%
2 JIM®A; 150 °C > (70%)
NO, NO,
13. O,N Cl + NH,~NH, —————> ON NH-NH,
C,H;OH; 80 °C (83%)
NO, NO,

noaodeH SpAr-mexaHusmy 3JeKTPOPUIBHOIO apoMaTUYECKOro 3a-
MEILEHUs, pa3inure MeXIy HUMU 3aKJII04aeTcs B TOM, YTO B SyAr-
npoiieccax cyocTpar sIBJIsSETCsS aKLEeNTOpoM, a aTaKymollas 4yacTu-
1la — IOHOPOM Mapbl 3JeKTPOHOB. LI SyAr-mexaHn3zMa Takxe Xa-
pakTepHO oOpa3zoBaHME G-KOMILIEKca B KauyeCTBe WMHTepMeauara,
TOJBKO B OTJIUYME OT 3JEKTPO(PUILHOTO 3aMellleHHsI OH HeceT He
MOJIOXKUTEIbHBINA, a OTPULIATENIbHBIN 3apsil. AHUOHHbBIE G-KOMILJIEK-
Chl 4acTO Ha3blBalOT KoMmiuiekcamu . MeiizeHreiimepa, KOTOPBI B
1902 r. Bemenwn B uHauBuayanbHoM Buae komriuieke (VIII) 2,4,6-
TPpUHUTpPOdEHEeTO A ¢ METUJIAT-MOHOM. DTOT XK€ KOMILIEKC o0pasy-
eTcsl B peakiuu 2,4,6-TpUHUTPOAHU30J1a C 3TUIAT-MOHOM:

OC,H; CH, LOC,H; OCH,
O,N NO, O,N_ > __NO, O,N NO,
CH,0° C,HO°
EEEE——
NO, NO, NO,

(VITD)
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15.4.1. AHUOHHBIE G-KOMIIJIEKCBI

CornacHO peHTTeHOCTPYKTYPHBIM TaHHBIM, B CUMMETPUIHOM KOM-
miekce, usoopaxxeHHoM ¢opmyioii I1X, Bce atrombl yriepoma OeH-
30JIBHOTO KOJIbIIa M aTOMbI a30Ta BCEX TPEX HUTPOTPYIII JIeXKaT B OMI-
HOW TUTOCKOCTH, a JIBa aToMa KHCJIOPOAa METOKCUJIBHBIX TPYIIT HAaXO-
JSITCS B TIZIOCKOCTH, TIEPIIEHINKY/ISIPHOM TUTOCKOCTH KOJTbIIa. BajeHTHBIN
yron aC(6)—C(1)—C(2) paBeH Terpasapuieckomy (109 °), a yrom B B
MepIeHANKYIIpHOI TmockocTr coctapisgeT 100 °. Pacnipenenenue 1ivH
CBsI3el, TipencTaBieHHOe B hopmyne IX, yKa3piBaeT Ha 3HAUNUTEITBHYIO
nehopMalrio TIPaBUILHOTO IIIECTHYTOJIbHIUKA M COOTBETCTBYET 3HAYM-
TEJIbHOMY BKJIAAy Mapa-XUHOWUAHON CTPYKTYpbL: MJIMHBI cBsizeil C(2)—
C(3), C(5)—C(6) u C(4)—NO, cuIbHO YKOPOUYEHBI MO CPaBHEHHUIO CO
cesazsiMu C(3)—C(4); C(4)—C(5) u C(2)—NO,:

NO, (WiKHBI CBA3M JaHBI B A)

(IX)

AHWOHHBIE G-KOMIIJIEKChI MPEACTaBIISIIOT CO00Il SIPKO OKpallleH-
HbI€ COJIeOOpa3Hble COEAUMHEHMS], CTAOUIBHOCTh KOTOPBIX J1OCTUTaeT-
Csl yJacTHeM B JieJIOKaJIu3allMy 3apsijia OJHOU WM HECKOJbKMX 3JIeK-
TPOHOAKIENTOPHBIX T'PYIITMPOBOK:

Z
NO i i N i ,NO
2 O@ 2
[l
AN
o o i 08—
z Nu N’//
5 &
Z_ _Nu AN
o NO, 0%~
- > nin To—
//N\\ 6_
NO, I 8_(3/ \b ]

595



Ecau B opmo- n napa-monoxxeHnn 6e6H30JIbHOTO KOJIbIIa HaXOMSATCS
JIBE€ WU TPU CUJIbHBIE 3JIEKTPOHOAKLIENITOPHbIE rpynnupoBku (NO,;
SO,R; CN) u yxomsuiasa rpynna «mioxas» (Z=H, OR, OAr), to
AHUOHHbIE G-KOMJIEKChl MOTYT ObITb BbIACJICHbI WIM UACHTU(DULIMPO-
BaHbI B PacTBOpPE C IMOMOIIBIO Pa3IMUYHBIX (PU3UKO-XUMHUECKUX Me-
TonmoB (Y@, AMP). Pematoliyto posib B OnpeaeieHUA CTPYKTYPHI U CTa-
OMJILHOCTU G-KOMILIEKCOB urpaet crekrpockonusi [IMP u SAMPC.

Ecmm yxopsimeit rpymmoit Z okKas3bIBaeTCsl aTOM TaJloTeHa WU
rpynna OSO,R, c-KoMrutekc 3auKCHpOBaTh HE yAaeTcs, TaK KakK
OH OBICTPO pacmamaeTcs ¢ oOpa3oBaHUMEM KOHEUYHBIX MpoaykToB. ITpu
HaJIMYMU B KOJIbIIE TOJBKO OJHOM aKTHUBUPYIOLIEH TPYMIbl G-KOMII-
JIeKC, KaK TIpaBUJIO, TakKXKe HEe TOAJAeTCs MPsSIMOMY HaOII0IEeHUIO,
MO-BUAMMOMY, BCIIEACTBHME HU3KOM CTAaOMIBHOCTH.

IMpn THIATETBHOM HWCCIIEAOBAHUM CTPOCHUS AHWMOHHBIX G-KOMII-
JIEKCOB C TIOMOIIBIO METOJOB, MPUTOAHBIX MJIsI U3YYEHUsST OBICTPBIX
peakluit, ObLJIO YCTAaHOBJEHO, YTO BO MHOIMX CIy4yassXx aHUOHHOMY
1,1-c-koMIuIeKcy (unco-KOMILIEKCY) MpealiecTByeT APYroi, nu3omMep-
HBII eMy G-KoMILUIeKCc. B aToM M30MepHOM G-KOMILIEKCEe HYKIeO(pUIb-
HBII areHT HaXOIUTCS TP He3aMEIIeHHOM aToMe yIJiepona B mema-
TTOJIOXKEHUU TI0 OTHOIICHWIO K yxomsiiei rpymre. Takoit KoMIIIeKc
BIIEpBBIe ObUT 3a(pMKCUPOBAH TIPU B3auMoaeicTBUM 2,4,6-TpUHUTPO-
aHu3ojia ¢ Metunar-uoHom B JIMCO:

OCH; OCH,
__NO, g 0N U, NO,g O:N
OCH; OCH

H «——=

AIMCO 5 3 AMCO :
i OCH3; 6pictpo 4 MeIUTeHHO |
NO, NO, _— NO,
1,3-o-xommiekc CepBuca 1,1-o-xomimiekc MelizeHreiiMepa

IlpucoearHeHue MeTuIaT-MOHA MPOTEKaeT OoOpaTUMO MO JIBYM
HamnpasJeHUsIM: ObICTPO — B IMOJOXEHUU 3, ¢ 00pa3oBaHUEM TEPMO-
IMHAMUYECKU MeHee cTaOuiabHOro 1,3-c-KoMrmekca (KOMILIEKC
K.CepBuca) u MemieHHO — B MOJIOKeHUM 1, ¢ obpa3oBaHueM Oosiee
crabuibHoro 1,1-c-komruiekca MeiizeHreiimepa. ITepBbiil mpeodiagaeTt
MPU KWHETUYECKOM, BTOPON — MPU TEPMOAMHAMUUECKOM KOHTPOJIE
peakuuu. bojiee BBICOKYIO CTaOMIBLHOCTD 1,1-G-KOMITJIEKCOB CBSI3bIBa-
I0T C YMEHbILIEHUEM CTEPUYECKOIo HAMpsKeHUs BCIAEICTBHE BbIBOJA
QTKOKCU-TPYIMbl WIX APYroi rpynmbl Z U3 KOIUIAHAPHOCTU C HUTPO-
IpYIIaMu B opmo-TojoxeHuU. [Ipu OTLIENIeHUN yXOASIIeH TPpyIIbl
u3 1,1-o-kKomiuiekca obpasdyercsds KOHEUHbIH MPOAYKT 3aMelleHMUS.

ITonoOHO TOMY Kak B 3JIEKTPO(PUILHOM apoMaTUUYeCKOM 3aMellle-
HUM B KauyecTBe MOAEIU IEePeXOJHOT0 COCTOSHMSI UCIOJb3yeTCsl Ka-

596



TUOHHBI KOMILIEKC — apeHOHMEBbI MOH (cM. T71.13), moaxopdsiueit
MOJIEJBIO [UTSI IEPEXOTHOTO COCTOSTHUS SyAr-mexaHusMma ssisercs 1,1-
o-KoMIUleKec MeiizeHreiimepa. JlaHHble pa3HOOOpa3HbIX KUHETHUYeC-
KHX MCCJIENOBAaHUI, BKIIIOYAIOIINE aHATU3 BIUSHUS MPUPOIBI YXOIsI-
IIel TPYIIbl, 3aMeCTUTEeNIel, HYKIeO(PUIbHOTO areHTa, OCHOBHOTO
KaTajlu3a U PaCTBOPUTEJISI HAXOASITCS B COOTBETCTBUU CO CIEAYIOLLIEH
CXeMOU MexaHu3Ma SyAr:

Z Nu
ky
+ Nue + Ze
k_y
X (mpucoenuHeHue) X X

B HeKOTOpBIX ClIydasix ¢ IIOMOIIbBIO CIEKTPO(MOTOMETPUIECKOTO Me-
TO/a OCTAaHOBJIEHHOU CTPyM yJAaJoCh B OMHOM Mpoliecce pas3iebHO Ha-
OJrozaTh JIBE TocIea0BaTe/IbHbIe cTaauu 00pa3oBaHusl 1,1-c-kKoMILiekca
U ero pasjioXeHHe Ha KOHEUHbIe MPOAYKTHL. JIMMUTHUpYIOLIEH cTanuei,
OIpeAesIolIeli CKOPOCTb BCEro Ipoliecca, B OOJBLIMHCTBE CIy4yaeB
OKasbIBaeTCs 00pa30BaHUE HOBOM CBSI3U C HYKJICO(PUIBLHBIM areHTOM
B G-KOMILJIEKCE, a He pa3pbiB cTapoil cBsizu C-Z. DTOT BbIBOA OCHOBbI-
BaeTCsl MPeXae BCero Ha MPOTHUBOIMOJIOXKHOM 1O CpaBHEHUIO ¢ anuda-
TUYECKMM HYKJICO(DUIbHBIM 3aMElLIEHUEM BIUSHUEM MPUPOIbI YXOmIs-
wei rpynmel Z. Kak yxxe Obulo OTMEUYEHO paHee B IiiaBe 9, B Sy2-
peakuMsiX aJKUITAIOTeHUIOB CKOPOCTh PeaKklMy YMEHbIIAeTCS B PSILY
I > Br > Cl >> F. B peakuusix apoMaTn4eckKoro HykKjaeo(uIibHOIO 3aMe-
meHns SyAr OObIYHO HaOMIOAAeTCs MPSAMO MPOTHUBOMONIOXHAS MOCIHE-
npoBarenbHOCTh F >> Cl > Br ~ 1. ITockobKy Heprust reTepoIMTUIeCKOro
paspbiBa CBSI3U yrjepon—rajoreH Haubosbiuas s ceasu C-F, ato 03-
HayaeT, 4yTo pa3pbiB cBsiz3u C-Z mpu SyAr-mMexaHu3Me, Kak TMpaBUio,
He OoIlpelensieT CKOpOCTh Bcero Ipoiiecca. M3BecTHBI, OIHAKO, Clyyaw,
KOIZla MMEHHO pa3pbiB CTApOil CBS3M B aHMOHHOM G-KOMILIEKCE OIpe-
JIEJISIET CKOPOCTh peakluu (CM. cienyroluil pasnen). Haubosee Beckum
apryMEHTOM B T0JIb3y JBYXCTAAUMHOIO MEXaHU3Ma 3aMEeILEHMS CIIYKUT
TOT (pakT, YTO MPU 3aMELIEHUM TaJloreHa B peakliMi MOHO-, IU- U TPU-
HUTPOAPUJITAJIOTEHUIOB MO/, ACHCTBUEM MEPBUYHBIX U BTOPUUHBIX aMU-
HOB HaOmogaeTcsl OOLUMI OCHOBHOHM KaTaiu3 Wiu OU(pYHKLIMOHAJb-
HBI KaTalu3, TIPpU 3TOM POJib OCHOBaHUsSI UIpaeT caM aMUH:

k
O,N X + R,NH k‘ O,N
-1
O,N NR, + R,NH,X X)
NO,
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15.4.2. KWNHETUKA PEAKIINU U KATAJIN3 OCHOBAHUAMMU

dM
Ecnu mpuMeHUTh MPUHLIMI CTallMOHApHOCTU (k_; >> k) % =0
(cm. . 3, 4. 1) K peakuuu, UOyLIEH Yepe3 MpOMEXYyTOUHOe obpa3oBa-
HUE MaJIoyCTOMYMBOro Komruiekca MeiizeHreiimepa (M), To 1Ist cxeMbl

ki ky e
M —> ArNu+Z

C]
ArZ + Nu

k—
MOJIYYUM CJIEAYIOlee KUHETUYECKOE BbIPaXKEHMUE:
ky ky
CKOpOCTb = ————— [ArZ] [Nu-]. (15.2)
ko) + ky

DTO BBIpAXKEHUE CTPOTO COOTBETCTBYET PEAKIIMU BTOPOTO KUHE-
TUYECKOro Mopsaka ¢ HabiomaemMoi (T.e. U3MEpsSieMOll Ha OIIbITE)
KOHCTaHTOW CKOPOCTH:

P k| k,
Habn k—l 4 k2

bosnbilie U3 31010 YypaBHEeHUS HUYETO M3BJeYb Hesb3s. Hanpumep,
U3MEPSIS Kyyy6,, MBI HE MOXKEM OTBETUTB Ha BOIPOC: Kakasi CTausl JIUMHU-
TUPYET CKOPOCTb — OOpa3oBaHMe MHTepMenunata M (torma k, > k_;)
WM €r0o nuccounanus (torma k_; > k,)? VI3 OMHUX JIMIIb KMHETUYEC-
KUX U3MEPEeHUI Mbl axke He CMOIJIM Obl cKa3aTb, 00pa3yeTcst U BO-
obuie KoMmruiekc Meii3eHrelimepa WM peakuus UIET Kak COrjIaco-
BaHHBII TIpolIecC, B KOTOpOM M sBjsiIeTCS HE MHTEPMEIUATOM, a Tie-
PEXOIHBIM COCTOSTHUEM.

OpHako uccaenoBaHWE OCHOBHOIO KaTalM3a, MPOBEICHHOE IS
peakiMii aKTUBUPOBAHHBIX apOMaTUYECKUX CyOCTPaTOB C MEPBUYHDI-
MU U BTOPUYHBIMU AMUHAMM, MO3BOJISIET OTBETUTh HA 3TU BOIMPOCHI.

B peakiusix Takoro Tura uHtepMmenuat MeiizeHreiimepa (X) siB-
Jigetcs uBuTTeproHoM. CrenoBaTesIbHO, Ha BTOPO CTaAuU peaklivu,
YTOOBI TOJyYMscd HeUTpanbHbli N,N-3aMelIeHHbId aHWJIWH, 3TOT
WHTEpMeIUaT JOJDKEH MOTEPSTb HE TOJbKO YXOMALLYI0 Tpynny Z, HO
U MPOTOH, OTKYyIa aBTOMAaTUYECKU CJIEAYET BO3MOXHOCTb KaTajiu3a

peakiiuu ocHoBaHussMu B. OtuweruieHne H™ MoxeT ObITh corjaco-
BaHHBIM (F£2) wim craguitheiM (ElcB) mpoueccoMm (cm. 1. 3), HO B
000ouX Ciyyasix CKOPOCTb 3TOTO Mpolecca MporopluoHaibHa k5 [B].
Torna ypaBHenue (15.2) npespaiuaercs: B ypaBHeHue (15.3):
ki {k, + k3 [B]}
k_; +ky + ks [B]
Ecnmu ckopocTb onpenensiercss neppoii cranueit (k_; << {k, + k; [B]}, T0O
ckopocTh = k; [ArZ] [R,NH]. (15.4)

CKOPOCTb = [ArZ][R,NH]. (15.3)
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Eciu ckopocTh ompeneinsieTcsl cragdeil auccouranuu M, To

CKOPOCTb = {k/lci + % [B] }[ArZ] [R,NH]. (15.5)
-1 -1
ITocnenHee BhIpaxkeHHEe MOXHO 3aIlMcaTh B Oosiee mpocToii (popMme:
kﬂa6n =k+k’[B]. (15.6)

Takast KuHeTHKa HaOJIOAAIaCh BO MHOTHUX CJIy4dasix, eciid Z Oblja 1io-
X0 yxonsluel rpynmnoit (u moatomy k_; >> k). Hampumep, peakuus
2,4-1MHUTPOAN(EHUIIOBOTO CIIUPTA C TMUIIEPUIMHOM KaTalU3UpyeT-
cg moHamu OH ™. Ilpu an3kux xoHueHTpauusx OH™ HaOmomaeTcs 3a-
METHBIN KaTaJquTudyeckuii apdekT, a nanbHeliiee nodasieHne NaOH
0oJIbllIe HE YBEJIMYMBAET CKOPOCTh. DTO 3HA4YMT, yTo 60e3 OH™ komil-
Jekc MelizeHreiiMepa ObICTpee OTUICIISICT HEUTPAIbHYIO MOJEKYIY
NMUNEepUINHA, a He (EeHONIT-UoH (T.e. k_; > k, ). Ilpn nmobasreHnn
OCHOBaHMUsI ObIBILIAsI MEUICHHON cTanusl oTuieraeHus PhO~ HaunHa-
eT KaTaym3npoBatbes (ypaBHeHms (15.5) m (15.6)) m B KOHIIE KOH-
IIOB CTAHOBUTCSI OBICTpee TiepBOil cTtamnu. Tereph KMHETUKA peaKLINu
noguyuHsiercs: ypaBHeHuto (15.4), B KOTOpoe He BXOAUT KOHILIEHTpa-
1Ysl ocHOBaHMsI. [lumnepuanH U caM Kak OCHOBaHME MOXET KaTaju-
3UpOBaTh peaKkIINio, TOTIa

ckopocth = k [ArZ] [R,NH] + k’[ArZ] [R,NH]?. (15.7)

Hab6monenne ocHOBHOTO Katainmsa SyAr-peakuuil ¢ MepBUYHBIMU
WM BTOPUYHBIMUA aMUHAMM B KaueCTBEe HYKJIEO(UIOB JOKa3bIBAET, UTO
KoMILiekCc MeiizeHreliMepa AeiCTBUTEIbHO 00pa3yeTcsl, TaK Kak Mpo-
TOH MOXET OTILIEIISATHCS TOJIBKO OT PeajibHOro MHTEpMenuara.

Beolllie yxe oTMeyanoch, YTO B TeX peakivsiX, TAe CKOPOCTb OIl-
penensieTcsl epBoi cTajaueil, raJloreHuabl KaK yxoasiuue rpynnbl (Z)
pacrionaraotcsd B psag F >> Cl > Br > 1. BeiBalor, ogHako, ciyyau,
yTo caM BXxojaslMii Hykiaeodun (Nu) sBisieTcsl HaCTOJIbKO XOpollei
yXOAgUIe Tpynmoil (yBeIM4MBarolle k_;), 4TO ONpenessomei cKo-
pOCTb CTaHOBUTCS BTOpas cranus (k,). Torma psja raJoreHOB MOXET
00paTUTbCSI, HapUMeEp:

Hal . I
NO, a NO, NO,
+ KI _ +  Hal

NO, NO,

NO,

Hal F Cl Br
OTHoCHUTEIbHAsA CKOPOCTh 1 17 2000
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Bropast cramusi ompenessieT TakKe CKOPOCTU peakuuu 2,4-IUHUT-
po- u 2,4,6-TpUHUTPOTaIOreHOEH30JI0B C EHOJISIT-MOHAMU MaJIOHOBO-
ro, aleToyKCyCHOro M LMAaHYKCYCHOTO 3(PUpOB. AHMOHHbBIE G-KOMII-
JIEKChI, oOpasyoliuecss U3 3TUX HYKJIeo(DUJIOB, OUeHb YCTOWUYMBBI
(KOHCTaHTBI YCTOMYUBOCTH Kyo; = 10 J1/Monb). B xome peakuuu oHu
CHauaja HaKaIlIMBaIOTCS B pacTBope (k; BeIMKa) U MOCTENEHHO HC-
Ye3aroT TIPU BBICOKMX CTEIeHsX TpeBpaleHus. K TakuMm peakiusm
TIPUHIIMATI CTAllMOHAPHBIX KOHLEeHTpauuit (d{M]/dt = 0) HempuMeHNM.

15.4.3. KOMILTEKCHI MEU3EHTEMMEPA B OPTAHUYECKOM CHUHTE3E

B Hacrogiee BpeMst ¢ nmomousio SAMP- n Y®-cnekTpockonuu
UIeHTU(ULIMPOBAHBI U OXapaKTEepU30BaHbl COTHM aHUOHHBIX 1,1-0-
KoMILIeKcoB MeiizeHreiitmepa 1,3-puHuTpoOeH3oa, 1,3,5-TpuHUTpO-
0OeH301a, MOJMHUTPO3aMEILIEHHbBIX MPOM3BOAHBIX HadTalMHa, a Tak-
xke 1,3,5-Tpu3aMellieHHbIX CYJb(OHOB psiga OeH3oyia C THIPOKCHUI-,
ankokeun-, eHonar-noHamu, CCly;, R3O n paxe dropua- u rug-
PUI-UOHAMU:

O,N,
o [IMCO—CH,0H
+ CH3 = =
FyC80, SO,CF,;
\©/+ CH30@ JIMCO—CH,OH

SO,CF;
NO,
4 QH2"IC_CH3 E[MCO W Trclg
00
NO,
O,N NO,
S IMC
+ CH(COOC,Hg)y —=
NO,
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O)N NO o (CHy),cOoH
+ CN~ —/—/——=

O,N NO,

_—
OzN N02 2
\Q/ + ca,coon AMCO,
NO,
O;N NO, 18-kpayH-6
+ KF >
TI'® wmm CH,CN
NO,
®
O:N NG, (C4Hyg); SnH; N(CH3)4F? 0N
B Trd 3
NO,

O,N NO,
+ (CHySnLi ——— »
\Q/ 73 Trd: —10 °C

NO,
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B kauecTBe MCTOYHHKA E€HOJSAT-UOHOB KETOHOB MOTIYT ObITH MC-
MOJIb30BaHbl TAKXKe PTYThOPraHUYECKUE WJIM OJIOBOOPTraHUYECKUE MPO-
n3ponHble oowein popmyasl (RCOCH,),Hg 1 RCOCH,Sn(CHj);.

Tuapun-voH SBJSIETCS OYEHb ILJIOXOM YXOISIUE TPyMIIIoi, U 3TO
MPENsTCTBYET pacrajly aHMOHHOIO G-KOMILIeKca ¢ 00pa3oBaHUEM
npoaykra 3amelleHus. TeM He MeHee Takuhe KOMILIEKChbl MOTYT ObITh
okucieHbl non aevictBueM Opoma, K;Fe(CN)y, KaTHOHOB Tponuius
U TpudeHWwIMeTUNAa. ITO OTKPBIBAET YIOOHBIN CIIOCOO CHHTEe3a 1IeJi0-
ro psiia COeIMHEHUM, MoJlydueHrue KOTOPBIX IPYrMMU cliocobamu co-
MOpPSKEHO CO 3HAUUTEJIbHBIMU TPYAHOCTSIMMU:

CCl;

O0paszoBaHue U30MEPHBIX 1,3-aHMOHHBIX G-KOoMILIeKcoB CepBuca
JieJIaeT MOHSITHBIM HEKOTOpPbIe CAy4aud aHOMaJbHOIO, TaK Ha3blBae-
MOTO KMHe3aMellIeHUsI, IIPpU KOTOPOM HYKICOMDMIbHBI areHT Ipu-
COCMHSIETCS] HEe K TOMY aTOMy yIJIepoja, TIe HaXOIWJIach yXOIsIast
rpynna. KiaccuyeckuM MpUMEpOM TaKOTO poia SIBISCTCS peakilus
B. Puxtepa — mpeBpallleHHe napa-3aMelIeHHBIX HUTPOOCH30JI0B B
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Mema-3aMellleHHbIe O€H30MHbIE KMUCJIOTHI IO AEWCTBUEM LMAHUC-
TOTO Kajus B DTaHOJE:

N NH2

COOH

(X=H, Alk, Hal, SO,H) .

JpyruM MHTEpeCHbIM MPUMEPOM apoOMaTUYECKOro HYKJIeO(hWIb-
HOTO 3aMEeIIeHMS, MPOTEKAIOIIMM [0 MEXaHU3MY TPUCOSANHEHUS —
OTIIETUICHUSI, SABJsSETCS meperpynnupoBka Cwmaiiica opmo-MeTUIa-
apuiICylb(hOOHOB B CYJIb(OUHOBBIE KUCIOTbl B MPUCYTCTBUU H-OYyTHII-
JINTUS. DTa BHYTPUMOJIEKYJISIpHasl TeperpynnupoBKa BKIOUYAeT 0Opa-
30BaHUE CHNUPOLIMKINYECKOT0 KapOAaHMOHHOIO G-KOMILUIEKCA, pacraf
KOTOPOTro MPUBOAUT K COMU cyiabduHOBON KuciaoThl (B. Tpyc):

TuwaTenbHOe M3yyeHUE MeXaHM3Ma 3TOW IeperpyrninupoBKU
(B.H. /Ipo31) mo3BoJuI0 yCTaHOBUTH OoJiee CIOXHBINM XapakTep Ha-
omonaembix npeBpaiieHuil. [ToMmruMo Cysb(UHOBBIX KHCIOT B MPOAYK-
TaxX TeperpyImMpOBKI B 3HAYNTEIIEHOM KOJMYECTBE OBUIM OOHapyXke-
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HbI IPOU3BOAHBIEC TUTUAPOTUOKCAHTEHINOKCHUIOB. Tak, mpu oO0paboTKe
(penunmesutTmicynbporHa oyruumtuemM B adupe wim TI'D nmomumo
2-6eH3un-4,6-1MMeTIIOEH30JICYIL(OUHOBOM KUCIOTBI M3 M30MEPHO-
ro o-KOMIUIEKCa O0pa3yeTcsl TPUILIMKIMYECKOE TeTepOLUKINYECKOE
COeIMHEeHUE:

CH,4

@@ R @Q
/

O CH, HOOC O\\ /O CH,
1. CO2
2 H20
CH2 H,
HO O
i \\S// CH,
KOH; ¢° :
HOH

H

B 3T0if peakmmmu aHOMaJdbHBIE TPOAYKTHI TaKKe 0OOpasyloTcs He
n3 1,1-c-KoMmIuiekca, a U3 M30MEPHOTO eMy aHWOHHOTO 1,2-G-KOMII-
Jlekca. B Hacrosiiee BpeMs TepMUH «IteperpymnpoBka CMmaiiica» o0be-
IWHSET 1IeJyI0 TPYIITy POICTBEHHBIX IPeBPAIcHUI, OMMCHIBAEMBIX
ypaBHEHHEM

X—Ar X—
—
Y—H Y—



KiroueBoii cragueil Takoro poja M30MepMU3alluU SIBISIETCS oOpa-
30BaHME aHUOHHBIX CIIMPOKOMILJIEKCOB MeiizeHreiimepa, Kak 3TO
MMEET MECTO B HUXEINPUBEACHHOM IMpPUMEpe CUHTE3a MPOU3BOIHOTO
oensotnasmnHa, rme X=3S, a Y=NR:

S_CH2_CH2_NH_CH3 \S | H3C_N_CH2'CH2_

02N N02 B@ 02N Se - N02 02N N02
e
\_‘,/
NO,

NO, NO,

]
S

NO,

0 0
oY )
CH, NO, CH,

15.4.4. OPUEHTALIUSA ITPU MEXAHU3ME S)Ar

OpueHTalMIO 3aMelIeHUs 10 MEeXaHU3MYy SyAr OOBIYHO U3YYaioT
Ha MoJIUraJoreHOeH30/1axX, B KOTOPBIX OJWH M3 aTOMOB yrjaepoaa OeH-
30JIbHOTO KOJIblla CBSI3aH C 3aMecTUTesieM X, OpPUEHTUPYIOLIMI 2¢-
(bekT KOoTOporo HeoOXOAMMO MCCIeN0BaTh, a BCE OPYrMe aTOMbl YrI-
Jlepoga OE€H30JbHOTO KOJIblla — C aTOMaMM TajoreHa. YI0OHBIMU
00beKTaMU [Jis1 BBISICHEHUSI OpMEHTalUMU SIBISIOTCS MeHTadTopde-
HuibHble coennHeHus CgFsX, Tak Kak, BO-NEpBbIX, B OOJBLINHCTBE
ciyyaeB B peakuusix SyAr &Top 3amellaercs Jjierde, 4em Apyrue ra-
JIOTeHbI, a BO-BTOPBIX, MOJU(TOpapoMaTUUeCKUe COCOIUHEHUSI OTHO-
CATCS K TUIMY aKTMBUPOBAHHBIX CyOCTPATOB.

Kak u cnenoBano oXumatb, 3aMECTUTENIM, OPUEHTUPYIOLINE DJIeK-
TpoduibHOe 3amellieHne SyAr B opmo- U napa-nojioXeHue, OpUeH-
TUPYIOT HyKJIeopuabHOE 3amellleHue SyAr B mema-nonoxenue. Ha-
000pOT, 3aMecTuTeNu, SIBJsolrecs B SpAr-peakuusix mema-opueH-
TaHTaMU, B peakuusx SyAr MpOSIBISIIOT 0pmo-napa-opueHTUpyloliee
nerictBue. Hampumep, neHTahTOPHUTPOOEH30 MPU PeakiMU C aM-
MMaKOM 00pasyeT ¢ CyMMapHbBIM BeIXomnoM 95% cmech 2-HHUTpo-3,4,5,6-
n 4-Hutpo-2,3,5,6-TeTpad TOPpaHMINHOB:
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=T oo
’-I-JQ

=T =T

sz

T
T =11
o] Z
e

+

=T 1]
=T T

I'pynmner —NH,, —OCHj;, —O@, a takxe CH;— npenmyiuecTBeHHO
OPUEHTUPYIOT 3aMElICHUE B Mema-ToNOXEHUE:

NH, NH,

F F F
+ CHO —— >
F F F
F

(OCHOBHOI1 TIPOIYKT)

OCH,

bl

®drop, a TaKKe APYTrue TAJIOTeHBI SIBISIOTCS Mema-OpueHTaHTaMU
(B SpAr-peakumax opmo-napa-opueHTAHTHI), IPUYEM Mema-OpUeHTU-
pytoliee BiausHue Grtopa OoJibliie, YeM Y BOAOPOJA, UYTO BUAHO U3
CJIEAYIOLIUX TTPUMEPOB:

H H
F F F F
+ CH0° ———>
F F F F
F OCH;,
F F
F F F OCH,
+ CH0° — >
F F
F F
F CH,0
+ CHO —— >
F F
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B paznene 15.5 MBI pacCMOTpUM MHTEPIIPETALIMIO PErMOCEIeKTUBHOC-
TA peakuuil SyAr ¢ TOUKM 3pEHUSI TEOPUMU MOJIEKYJISIPHBIX OpOUTa-
qeii. OmHAKO TIpeIBapUTENIbHO CIIeayeT MOAYepKHYTh, YTO OpHUEHTa-
1S HYKJIeO(PUJIBHOIO 3aMellleHMsI YPe3BbIYalflHO YYBCTBUTEIbHA K
MIPOCTPAaHCTBEHHBIM 3¢ dekTaM. SIpKUM MpUMEpOM SIBISIETCST peaKLMs
2,5-AMHUTPO-Mema-KCcuiaojia ¢ BOIHbIM aMmMuakoM. [Tpu HarpeBaHuUM
B 3amasiHHON TpyOKe NMPOMCXOAUT 3aMellleHUe HUTPOTPYIIIhI B MOJIO-
KeHUM 2, MPOCTPAHCTBEHHO OJOKMPOBAHHOM IBYMS OpmO-METHIIb-
HBIMU 3aMECTUTEJISIMU, a HEe B MPOCTPAHCTBEHHO CBOOOMHOM IIOJIO-
KEeHUM 5:

NO, NH,
CHy__~<_CH, CH, CH,
: 3o N + HNO
2-
6 4
5
NO, NO,

[TpyuurHa cOCTOUT B TOM, YTO HUTPOIPYIIIA B MOJOXEHUU 2 BbIBEIC-
Ha M3 IJIOCKOCTU OEH30JIbHOIO KOJIblia U MO3TOMY HE MOXET CTaOu-
JIN3UPOBATh KOMILIEKC MeiizeHreiiMepa, oOpa3oBaBILLIMIACS TTyTeM aTa-
ku NH; B monoxenue 5. dpyrumu cinoBamu, 2-NO,-rpynna «BbIK-
JIIoUeHa» U3 aKTUBALIMU KOJIbLIA, B TO BPeMsl KakK rpyIina B MOJOXEHUN
5 aktuBuUpyeT 3amelleHue. [lo aHamornyHoil npuuuHe B 2,3-IUHUT-
pOTOJIyOJIe 3aMelIaeTCsl HUTPOTPYIIIa B MOJOXEHUN 2:

CH; CH;
NO, NH,
NH;
Emmm——
NO, NO,

ToyHO TaK XK€ MOXHO OOBSICHUTH TOT (haKT, YTO B XJIOPHUTPOLYPOJIE,
(opMysia KOTOpOro IpuBeleHa HMXE, HUTPOIPYIIa HE OKa3bIBaeT
AKTUBHUPYIOIIETO BIMSHMS Ha 3aMeEIleHUe XJIopa B napa-TIOJOXEHUM:

NO,

H;C CH;
HEaKTUBEH B PEaKLMAX SyAr

H,C CH,
Cl
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15.4.5. BUKAPUO3HOE 3AMEIIIEHUE

OOGBIYHO B peakIusaX HYKIeOo(hMIEHOTO apOMaTHYECKOTO 3aMelle-
HUSI, HE3aBUCUMO OT UX MexaHu3Ma (SyAr, Spyl, apuHOBOTO U T.1.),
MIPOVCXOINT 3aMeIleHNe TajloreHa WJIM WHOM HYKJIeo(yrHOM TPYIIITHL.
ATOM BoOIOpoIa He 3aMellaeTcsT B aHMOHHBIX KOMIDIEKCaxX, TIe YXO-
JSIIEeN TPYITION SIBISIETCSI TUAPUI-UOH, TTOCKOIBbKY OTIIEIJIEHUE TUI-
pUI-MOHA WAET CIWIIKOM MEUIEHHO IT0 CPaBHEHWIO C ITUCCOLMAIIM-
eif KoMITIIeKca Ha MCXOMHBIe peareHTH. YTOOBI ITONIYUYNTh MTPOMYKT 3a-
MeEIEHUST BOJOPOAAa, HEOOXOAMMO HANTHU IyTh JETKOro yaaJeHus
BOZIOpPOJIA M3 G-KOMITIEKCa, COIepXKallero B reMruHajabHOM y3iie H mn
Nu. OmHIM U3 TaKUX MyTeil SIBIIIeTCS MCIIOIb30BaHNE B KAUECTBE HYK-
JIeouIIoB o-XJI0pKapbannoHoB. Hampumep, Takoit kKapOaHMOH, 00-
pasyloluiics U3 XJIopMeTWI(heHUICYIb(OHA B CYIIEpOCHOBHOI cpeje
pactBopa KOH B 6e3BogrHom JAMCO (H_=26; 171. 3), 3aMelaeT Bo-
JIOpoA B HUTPOOEH30JIe, TIpUYeM 3aMellleHe OPUEHTHPYETCS B aKTH-
BUPOBaHHBIE opmo- U napa-nojoxeHus (M. Maxkoia):

JIMCO/KOH
CICH,S0,Ph =< Cl— CHSOzPh + H,0
(H_~26) K®
NO, NO, NO,
+ CICHSO,Ph ——> +

CH,SO,Ph

B pesynbrate peakunu o0pas3ytoTcst MPOAYKTHI, COAEPXKALLNE TPYII-
ny CH,SO,Ph, a ne CHCISO,Ph. M3 3TOro yierko BbIBECTU MeXa-
HU3M DPEaKLMU, OCOOEHHOCTbIO KOTOPOTO SIBJISIETCS HaIM4Me CTaliuu
OTLIETJIEHUST XJIOPBOAOPOIA OT MEPBOHAYAIBHOIO aHUOHHOTO G-KOM-
miekca. Bomopon M3 reMMHaJbBHOTO y3jla aHMOHHOIO G-KOMILIEKCca
OTLLEIUISIeTCS. He B BUIE MMIPUA-MOHA, a B BUIE MPOTOHA!

@

@
\ © 0 O
+ ClCHSOzPh —
—HCI
H CHSO2Ph

CHSO,Ph  CH,SO,Ph

©

0,

aHMOHHLIﬁ O0—KOMITJIEKC
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B 1,3,5-TpuHuTpoOEH30j1€ MOXHO 3aMEHUTh BCE TPU aTOMa BOAO-
pona:

CH,SO,Ph
O,N NO, O,N NO,
CICH,SO,Ph
KOH, AIMCO  phs0,CH; CH,SO,Ph
NO, NO,

BBuny TOro, 4ro BMECTO «HOPMAaJILHOIO» OTLLEILJICHUS HO po-
WCXOJIUT OTLIEIIJICHUE Hea’ a yXOIsIIUM HYKJIeo(hUJIOM SIBJISIETCS aHU-
OH Cle, pacMoJOXEHHBI HE B TE€MUHAJIbHOM Y3JI€ AHUOHHOTO G-
KOMILJIeKca, a B OOKOBOH IIeNH, 3TOT TUIT 3aMeIleHUs TOJydus Ha-
3BAHUE GUKAPUO3HO20 HYKACOPUAbHO20 3ameuwjenuss (OT aHTIL. vicarious —
JEUCTBYIOLIMI BMECTO APYrOro, MO YMOJHOMOUYEHHUIO).

Bukapuo3zHoe HyKJIeO(UIbHOE 3aMeIleHNe MOXHO HCIIOJb30BaTh
JUTSL aTKWIMPOBAHUS HUTPOOEH30J1a peareHTaMU, SIBIISIIOIIMMUCS T0-
craToyHo cuJibHbIMU CH-kucnoramu, 4ToObl JaBaTh 3aMETHYIO KOH-
LeHTpaluio KapOaHMOHOB B JAaHHOW cpeae (HaIIpUMEp, B CMecCH
AMCO—KOH). 9T kap6aHMOHbI JOJDKHBI COMEPXKaTh B O-TTOJOXE-
Huu rpynny X (He o6s13aTenbHo Cl), CIOCOOHYIO OTILEILISITHCS B BUAC
HX oT nmpoMexXyToYyHOro G-KOMILIeKca:

NO, NO,

NO, /R
| g® CH-Y
+ RCH-Y ——> +
! 2. H®

RCHY

Y (aumauduuupytomue rpynmsl) = SO,Ph, SO,C(CH;);, SO,0OPh,
SO,NR,, SOPh, P(OPh),, P(OEt),, CN, COOR u T.1.;

X (nykneodyr) = Cl, PhS, PhO, CH;0 u ap.;

R = H, Alk, Ar, PhS, Cl (8 CHCI,).

15.4.6. AKTUBALIUA TAJIOTEHAPEHOB B PEAKIIUAX S\Ar
C IIOMOIIbIO KOMIINIEKCOOBPA3OBAHUA
C NEPEXOJHBIMU METAJNIAMU

HeaxTtrBHBIE TajioreHapeHbl MOXKHO aKTMBUMPOBATh B PEAKIIMM TUIIA
SV AT € TIOMOIIBIO METAJUTOKOMIUIEKCHBIX TOMOTEHHBIX KaTaJTM3aTOPOB.
Hanpumep, B npucyrcteuu (C¢Hg)Rh(CsMe,Et)(BF,), (XI) dTopbeH-
30J1 pearupyer co cnupTamu B HuTpoMeTaHe npu 80 °C, oOpasys aHU-
3011 ¢ BbixogoM 87%. Ilpoiiecc sIBIsIETCS KaTaIuTUuecKUM. B xome pe-
aKLIMKM BHauajie OeH30JIbHbIN T-TUraHa B poaueBoM Kartaiauszatope (XI)
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3aMeliaeTcss Ha GTopObeH30J1, TpU 3TOM 00pa3yeTcsi HOBBIN TT-KOMII-
Jekc (XII). B aToM KOMILIEKCE T-37€KTPOHHAsS MJIOTHOCTh CTSIHYTa C
OEH30JILHOTO KOJIblia Ha aTOM poaus, Onarogapsi yuemy (Top Jerko 3a-
MEILAETCsl M0 MEXaHU3MYy SpAr naxe TakKMMM clabbiMU HyKJieoduia-
MM, KaK CcnupThl. Peakiinio MOXHO TpEACTaBUThb CJEAYIOLIEH CXeMOIl:

Me. Rh2 Me @F CH,NO,, 80 °C
@ <

- 5 Me Rh2+ Me CH3OH M Rh2+ Me
Me Et Me Et
Me Me
(XII) i CeHg
XD + @OMe
(87%)

O6pasoBanue n-Komiuiekca (XII) akTuBupyeT GpTop K HyKiIeo-
(uIbHOMY 3aMEIlEHUIO B TaKOM K€ CTeleHM, KaK BBeAcHUE B OCH-
30JIbHOE KOJIBbIIO TPEeX HUTPOTPYII B IONOXeHUsS 2,4,6.

15.5. MOJIEKVJIAPHBIE OPBUTAJIN APEHOB
B PEAKIIMAX INTPUCOEIVMHEHUA-OTIIEIIJIEHUA

B mepBoii craguu 3aMellieHUsT IO MEXaHW3My TPUCOCTUHEHUS —
OTLLETUIEHUS SyAT, KOTOpas B OOJIBIIMHCTBE CJY4aeB OINPENENIeT CKO-
pOCTb peakuuu (CM. NPenblAYLIUi pa3aen), MPOUCXOIUT B3auMOAeH-
CTBUE HecBsi3bIBawlIel opouTtanu Hykineopuna ¢ HCMO apena. Eciu
BCTaTh HAa TOYKY 3PEHUS, YTO PEaKIIMOHHAsI CITOCOOHOCTh apeHOB, IO
KpaliHeli Mepe 4YaCTUYHO, OIpEAessieTCs] ero MOJIEKYJSIPHbIMU CBOM-
CTBaMM B CTaTMUYECKOM HEpearupyrouieM COCTOSIHUM, TO MOXKHO MoJia-
raTth, YTO CKOPOCTb M OPMEHTAIMs 3aMEeIlEeHMS TOJDKHBI 3aBHCETh OT
¢opmer HCMO apena. B mmaBe 13 MBI mokazajiv, 4TO TaKOUl ITOIXOZ
okasbiBaeTcs 3 (HEeKTUBHBIM MPU OOBbSICHEHUN 3J1EKTPOPUIBHOTO apo-
MaTUYECKOTO 3aMEIIeHMS, a TeIrepb MPUMEHNM ero K HYyKJIeOo(hWIIb-
HOMY 3aMeIlEeHUIO SyAT, MENJIEHHON CTannel KOTOPOTo SBJISETCS aTa-
Ka HyKJeo(mia Ha m-CUCTEMY apeHa.
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B Mmorekyne HezaMmelleHHOro OGeH30Jla MMEEeTCs JBa BBIPOXKICH-
HbIX 1-B3MO wu nBa BwipoxkaeHHbIXx T-HCMO (11.2). BeneHue 3a-
MecTuTessi Z TPUBOAUT K TOMY, UYTO 00a BBIPOXIEHUSI CHUMAIOTCS
(B Oosbllell WX MEHbBIIEH CTEIeHU B 3aBUCUMOCTU OT IPUPOAbI Z),
tak 4to B C¢HsZ yxe umeercs Toabko omgHa n-B3MO u ongHa =-
HCMO. B rnaBe 13 yxe 06bu10 ckazaHo, uyTo ¢opma n-B3MO 3aBucur
OT TOTO, OTHOCUTCI M Z K 3amectutenism | wmm 11 poma, T.e. saBis-
€TCSl JIM OH T-IOHOPOM WM T-aKLENTOPOM: €Cliu Z — T-AOHOPHbINI
3amecTuTeb, To T-B3MO umeer y3en, mpoxoisiuuil yepe3 MpoTHU-
BOIIOJIOXHBIE (MapajuielibHble) cBsidu opmo-C-mema-C, a ecnu Z —
T-aKIeNTOPHBIM 3aMECTUTENNb, TO Y3eJ MpoXoauT yepe3d Z, unco-C u
napa-C. TlonobHoe npaBwio crnpaBeminuBo u ais i-HCMO-3ameliieH-
HBIX OeH3010B. Korma Z siBisieTcs T-IOHOPOM, OHA M3 Y3JIOBBIX TIJIOC-
kocreit (B 6eH3osne Kaxgas HCMO umMeeT mo JaBe y3JOBBIX IJIOCKO-
ctu) mpoxoaut yepes Z, unco-C u napa-C, a BTOpas — 4epes cepe-
JUHY TPOTUBOIOJOXHBIX cBs3elt Mexnay opmo-C u mema-C. OgHaKo
ecnu Z m-aklenTop, TO Y3JOBbIe IUIOCKOCTH IMPOXOIST Yepe3 MpOTH-
BOMOJIOXKHbBIE cBsI3U unco-C — opmo-C u mema-C — napa-C.

Vxe cama popma HCMO mokasbiBaeT, 4TO aTaka Hykjaeodwia B
TOM ciydae, eclii Z — m-TOHOPHBIN 3aMeCTUTeNb (T.€. 3aMEeCTHTENhb
tuna +M), J0JKHA WATA TOJBKO B 0pmo- U Mema-TIOJOXEHUSI, HO
He B unco- U He B napa-mojoxXeHus, Tak Kak rotHoctb HCMO Ha
unco- U napa-atomMax yriepoma paBHa Hymo. B ciayyae ajgeKkTpoHoak-
LIENITOPHBIX 3amectutesei (tuna —M) miotHocTh HCMO unmeercst Ha
BCEX YINIEPOIHBIX aTOMaX OEH30JIbHOTO KOJbIIA, M TTO3TOMY TPUHIIM-
MMMAJIbHO BO3MOXHA W hnapa-, U mema-, i opmo-, N unco-aTaxa.

B kakoe mojoxxeHne araka Oojiee BepositHa? UToOBI paszoOpaThes
B 3TOM, HEOOXOAUMO 3HAThb KOA(M(PULIMEHTHI, C KOTOpbIMU p-AO Kax-
JIOTO aToma Yrjiepoja BXOIST B JIMHEHHYIO KOMOMHAIMIO, ONMUChIBA-
omyto HCMO. Otu ko3hGUIMEHTH PACCUYUTHIBAIOTCS KBAHTOBO-XU-
MHWYEeCKMMU METOAaMU, 1 JUIST HEKOTOPBIX 3aMeIleHHBIX O€H30JI0B OHU
MMEIOT BEJIMUMHY, YKA3aHHYIO Ha MPMBEACHHBIX HIKE AuUarpammax:

0,57 3 F NH,
0,31 0,56
0,33 0,58
> NO CN
0,66 %0.38 0,31
0,33 0,35 0,14
0,14 0,05
OeH301 < 0,44 0,33
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W13 3tux auarpamm cieayer, 4To Ko3(hGUUUEHTbl MMEOT Hau-
OoJIblIe 3HAUYCHUS B Mema-TIOJOXKEHUU ISl T-IOHOPHBIX U B napa-
MOJIOKEHUU ISl T-aKLEeNTOPHbBIX I'PYII, YTO BIIOJHE COOTBETCTBYET
OPUEHTHUPYIOLIEMY BIUSHUIO 3aMECTUTENEN B peakUMsIX HYKIeo(puab-
Horo apoMarmyeckoro 3ameuieHus. OgHako miga Z = F u NH, koad-
¢punment HCMO n71s1 mema-noynoxeHusl JIMIb HEMHOTO BBILIE, YeM
IUTSL 0pmo-TIOJOXEHUST M, Ka3aJloch ObI, opmo- W Mema-aTaka IOJIXK-
HbI OBITh PAaBHOBEPOSITHBIMU. YTOOBI OOBSICHUTDL MPEUMYILIECTBO Mema-
aTaku, HEOOXOAMMO PacCMOTPETb OTHOCUTEJIbHYIO CTAOUJIBHOCThH 00-
pa3yIolNXCcsl aHUOHHBIX G-KOMILIEKCOB. Takoil KOMIUIEKC B clydyae
opmo-ataki OyaeT B 3HAYUTEJbHOW CTEeMEeHU NeCTAOMIM3UPOBAH U3-
3a OTTAJIKMBAHMSI MEXIy HEIoJeJeHHOW mapoil azoTa W NeHTaaue-
HUJIbHOW T-CUCTEMON aHMOHHOTO o-Komiuiekca. [lpu arake B mema-
MOJIOKEeHUE Takasl AecTabuau3alusi HEBO3MOXHA, MOCKoJbKy B3MO
MEeHTaAMEeHUIBHOIO aHMOHA UMEeT y3eJl (HYJIEBYIO 3JIEKTPOHHYIO TUIOT-
HOCTb) KakK pa3 Ha Mema-aToMax yIjiepona G-KOMIUIeKCa:

H,N

opmo-araKka Mema-araka

Ecmm Z = NO, nnu CN (cM. NMPUBEACHHYIO BBILIE JUarpammy),
TO B IPUHIIMIIE HYKJICO(hUI MOXET aTaKoBaTh napa- WIN UNCO-TIONO-
JKEeHUE. napa-Ataka Io BeJMYMHE OpOUTAIbHBIX KO3(hMUIIMEHTOB 00-
Jiee BEpOosiTHA, HO 3aTO B UNCO-G-KOMILIEKCE JIETKO TMPOUCXOIUT OT-
uiervienre Z (Mpyu HAIMYMUA aKTUBUPYIOLIUX Tpynm, Hampumep, NO,
B Opmo- WIN hapa-1moyioxeHuun), Tak kak NO, , CN™ u npyrue mo-
JIOOHBIE 3aMECTUTEN SIBJSIIOTCSI XOPOLIUMMU YXOASIIUMU TpyInamMu
(xopomMu HykJaeodyramMu), a TMAPUI-UOH, KOTOPBIA HOXKEH OT-
LIETTUTBCS OT NAPA-G-KOMILIEKCA, OTHOCUTCS K «UCKJIIOUUTEbHO T10-
XUM» YXOASIIMM TpyrnaM. Ataka HykJeoduia B COOTBETCTBUM C Op-
OUTAILHBIMU KOG GULIMEHTAMU MPEANOYTUTEILHO OyAeT UITU B napa-
MOJIOXKEHUE, HO 3aTeM OT hapa-c-KOMILIeKca OyaeT OTILETUISITbCSI He
H™, a Toapko 4TO TIpMCcOeAMHUBIINICS HYKJIeoDuUs, T.e. (PaKTUIEeCKU
peakuuu He Oymer. OOpasoBanue 1,3-komruiekcoB CepBuca, Mo-Bu-
JUMOMY, TaKXXe CBSI3aHO C BBICOKMM OPOUTaIbHBIM KO3(DdULIMEH-
ToM Ha arome Cj.
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Tenepb paccMoTrpum (opmy u Koapduimentst HCMO nuzame-
LIEHHBIX OEH30JI0B, CoAepKallMX OAUH 3aMeCTUTE/b T-aKLUEMNTOPHOIo
TUIA U OJWH 3aMECTUTEJIb T-JIOHOPHOro Tuma. B KauecTtBe rnpumepa
BO3bMEM M30MepHbIe (DTOPHUTPOOEH30/bl. B ritaBe 13 Mbl roBOpuMiin,
YTO TMPU OJHOBPEMEHHOM HaJWYUU JOHOPHOTO U aKLENTOPHOIro
3amectuteneit ¢opma B3MO apena ompenesnsieTcsi TOHOPHBIM 3a-
MecTutenaeM. B mporuBomnonoxHocts 3ToMy ¢popma HCMO omnpe-
JensieTcss aKUeNTOPHOW Tpynmoi. DTO BUIAHO M3 MPUBEACHHBIX
HUXE JuarpaMm:

NO, NO, NO,
0,38 0,10 & 0,08
0,35 0,12 0,11
0,14 0,03 0,02 -
0,44 0,16 F
0.15
NO, F
0,10 0,10 0,31
~0 ~0 0,33
0,16
F

W3 nuarpamMM cieayet, 4To B opmo- U napa-PTOpHUTPOOEH30J1aX
mwioTHocTh T-HCMO HaumOonbpiiasg y atoma yrjiepoja, CBSI3aHHOTO C
(TopoMm, a B mMema-u3omMepe Ha 3TOM aTOME yIjiepoja IJIOTHOCTh Ti-
HCMO mpakTiyeck paBHA HYJIO. DTO XOPOIIIO COIJIACYeTCS C CHITb-
HBIM 0pmo-napa-aKTUBUPYIOIIUM BIUSHUEM HUTPOTPYIITHI TP 3a-
MEILIEHUN TaJoreHa.

15.6. MEXAHM3M ANRORC

Mexanusm ANRORC — 3Tu MexaHM3M pacKpbITUSI LIMKJIA TIPU
MPUCOCIMHEHUM HYKJIEODWIBHOTO areHTa ¢ MOCJIeAyIoleid peLuKIn-
3a1Ue.

HykneodunbHoe 3amellieHWe B TeTepOLIMKIMYECKUX COEAMHEHU-
SIX HEPEAKO COMPOBOXIAETCS PACKPBITUEM LMKIA C MOCAEAYIOLIeH
LIMKJIM3alMUEN, TaK YTO KOHEYHBIN PE3yJIbTaT OKA3bIBAECTCS TAKUM XK€,
KakK TpyM HOPMaJbHOM WJIM KMHe-3aMellleHuU. TlepBoHayaibHO Takoit
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MEeXaHU3M OBbLT YCTAaHOBJIEH M MOKa3aH C ITOMOIIBI0O MEYEHBIX aTOMOB
U1 mpou3BoAHbIX nMupumuauHa (X. Ban-gep-Ilnac, 1970). 2-Bpom-
4-heHWITMPUMUANH, COIEPXKALMil B KoJblie aBa atomMa N, pearu-
pyer ¢ KNH, B x)unkom amMmmuake Toibko Ha 15% 1o oObMHOMY Me-
XaHU3My TMPUCOENMHEHUSI — OTIIEeIieHus: SyAr ¢ obpa3oBaHueM 2-
aMUHO-4-(heHWINMUPUMUINHA, COXPaHSIOLIEro oda MeYeHbIX aToMa
azota B HukJe. [J1aBHbIM HampabieHueM (85%) siBiisieTcst IPUCOEAM-
HEHHE aMUI-aHUOHA B IOJIOKEHME 6 C IOCICAYIONIMM PacKphITHEM
OUKJIa W pEeUMKIM3alueit, IpUBOAIIINM K 2-aMUHO-4-(peHWImupr-
MUIMHY, comepxaiieMy N B aMHHOTpYIIIe:

C¢H;
%)
BNy Br* L s

e
NH,
C6H5 [ CeHs | . [ CgHs
*
Iil//C\CH —Br Il\I/ ‘
H | [
)\ N 2 /C\\@* CH C‘)
Br™ °NT | g, H
NH, 2
| CeHs | CeHs
* £
N~ ‘ N~ ‘
- g (85%)
Gﬁékl?] HZI\AI‘)%N
H,
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Takoii MexaH13M HYKJICO(DMIBHOTO 3aMeIIeHNs B apOMaTHYECKOM
psiny nonyuns HazBaHue ANRORC-mexanusma (addition of Nucleo-
phile followed by Ring Opening and Ring Closure). DToT ke mexa-
HU3M XapaKTepeH IJIsT 1IeJIOTO psia TeperpyImrupoOBOK a30TUCTHIX Te-
TEPOIMKINIECKNX COEIMHEHUN B M30MEpHBIE apOMaTUYeCKue M Te-
TEPOLIMKJIMYECKME aMUHbI IO ICHCTBUEM OCHOBAaHMUM, OIMCAHHBIC
A.H. Koctom (1976—1980). O011ast cxema 3THX IeperpyImipoBOK MO-
XeT ObITh (hOpMajiM30BaHa CIICAYIOIIMM 00pa3oM:

R\ C/ H R\C/H
S A
RI-N ﬁ OH RI-N —G;\/lx
2 R2 /
R A\D/B \‘\b—/B
HO
R H o
\ﬁ/ )N\Rl
R
o -
— [l H || e
R = \\D/B R2-C B
H-O /D7
O
NHR'
R—Z A
—_— [l
R—. _B
D

(A, B, D — at0 arombl C unu N)

B cooTBeTCTBMM C 3TOW CXEMOW WHIOIM3WHBI MEePEerpyrnmnupoOBbI-
BalOTCSd B WHAOJIbI, MTUPUMUINHBI — B 2-aMUHOTNMUPUAMHBI, a MUPU-
JUHUEBbIE COJIM — B 3aMELIEHHbIe AHWJIMHBI, XOTS MEXaHU3M OTUX
MNepPerpynmnupoBOK He ObLI IMPEIMETOM CIIELMAJbHOTO U3YyYeHUS U
MPUBEJEHHbIE HUXXE MPUMEPbI OTPaXaloT TOJbKO JOTUYECKU OOOCHO-
BaHHYIO LICIb IIPEeBPALLICHUNA:
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[S]
= oH

X N__~A Boma - crupT © N
O,N CH; O,N CH,
HO H
O,N
(S} 2
[ I ] 85%
CH, II\J (85%)
H
CH, CH,
Z N CH;NH, N (69%)
se k. \
H,C” >N~ ~CH,COOC,H; H,C NHCH,
|
CH, COOC,H;
O,N = OH@ O,N = OH@
\@| — \®| o| —
N”"CH, N° CH,
| e | [S]
CH; 1 CH; 1
O,N__~ O,N
H| o" - o)
Jel Tl |—
HO " CHy H N “cH,
CH; CH,4
O,N

o @ (40%)

NHCH,
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ITo cxomHOMY MeXaHM3MYy OCYIIECTBIISIETCS IepeTrpynmupoBKa
Humpota, 3akiroyaroniascs B 0OMeHe MeCTaMu MEXAY LMKINYEeCKUM
1 9K30LMKINYECKUM aTOMaMM a3oTa B N-3aMelleHHbIX 2-UMMWHOMU-
PUMUAMHAX B IEJIOYHOM cpeje:

ﬁiE:f;>i:U ofl r<<”>iin
HN N R—N/L§N

I
R H

15.7. MOHOMOJIEKYJIAPHBIII MEXAHU3M
HYKIIEO®UJIBHOI'O APOMATUYECKOTI'O
SJAMEIIEHUA Syl

ApWIrajoreHuibl He CKJIOHHBI pearupoBarh 1Mo MexaHusMy Syl ¢
MPOMEXYTOUHBIM OOpa3oBaHUEM apUI-KaTHMOHA. DTO MOXKHO MOHSITh
MPH PacCMOTPEHUM CTpoeHUs (peHmI-KaTnoHa. Ecim cuurath, 4to B
KaTUOHE C6H5@a apoMaTUYEeCKUI CEKCTeT He HapyllaeTcsl (CM. HIUKe),
TO B 3TOM KaTMOHE mycTasi opOuTanb OyaeT sz—FI/I6pI/IZ[HOI71 u Oymer
HaXOJAWUThCS B TUIOCKOCTU OEH30JIbHOTO KOJIblia, T.€. OPTOrOHajJbHA
apoMaTUYECKOMY CEKCTeTy 3JIeKTpoHOB (opmyna XIII):

<« TIycTas sz—FI/I6pI/II[Haﬂ
opOuTaib

(XIII)

ITpu TakoM CTpOeHUU T-3JEKTPOHHAsI CUCTEMAa He TTPMHUMAET yJa-
cTus B cTabunuzauuu peHun-karnoHa. Kpome toro, Hajinuue spz-m6—
PUIHOM BaKaHTHOI OpOMTaIX AeaeT ero MeHee CTaOMIbHBIM 110 CpaB-
HEHUIO C aJIKWIbHBIMU KaTMOHAMMU, TJe MYCTOM SIBISIETCS HETrMOpuII-
Hasi p-opoutanb (171.9). B camom gesie, B aIKWJIBHBIX KaTUOHAX 1IECThb
BAJICHTHBIX 3JIEKTPOHOB PACIIOAralOTCsl HA TPeX sp°-THOPHIHBIX OPOY-
TalsIX, a B (DeHMI-KATHOHE YeThIpe 3JIEKTPOHA 3aHMMAIOT JIBE Sp’-Op-
OuTtanu (o-yrjiepoa-yrjepoaHble CBSI3M), a ABa SIBJSIOTCS T-3JEKTPO-
HaMHu, T.e. HaXOASTCS OTHOCHUTENIbHO AajieKo OT siaep U ciladbee ¢ HUMU
B3aMMOJECHCTBYIOT. 3HAYUT, (DeHUI-KATUOH JIOJLKEH OBbITb MEeHee CTa-
OusIeH, YeM aJKWJIbHbIA KaTMOH. DHTaJbIUsl oOpasoBaHUsl (heHUI-Ka-
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THOHA U3 XJIOPOEH30J1a B Ta30BOI (haze 04eHb BbICOKaA (223 KKaj/MOJIb).
Ta >xe camas BeJIMYMHA XapaKTepu3yeT MOHU3ALMIO BUHUIXJIOpHMIA C
obpazoBaHMEeM KpaliHe HeCTaOMJIbHOIO BUHWJI-KAaTHOHA.

CeHsCl — CH® + C®+ AH';  AH =+223 kKan/mom,

CH,=CHCl —> CH,=CH® + CI®+ AH"; AH =+223 kian/vor.

DHTaNbUMU 00pa3oBaHus u3omnponuiabHoro (190 xkaa/Mojb) u
mpem-0yTunabHoro (174 kxajn/Mojb) KapOOKaTMOHOB B Ira3oBoil (ase
3HAYUTEILHO HIDKE SHTAIBITUA WOHM3AIMU XJIOpOeH30/1a. DT TaH-
HbIe TOATBEPKAAIOT MEHBIIIYIO CTAOMIBHOCTD apUIbHBIX KATUOHOB IO
CPaBHEHHUIO CO BTOPUMYHBIMU aJKWIbHBIMU KaTMOHaMu. PacTBoputesb
COJIbBATUPYET TUIOCKWE aJIKMJIbHBIE KATMOHBI ¢ 00eMX CTOPOH TUIOC-
KOCTH, a (DEeHUI-KaTUOH — JIMIIb C BHEIIHEH CTOPOHBI, MOCKOJBKY
BHYTPEHHSISI 10JIs] BAKAHTHON OpPOUTAIM HAXOMUTCS BHYTPU OEH30JIbHO-
ro kosbma. TakuM 00pa3oM, CONMBBATUIIMOHHBIE 3(D(MEKTH B TOpas3mo
OoJIbllIell CTENEeHM IOJKHBI CIIOCOOCTBOBATH IIpolleccaM C Y4aCTHUEM
AQJTKWIbHBIX, @ HE apUJIbHbIX KapOOKATUOHOB.

Bo3MoXHO, 0fHAKO, YTO 3JEKTPOHHOE CTpoeHWEe (HEeHUIBHOTO
KaThoHa WHoe, 4yeM usoopaxeHo ¢opmyinoii (XIII). Cnekrper DIIP,
MOJYYEeHHbIE JUISI paCTBOPOB, B KOTOPBIX B MPUHLIUIE MOTYT 0Opaso-
BBIBaThCSl apUIbHBIE KAaTWMOHBI, YKa3bIBAIOT HA TO, YTO 3TU KATHOHBI
MMEIOT HecrnapeHHbIe 2JIeKTpoHbl. Ilpeamnonaraercs, 4To 3T KaTUO-
HBl YaCTUYHO MMEIOT OMPaIUKaIbHYIO CTPYKTYPY:

\/
@ (XIV)

B sT0li cTpyKType HapylliaeTcsi apoMaTu4eCcKuid CeKCTET, YTO TOBbI-
1IAeT IHEPrui0, HO 3aTO OJMH M3 DJIEKTPOHOB MEPEXOAUT C p- Ha
Sp*-aTOMHYIO OpOUTAIb YIJIEPOIa, YTO TOHMKACT SHepruio. Bo3Mox-
HO, yTo mpu mnepexone cTpykrypbl (XIII) B crpyktypy (XIV) BbIMI-
pbILI DHEPrUU €CTh, HO, BEPOSITHO, OH HEBEJMK.

Bce 310 nemaer BecbMa MpoOJEMATUYHBIM CaMO CYILIECTBOBAHUE
apUI-KaTUOHOB B KayeCTBE peajibHbIX IMCKPETHBIX YacTHLI, TaK Ke
Kak M METOAbl TeHepallMi YacTHUll TaKOTro poja.

EnuHCTBEHHBIM OTHOCHUTEIBHO ITOCTOBEPHO M3YUYEHHBIM IPUMeE-
POM peakuuu HyKJIeo(hWIbHOT0 apoMaTUYECKOIro 3aMELIEHUs, B KO-
TOpPOl B KauecTBe MHTepMeaudara oOpasyeTcsl apui-KaTUOH, SIBJSIET-
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Csl pa3IoKeHME apoOMaTUYECKMX COJIell NMa30HHUsI B OTCYTCTBHE BOC-
CTAaHOBUTEJIEMI U CUJIbHBIX OCHOBAHUIA:

® —N, ® NuH
ArU\I:N W Ar W ArNu + }fa

K TakuMm peaxkiusM OTHOCHUTCSI TUAPOJIM3 COJIe apeHIMa30HMS
(NuH = H,0), koropslii mpUBOAUT K oOpa3zoBaHUIO (PEeHOJOB
(1. 23, 4. 3).

DTa peakumsl XapaKTepu3yeTcsl TIEPBBIM ITOPSAKOM IO KaTHOHY
Ma30HUS M HE3aBUCUMOCTBIO CKOPOCTU peakLMU OT KOHLIEHTpaIuu
BOIBI KaK HyKJIeomibHOro areHra. Kpome TOro, CKOpocTh peakiiuu
He usMmeHsercs npu 3ameHe H,O Ha D,O B kauectBe Hykieouiib-
Horo peareHrta. [{o06aBku Opyrux HykJeo(dWIOB (KpOME€ BOIbI) MPU-
BOIAT K CMECH MPOAYKTOB, HO He BIMSIOT HAa CKOPOCTh. Bce atm maH-
HbIE COIJIACYIOTCSI C MOHOMOJIEKYJISIPHBIM Syl-MeXaHU3MOM, B KOTO-
pOM HYKJIeO(GUIbHBI areHT He MPUHMMAaeT ydJacTUs B CTaauH,
OIpeneIsIoNIeil CKOPOCTh BCETOo Tpoliecca, U MPOTUBOPeYaT MeXaHM3-
My MpUCOeNMHEHUs] — oTuierieHus: SyAr. OTcyTcTBUEe 0OMEHa BOJIO-
ponma Ha neiitepuit st coneit nuazonust ArN," B cpene D,O uckimo-
yaeT oOpa3oBaHMe OEerMApoOeH30jla B KauyecTBe MHTepMmenuaTta. Ma-
Jlasi CEeJIEKTUBHOCTH IO OTHOIIEHUIO K Pa3IMYHbIM HYKJIeodHsIaM B
KOHKYPHUPYIOIIMX PeaKIMsX CBUIETEIBCTBYET O BHICOKON aKTHUBHOCTHU
WHTepMearara M CcOorjacyeTcsl ¢ oOpa3oBaHMEM apuji-KaTHOHAa B Ka-
YecTBe TaKOro MHTEpMeauaTa.

B nporecce pasnoxkeHus KAaTHOHA apeHIMAa30HUsI, MEYEHHOTO 130~
toriom °N, B HermpopearnpoBaBllieM KaTHOHe HAGIIONACTCs Iepepac-
npeaeseHue MEeTKU:

[ AN="N |® [ AP N=SN | [Ar—SN=N®

Ortclofa ciemyeT, 4yTo IepBasl CTaaus pas3lioXEHMsS KaTMOHA IHa-
30HMSI, TTO-BUIMMOMY, 0OpaTuMa, a HyKJIeo(hWIbHOW aTake Mpenumy-
LIECTBEHHO ITOJABEPracTCsd MOJIEKYJISIPHO-MOHHAY mapa [Ar®NEN]:

15
|
® N NuH ®

Ar— BN=N ———> Monekymsippo- ———>» ArNu + H
VOHHas T1apa

A BN ﬂ

@

A + N,
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MoHOMOJIEKYJISIpDHBIIT MEXaHU3M 3aMelleHUs, BKJIIOYAKOLINil 00-
pa3oBaHuE YacTHUIll TUIlA [Ar®NzN] win Ar®, XapakTepPeH JJIsI Mpo-
1IECCOB, i€ POJIb HYKJI€O(MUIBHOTO areHTa BhINIOJIHSIOT XECTKE aHu-
OHbI Wnu HeuTpanbHble MoJiekyabl H,O; F; CI. Tem He MeHee yxe
IUIST peakly CoJiell MTMa30HUS C XECTKUM aJKOTOISAT-MOHOM C MO-
HOMOJIEKYJISIDHBIM MEXaHU3MOM Syl KOHKYpPUPYIOT OpYrue€ IMpoLec-
CHl ¢ obpa3oBaHMEM B KauyecTBE MHTepMeauaTa pagukana Ar., apu-
Ha (3a cyeT OTIIEIUIEHUs a3ota U H' M3 opmo-mojoxeHnus), a Tak-
Xe 3aMmelleHus mo SyAr-MexaHu3Mmy B KOJblle, aKTUBUPOBAHHOM
HaJIMYMEM CaMOTO 3JIEKTPOOTPUIIATEIILHOTO 3aMECTUTENs — JIUa30-

]
rpynnbl —N=N .

@
N=N CH,0D

[::]: + CH;ONa ———
NO,

OCH,;
OCH;

- QA

(11,1%) (56,6%) Q75%

Bce a1 mpoayKTHI TOJBKO YacTUYHO JeiTepupoBaHbl (Ha 15, 19
u 87% COOTBETCTBEHHO):

H(D)

OCH,
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15.8. PEAKIIMM COJIE APEHJAMUA3O0HUSA
C MATKUMHA OCHOBAHUSMMUA JIBIOUCA

Peakiiuu 3ameltieHrsT 1Ma30rpymiibl B KATUOHE apeHAMAa30HUS 1O/
JeicTBUeM MITKUX HykieopwibHblx areHToB (I, Br, CN™, SCN™,
N3 ), a Takxke KaTaJlUTUYECKHE PeakLUMW B MPUCYTCTBUM COJIEH Me-
au(l) — peakuum 3anameiiepa (171.22, 4.3) — MOPOTEKAIOT MO COBEP-
IIEHHO MHOMY MEXaHU3MY, KOTOPbI MPUHLMIIUAIBHO OTINYACTCS OT
TeTepOJIMTUYECKOTO MOHOMOJIEKYJISIPHOTO MEeXaHN3Ma U He COMPOBOXK-
faeTcsi 06pa30BaHMeM KaTHOHA Ar® WM MOJEKY/ISIpHO-HOHHO! Mapbl
[Ar@NEN]. Bo MHorux ciayyasx KJIIOYEBOM CTaaueil peakuuy 3ame-
1LIEHUST TUA30TPYINbl B KATUOHE apeHIMa30HUs MO JeUCTBUEM MsIT-
KOro ocHoBaHusl JIbtouca (MSITKOTO HYKJI€O(MUIBHOTO areHTa) SIBJsi-
eTCsl TEePeHOC OJHOTO BJIEKTPOHA OT HYKJIEO(MUIbHOIO areHTa K Ka-
TUOHY JMA30HUSI ¢ OOpa3oBaHMEM apUJIbLHOTO pajauKajga W APYroro
pagukKana, MOJYYMBLIETOCSI U3 MCXOJHOIO HYKJI€O(MUIBLHOTO areHTa.
OTOT MexaHM3M moyyuwsi Ha3BaHue SET-mexaHusma (single electron
transfer; cm. 171.20).

Knaccuyeckum mpuMepoM Takoro poja peakluu SIBJISIeTCSl B3au-
MOJICUCTBUE COJIEM apeHINA30HUS C UOAUI-UOHOM:

o HO
—2 > Al + N, (70-90%).

25°C
s aTOl peakiuy MepBOHAYATBLHO OBLT MPEITOKEH OKUCTUTEIb-

HO-BOCCTAHOBUTE/IbHBIN LIEMTHONW MEXaHU3M, 10 CMBICIIY MOJHOCThIO
aHAJOTUYHBIN Spyl-MexaHusmy baHHeTa, omucaHHOMY B pazfaene 15.2:

®
ArN=N + 1

HHnuyuuposarnue uyenu:

AN® + 1€

——> ArN,» + I-
Pazeumue uenu:
AI'N2' E— AI" + Nz,

Are + 1° — > Al®,

®
ArI© + AtNy, —>Arl + ANy u T 1

PamukanbHBINMN XapakTep peakMM AMA30KaTHOHA ¢ HOAMI-MOHOM
TTOATBEp3KAaeTCA TeM, YTO M3 KaTHOHA O€H30IIMa30HUS U HOIUI-NOHA
B MeTaHoJie oOpasyrorcs: mombenson (45%), oenson (15%), iton
(10%) n dopmanpaerun (15%), KOTOpbI IOIydaeTcsl IpU AETUMI-
pUPOBAHMM MeTaHOJa paauKaaioM OeH30JAua3oHus. Takoi xe Mme-
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XaHWU3M, BO3MOXHO, Peau3yeTcss W IJIsT psda APYTUX MSITKHX OCHO-
BaHUI B KayecTBe HykJeobuabHbIX areHToB SCN ™, (RO),PO™ u np.

OnHako HeAaBHO ObLI MPEITOXEH HOBbI OPUTMHATbHBINA MOMA-
X0 K MHTEpIIpeTalliy MeXaHW3Ma HYKJIeO(MWIbHOTO 3aMEIICHMS M-
a30rpynIibl B KaTUOHE apeHAMAa30HUsI, B KOTOPOM He TpPHUBJIEKAIOTCS
MpeACTaBIeHUsI 00 OJHORJIEKTPOHHOM IEPEHOCE OT BOCCTAHOBUTEJIS
K oKucauTeno. BsaumoneiictBue katroHa nuasoHust ArN," ¢ HyKJIeo-
(unabHbIM areHToM X paccMaTpuUBaeTCsl B paMKax TepMOIMHAMMUec-
KOro 1LMKJa, BKJIIOYAIOLIEro TPU MocjienoBaTesbHbix mpouecca: (1)
MOHU3aLNI0, (2) OKUCIUTEIbHO-BOCCTAHOBUTENILHYIO IMMEpPU3ALINIO
u (3) paguMkaabHOE TUCIPONOPLIMOHUPOBAHUE:

— AaN® + x° ANX <
©)
——= 1n4Ny), + 12X,

B TepMomuHaMMUYECKUl MK BXOAST IBa KOBAJIEHTHBIX TMA30CO-
eAUHEHUS] — MPOAYKT MPUCOEAMHEHUs] HyKIeo(pUuIbHOro areHta X
K katroHy ArN," u numep nuasocoenunenust (ArN,),. [TepBblit U3 HUX
paccMaTpuBaeTcsl KaK MPOMEXYTOUHBINH MPOAYKT B peakiluyd HYKJIEO-
(unabHOrO 3amellleHus, a BTOPOH — KakK MCTOYHMK apUJIbHbBIX Paau-
KaJIOB, BO3HUKAIOIIMX IIpU ero pasznoxeHun. CTereHb 0O0pa30oBaHUS
KoBaJieHTHOTro coenuHeHuss Ar—N=N—X w1 aumepa (ArN,), 3aBu-
CHUT OT KHCJIOTHO-OCHOBHBIX CBOMCTB ArN," n X~ M MX OKHMCIUTENb-
HO-BOCCTAHOBUTEJIbHBIX IMOTEHIMAJIOB U MOXET OBbITh paccuuTaHa.
[IpenmonaraeTcsl, 4To coau Meau, oOpasysl KOMILIEKChl ¢ KOBaJEHT-
Hoit (popmoit Ar—N=N—X, caBUraroT paBHOBECHE B CTOPOHY ee¢ 00-
pa3oBaHus, MOAABISAS TeM caMbiM OoOpa3oBaHUE TUMEPOB U UX paau-
KanbHbI pacrnan. KoBaneHtHas ¢opma Ar—N=N—X o0Opa3zyeT KOMII-
JIeKC U ¢ consiMu MX, KOTOpbIi Jajiee CMHXpPOHHO MpeBpallaeTcsl B
OpoayKT (OpMaJbHOTO HYKJIEO(UIBHOIO 3aMelleHUs:

N=—=N
N=N—X + MX < X —>

— ®X+MX+N2.

N ’

X----M
OTO mpennoyiokeHne MMeeT aHaJIOTHMI0 B peakluy CoJieil aua3o-
HUS ¢ a3UI-MOHOM, B 3TOM peakiiuy ITepBOHa4YaJIbHO 00pa3yeTcsl LUK~
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Juyeckuii neHTazeH (XV), KOTOpbII Aajee pasjiaraeTcs Ha apujiasufl
ArNj; 1 asor:

N
® © PN
Ar—N=N + N, —> Ar—I\i SN —
N=N
N=—/N XV)
N ( ® O
— > o @/N —>» Ar—N=N=N +N2.
\\ /
N=—N

CornacHoO 3TOil TOUKe 3peHusl, oopa3oBaHue OeH30J1a U (hopMab-
neruna B peakuun CsHsN," u MetaHoma o6ycioBieHO TOMOTUTHYEC-
KUM Da3jIOXEHUEM IUMepa:

Y
2C¢Hs* + CH;OH ——> 2CH, + HC-H

B pamkax 3Toil KOHUEMUUU CIAeAYyeT MPEAroaoXUTb, YTO MOHO-
MOJIEKYJISIDHBIA MexaHu3M Syl ¢ ydyacTueM apui-KaTMOHa peausy-
eTcsl TOTAa, Korjma HykKJaeo(puabHbIN areHT X He o0pa3yeT KOBaJeHT-
Hoii popMbl Ar—N=N—X MM eciim KOHCTaHTa OOpa30oBaHMs TaKOI
(opMbl oueHb Maja. B mpoTUBOMONOXKHOCTh MPEACTABICHUSIM 00 Of-
HOBJICKTPOHHOM MepeHoce B paMkax SET-MexaHu3Ma, 3Ta KOHLIET-
LMs CBSI3bIBACT 00pa30BaHME paJAUKaIbHBIX YACTHI CO BTOPUYHBIMU
MpoliecCaMy, PEeAM3YIOLIMMUCS TIPU HEOOPaTHUMOM TOMOJUTUYECKOM
pacnajge KOBAJICHTHBIX AUMEPOB IMA30COCAUHEHUA.
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