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ABSTRACT

The first highly enantioenriched, configurationally stable r-thioallyllithium compound (9) was generated by deprotonation of the S-cyclohex-
2-enyl thiocarbamate 8. The methylation of 9 in both the r- and γ-positions proceeds antarafacially with a high degree of chirality transmission,
as was elucidated by X-ray analysis of thiocarbamates 10 and 11. The optically active S-allyl thiocarbamate 8 was prepared by enantiospecific
[3,3]sigmatropic rearrangement of the corresponding O-allyl thiocarbamate 7.

EnantioenrichedR-heteroatom-substituted alkyllithium com-
pounds are valuable chiral carbanion equivalents.1 Electro-
philic substitution of these chiral building blocks is generally
stereospecific. SomeR-oxy- andR-amino-substituted orga-
nolithium compounds have proven to be configurationally

stable,2 whereas vinylic, aryl,R-thio,3,4 andR-seleno5 sub-
stituents at the carbanionic center usually lead to rapid
racemization even at low temperatures (e.g.-78 °C).

A configurationally stable, moderately enantioenriched
R-thioalkyllithium compound (R)-1 was synthesized in our
laboratory, which showed no detectable racemization at-78
°C in etheral solution (Scheme 1).6 Later we discovered the
highly enantioenrichedR-thiobenzyllithium compound (S)-2
with unusually high configurational stability. Even warming
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Scheme 1. Lithiated Monothiocarbamatesa

a Ligands (TMEDA and Et2O) at the lithium center are omitted
for the sake of clarity.
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the etheral solution of (S)-2 (>99% ee) to 0°C led to
unchanged high ee values in the trapping products (g97 up
to g99% ee).7

Encouraged by these results we set out to survey allylic
systems wherein the double bond allows for further trans-
formations. To avoid complications caused byE/Z-isomer-
ization in the allylic anion, a cyclicN-monoalkyl thiocar-
bamate8 was selected to suppressE/Z-isomerization. The
requiredS-allylic thiocarbamates3 can easily be generated
from the correspondingO-esters4 (Scheme 2). Rearrange-

ment of thiocarbamates has been extensively investigated9,10

for achiral or racemic substrates.11 The O-esters4 are
prepared by the addition of isothiocyanates onto allylic
alcohols5,10 which are accessible in enantioenriched form
via different routes.

Enantioenriched cyclohex-2-en-1-ol (6) had been prepared
either by a base-mediated rearrangement of cyclohexene
oxide with chiral lithium amide bases12 [(R) and (S)] or via

a kinetic resolution of a racemic cyclohexenol precursor by
lipase-catalyzed enantioselective transesterfication13 [(R)]
with an ee up to 95%. (R)-O-(2-Cyclohexenyl)N-isopropyl-
thiocarbamate (7, 95% ee)14 was readily prepared in 93%
yield and subjected to a thermal rearrangement in a neat state
at 105°C for 3 h. (S)-S-(2-Cyclohexenyl)N-isopropylthio-
carbamate (8) was isolated in 88% yield with 92% ee,
indicating a high level of chirality transfer (Scheme 3).15,16

In extensive deprotonation experiments, different solvents,
bases, and ligands were employed. When the deprotonation
was performed in the presence of TMEDA in THF at-78
°C, formation of the dianionic species9 was visible by the
appearance of a yellow color when the addition of the second
equivalent ofs-BuLi started. The reaction was complete
within 5 min. The use of a variety of electrophiles provided
optically active products, fortunately the ee values of the
methylation products10 and11 could be determined by GC
and HPLC (Scheme 4).17

Deprotonation of8 in toluene occurred very sluggishly;
the R-product10 isolated after methylation showed a low
ee whereas theγ-product11 was almost racemic (entry 1).
Deprotonation of8 in ether yields thiocarbamates10 and
11 showing a remarkable loss of enantioenrichment (entry
3). Running the reaction in THF18 yields carbamate10 with
89% ee, what is equivalent to 97% conservation of the
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Scheme 2

Scheme 3. Carbamoylation and Rearrangementa

a This sequence was performed with both enantiomers. Re-
agents: (a) (i) NaH, THF, 0°C; (ii) i-PrNCS, then H3O+; (b) 105
°C, 3 h.

Scheme 4. Lithiation of (R)-8and Methylationa,c

aThis sequence was also performed with (S)-8, see Table 1, entry
4. b Corrected for the enantiomeric purity of used (S)-8. c Reagents:
(a) 2.5 equiv ofs-BuLi/TMEDA, THF, -78 °C; (b) 1.5 equiv of

1.0 N MeI/THF,-78 °C, then H3O+. Ligands (TMEDA and THF)
at the lithium center are omitted for the sake of clarity.
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original enantioenrichment. The electrophilic attack on the
γ-carbon is less stereospecific and forms11 with 68% ee/
74% stereospecificity (Table 1, entry 4). On deprotonation
in toluene, the addition of methyl iodide after a shorter
reaction time leads to a marked improvement of ee (entry
2), clearly indicating that racemization takes place on the
stage of carbanion9 under these conditions. In contrast to
this, prolonged reaction times in THF did not cause any
decrease in the ee values (entries 5 and 6). Consequently, it
is concluded that here the partial racemization is caused by
incomplete stereospecificity in the alkylation step.

The high configurational stability may be due to the
branched carbanionic center, as we have found previously
by comparing lithiatedS-n-alkyl thiocarbamates with lithiated
R-branchedS-alkyl thiocarbamates (1).6 Hoffmann et al.
verified some marked steric effects on the enantiomerization
rate of some racemicR-thioaryl-substituted alkyllithium
compounds, wherein branching and bulky substituents at the
sulfur atom cause increased configurational stability.3b Hence,

here the steric demands of the carbon skeleton and the
carbamoyl moiety are lower, and compared to species1 and
2, racemization in ether occurs more readily than for1 and
2. The observed high solvent dependence of the racemization
rate matches with results by Reich et al., who reported that
the enantiomerization rate ofR-thio-substituted organolithium
reagents decreases with increasing ion pair separation.4a

The stereochemical outcome of the methylation of (R)-9
was elucidated by X-ray analysis (Figure 1).19 From (R)-8,

the R-product (S)-10 is formed in addition to (S)-11,
indicating that the methylation takes place with stereoinver-
sion or in ananti-SE′-process, respectively. Methylation
proceeds, corresponding to electrophilic substitution reactions
of lithiated configurationally unstableO-allyl N,N-diisopro-
pylcarbamates,20 with inversion of configuration.

In summary we have found the first configurationally
stable, highly enantioenrichedR-thioallyllithium compound,
showing a marked solvent dependence of its racemization
rate. Both theR- andγ-methylation of the dianionic species
by methyl iodide take place with inversion of configuration.

The work was supported by the Deutsche Forschungsge-
meinschaft and the Fonds der Chemischen Industrie by a
grant for F.M.

Supporting Information Available: Crystal data for
compounds10and11and detailed experimental procedures
with spectroscopic data for compounds7, 8, 10, and11. This
material is available free of charge via the Internet at
http://pubs.acs.org.

OL991134O

(17) All compounds were characterized by1H NMR, 13C NMR, IR, MS,
and elemental analysis.

(18)Representative Procedure (Table 1, entry 4):A solution of (S)-8
(100 mg, 0.50 mmol, 92% ee (determined by GC on aâ-DEX 120 column
[Supelco]), [R]20

D ) -194 (c 1.01 in CHCl3), mp ) 92 °C (petroleum
ether)), and TMEDA (151 mg, 1.30 mmol, 2.59 equiv) in dry THF (5.0
mL) under Ar in a flask, sealed with a rubber septum, was cooled to-78
°C. s-BuLi (1.02 mL, 1.25 mmol, 2.50 equiv, 1.23 N) was added dropwise
over a period of 5 min through a precooled needle. The yellow reaction
mixture was stirred for additional 5 min, and MeI/THF (0.76 mL, 0.76
mmol, 1.5 equiv, 1.0 N) was added dropwise over a period of 3 min through
a precooled needle. The flask was sealed, and after an additional 12 h of
stirring, HOAc/Et2O (1.25 mL, 1.25 mmol, 2.50 equiv, 1.00 N) was added.
The reaction mixture was brought to approximately 0°C, and a saturated
NaHCO3 solution (3 mL) and Et2O (10 mL) were added. The phases were
separated, and the aqueous phase was extracted with Et2O (2 × 5 mL).
The combined organic phases were washed with brine (3 mL), dried
(MgSO4), filtered, and concentrated in vacuo to afford a pale yellow oil
which was subjected to column chromatography (silica gel, EtOAc/
cyclohexane gradient). (R)-10(22 mg) (89% ee (determined by GC on a
R-DEX 120 column [Supelco]), [R]20

D ) +159 (c0.615 in CHCl3), mp )
103°C (cyclohexane)) and 47 mg of (R)-11 (68% ee (determined by HPLC
on a ZWE-805 column [Bayer], [R]20

D ) +5.6 (c0.970 in CHCl3), mp)
79 °C (cyclohexane)) were isolated as white crystals.
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Tetrahedron1992, 48, 5657. (c) Paulsen, H.; Graeve, C.; Hoppe, D.
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Table 1. Results of Methylations

stereospecificity, %a

entry solvent time/min 10 11

1 toluene 270 3 (41) 0 (22)
2 toluene 45 56 (6) nd
3 Et2O 60 61 (46) 58 (26)
4b THF 5 97 (21) 74 (44)
5 THF 60 96 (19) 73 (28)
6 THF 270 96 (17) 74 (21)

a Carbamate (R)-8with 72-82% ee was employed as starting material.
Isolated yields are given in parentheses.b (S)-8 with 92% ee was the starting
material.

Figure 1. Crystal structures of carbamates (S)-10 and (S)-11,
achieved from starting material (R)-8. O: red. N: blue. S: yellow.
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