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III.2.13.2 Other �-Hetero-Substituted
Organometals in Palladium-Catalyzed 
Cross-Coupling

FEN-TAIR LUO

A. INTRODUCTION

The cross-coupling reaction of �-hetero-substituted organometals with organic halides
and related electrophiles represents one of the most straightforward methods for
making carbon–carbon bonds especially in the formation of various heterocyclic
derivatives. This section will emphasize on the Pd-catalyzed cross-coupling reactions
via some �-hetero-substituted organometals except metal cyanides, which are
described in Sect. III.2.13.1. These heteroatoms, incorporated in positions that are � to
the metals, include halogens (F, Cl, Br, I) and other electronegative elements, such as
O, S, Se, N, and P, as well as some metals, such as B, Al, Zn, Si, and Sn (Scheme 1). It
is important from the synthetic viewpoint to develop procedures for coupling various
�-hetero-substituted alkenylmetals or �,�-disubstituted alkylmetals, the carbonylanion
equivalents, with electrophiles.[1] This section is subdivided according to the use of
different metals, such as Al, B, Cu, Li, Mg, Hg, Sn, and Zn, in the �-hetero-substituted
organometals.

B. ORGANOALUMINUM COMPOUNDS

Relatively few reactions on the Pd-catalyzed cross-coupling reaction of organoaluminum
with electrophiles have been reported in the literature. However, Negishi and Luo have re-
ported the [Pd(PPh3)4]-catalyzed cross coupling reaction of �-trialkylsilyl-, �-alkoxy-, or
�-alkylthio-substituted alkenylaluminum and alkenylzinc compounds with vinyl or aryl
halides to form hetero-substituted arylated alkenes or conjugated dienes suitable for the
Diels–Alder reaction, respectively; the stereospecificity of the reactions is �98%
(Scheme 2).[2] Saulnier and co-workers have reported the chemoselective synthesis of al-
lyltrimethylsilanes by the [Pd(PPh3)4]-catalyzed cross-coupling reaction of vinyl triflates
with tris[(trimethylsilyl)methyl]aluminum (Scheme 3).[3]
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C. ORGANOBORON COMPOUNDS

Suzuki and co-workers have reported the reaction of diisopropyl �-bromoalkenyl-
boronates, readily obtained from hydroboration of 1-bromoalkynes and followed by the
addition of organolithium, with base to give 1-organo-1-alkenylboronates. The
[Pd(PPh3)4]-catalyzed cross-coupling reaction with organic halides proceeds smoothly in
the presence of base to form highly stereo- and regiospecific trisubstituted alkenes
(Scheme 4).[4],[5] Likewise, Waas and co-workers have reported the conversion of �-
iodoalkenylboronates, readily prepared by the hydroboration of 1-iodoalkynes, to 1,1-
bimetallics of boron and zinc or copper, which react with a wide range of electrophiles to
afford polyfunctional boronic esters. After hydrogen peroxide oxidation, polyfunctional
ketones were produced in good to excellent yields (Scheme 5).[6] Note that �-
iodoalkenylboronates may undergo cross-coupling with organozinc compounds in the

674 III Pd-CATALYZED CROSS-COUPLING

C CC M

Y Y

Z
M

C R

Y Y

Z
R

(Z may or may not be the same as Y)

or +

cat.
PdLn

orR X

Scheme 1

R

H

SiMe3

Al(i-Bu)2

H2C CHBr
THF

R SiMe3

+
Pd(PPh3)4

68−74%

Scheme 2

Br
OSO2CF3

(Me3SiCH2)3Al, Pd(PPh3)4 cat.
Br

SiMe3
 ClCH2CH2Cl/C6H6, r.t., 2.2 h

84%

Scheme 3

C CR1 Br

R1

B(OPr-i)2R2

Br

i-PrOH

R1

R2

B(OPr-i)2

R1

B(OPr-i)2

Br

R1

R2

R3

+  HBBr2:SMe2

R2Li

base R3X

Pd(PPh3)4 cat.
aq. KOH

61−94%

Scheme 4



III.2.13.2 OTHER �-HETERO-SUBSTITUTED ORGANOMETALS IN CROSS-COUPLING 675

B O

O

Me Me
Me

Me

Me

I

Hex
I

B O

O

Me Me
Me

Me

Hex

Me

1. Zn, DMA
2. CuCN  2 LiCl

3. Pd(dba)2 cat.

77%

Scheme 5

N

Boc

B(OH)2 N

OMe

TfO

N

C11H23-n

K2CO3

N

OMe

N

C11H23-n

N+

Pd(PPh3)4 
    cat.

73%

Scheme 6

N

SO2Ph

B(OH)2 Ar-X N

SO2Ph

Ar

Pd(PPh3)4 cat.

X = Br or I Ar = Ph, 1-Napth, 
        4-NO2Ph, 4-AcPh, 
        4-MeOPh

(39−91%)

Scheme 7

presence of Pd catalyst to give 1-organo-1-alkenylboronic esters or �-organoalkenyl-
boronates.[7]

The Suzuki coupling methodology has widely been used in the preparation of 
pyrrole derivatives. Thus, the immunosupressive agent undecylprodigiosine can be
prepared by the [Pd(PPh3)4]-catalyzed cross-coupling reaction of two pyrrole rings
(Scheme 6).[8] The preparation of 2-aryl-1-(phenylsulfonyl)pyrroles can also be realized
by cross-coupling of 1-(phenylsulfonyl)pyrrole-2-boronic acid and aryl bromides or io-
dides (Scheme 7).[9] Similarly, Suzuki coupling of 2-thienylboronic acid with either 
aryl halides or triflate could give the corresponding thienyl derivatives.[10]–[18] Likewise,
2-furanylboronic acid could cross-coupling with either aryl or vinyl halides or triflate
via the Suzuki reaction to give the corresponding furanyl derivatives.[11],[19] – [25]

Triethyl(1-methylindol-2-yl)borate has been used for the Pd-catalyzed tandem cycliza-
tion and cross-coupling reaction with acetylenic or vinylic aryl halides to form ellip-
ticine analogs (Scheme 8).[26],[27]
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D. ORGANOCOPPER COMPOUNDS

Kalinin and Min have reported the synthesis of aryl- and vinyl-sydnones from the
[Pd(PPh3)4]-catalyzed cross-coupling reaction of 4-copper-3-phenylsydnone with aryl and
vinyl halides (Scheme 10).[31]

The [Pd(PPh3)4]-catalyzed cross-coupling reaction of �-silylalkenylborane with 
2-bromomethyl-4-siloxycyclopent-2-enone followed by the conversion to an epoxy and
keto group could form a key component for the preparation of 6-keto-prostaglandins
(Scheme 9).[28] Suzuki coupling of aryl or vinyl bromides with �-silylalkenylborane
under basic conditions or �-silylalkenylborate could provide the corresponding
silylated styrenes and 1,3-dienes with highly stereoselectivity (�98%).[2],[29] Soderquist
and co-workers have reported that allyl, benzyl, and propargyl silanes can be prepared
via Suzuki reaction of vinyl, alkynyl, and aryl bromides with the air-stable
organoborane, 10-trimethylsilylmethyl-9-oxa-10-borabicyclo[3.3.2]decane, in excellent
yields.[30]



E. ORGANOLITHIUM COMPOUNDS

Araki and co-workers have reported the [Pd(PPh3)4]-catalyzed cross-coupling reaction of
isoprene bromohydrin with heteroaromatic organolithium reagents in good yields without
rearrangement (Scheme 11).[32] Pelter and co-workers have reported that the [Pd(PPh3)4]-
catalyzed cross-coupling reactions of 2-lithiofuran with allyl or benzyl bromides work
well, but fail with aryl bromide.[33]

III.2.13.2 OTHER �-HETERO-SUBSTITUTED ORGANOMETALS IN CROSS-COUPLING 677

N
N

O

Li

O −

Ph

N
N

O

Cu

O −

Ph

I R

BrCH   CHPh

N
N

O

CH   CHPh

O
 
−

Ph

N
N

O
O −

Ph
R

1. BuLi/THF
    −78 °C

2. CuBr

Pd(PPh3)4
cat.

Pd(PPh3)4cat.

R = H, NO2, OMe

86%

90−92%

Scheme 10

OH

Me

Br

Z

OH

Me

Ar
ArLi, Pd(PPh3)4 cat.

Ar =

Z = O, S, NMe
60−92%

Scheme 11

F. ORGANOMAGNESIUM COMPOUNDS

Negishi and co-workers have reported the [Pd(PPh3)4]-catalyzed cross-coupling reaction
of trimethylsilylmethylmagnesium chloride with alkenyl iodides to form allylsilanes in
excellent yields and in a highly stereo- and regioselective manner (Scheme 12).[34],[35]

Sugihara and Ogasawara have reported the [PdCl2(PPh3)2]-catalyzed cross-coupling re-
action of optically active 2-chlorovinylcarbinols with trimethylsilylmethylmagnesium
chloride to form certain optically active allyl alcohols.[36] Alternatively, Hevesi and co-
workers have reported the [PdCl2(PPh3)2]-catalyzed cross-coupling reaction of vinyl se-
lenides with trimethylsilylmethylmagnesium chloride to form allylsilanes.[37] Minato and
co-workers have reported the [PdCl2(dppb)]- or [PdCl2(dppf)]-catalyzed cross-coupling
reaction of 1-methyl-2-pyrrolylmagnesium bromide with aryl and heteroaryl halides to



give the corresponding 2-substituted pyrroles in good to excellent yields.[38],[39] Likewise,
2-thienylmagnesium bromide could be coupled with p-tert-butylphenyl �-O-�2-glycopy-
ranoside to form C-�-aryl-�2-glycopyranosides in the presence of PdCl2(dppf) catalyst
(Scheme 13).[39],[40] The [PdCl2(dppb)]-catalyzed cross-coupling reactions of �-
silylvinylmagnesium bromide with heteroaryl bromides have also been reported.[7]

Buono and co-workers have reported the use of PdCl2(MeCN)2 catalyst and chiral AMPP
(aminophosphine phosphinite) ligands[41] in the allylation of 1-trimethylsilylvinylmagne-
sium bromide with 3-cyclohexenyl acetate to give a versatile synthon, 3-(1-trimethylsi-
lylvinyl)cyclohexene, in high yields and with ee up to 33% (Scheme 14).[42]
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G. ORGANOMERCURY COMPOUNDS

Bumagin and co-workers have reported the ArPdI(PPh3)2-catalyzed cross-coupling of 2-
furanyl or 2- thienylmercurials with aromatic halides in the presence of iodide ion to give
coupling products in high yields. In the case of acyl halides, unsymmetrical diaryl ke-
tones could be obtained in good yields (Scheme 15).[43],[44]

H. ORGANOTIN COMPOUNDS

�-Hetero-substituted organotin compounds (Scheme 16) have been used extensively
in the Pd-catalyzed cross-coupling reaction with various electrophiles, since the tin



derivatives may tolerate a variety of functional groups both in the organometallic
reagent and in heterocyclic halides. Matthews and co-workers have reported the use of 
(1-fluorovinyl) tributyltin as a synthetic equivalent for the 1-fluoroethene anion in the Pd-
catalyzed cross-coupling with aryl iodide, aryl triflate, or acid chloride to form the
corresponding alkenyl fluoride derivatives.[45],[46] Shi and co-workers have reported the
addition of copper(I) iodide as a cocatalyst in the [Pd(PPh3)4]-catalyzed cross-coupling
reaction of (1-fluorovinyl)tributyltin reagent to give better yields.[47] The cross-coupling
of hexabutyldistannane with (4-bromophenyl)methylsulfone in the presence of both
Pd(OAc)2 and Pd(PPh3)4 catalysts could give methyl[4-(tributylstannyl)phenyl]sul-
fone.[21] Likewise, hexamethyldistannane can couple with triflated oxazole by the aid of
Pd catalyst to give 4-trimethylstannyloxazole.[48]

The Pd-catalyzed cross-coupling of 2-thienyl-, 2-pyrrolyl-, 2-furyl-, and 2-
pyridyltin reagents with various organic halides or triflates, such as aryl, heteroaryl,
allyl, and alkenyl halides, have been extensively studied and reported in the litera-
ture.[49]–[98] The intact functional groups include aldehyde,[49],[50] ester,[49],[50] alcohol,[49]

amide,[50],[51] amino,[52],[53] nitro group,[54] and uracil moiety.[55],[56] Gronowitz and 
co-workers have reported the synthesis of dithienopyridines and other fused hetero-
cycles through Pd-catalyzed cross-coupling of 2-thienyltin reagent with N-(halo-
heteroaryl)carbamates (Scheme 17).[57]–[61] Kang and co-workers have reported the 
Pd-catalyzed cross-coupling of 2-thienyl and 2-furyltin compounds with iodanes[74] or
hypervalent iodonium salts[75] (Scheme 18). Liebeskind and Wang have reported the
construction of substituted benzo- and dibenzofurans or thiophenes by the Pd-
catalyzed cross-coupling of 2-furyl- or 2-thienyltin reagent with 4-chloro-2,3-
disubstituted-2-cyclobutenones and followed by thermolysis at 100 °C (Scheme 19).[80]

Under the same conditions, both 2-(tri-n-butylstannyl)benzofuran and 2-(tri-n-
butylstannyl)thiophene react with 4-chloro-2,3-disubstituted-2-cyclobutenones to form
dibenzoheteroaryls.[80] Similarly, 2-benzofuranyl-, 2-benzothiophenenyl-, or 2-
indolytin reagents may couple with aryl, heteroaryl, alkenyl, alkynyl, or alkyl halides
in the presence of Pd catalyst to give the corresponding coupled products in good
yields and in a stereoselective manner.[80],[81],[84],[99]–[105] Intramolecular cyclization
based on the Pd-catalyzed cross-coupling reaction of 2-indolyltin and vinyl or benzyl
bromide could give high yields of the corresponding seven- and nine-membered ring 
(Scheme 20).[103] 2-Selenienyltin compound also has been used in the Pd-catalyzed
cross-coupling reaction with iodopyrimidine.[83] Alkenyltin containing �-alkylthio or
�-alkyloxy substituents reacts readily with chloropurines and aryl halides in the
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presence of Pd catalyst to produce alkenylated purines and benzenes, respec-
tively.[86]–[88],[92],[106] Liebeskind and Wang have reported the synthesis of substituted
2-pyrones by carbonylative cross-coupling and thermolysis of 4-halocy-
clobutenones with 2-ethoxyvinyl-, 2-furyl-, and 2-thienyltin reagents (Scheme 21).[89]

Optically active ene carbamates were �-lithiated by lithium tetramethylpiperidide in
the presence of trialkylstannyl chlorides to produce �-stannylated compounds.[107]

These stannylated compounds underwent facile Pd-catalyzed cross-coupling with acid
chlorides to produce �-keto ene carbamates in good yields (Scheme 22). The Pd-
catalyzed cross-coupling of stannylated 2- and 4-oxazole,[48],[108] 5-isoxazole,[93],[98] 2-
benzoxazole,[109] 2-, 4-, and 5-thiazole,[82],[85],[93],[110] 2-benzothiazole,[91],[109] 2-, 4-, and 
5-imidazole,[85],[90],[93],[111]–[113] 3-pyrazole,[114]–[116] 2-oxazoline,[117],[118] and 6-uridine[119]

with various organic electrophiles have been reported in the literature to give the correspon-
ding regio- and stereoselective products. Iyoda and co-workers have reported the Pd-
catalyzed cross-coupling of (trialkylstannyl)tetrathiafulvalene with aryl, naphthyl, or 
1,6-methano[10]annulene halides to give the corresponding tetrathiafulvalene-substituted
aryl, naphthalene, and 1,6-methano[10]annulene derivatives.[120],[121]
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I. ORGANOZINC COMPOUNDS

Burton, Davis, and Heinze have reported the [Pd(PPh3)4]-catalyzed cross-coupling reac-
tion of aromatic iodides with (E)-1,2-difluoroethylenylzinc chloride in DMF to form �,�-
difluorostyrenes in good yields and in a stereoselective manner.[122],[123] Gillet and co-
workers have reported the [Pd(PPh3)4]-catalyzed cross-coupling reaction of
fluorovinylzinc reagents with acid chlorides, ethyl chloroacetate, or alkenyl iodides to
form fluorovinyl ketones, esters, and heterocycles in good yields (Scheme 23).[124] A
general method for the preparation of 2-(2-pyridyl)indoles based on the [Pd(PPh3)4]-
catalyzed cross-coupling reaction of 1-(benzenesulfonyl)-2-indolyzinc chloride with 
2-halopyridines has been reported.[125] This method has been used in the preparation of
the indolo[2,3-a]quinolizidine ring system of a large number of indole alkaloids.[126] 2�-
Deoxyuridines with a five-membered heterocyclic substituent at the 5-position were
synthesized by [Pd(PPh3)4]-catalyzed coupling reactions of 5-iodo-2�-deoxyuridines with
activated heteroaromatics (Scheme 24).[55] Alkenylzinc containing �-alkoxy or �-
alkylthio substituents react readily with aryl or alkenyl halides in the presence of a Pd
catalyst to produce arylated alkenes or conjugated dienes, respectively, with high (�98%)
stereoselectivities.[2],[127]–[130] 2-Furylzinc chloride could couple with alkenyl triflates in
the presence of Pd(PPh3)4 catalyst to form 2-vinylfurans.[131] Hyuga and co-workers have
reported a one-pot synthesis of prostaglandin B1 methyl ester by a stepwise Pd-catalyzed
cross-coupling reaction of (E)-(2-bromoethenyl)diisopropoxyborane with �-methoxy-
alkenylzinc chloride followed by addition and elimination of 3-bromocyclopentenone
derivatives.[132] Luo and co-workers have reported a one-pot conversion of terminal
alkynes into gem-disubstituted alkenes via the addition of in situ generated hydrogen
iodide and Pd-catalyzed cross-coupling with organozinc reagents including 2-furyl- and
2-thienylzinc chloride.[133],[134] Luo, Wang, and Chov have reported the tandem cyclization
and cross-coupling reaction of acetylenic aryl iodides with 2-heteroarylzinc chloride to
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form 1-indanylidene, (Z)-2,3-dihydro-3-(arylmethylene)benzofurans, or (Z )-3-methyl-
ene-2,3-dihydroindole derivatives (Scheme 25).[135]–[138] It is noted that both 2-furyl and
2-thienylzinc chloride can undergo cross-coupling reaction with dichloroethenyl
cyclopropanecarboxylates in the presence of PdCl2(dppb) catalyst to form pyrethroids
(Scheme 26).[139] The Pd-catalyzed cross-coupling reaction of 2-thienylzinc chloride with
other aromatic halides to form thiophene compounds have been extensively applied to
new materials with second order optical nonlinearities.[140] Kalinin and co-workers have
reported the [Pd(PPh3)4]-catalyzed cross-coupling reaction of 4-bromo-2-pyrone with 2-
thienylzinc chloride to form 4-substituted 2H-pyran-2-one.[141] Bellina and co-workers
have reported a highly regioselective [Pd(PPh3)4]-catalyzed cross-coupling reaction of 2-
thienylzinc chloride with easily available (Z )- and (E)-alkyl 2,3-dibromopropenoates to
form stereoisomerically pure (Z)- and (E)-alkyl 2-bromo-3-(2-thienyl)propenoates in
good yields.[142] Takahashi and co-workers have reported the synthesis of novel p-terphe-
noquinone analogs involving a central dihydrothiophenediylidene structure by the
[Pd(PPh3)4]-catalyzed cross-coupling reaction of 4-alkoxyaryl halides and thienylzinc
chloride.[143] Goldfinger and co-workers have reported the use of [Pd(PPh3)4]-catalyzed
cross-coupling reaction of thienylzinc chloride and p-dibromobenzene for the synthesis of
rigid and fused polycyclic aromatics useful for a number of advanced materials applied in
nonlinear optical, photoluminescent, electroluminescent, and molecular-based sensory
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devices.[144] The efficient Pd-catalyzed synthesis of unsymmetrical donor–acceptor
biaryls, polyaryls, or heteroaryls from the cross-coupling of substituted aromatic zinc
reagent and aryl halides have been reported.[33],[145],[146],Keenan and Kruse have reported
the cross-coupling of 2-furylzinc chloride with 2-methoxy-5-{[(trifluoromethyl)sul-
fonyl]oxy}tropone in the presence of Pd(PPh3)4catalyst to give 5-(2-thienyl)tropone in
good yield.[147] Roth and Fuller have reported the mild [Pd(PPh3)4]-catalyzed cross-cou-
pling reaction of aryl fluorosulfonates with 2-furylzinc chloride in a regioselective man-
ner.[148] Brandão and co-workers have reported a general combined metallation by the aid
of an amide group and Pd-catalyzed cross-coupling methodology involving 2-furylzinc or
2-thienylzinc chloride to form the regiospecific hetero-ring-fused o-naphthoquinones.[11]

Campbell and co-workers have reported a convenient synthesis of 3-substituted
anthranilonitriles by the [PdCl2(dppf)]-catalyzed cross-coupling reaction of 2-furylzinc
bromide with 3-iodoanthranilonitrile (Scheme 27).[149] Russell and Hegedus have reported
the cross-coupling of zinc salts of allenic ethers with aryl and alkenyl halides by using Pd
catalyst to give �,�-unsaturated ketones, the allenic ether serving as a source of the acry-
loyl group (Scheme 28).[128] Suzuki and co-workers and Mazal and Vaultier have reported
a stepwise cross-coupling reaction of (E )-(2-bromoethenyl)diisopropoxyborane with �-
methoxyalkenylzinc chloride or �-trimethylsilylvinylzinc chloride and organic halides by
using PdCl2(PPh3)2 as the catalyst to form �,�-unsaturated ketones or (E)-olefins in good
yields with high (E)-stereoselectivities (Scheme 29).[150]– [152] Tius and co-workers have
shown that the chlorozinc derivative of sugar could give much better results in the 
cross-coupling reaction with iodoanthracene by the aid of an active Pd catalyst, generated
in situ by the reduction of PdCl2(PPh3)2with diisobutylaluminum hydride in THF 
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(Scheme 30).[153] Friesen and co-workers have also reported the [PdCl2(PPh3)2]-catalyzed
cross-coupling of 2-furylzinc chloride or 2-furyldimethoxyborane with iodo-glucal to
form C-furyl glucals in good yields.[154],[155] Anderson and co-workers have demonstrated
the use of oxazol-2-ylzinc chloride has great advantage over the use of the corresponding
tin reagent in the Pd-catalyzed cross-coupling of iodoindole derivatives in both yield and
toxicity aspects.[156] Ennis and Gilchrist have reported that the [Pd(PPh3)4]-catalyzed cross-
coupling reaction of (1-bromovinyl)trimethylsilane with 2-thienyl-, 2-furyl-, or 3-furylzinc
bromide may give both 1- and 2-substituted vinylsilanes in about 1:1 ratio (Scheme 31).[157]

Gilchrist, Kemmitt, and Germain have reported that the [Pd(PPh3)4]-catalyzed cross-coupling
reaction of 2-bromocyclopentene-1-carboxaldehyde N,N-dimethylhydrazone with 2-furyl- and 2-
thienylzinc chlorides provides a route to the corresponding 2-heteroaryl-cyclopentene-1-carboxalde-
hyde dimethylhydrazones. These compounds could be cyclized under flash vacuum pyroly-
sis at 600 °C and 10�3 mmHg to give 6,7-dihydro-5H-2-pyrindines (Scheme 32).[158] The
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cross-coupling product from 2-bromocyclopentene-1-carboxaldehyde N,N-dimethylhy-
drazone with �-trimethylsilylvinylzinc chloride may undergo cyclization at or below 
60 °C with a loss of dimethylamine.[158]– [160] Normally, �-trimethylsilylvinylzinc chloride
may couple with aryl, 2- or 3-heteroaryl, and alkenyl halides in the presence of a perti-
nent Pd catalyst to form regio- and stereoselective products.[39],[161] It is noted that
trimethylsilylmethylzinc chloride may couple with (Z )-2-bromo-1-alkenylboranes, pre-
pared from the bromoboration of 1-alkynes with tribromoborane, in the presence of Pd
catalyst to give 2,2-disubstituted alkenylboranes, which in turn can be used for further
Pd-catalyzed cross-coupling to form the trisubstituted alkenes directly.[162] Treatment of
the allylsilane, obtained from the first step in the previous reaction, with acid could
give 2-methyl-1-alkenes in good yields.[7],[162] Chatani and co-workers have reported
the use of (Me3SiCH2)2Zn, Me3SiI, and phenyl acetylene to form (E)-2-phenyl-1,3-
bis(trimethylsilyl)-2-phenylprop-1-ene in 66% yield.[163] Kercher and Livinghouse
also have reported the [PdCl2(PPh3)2]-catalyzed cross-coupling of (Me3SiCH2)2Zn
with 1,1-dibromoalkenes to form 1,1-bis(trimethylsilylmethyl)-alkenes.[164] Tamao and
co-workers have reported that the cross-coupling of (diisopropoxymethylsilyl)-methylz-
inc chloride with aryl bromides followed by oxidation could give benzyl alcohols in fair
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to good yields.[165] Here, (diisopropoxymethylsilyl)methylzinc chloride reagent serves as
a nucleophilic hydroxymethylating agent of aryl halide via Pd-catalyzed cross-coupling
and subsequent oxidative cleavage of the silicon–carbon bond (Scheme 33).

REFERENCES

[1] E. Negishi, in Current Trends in Organic Synthesis, H. Nozaki, Ed., Pergamon, New York,
1983, 269–280.

[2] E. Negishi and F. T. Luo, J. Org. Chem., 1983, 48, 1562.

[3] M. G. Saulnier, J. F. Kadow, M. M. Tun, D. R. Langley, and D. M. Vyas, J. Am. Chem. Soc.,
1989, 111, 8320.

[4] M. Satoh, N. Miyaura, and A. Suzuki, Chem. Lett., 1986, 1329.

[5] N. Miyaura, M. Satoh, and A. Suzuki, Tetrahedron Lett., 1986, 27, 3745.

[6] J. R. Waas, A. Sidduri, and P. Knochel, Tetrahedron Lett., 1992, 33, 3717.

[7] T. Moriya, N. Miyaura, and A. Suzuki, Chem. Lett., 1993, 1429.

[8] R. D’Alessio and A. Rossi, Synlett., 1996, 513.

[9] J. G. Grieb and D. M. Ketcha, Synth. Commun., 1995, 25, 2145.

[10] C. Coudret and V. Mazenc, Tetrahedron Lett., 1997, 30, 5293.

[11] M. A. F. Brandão, A. B. de Oliveira, and V. Snieckus, Tetrahedron Lett., 1993, 34, 2437.

[12] K. Jones, M. Keenan, and F. Hibbert, Synlett., 1996, 509.

[13] R. Rossi, F. Bellina, and A. Carpita, Synlett., 1996, 356.

[14] I. Kaswasaki, M. Yamashita, and S. Ohta, Chem. Commun., 1994, 2085.

[15] T. Ishiyama, M. Murata, A. Suzuki, and N. Miyaura, Chem. Commun., 1995, 295.

[16] M. J. Burk, J. R. Lee, and J. P. Martinez, J. Am. Chem. Soc., 1994, 116, 10847.

[17] H. Finch, D. H. Reece, and J. T. Sharp, J. Chem. Soc. Perkin Trans. I, 1994, 1193.

[18] S. Gronowitz and D. Peters, Heterocycles, 1990, 30, 645.

[19] F. Bracher and D. Hildebrand, Liebigs Ann. Chem., 1992, 1315.

[20] B. J. Newhouse, A. I. Meyers, N. S. Sirisoma, M. P. Braun, and C. R. Johnson, Synlett, 1993, 573.

[21] W. Hanefeld and M. Jung, Liebigs Ann. Chem., 1994, 59.

[22] W. C. Shieh and J. A. Carlson, J. Org. Chem., 1992, 57, 379.

[23] N. Yasuda, L. Xaier, D. L. Rieger, Y. Li, A. E. DeCamp, and U. H. Dolling, Tetrahedron Lett.,
1993, 34, 3211.

[24] B. Joseph, B. Malapel, and J. Y. Mérour, Synth. Commun., 1996, 26, 3289.

[25] B. E. Armer, J. S. Barlow, C. J. Dutton, D. H. J. Greenway, S. D. W. Greenwood, N. Lad, and
I. Tommasini, Bioorg. Med. Chem. Lett., 1997, 7, 2585.

[26] M. Ishikura, Chem. Commun., 1995, 409.

[27] M. Ishikura, M. Terashima, K. Okamura, and T. Date, Chem. Commun., 1991, 1219.



[28] Y. Kawanaka, N. Ono, Y. Yoshida, S. Okamoto, and F. Sato, J. Chem. Soc. Perkin Trans. I,
1996, 715.

[29] J. A. Soderquist and G. León-Colón, Tetrahedron Lett., 1991, 32, 43.

[30] J. A. Soderquist, B. Santiago, and I. Rivera, Tetrahedron Lett., 1990, 31, 4981.

[31] V. N. Kalinin and S. F. Min, J. Organomet. Chem., 1988, 352, C34.

[32] S. Araki, M. Ohmura, and Y. Butsugan, Bull. Chem. Soc. Jpn., 1986, 59, 2019.

[33] A. Pelter, M. Rowlands, and G. Clements, Synthesis, 1987, 51.

[34] E. Negishi, F. T. Luo, and C. L. Rand, Tetrahedron Lett., 1982, 23, 27.

[35] P. V. Fish, Synth. Commun., 1996, 26, 433.

[36] Y. Sugihara and K. Ogasawara, Synlett., 1994, 665.

[37] L. Hevesi, B. Hermans, and C. Allard, Tetrahedron Lett., 1994, 35, 6729.

[38] A. Minato, K. Tamao, T. Hayashi, K. Suzuki, and M. Kumada, Tetrahedron Lett., 1981, 
22, 5319.

[39] A. Minato, K. Suzuki, K. Tamao, and M. Kumada, Tetrahedron Lett., 1984, 25, 83.

[40] C. Moineau, V. Bolitt, and D. Sinou, Chem. Commun., 1995, 1103.

[41] G. Buono, C. Siv, G. Peiffer, C. Triantaphylides, P. Denis, A. Mortreux, and F. Petit, J. Org.
Chem., 1985, 50, 1781.

[42] F. Fotiadu, P. Cros, B. Faure, and G. Buono, Tetrahedron Lett., 1990, 31, 77.

[43] N. A. Bumagin, P. G. More, and I. P. Beletskaya, J. Organomet. Chem., 1989, 364, 231.

[44] N. A. Bumagin, P. G. More, and I. P. Beletskaya, J. Organomet. Chem., 1989, 365, 379.

[45] D. P. Matthews, P. P. Waid, J. S. Sabol, and J. R. McCarthy, Tetrahedron Lett., 1994, 35, 5177.

[46] D. P. Matthews, R. S. Gross, and J. R. McCarthy, Tetrahedron Lett., 1994, 35, 1027.

[47] G.-Q. Shi, Z.-Y. Cao, and X.-B. Zhang, J. Org. Chem., 1995, 60, 6608.

[48] A. G. Barrett and J. T. Kohrt, Synlett., 1995, 415.

[49] G. T. Crisp, Synth. Commun., 1989, 19, 307.

[50] B. Jousseaume, H. Kwon, J. B. Verlhac, F. Denat, and J. Dubac, Synlett., 1993, 117.

[51] C. Pedregal, J. Ezquerra, and C. Ramirez, J. Chem. Res. (S), 1996, 294.

[52] S. V. Calenbergh, C. L. M. J. Verlinde, J. Soenens, A. de Bruyn, M. Callens, N. M. Blaton, 
O. M. Peeters, J. Rozenski, W. G. J. Hol, and P. Herdewijn, J. Med. Chem., 1995, 38, 3838.

[53] V. Ozola, T. Persson, S. Gronowitz, and A.-B. Hörnfeldt, J. Heterocycl. Chem., 1995, 32, 863.

[54] C. Kitamura, S. Tanaka, and Y. Yamashita, Chem. Mater., 1996, 8, 570.

[55] P. Wigerinck, C. Pannecouque, R. Snoeck, P. Claes, E. De Clercq, and P. Herdewijn, J. Med.
Chem., 1991, 34, 2383.

[56] M. E. Hassan, Collect. Czech. Chem. Commun., 1991, 56, 1944.

[57] Y. Yang, A.-B. Hörnfeldt, and S. Gronowitz, Synthesis, 1989, 130.

[58] P. Björk, T. Aakermann, A.-B. Hörnfeldt, and S. Gronowitz, J. Heterocycl. Chem., 1995, 32, 751.

[59] Y. Zhang, A.-B. Hörnfeldt, and S. Gronowitz, J. Heterocycl. Chem., 1995, 32, 771.

[60] J. Malm, B. Rehn, A.-B. Hörnfeldt, and S. Gronowitz, J. Heterocycl. Chem., 1994, 31, 11.

[61] S. Gronowitz, J. Malm, and A.-B. Hörnfeldt, Collect. Czech. Chem. Commun., 1991, 56, 2340.

[62] K. Tamao, S. Yamaguchi, and M. Shiro, J. Am. Chem. Soc., 1994, 116, 11715.

[63] L. Antolini, F. Goldoni, D. Iarossi, A. Mucci, and L. Schenetti, J. Chem. Soc. Perkin Trans. 1,
1997, 1957.

[64] H. H. Johannes, W. Grahn, A. Reisner, and P. G. Jones, Tetrahedron Lett., 1995, 36, 7225.

[65] L. L. Miller and Y. Yu, J. Org. Chem., 1995, 60, 6813.

[66] J. Sandosham, K. Undheim, and F. Rise, Heterocycles, 1993, 35, 235.

688 III Pd-CATALYZED CROSS-COUPLING



[67] K. Tamao, S. Yamaguchi, M. Shiozaki, Y. Nakagawa, and Y. Ito, J. Am. Chem. Soc., 1992,
114, 5867.

[68] M. P. Maguire, K. R. Sheets, K. McVety, A. P. Spada, and A. Zilberstein, J. Med. Chem.,
1994, 37, 2129.

[69] G. Barbarella and M. Zambianchi, Tetrahedron, 1994, 50, 11249.

[70] R. Rossi, A. Carpita, M. Ciofalo, and V. Lippolis, Tetrahedron, 1991, 47, 8443.

[71] R. Grigg, R. Rasul, J. Redpath, and D. Wilson, Tetrahedron Lett., 1996, 37, 4609.

[72] R. Rossi, A. Carpita, and T. Messeri, Synth. Commun., 1991, 21, 1875.

[73] S.-K. Kang, E.-Y. Namkoong, and T. Yamaguchi, Synth. Commun., 1997, 27, 641.

[74] S.-K. Kang, H.-W. Lee, J.-S. Kim, and S.-C. Choi, Tetrahedron Lett., 1996, 37, 3723.

[75] S.-K. Kang, H.-W. Lee, S.-B. Jang, T.-H. Kim, and J.-S. Kim, Synth. Commun., 1996, 26, 4311.

[76] H. Nakamura, D. Takeuchi, and A. Murai, Synlett., 1995, 1227.

[77] S. S. Labadie, Synth. Commun., 1994, 24, 709.

[78] S. Usse, G. Guillaumet, and M. C. Viaud, Tetrahedron Lett., 1997, 38, 5501.

[79] P. L. Floch, D. Carmichael, L. Ricard, and F. Mathey, J. Am. Chem. Soc., 1993, 115, 10665.

[80] L. S. Liebeskind and J. Wang, J. Org. Chem., 1993, 58, 3550.

[81] G. P. Roth, V. Farina, L. S. Liebeskind, and E. Peña-Cabrera, Tetrahedron Lett., 1995, 36, 2191.

[82] T. R. Bailey, Tetrahedron Lett., 1986, 27, 4407.

[83] D. Peters, A.-B. Hörnfeldt, and S. Gronowitz, J. Heterocycl. Chem., 1991, 28, 1613.

[84] P. Rocca, F. Marsais, A. Godard, and G. Quéguiner, Tetrahedron, 1993, 49, 3325.

[85] A. J. Gutierrez, T. J. Terhorst, M. D. Matteucci, and B. C. Froehler, J. Am. Chem. Soc., 1994,
116, 5540.

[86] L.-L. Gundersen, G. Langli, and F. Rise, Tetrahedron Lett., 1995, 36, 1945.

[87] L.-L. Gundersen, A. K. Bakkestuen, A. J. Aasen, H. Øverås, and F. Rise, Tetrahedron, 1994,
50, 9743.

[88] L.-L. Gundersen, Tetrahedron Lett., 1994, 35, 3155.

[89] L. S. Liebeskind and J. Wang, Tetrahedron, 1993, 49, 5461.

[90] G. Kennedy and A. D. Perboni, Tetrahedron Lett., 1996, 37, 7611.

[91] R. R. Hark, D. B. Hauze, O. Petrovskaia, M. M. Joullie, R. Jaouhari, and P. McComiskey,
Tetrahedron Lett., 1994, 35, 7719.

[92] G. Langli, L.-L. Gundersen, and F. Rise, Tetrahedron, 1996, 52, 5625.

[93] H. Park, J. Y. Lee, Y. S. Lee, J. O. Park, S. B. Koh, and W. H. Ham, J. Antibiotics, 1994, 47, 606.

[94] M. H. Sosabowski and P. Powell, J. Chem. Res. (S), 1997, 12.

[95] D. Peters, A.-B. Hörnfeldt, and S. Gronowitz, J. Heterocyclic. Chem., 1990, 27, 2165.

[96] R. Grigg, J. Redpath, V. Sridharan, and D. Wilson, Tetrahedron Lett., 1994, 35, 7661.

[97] J. Malm, P. Björk, S. Gronowitz, and A.-B. Hörnfeldt, Tetrahedron Lett., 1992, 33, 2199.

[98] H. M. R. Hoffmann, K. Gerlach, and E. Lattmann, Synthesis, 1996, 164.

[99] P. Gmeiner, J. Kraxner, and B. Bollinger, Synthesis, 1996, 1196.

[100] G. Palmisano and M. Santagostino, Helv. Chim. Acta 1993, 76, 2356.

[101] E. Desarbre, S. Coudret, C. Meheust, and J. Y. Mérour, Tetrahedron, 1997, 53, 3637.

[102] R. L. Hudkins, J. L. Diebold, and F. D. Marsh, J. Org. Chem., 1995, 60, 6218.

[103] G. Palmisano and M. Santagostino, Synlett., 1993, 771.

[104] R. Grigg, J. Redpath, V. Sridharan, and D. Wilson, Tetrahedron Lett., 1994, 35, 4429.

[105] S. S. Labadie and E. Teng, J. Org. Chem., 1994, 59, 4250.

[106] C. Booth, H. Imanieh, P. Quayle, and Lu Shui-Yu, Tetrahedron Lett., 1992, 33, 413.

III.2.13.2 OTHER �-HETERO-SUBSTITUTED ORGANOMETALS IN CROSS-COUPLING 689



[107] P. A. Lander and L. S. Hegedus, J. Am. Chem. Soc., 1994, 116, 8126.

[108] A. Dondoni, G. Fantin, M. Fogagnolo, A. Medici, and P. Pedrini, Synthesis, 1987, 693.

[109] M. Kosugi, M. Koshiba, A. Atoh, H. Sano, and T. Migita, Bull. Chem. Soc. Jpn., 1986, 59, 677.

[110] A. Dondoni, M. Fogagnolo, A. Medici, and E. Negrini, Synthesis, 1987, 185.

[111] H. Yoshioka, Y. Matsuya, T. Choshi, E. Sugino, and S. Hibino, Chem. Pharm. Bull., 1996, 44, 709.

[112] N. J. S. Harmat, R. Giorgi, F. Bonaccorsi, G. Cerbai, S. M. Colombani, A. R. Renzetti, 
R. Cirillo, A. Subissi, G. Alagona, C. Ghio, F. Arcamone, A. Giachetti, F. Paleari, and 
A. Salimbeni, J. Med. Chem., 1995, 38, 2925.

[113] M. D. Cliff and S. G. Pyne, Tetrahedron, 1996, 52, 13703.

[114] M. G. Hoffmann, Tetrahedron, 1995, 51, 9511.

[115] K. Yagi, T. Ogura, A. Numata, S. Ishii, and K. Arai, Heterocycles, 1997, 45, 1463.

[116] T. Sakamoto, F. Shiga, D. Uchiyama, Y. Kondo, and H. Yamanaka, Heterocycles, 1992, 33, 813.

[117] A. Dondoni, M. Fogagnolo, G. Fantin, A. Medici, and P. Pedrini, Tetrahedron Lett., 1986,
27, 5269.

[118] M. Kosugi, A. Fukiage, M. Takayanagi, H. Sano, T. Migita, and M. Satoh, Chem. Lett.,
1988, 1351.

[119] G. Palmisano and M. Santagostino, Tetrahedron, 1993, 49, 2533.

[120] M. Iyoda, Y. Kuwatani, N. Ueno, and M. Oda, Chem. Commun., 1992, 158.

[121] U. Kux and M. Iyoda, Chem. Lett., 1994, 2327.

[122] C. R. Davis and D. J. Burton, Tetrahedron Lett., 1996, 37, 7237.

[123] P. L. Heinze and D. J. Burton, J. Org. Chem., 1988, 53, 2714.

[124] J. P. Gillet, R. Sauvêtre, and J. F. Normant, Synthesis, 1986, 538.

[125] M. Amat, S. Hadida, and J. Bosch, Tetrahedron Lett., 1993, 34, 5005.

[126] M. Amat, S. Hadida, S. Sathyanarayana, and J. Bosch, Tetrahedron Lett., 1996, 37, 3071.

[127] A. Pimm, P. Kocienski, and S. D. A. Street, Synlett., 1992, 886.

[128] C. E. Russell and L. S. Hegedus, J. Am. Chem. Soc., 1983, 105, 943.

[129] P. G. Ciattini, E. Morera, and G. Ortar, Tetrahedron Lett., 1990, 31, 1889.

[130] D. Y. Yang, Y. Zhang, and X. Huang, J. Chem. Res. (S), 1997, 298.

[131] A. Arcadi, A. Burini, S. Cacci, M. Delmastro, F. Marinelli, and B. Pietroni, Synlett, 
1990, 47.

[132] S. Hyuga, S. Hara, and A. Suzuki, Bull. Chem. Soc. Jpn., 1992, 65, 2303.

[133] F. T. Luo, S. L. Fwu, W. S. Huang, Tetrahedron Lett., 1992, 33, 6839.

[134] F. T. Luo and L. C. Hsieh, J. Org. Chem., 1996, 61, 9060.

[135] F. T. Luo and R. T. Wang, Heterocycles, 1990, 31, 1543.

[136] F. T. Luo and R. T. Wang, Heterocycles, 1990, 31, 2181.

[137] F. T. Luo and R. T. Wang, Heterocycles, 1991, 32, 2365.

[138] R. T. Wang, F. L. Chou, and F. T. Luo, J. Org. Chem., 1990, 55, 4846.

[139] A. Minato, J. Org. Chem., 1991, 56, 4052.

[140] G. Mignani, F. Leising, R. Meyrueix, and H. Samson, Tetrahedron Lett., 1990, 31, 4743.

[141] V. N. Kalinin, O. S. Shilova, D. S. Okladnoy, and H. Schmidhammer, Mendeleev Commun.,
1996, 244.

[142] F. Bellina, A. Carpita, M. De Santis, and R. Rossi, Tetrahedron Lett., 1994, 35, 6913.

[143] K. Takahashi, T. Suzuki, K. Akiyama, Y. Ikegami, and Y. Fukazawa, J. Am. Chem. Soc.,
1991, 113, 4576.

[144] M. B. Goldfinger, K. B. Crawford, and T. M. Swager, J. Am. Chem. Soc., 1997, 119, 4578.

690 III Pd-CATALYZED CROSS-COUPLING



[145] C. Amatore, A. Jutand, S. Negri, and J. F. Fauvarque, J. Organomet. Chem., 1990, 390, 389.

[146] A. Pelter, M. Rowlands, and I. H. Jenkins, Tetrahedron Lett., 1987, 28, 5213.

[147] R. M. Keenan and L. I. Kruse, Synth. Commun., 1989, 19, 793.

[148] G. P. Roth and C. E. Fuller, J. Org. Chem., 1991, 56, 3493.

[149] J. B. Campbell, Jr., J. W. Firor, and T. W. Davenport, Synth. Commun., 1989, 19, 2265.

[150] M. Ogima, S. Hyuga, S. Hara, and A. Suzuki, Chem. Lett., 1989, 1959.

[151] C. Mazal and M. Vaultier, Tetrahedron Lett., 1994, 35, 3089.

[152] S. Hyuga, N. Yamashina, S. Hara, and A. Suzuki, Chem. Lett., 1988, 809.

[153] M. A. Tius, J. G. Galeno, X. Q. Gu, and J. H. Zaidi, J. Am. Chem. Soc., 1991, 113, 5775.

[154] R. W. Friesen, R. W. Loo, and C. F. Sturino, Can. J. Chem., 1994, 72, 1262.

[155] R. W. Friesen and R. W. Loo, J. Org. Chem., 1991, 56, 4821.

[156] B. A. Anderson, L. M. Becke, R. N. Booher, M. E. Flaugh, N. K. Harn, T. J. Kress, D. L.
Varie, and J. P. Wepsiec, J. Org. Chem., 1991, 62, 8634.

[157] D. S. Ennis and T. L. Gilchrist, Tetrahedron Lett., 1989, 30, 3735.

[158] T. L. Gilchrist, P. D. Kemmitt, and A. L. Germain, Tetrahedron, 1995, 51, 9119.

[159] T. L. Gilchrist and M. A. M. Healy, Tetrahedron Lett., 1990, 31, 5807.

[160] T. L. Gilchrist and M. A. M. Healy, Tetrahedron, 1993, 49, 2543.

[161] L. Labaudiniere and J. F. Normant, Tetrahedron Lett., 1992, 33, 6139.

[162] Y. Satoh, H. Serizawa, N. Miyaura, S. Hara, and A. Suzuki, Tetrahedron Lett., 1988, 29,
1811.

[163] N. Chatani, N. Amishiro, T. Morii, T. Yamashita, and S. Murai, J. Org. Chem., 1995, 60,
1834.

[164] T. Kercher and T. Livinghouse, J. Am. Chem. Soc., 1996, 118, 4200.

[165] K. Tamao, N. Ishida, and M. Kumada, J. Org. Chem., 1983, 48, 2120.

III.2.13.2 OTHER �-HETERO-SUBSTITUTED ORGANOMETALS IN CROSS-COUPLING 691


