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B-Amino thiols are an important class of bifunctional com-
pounds that have found various applications in many areas of
chemistry. This microreview highlights the synthetic methods

judged to be the most efficient and general for their prepara-
tion.

Introduction

A B-amino thiol is a bifunctionalized compound contain-
ing a basic amino function and an acidic thiol function,
linked by a two-carbon alkyl chain. These compounds have
found various applications in many areas, including syn-
thetic and medicinal chemistry, catalysis and materials
chemistry. Their versatility is mainly due to the nucleophi-
licities of the two heteroatoms (potential to act as N- or S-
nucleophiles or as N,S-binucleophiles), as well as their abil-
ity to chelate metals. Some B-amino thiols (i.e., cysteine,
cysteamine, penicillamine) are naturally occurring com-
pounds and are involved in important biological processes.
They are constituents of complex molecules of biological
interest, natural (e.g. glutathione, coenzyme A) or unnatu-
ral. The commonest applications of B-amino thiols include
their use as enzyme inhibitors,[l radioprotective agents,”!
intermediates for the synthesis of biologically active com-
pounds (in particular in peptide synthesis),l*! and as conve-
nient precursors for various N,S-heterocycles (e.g. thiaz-
olines, thiazolidines,!” thiomorpholines,'® thiazepines!™).
More recently, 2-amino thiols and their thioether deriva-
tives have been used as ligands in organometallic catalysis.®!

In spite of the importance of this class of compounds,
their syntheses have, to the best of our knowledge, never
been reviewed. In this microreview we have attempted to
make a selection of synthetic methods, judged to be efficient
and general, for the preparation of B-amino thiols. Synthe-
ses starting either from a-amino acids or from B-amino
alcohols through the introduction of sulfur nucleophiles,
from five-membered N,S-heterocycles, or based on opening
of an aziridine or thiirane ring with a sulfur or a nitrogen
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nucleophile, respectively, are described, as well as recent
methodologies using new convenient sulfur reagents
(Scheme 1). Only structures containing a free thiol function
have been selected, whereas the amine function can be pri-
mary, secondary or tertiary. Cited references are restricted
to journals, reviews, and books, and mainly cover the last
two decades. With this contribution we hope to offer chem-
ists a practical guide for the preparation of these f-amino

thiols.
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Scheme 1.

Syntheses from a-Amino Acids or f-Amino
Alcohols (Method I)

Some of the starting amino alcohols are commercially
available, but they can also be obtained from a-amino acids,
by reduction, or by other synthetic methods. In many exam-
ples, enantiopure amino thiols have been obtained from
naturally occurring o-amino acids. The key step of this
method is the replacement of the hydroxy group of the
amino alcohol by a sulfanyl group. This can be done by
transformation of the OH function into a better leaving
group (e.g., tosylate®! mesylate,['% halide'!)) and subse-
quent nucleophilic substitution (Sy2) with a sulfur nucleo-
phile. This latter can be also introduced directly by a Mitsu-
nobu reaction.['2100]
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By Nucleophilic Substitution

Gibson et al. synthesized the N-methylproline thiol 5
(Scheme 2) starting from L-proline (1). In three steps —
esterification, nitrogen protection and reduction — the a-
amino acid was transformed into N-Boc-prolinol. Acti-

1) SOCl,, MeOH
2) (BOC)z, EtzN TsCl,

& 3) LiAlH4, 0 °C Py
COH ———— —

N N
Boc OH 90% Boc OTs

vation of the hydroxy group as a tosylate and subsequent
nucleophilic substitution with potassium thioacetate af-
forded the N-Boc proline thioacetate 4, which was reduced
to the desired product with lithium aluminium hydride.!
Some tertiary f-amino thiols were obtained from (S)-valine
(6, Scheme 3). After dibenzylation, reduction and Swern
oxidation to produce an N,N-dibenzylamino aldehyde, ad-
ditions of aryl or alkylmagnesium bromides to the carbonyl
group proceeded with high diastereoselectivities to afford
various B-amino alcohols.

The dibenzylamino group was transformed into a cyclic

H 64% amine by N-deprotection and N-dialkylation with a dibro-
1 2 3 moalkane. O-Mesylation of the amino alcohol, followed by

KSAc LiAIH, displacement of the mesylate with thioacetate and then by
EtOF O\/SAC B9 O\/SH reduction of the thioester, afforded the tertiary B-amino
88%  Noc 41% Mo thiol 10 (Scheme 3).1° The OH—SH transformation takes
4 5 place with retention of the configuration, because two Sy2

reactions are involved, via an aziridinium ion.
Scheme 2.
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Scheme 3.

2-Azabornylmethanol 12 (Scheme 4) was prepared in
three steps including an aza-Diels—Alder reaction and then
transformed into its amino thiol analogue 13 by mesylation,
nucleophilic substitution with potassium thioacetate and re-
duction of the thioester to the corresponding thiol.['0]

@ LHCOQEt LIEW/»OH

)*Ph ~Ph
Me

COZEt
1 12

LHSH
i N
Me)*Ph

13

e

1) MsClI, NEt3, CH20|2
2) AcSK, EtOH, reflux
3) LiAlH,4, THF, r.t.

74%

Scheme 4.

In some examples, N-protected amino acids have been
transformed into the corresponding 2-amino-substituted
alkyl bromides or iodides,'!! which have then been con-
verted into amino thiols via isothiouronium salts. N-Fmoc
amino acids 14 (Scheme 5) were transformed in this way
by reduction into alcohols, substitution with iodide (under

R R thiourea,
— Me,CO, 60 °C
FmocHN " ~CO,H FmocHNJ\/' —_—
87-94%
14 15
N328205
JR\/S Ny oG LSH
—_—
FmocHN hd 84-94% FmocHN
16  NH'I” 17
R =H, Me, Bn, iPr, iBu
Scheme 5.
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Mitsunobu conditions) and treatment with thiourea. The
resulting isothiouronium salts 16 were then hydrolysed with
aqueous sodium pyrosulfite solution, leading to the desired
N-Fmoc 2-amino thiols 17.011¢l

Gibson synthesized the amino thiol 20 (Scheme 6), with
two phenyl substituents o to the sulfanyl group, from pro-
line for application as a chiral catalyst in additions of dieth-
ylzinc to aldehydes.'¥! The use of a tertiary thiol group,
more resistant to autoxidation to disulfides, improved the
enantioselectivity of the reaction relative to that achieved
with primary thiol derivatives. The transformation of the
tertiary alcohol into the corresponding thiol involves a nu-
cleophilic substitution of first order (Sx1). This was per-
formed by two methods: either with thioacetic acid in the
presence of zinc diiodide and subsequent thioester—thiol
reduction, or directly by use of the Lawesson reagent (LR,
Scheme 6). In both cases, low yields were obtained.

L P~cou

N
H 4

l

LiAIH,
U\g —= [ DL
88% N on
COzEt Me
1) Znly, AcSH
At oluene A
0,
20 42%
N
I SH
Me
20

Scheme 6.

By Mitsunobu Reaction

The sulfur nucleophile could also be introduced into a -
amino alcohol through a Mitsunobu reaction with use of
thioacetic acid in the presence of the diisopropyl diazodi-
carboxylate/triphenylphosphane (DIAD/Ph;P) system. An-
derson, starting from (S)-valine methyl ester (21, Scheme 7),
prepared a series of secondary and tertiary f-amino thiols
23 by this method for applications in asymmetric cataly-
sis.'?! Various substituents were introduced on the nitrogen
atom prior to the Mitsunobu reaction. Two examples of
these syntheses are given in Scheme 7.1124

In another example, the primary amino thiol 26
(Scheme 8) was obtained from L-valine, which was trans-
formed in three steps into the N-Boc -amino thioacetate
25 and then deprotected to give the product 26 as its hydro-
chloride salt.!??]

Although general, these methods all have one main draw-
back: their reaction sequences are too long, due to the pro-

WWW.eurjoc.org 3
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H2N COzMe i
. 1) PhgBi(OAc),,
1) PhgBi(OAc),, 21 Cu(OAc);, CH,Cly,
Cu(OAc), rt., 24 h
CH,Cly, r.t., 24 h 86% 96% 2) HCO,H, Ac,O
2) LiAIH, THE, 60°C
Ph,
PhHN™ ~CH,OH N~ "CO;Me
CHO
22a 22b
1) LiAIH,
e I 2) DIAD/PPh,,
72% | o) LiAH 84% AcSH
4 3) LiAIH,
Ph.
PhHN™ “CH,SH N” "CH,SH
Me
23a 23b
Scheme 7.
1) LiAIH4
CO,H  2) (Boc),0 CH,OH
_—
NH, 70% Boc’NH
6 24
DIAD,
PPhs, 1) KOH, MeOH
AcSH CHoSAC ) MeOHHCI & o
— —— > CIHsN
81% Boc/NH quant. ClHs CH,SH
25 26
Scheme 8.

tection and deprotection steps necessary to obtain free
amino and sulfanyl functions. In the case of the Mitsunobu
reaction, the main problem is the difficult treatment and
purification process due to the formation of triphenylphos-
phane oxide and hydrazine dicarboxylate from the Ph;P/
DIAD reagents.

Syntheses by N- or S-Heterocycle Ring Opening
(Method II)

Ring Opening of Aziridines

The method consists of the opening of an aziridine with
an appropriate S-nucleophile and subsequent cleavage of
both thiol and amine protecting groups to afford the 2-
amino thiol. Rosenthal et al. described the first example in
which an aziridine was opened with H,S.'¥ The choice of
the S-nucleophile is important, because the thiol deprotec-
tion, depending on the nature of the protective group and
the reaction conditions, is not trivial.

As an example, to synthesize N-protected B-methyl-
cysteine 29 (Scheme 9), N-carboxybenzyl-protected azir-
idines 27 were opened with various thiol nucleophiles. Dif-

4 WWW.eurjoc.org
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ferent deprotecting conditions were required in each case.[”]
The best overall yield was obtained with p-methoxy-thio-
phenol (PMBSH).

Chb RSH, BF3.0Et, E COM
N CHClp, 0°C  cpy~ I 2Me
Me CO,Me Me” “SR
27 28
H R = Bn (83%)
thiol bZ’N CO,Me R=PMB (%7%)
deprotection I R = Trt (40%)
—_—
Me SH
29

thiol deprotection:

R = Bn (0%): Li/DBB or Li/NH3 or Ph,SO, CI3SiH/TFA
R = PMB (75%): Hg(OAc),, DTT/TFA

R =Trt (93%): Et3SiH/TFA

Scheme 9.

To synthesize the potent biologically active tetraline-de-
rived amino thiol 31 (Scheme 10), the N-Boc-protected azir-
idine 30 was ring-opened with thioacetic acid. The depro-
tection of the thiol function was achieved with sodium
methoxide. N-Boc was removed with trifluoroacetic acid.[!®]

wSH
@NBOC
HO 75% HO NH,

30 31

1) AcSH
2) MeONa, MeOH
3) TFA, CH,Cl,

Scheme 10.

N-Tosyl- or N-carboxybenzyl-protected chiral bis-azirid-
ines 32 (Scheme 11) prepared from D-mannitol were treated
with sodium hydrosulfide to afford the corresponding N-
protected bis(amino thiols) 33 in good yield.[']

z 1) HSNa-H,0,
N THF (or DMF), r.t. NHZ
0 Z = Cbz (80 %) HS o
’}l Z=Ts (100 %) NHZ
Z
32 33

Scheme 11.

N-Sufonylmesityl amino thiol 36 (Scheme 12), derived
from norephedrine, was also synthesized via an aziridine
and used as a sulfur analogue of the Abiko—-Masamune chi-
ral auxiliary.['8! The aziridine 34 was opened with thioben-
zoic acid, and the thiol deprotection was achieved by re-
duction of the thioester with LiAIHj,.

Eur. J. Org. Chem. 0000, 0-0
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34 35
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B ——
049 HS  N~so,Mes
Bn 36
Scheme 12.

A direct route to 2-sulfonamido disulfides based on the
opening of N-tosylaziridines 37 (Scheme 13) with benzyltri-
ethylammonium tetrathiomolybdate was developed.['”] The
method might also be useful for accessing the correspond-
ing 2-amino thiols, because several known procedures to
reduce disulfides to thiols are available in the literature.

Ts  [BnEt;N],MoS, (1.1 equiv.)

N CHyCly rt,2-12h NHTs \/I\'I\HTS
> e /\/S—S
R - 80-88% R R
38
R = H, Alkyl, Bn
Scheme 13.

The reactions between N-tosyl-substituted aziridines 39
(Scheme 14) and carbon disulfide, catalysed by tributyl-
phosphane, led to thiazolidine-2-thiones, which could be re-
duced to the N-protected amino thiols 41 by LiAIH 4.2 It
was proposed by the authors that the phosphane could at-
tack CS, to form a zwitterion, which would react with the
aziridine to give a ring-opened intermediate. Subsequent

s
Ts
N cs,tBuoH,a TSN° 'S ja, TsHN  SH
@ PBU3 (10 mol-%) \ THF,rt,8h \
_— > —_— >
92% 99%
39 40 41
R Ls
2
l,, }/¢ PBU3 \&
® o
S
P 8.8
TsN
3 ®PBu3
R R @ S Ts
BU3P\< N
\ TN S ey
R R
Scheme 14.
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cyclisation of this would give the thiazolidinethione hetero-
cycle.

Nonactivated?!! or unprotected aziridines®? can also be
used. However, when unprotected aziridines were opened
with potassium thioacetate, the extraction of the resulting
amino thiols from the aqueous solutions after hydrolysis of
the thioesters was difficult and poor yields were obtained.
Aziridines 43 (Scheme 15), derived from (1R,2S)-(-)-nor-
ephedrine and (1R,2S)-(-)-ephedrine, were synthesized by
use of the Mitsunobu reaction and were then opened with
thioacetic acid. In situ migration of the acetyl group from
the sulfur to the nitrogen atom occurred, leading to
enantiopure N-acetyl amino thiols 45. The stereochemistry
at C-1 remained unchanged because the two consecutive
reactions took place with inversion of configuration.*

PhsP
BIAL R AcSH, CH,Cl,
RHN  Ph E&N R 0°C,2h ~ RHN  Ph
¢ LN, R=H:86% :
N A =n (] >
H,C  OH H,C Ph &2 ff pqop,  HaC She
42 43 44
R = H: norephedrine etrilgretion
R = Me: ephedri
e: ephedrine Ac-NR Ph R = H- 86%
e R = Me: 88%
H,C  SH
45

Scheme 15.

Ring Opening of Thiiranes

Another route to aminoethanethiols is the ring opening
of thiiranes (episulfides) with amines.[** It is usually neces-
sary to prepare the episulfide, however, because only very
few are commercially available. It is worth noting is that it
is difficult to obtain primary 2-amino thiols in this way,
because the use of ammonia provokes undesired polymeri-
zation.

Lemaire et al. chose this method to prepare various ami-
noethanethiol trityl ether ligands for asymmetric cataly-
sis.?’! Chiral enantiopure episulfide 46 (Scheme 16) was
prepared from the appropriate epoxide and thiourea and
then opened in a totally regioselective manner by attack of
various primary amines at the less hindered carbon.

X
Ho,N™ NH, RNHj, CaCly, e
MeOH. r.t S, MeOH, 60 °C =
P “_NHR
_—  » B — e
OoTr 95%  OTr 53-70%  TrO
46 47 48
R = Bn, Alkyl
Scheme 16.

Taddei et al. described the ring opening of thiiranes with
Mes;SnNR,. The resulting products 50 (Scheme 17) possess
trimethyltin substituents on their sulfur atoms.*! Deprotec-
tion was achieved by treatment with malonic acid, leading
to tertiary 2-amino thiols 51 in good overall yields.

WWW.eurjoc.org 5
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SSnMe; SH
S Me3SnNR2 CHZ(COZH)Z
f } —_— Me _— Me
Me NR2 NRZ
49 50a: R = Et 51a (71%)
50b: R,R = (CH,)s5 51b (68%)
Scheme 17.

Ring Opening of Sulfamidates

Chandrasekaran et al. used nucleophilic ring opening of
sulfamidates with [BnNEt;],MoS, (benzyltriethylammo-
nium tetrathiomolybdate) to prepare B-amino thiols?>”! and
amino disulfides.”®! Cyclic sulfamidates were first prepared
from a-amino acids in six steps (Scheme 18). After treat-
ment with the sulfur reagent and subsequent hydrolysis,
various secondary amino disulfides 54 were obtained in
good yields.”®! With use of N-protected sulfamidates (V-
Boc, N-PMB or N-Fmoc derivatives) the amino disulfides
were directly incorporated into peptides.

1) [BnEtzN],MoS,,
MeCN, 28 °C, 0.5-18 h

2)2NHCl, r.t, 12 h s}
3)NH,OH, rt, 10min S/

O
HOZCYR steps O\‘S’ 1
— O
N R ,—R
NHy o 70-95% BnHN
52 53 54

Scheme 18.

Another series of sulfamidates were prepared from 1,2-
diols 55 (Scheme 19) and the Burgess reagent. In these
cases, treatment with [BnNEt;],MoS, and hydrolysis with
saturated aqueous citric acid solution led with high yields

EtsNSO,NCO,Me 0.
HO OH 'Igallil}%eljzs({li,agehrjt)A o~ *N-CO2Me
R? -RZ 70-90 % R R2
55 56
1) [BnEth]gl\ﬂ034, H
2) gﬁggcuzds r(t: on NS N-COMe
7996% R R g
Scheme 19.

Table 1. Synthesis of f-amino thiols 57 from sulfamidates and tet-
rathiomolybdate (selected examples).l?’]

Entry Product R! R Yield [%]
112 57a Bn H 88
21l 57b iPr H 87
30 57¢ n-CgH;s  H 92
4lal 57d Me Me 79
51b] 57e Et Et 95
6! 57¢ CO.Et  Ph 93

[a] From enantiopure diols. [b] From racemic diols.
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to B-amino thiols 57 (as their carbamate derivatives) with a
wide variety of structures, including enantiopure amino thi-
ols (Scheme 19, Table 1).7)

Syntheses from Five-Membered N, S-Heterocycles
(Method III)

Five-membered-ring N, S-heterocycles such as thiazolid-
ines and thiazolines (or their derivatives) can be hydrolysed
to afford 2-amino thiols.

Thiazolidinones and Thiazolidines

Thiazolidine and thiazolidinone heterocycles are often
synthesized from 2-amino thiols as their protected forms.
They can be opened and hydrolysed to regenerate the free
thiol and amine functions.

As an example, 2-thiazolidinone 58 (Scheme 20) afforded
the “roofed” amino thiol 59 on hydrolytic ring cleavage

with barium hydroxide.[*!

Ba(OH), 8 H,0O

Qe

EtOH-H,O
reflux, 18 h
NH - = NH,
0,
S/go 2% SH
58 59

Scheme 20.

N-Boc thiazolidine 60 (Scheme 21) was used as a pro-
tected amino thiol moiety in the synthetic transformation
of cysteine into the new farnesyl transferase inhibitor 62.3%
At the end of the synthesis, deprotection of the N-Boc thi-
azolidine 60 was achieved in three steps: ring opening by
treatment with a mixture of methoxycarbonylsulfenyl chlor-
ide/sodium acetate in acetic acid, amine deprotection by
acidic hydrolysis and thiol deprotection by treatment with
trimethylphosphane and trifluoroacetic acid (Scheme 21).
In another example, dipeptide 64 (Scheme 21), containing

SCO,Me 1) HCI (71 %)
MeO,CSCl, & 2) MesP,

HS

_NaOAc _ 1 TFA (100 %) l
—_—

97% HN" R H,N" R

Boc
60 61 62

><

Boc

CO,H

HS

g ©
N
H2N)\”/ OMe

O
64

MeOH/HCI
48 h, 25 °C

OHC 8%

Scheme 21.
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an amino thiol moiety, was obtained by starting from cyste-
ine, via a N-formylthiazolidine cycle.l*! Deprotection of 63
was achieved in a methanolic HCI solution. The N-Boc thi-
azolidine protected form was also used by Nicolaou et al.
in the synthesis of thiostrepton.3?

Thiazolines and Thiazolinium Salts

The ring opening of thiazolines by acidic hydrolysis was
a subject of study as early as 1959,% presumably because
of the presence of the thiazoline heterocycle in many biolo-
gically active natural compounds. After protonation, the
mechanism involves the attack of water on the thiazolinium
salt 66 (Scheme 22), leading to 2-hydroxythiazolidine inter-
mediate 67, which then give S-acyl or N-acyl 2-amino sulf-
anyl derivatives 68 or 69, depending on the conditions used.

N H* NS
R— ] ~—= R j
s s
65 66
o
. HaN o~ AN
H,0 ><Nj = 68
HO" % o s N
67 N R

Scheme 22.

The hydrolysis of thiazolines has not commonly been
used as a method to access amino thiols and only isolated
cases have been reported in the literature. As an example,
in the synthesis of 2-amino-2-deoxy-3-thio-mannose, the
thiazoline ring was used as a protected form of amino and
thiol groups.’*35 The authors reported the remarkable re-
sistance of the thiazoline ring to strong acids: with use of
aqueous trifluoroacetic acid, at room temperature, the acet-
amido-thiol was obtained. Handrick etal. prepared 2-
amino thiols for applications as antiradiation drugs by hy-
drolysis of 2-phenylthiazolines under acidic conditions.[*¢!
One application of the hydrolysis of thiazolines to afford
amino thiols was the modification of the structure of cyste-
ine by introduction of a new substituent o to the carboxyl
group. The conversion of L-cysteine ester 70 (Scheme 23)
into 2-methylcysteine derivative 73 was achieved by the for-
mation of thiazoline 71, followed by its methylation at the
4-position and subsequent acidic hydrolysis. Both optically
pure enantiomers of 4-methylthiazoline 72 could be ob-
tained upon HPLC separation and led after acidic hydroly-
sis to the corresponding methylcysteines (R)-73 and (S)-73
(Scheme 23).137)

Bergeron et al. applied the same method to a thiazoline
containing a 2-(3-hydroxypyridyl) system instead of a
phenyl group as the substituent in the 2-position.’® The
asymmetric syntheses of (S)- and (R)-N-Fmoc-S-trityl-a-
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Me co,Et
LDA, Mel N)g
—_—

As

CO,Et
ZN\ECOQEt PRCN N
e —

|
SH Ph)\s

Ph
70 71 72
Me M
N 2)EtOH, HCl, o HaNag~~2
it —————>  HCl
Ph 372 95 % SH
EtO,C
22 Me 4y amHel, A IT%C: Me
/"‘1\ 2) EtOH, HCI, A :|C|
Ph S 95 % S
(R)-72 (R)-73
Scheme 23.

methylcysteine were achieved by use of (1R)- and (15)-2,10-
camphorsultam, respectively, as chiral auxiliaries.?! These
in turn were introduced through amide formation with the
2-phenyl thiazoline derived from cysteine. The methylation
at the a-position to the chiral amido group was highly dia-
stereoselective.

Kim et al. reported an enantioselective version of the
method to access directly optically active 4-substituted cys-
teine derivatives. Thiazolines 74 (Scheme 24) were prepared
from cysteine and were then alkylated in their 4-positions

:/< jCOZtBu

KOH, PhMe, 0 °C CsOH, CH,Cl,,0 °C

cat*l (1 mol-%) 74a: Z H cat*ll (1 mol-%)

RBr (5 equiv.) 74b: Z = Ph RBr (5 equiv.)
67-99 % 77-99%

N _\\COZtBU CO,tBu
)~ TR @
S
(R)-75a S)-75b
ee = 84-99% ee 66-88%
lHCI 6N HCI6 N
H2N '\\COQtBU HoN COztBU
T Y=
HS HS
(R)-76 (S)-76

R1
e )
N+
g R1 ! g

R!=3'4'5-F3CgH,
cat*l

Scheme 24.
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under asymmetric phase-transfer catalysis (PTC) conditions
with alkyl, allyl, propargyl and benzyl halides. Through the
use of two different chiral PTC catalysts (cat*I or cat*II)
with thiazolines 74a and 74b, respectively, alkylcysteines
(R)-76 and (S)-76 were both accessible (after acidic hydroly-
sis) with high enantioselectivities (Scheme 24, Table 2).[40]

Table 2. Catalytic enantioselective alkylation of thiazolines 74 (se-
lected examples).[ 0]

Entry Starting R Catalyst Yield [%] % ee (con-
thiazoline fig.)
1 T4a allyl Cat*] 68 96 (R)
2 75a allyl Cat*11 90 87 (S)
3 74a propargyl  Cat*1 67 97 (R)
4 75a propargyl  Cat*Il 92 68 (S)
5 T4a Bn Cat*] 90 99 (R)
6 75a Bn Cat*11 99 84 (S)

4-Cyclopropyl-substituted thiazoline 78 (Scheme 25) was
prepared from a-chloro a,B-unsaturated carboxylic ester 77
and thioacetamide. Aqueous hydrolysis of 78 afforded the
corresponding N-acyl-2-amino thiol 79, whereas acidic hy-
drolysis afforded the desired amino thiol 80 (Scheme 25),
a restrained analogue of penicillamine with a cyclopropyl
substituent instead of the gem-dimethyl system o to the
thiol function.®!

X Me)SJ\NHz SZ/

CO,Et

CI7 O CoLE — =\
77 Me 7g
HCI3 N, A, 5 h H,0, A, 5 h
89% 93%
A/[SH ﬁSH
HOZC NH2'HC| EtOZC NHAc
80 79
Scheme 25.

In a similar manner the thiazolinium salt 82 (Scheme 26)
was prepared from a-bromoacrylic acid (81) and N-phenyl-
thioacetamide and hydrolysed under acidic conditions to af-
ford the secondary amino thiol 83.142!

S €]
Br  CO,H
HS
HO,C Me)J\NHPh HBr, A
— S UN-pph —
Br Y PhHN" >CO,H
Me *HBr
81 82 83

Scheme 26.

One paper described the basic hydrolysis of 2-mercapto-
thiazoline to afford cysteamine hydrochloride.[**]

Some of us have recently developed an efficient method
to prepare both primary and secondary 2-amino thiols with
a wide range of structures, via thiazoline*4 or thiazolinium
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salts,*] respectively (Scheme 27, Table 3). The starting ma-
terials are P-amino alcohols (most of them enantiopure)
and methyl dithioacetate, which is a convenient and easy
accessible source of sulfur. The numbers of steps to trans-
form amino alcohols 84 into amino thiols were smaller than
with other methods: three steps for the primary 2-amino
thiols 87141 (Table 3, Entries 1-5) and five steps for the sec-
ondary 2-amino thiols 891%l (Table 3, Entries 6-9). This
was possible through the combination of sulfur introduc-
tion and amino group protection in one thioacylation step
and through the deprotection of both amino and thiol func-
tions by acidic hydrolysis of the N,S-heterocycle. It was
shown for one example (with R = H, R! = Me) that the
acidic hydrolysis of thiazolinium salt 86a proceeded very
slowly (3 days) and led mainly to the disulfide, whereas the
corresponding thiazolidine 88a hydrolysed more rapidly
(2 h), leading cleanly to amino thiol 89a. Thus, to prepare
secondary amino thiols, thiazolidines were used as the hy-
drolysis substrates instead of thiazolinium salts. Although
the atom economy in this methodology is rather low, it en-
ables access to various amino thiols through easy variation
of the substituents on the heterocycle and the N-alkylating
agent. In the case of prolinol, which is a secondary amino

1) MeCS,Me
NEts, THF, r.t.
2) MsCl, NEtz, r.t. 1
R\[NHz CH20|2, 30 min RrN R1X R N'g X@
\ = \
OH 52-86 % s)\ L S)\ ik
84 85 86

HClyq 5M MsCl, NEt3

58-97% CH,Cl,

30 min

H,oN
ey il 49-81%
R R1
|
87a—e R N

Hol  HCISN, T \g-Me

§ 80°C s %

-
RUTYOSH “T62-91% s
R
89a—d
(or disulfide 90e,f)
Scheme 27.

Table 3. Synthesis of primary B-amino thiols 87 from thiazolines 85
and of secondary f-amino thiols 89 from thiazolidines 88 (selected
examples).

Entry Product R R! Yield [%)]  Ref.
1 87a iPr H 58 [44]
2 87b Bn H 81 [44]
3 87¢c Ph H 94 [44]
4 87d CH,OH H 81 [44]
5 87e CO,H H 94 [44]
6 89a H Me 98 [45a]
7 89b H Bu 91 [45a]
8 89c H allyl 60 [45a]
9 89d H CH,CO.H 71 f4sa]
10 90e iPr Me 83 [45a]
T 90f CO.H  Me 62 fasa]
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Table 4. Syntheses of B-amino thiols (selected examples).

Starting Overall
Product Structure Method material BUlilSantce Steps | yield Ref.
variation [a] or [b] N
[a] or [b] (%)
R!=H,R?=Ph I 4 62
R'=R?*=Ph Mitsunobu- | (S)-valinel?l AcsHlal 5 44 [12a]
1_ 2 type react.
I/SH l]}h el 2 9
R'R2N
, L [12a],
R'=R*=Bn Mitsunobu- | (§)-valinoll?] AcsSHL] 3 74 [10b]
type react.
L
I - Mitsunobu- |  (S)-valinel?] AcsHIa] 5 57 | [12b]
HCI-H,N SH type react.
— 11 (S)-valinoll?] MeCS,Melb] 3 29 [44]
= R'=Et, iPr,
iBu, /Bu, Bn, B-amino [b] [44]
HCI‘HZNJ\/SH Ph, CO,H, o alcohollal MeCSMe . i
CH,OH
R'=H, Me, iPr,
R iBu, Bn, Ph,
(CH,),NHZ, I, S\2 via B-amino ) fal 1c]
pGHNTN-SH | (CH21CO.Bn iodide iodidel®! thipres 2| o
PG = Fmoc,
CO,Bn
- R'=Bu, Bn,
2 (CH,),Ph, amine "
: 1 [b] [25]
Rz/\/ NHR Cg—I(Me)Ph II (RINHZ) [a] thiirane 1 50-70
R?= CH,OTrt
SH o
J/\/\ B 1 methioninoll?l MeCS;Mel i = b
AcHN SMe
R=Me, Bu, B
HSNHRHC! | Angl, CHLCOLH m 2-methylthiazolinel?] 3| 26-51 | [4sal
R'=H, Me, Et,
SH Pr
R? R*=Me, Et, Pr
) ) B} % b b - [27]
NHCO,Me | iPr, n-CH,, I sulfamidatel®] (BnNEt3)2MoS4[ 1 1 78-96
R? sec-Bu, iBu, Bn,
(CH,);Ph
HS._.Ph D-
l - 111 Norephedrine MeCS,Mel¢l 3 20 [44]
HCI-H,N” Me [a]
PGHNICOzMe PG =PMB I aziridinel®] PMBSHIb] 2 65 [15]
Me” “SH PG = Trt 1| aziridinelb] TrtSHIal ¢) 37 [15]
H,N ¥SCo,Et o
\t - 1 Ethyl cysteine-HCI[a] 7 49 [37]
SH
HCI'H,N__CO,H 9-chloro-2-
= 11 Ib] MeC(S)NH, [ 65 [41]
SH cyclopropyl
Ph
Me 18
HS = 1 aziridinelb] PhC(O)SHI2l 3 87 [18]
Bn”~ b “SO,Mes
NHTs
O — 1 aziridinel®] cs,lal 2 91 (201
“SH
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Table 4. ( Continued).

Starting Overall
Product 5;‘11;:1‘3;? Method material Sulfur sot;rce Steps | yield | Ref
[a] or [b] [2] or [P] %)
Ph
HS N aMe - 11 aziridine(?] H,slal ) 61 [21b]
NHMe-HCI
e - .
Ty I,H?:Szyr;;a (S)-valinela] AcsHIa] 8 | 1726 | [0al
R? 4
N e L
SH ne? Mitsunobu- |  (S)-valinoll?] AcSHIal 3 56 [12a]
" type react.
Eyjirljc%ali)ri de) 11X L-prolinel?] MeCS,Melb] 3 54 [45a]
SH ~
Q" R=Me L ff;;;;: | L-prolinelal AcsKlal 6 21 9]
]
R g -
R =Fmoc L ?gji;;a a E);r;l:[ll?] thioureal?l ) 72 [11c]
Ph
O* Ph . Lawesson 13
N = L Syl L-proline[2] [a] 4 25 [13]
e SH reagent

[a] Commercially available. [b] Not commercially available.

alcohol, this methodology enables the formation of pro-
linethiol in only three steps.[*>3 In cases in which amino
disulfides 90 are obtained (Table 3, Entries 10-11), re-
duction should offer access to the corresponding 2-amino
thiols, as in cases described above, through ring opening by
[BnNEt;],MoS, (see Schemes 13 and 18).

Conclusion

This contribution constitutes the first review on available
synthetic methods for the preparation of B-amino thiols.
Syntheses starting from a-amino acids or B-amino alcohols
through the introduction of sulfur nucleophiles or from
five-membered-ring N, S-heterocycles have been described,
as well as others based on ring-opening reactions. The first
methodology, although general, tends to require many pro-
tection and deprotection steps (of the hydroxy, amino and
sulfanyl groups), making the reaction sequences rather
long. The second methodology mainly involves aziridines
or episulfides as substrates for ring opening with sulfur or
nitrogen nucleophiles, respectively. Very few of these sub-
strates are commercially available, and their synthesis in
various structures represents a drawback to the use of this
method as a general one for the preparation of B-amino
thiols. On the other hand, the ring opening of sulfamidates
with benzyltriethylammonium tetrathiomolybdate appears
to be a general and efficient method, thanks to the easy
access to a large variety of cyclic substrates (from amino
acids or from 1,2-diols) and to the sulfur reagent, which
does not requires S-deprotection at the end of the sequence.
The methodology via thiazoline intermediates, which uses
B-amino alcohols and methyl dithioacetate, as a convenient
source of sulfur, as the starting materials is also general. It
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enables both primary and secondary B-amino thiols to be
obtained by step-economic reaction sequences.

Until now, cysteine and cysteamine (widely commercially
available) were the amino thiols mainly used in most of the
synthetic applications. We hope that this review, which re-
veals the various synthetic methods existing in the literature
for the preparation of B-amino thiols and the variety of
accessible structures, will contribute to spread the applica-
tions of these compounds through greater molecular diver-
sity.

Table 4 compiles a list of the most widely encountered
B-amino thiols and the methods so far reported for their
preparation.
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A practical method for the preparation of
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cations in many areas of chemistry. The
present review reveals efficient and general
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