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A new class of non-mesomerically stabilized, unbranched,
configurationally stable lithiated o-thiocarbanion has been
synthesized and its stereospecific reactions with several electro-
philes were investigated.

Asymmetric induction on a prochiral methylene group through
deprotonation followed by electrophilic substitution is one of the
basic asymmetric C—C bond forming reactions.' Synthetic utility of
this process has been limited to the o-heteroatom substituted
organolithium compounds wherein excellent enantio- and diaster-
coselectivities have been achieved.! Especially, o-oxy'? and
o-amino' organolithium compounds have proved to be highly
valuable in synthetic organic chemistry. In contrast, o-thio
substituted carbanions are known for their high configurational
instability and rapid epimerization even at low temperatures.'“
Configurational stability could be achieved in very few examples®
in which the carbanionic center bears branching which enhances
the barrier of epimerization as proposed by Hoffmann and
coworkers.* Lack of such a branching at the carbanionic center
results in configurational instability of the lithiated carbanion. In
such cases, one has to rely on post deprotonation enantioenrich-
ment for obtaining useful selectivity.’ In order to find an
unbranched, configurationally stable a-thiocarbanion and estab-
lishing its stereochemical behaviour, we became interested in the
thiocarbamates derived from o-amino acids.

Herein, we present the initial results obtained from our
investigations on the deprotonation and stereochemical behaviour
of thiocarbamate 1 derived from (S)-prolinol (Scheme 1).

When thiocarbamate 1 was deprotonated with 1.2 eq. of sec-
BuLi in the presence of achiral additive N,N,N’,N'-tetramethyl-
ethylenediamine (TMEDA), one of the two diastereotopic protons
is abstracted to form the lithiated species 2. Trapping this lithiated
species with various electrophiles afforded the corresponding
substitution products 3 in high yields and excellent diastereoselec-
tivities (Table 1).§

The results outlined in Table 1 show that the deprotonation—
substitution process takes place in a highly selective manner. In all
cases, no trace of the second diastereomer could be detected by
TLC, NMR, or GC.

In order to gain information regarding the configurational
stability of the intermediate lithium species 2 and to find out
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1 Electronic supplementary information (ESI) available: Experimental
details for the preparation of starting material 1, analytical data for
compounds 3a-3e and 5. See DOI: 10.1039/b604029b

1 Responsible for X-ray crystal structure analysis.
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Scheme 1  Reagents and conditions: 1) 1.2 eq. sec-BuLi, 1.2 eq. TMEDA,
toluene, —78 °C, 3 h; ii) 3.0 eq. electrophile (EIX).

Table 1 Results of the substitution of 2 by various electrophiles

1

Entry EIX (product) Yield dr [o]p/deg cm? g~

1 TMSCI (3a) 83% >97:3 =815 (c = 1.15, CHCl,)
2 TBDMSOTS (3b) 65% >97:3 —88.0 (¢ = 0.96, CH,Cl,)
3 Mel (3¢) 83% >97:3 —47.7 (¢ = 1.23, CHCl,)
4 EtI (3d) 84% >97:3 =763 (c = 1.17, CHCl,)
5 BnBr (3e) 98% >97:3 —4.7 (¢ = 1.09, CHCly)

“ EIX = electrophile; dr = diastereomeric ratio.

whether the selectivity is achieved in the deprotonation step or in
the post-deprotonation reactions, an in situ deprotonation was
carried out wherein the substrate 1 was deprotonated in the
presence of the electrophile tert-butyldimethylsilyl triflate
(TBDMSOTY) (Scheme 2).

This experiment resulted in the formation of the same
diastereomer (dr > 97 : 3) as is obtained by the normal
deprotonation—substitution sequence. This observation is indica-
tive of the fact that the lithium species 2 is formed by selective
deprotonation and is configurationally stable at —78 °C.° If 2
would be formed non-selectively, a mixture of two diastereomers

should be obtained.
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Scheme 2 Reagents and conditions: 1) 1.2 eq. sec-BuLi, 1.2 eq. TMEDA,

toluene, —78 °C; i) 3.0 eq. TBDMSOTT; iii) 1.2 eq. sec-BuLi, 1.2 eq.
TMEDA, toluene, —78 °C, 3.0 eq. TBDMSOTT, in situ.
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Fig. 1 X-Ray crystal structure of triflate salt 4.
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Scheme 3 Reagents and conditions: 1) 2 eq. Cu(OTf),, CH,Cly, rt, 24 h.

The absolute configuration of one of the substitution products,
derived from ethyl iodide (Entry 4, Table 1), was elucidated by
X-ray crystal structure analysis (under anomalous dispersion)y| of
its triflate salt 4 (Fig. 1). The triflate salt was obtained by reaction
of 3d with copper(11) triflate in dichloromethane (Scheme 3). The
newly generated stereocenter is conclusively proved to be
S-configured.

Strong evidence was found that the lithium compound 2 has
[2S,2(1S)]-configuration and the substitution with the reported
electrophiles proceeds with retention of configuration: Deuteration
of 2 with CH;0D afforded 5 as a single diastereomer (Scheme 4).
Since the diastereotopic protons Hy and Hg in 1 have very distinct
"H NMR shifts (supported by quantum-chemical calculations’), 5
could be assigned to the [25,2(1S)] configuration as deuteration of
chiral lithium carbanions proceeds with retention in all known
examples. The reasons why the deprotonation of 1 takes the
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Scheme 4  Reagents and conditions: 1) 1.2 eq. sec-BuLi, 1.2 eq. TMEDA,
toluene, —78 °C, 3 h; ii) 10.0 eq. CH;0D.

opposite stereochemical course to that observed for the
O-carbamate case (1, O for S)® are presently unknown.

Thus, we have found a new class of unbranched, non-
mesomerically stabilized, configurationally stable o-thiocarbanion’
which undergoes electrophilic substitution with various electro-
philes to furnish the products in good to excellent yields and
excellent diastereoselectivities. This method provides an easy access
to chiral secondary B-amino thiols. The origin of the selectivity,
mode of electrophilic substitution, and further extension of this
protocol to other substrates is currently under investigation.
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Notes and references

§ Typical experimental procedure: In a flame dried 10 mL round bottom
flask was dissolved 1 (100 mg, 0.27 mmol, 1.0 eq.) in 5 mL of absolute
toluene under argon atmosphere. To this was added 37 mg (0.32 mmol,
1.2 eq.) of TMEDA and the reaction flask was cooled to —78 °C. sec-BuLi
(1.36 M, 0.23 mL, 0.32 mmol, 1.2 eq.) was added in a dropwise manner and
the reaction mixture was stirred at —78 °C for 3 hours. Afterwards,
appropriate electrophile (0.81 mmol, 3.0 eq.) was injected and the reaction
mixture was stirred till no starting material could be detected by TLC. The
reaction was then quenched with 2 mL of water, the phases were separated
and the aqueous phase was extracted with diethyl ether (3 x 10 mL). The
collective organic layer was dried over anhydrous MgSQOy, filtered through
glass wool, concentrated and subjected to flash column chromatography
(diethyl ether—pentane) to obtain analytically pure product.

9 Co3H3sF3N>OsS,, M 540.65, orthorhombic, space group P2,2,2,,
a 8.353(1), b 13.073(1), ¢ 24.181(1) A, U 2640.5(4) A°, Z 4, T 198(2) K,
u(Mo-Ka) 0.259 mm !, 6278 reflections measured, final Rl and wR2
0.0536 and 0.0995. CCDC 602731. For crystallographic data in CIF or
other electronic format see DOI: 10.1039/b604029b
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