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ABSTRACT

Porassium carbonate mediated methanolvsis of op-
tically active 1,3-oxathiolane-2-thiones (5-membered
cvclic xanthates) took place under verv mild condi-
tions to give optically pure 1,2-episulfides. Also,
methanolvsis of 4-[1-(methanesulfonvioxv)alkvl]-1,3-
oxathiolane-2-thiones and 2,4-dialkyl substituted 1,3-
oxathiolane-2-thione gave 2,3-episulfides, stereospe-
ctficallv.

INTRODUCTION

The episulfide group is an attractive functional
group for synthesis of organic compounds, and this
subject has recently been reviewed by Fokin et al.
[1]. Direct preparations of episulfides (thiiranes)
from epoxides (oxiranes) have been performed by
reactions with Ph;PS [2], KSCN [3], a combination
of thiourea and KSCN [4], or cyclic dithiourethane
[5]. However, these reactions have not been stud-
ied from the point of view of asymmetric syntheses
of optically active thiiranes. However, it should be
mentioned that Sharpless has described the trans-
formation of an asymmetric oxirane to an opti-
cally active thiirane by reaction with thiourea and
titanium tetraisopropoxide [6]. We have recently
reported asymmetric preparations of 4-alkyl sub-
stituted 1,3-oxathiolane-2-thiones (5-membered
cyclic xanthates) from optically pure 2,3-epoxy al-
cohols [7]. In an extension of the chemistry of 5-
membered cvclic xanthates, we herein report a new
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and reliable access to either optically active 1,2-
episulfides or 2,3-episulfides by methanolysis of
asymmetric 4-alkyl 1,3-oxathiolane-2-thiones un-
der basic conditions. A typical reaction sequence
starting with an optically active 2,3-epoxy alcohol
is depicted in Scheme 1.

Regio and Stereospecific Formation of 1,2-
and/or 2,3-Episulfides

a-Hydroxy xanthate 1 [7] was silylated with
TBDMSOTTf in the presence of 2,6-lutidine to give
silyl ether 2 in 96% yield, which, upon treatment
with anhydrous potassium carbonate in methanol,
gave episulfide 3 in 97% yield. The structure of 3
was confirmed by its mass and proton NMR spec-
tra. The M + 1 positive ion peak was observed in
the FAB mass spectrum at 309 (#/z), and the M-
57 peak appeared at 251 (m/z) due to the typical
fragmentation of zerr-butyldimethylsilyl ether in the
electron impact mass spectrum. In the proton NMR
spectrum, typical terminal episulfide protons ap-
peared at 8 2.54 and 2.31, each as double doublets,
whose coupling constants were 6.2 and 1.1 Hz and
5.5 and 1.1 Hz, respectively. Alternativelv, 1 was
mesylated to give 4, and the mesylate was then
treated with anhydrous potassium carbonate in
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methanol. None of the corresponding 1,2-episul-
fide and mercapto alcohol was obtained, but 2,3-
episulfide 5 was formed in 46% vield. In both re-
actions, only a single steroisomer was isolated, and
none of the mercapto alcohol was found in the crude
reaction mixture.

Similar reaction processes were observed in the
case of 6, the diastereomer of 1, as shown in Scheme
3. Compound 6 was transformed to episulfides 8
and 10 stereospecifically. When xanthate 7 [7] was
subjected to potassium carbonate mediated meth-
anolysis conditions, 3-(zers-butyldimethylsilvl)oxy
1,2-episulfide 8 was obtained in 93% vield as a sin-
gle stereoisomer. On the other hand, mesvlate 9,
obtained in 94% vield from 6, when treated under
the same conditions, gave cis-2,3-epoxyv alcohol 10
in 53% vield. None of the corresponding 1,2-epi-
sulfide was detected in this reaction. The corre-
sponding reaction of the 4,5-dialky! substituted 1,3-
oxathiolane-2-thione 11 [7], also proceeded stereo-
specifically to give cis-2,3-episulfide 12 in 80% yield.
The compound 12 was found to be the enantiomer
of the tert-butyldimethylsilyl ether of 10.

DISCUSSION

Probable reaction mechanisms are proposed in
Scheme 4. First, the methoxide anion attacks the
thiocarbonyl carbon atom in the cyclic xanthate
and opens the ring to form the thiolate anion. An
intramolecular nucleophilic displacement on the
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adjacent carbon with departure of the thionocar-
bonate ion gives the episulfide. On the other hand,
when the C-OMs group is present adjacent to the
cyvclic xanthate, thiolate anion, once formed by
methanolysis of the xanthate, attacks the mesylate
carbon from the back side with inversion to pro-
duce the 2 3-episulfide, and the methyl thionocar-
bonate may then undergo hydrolyvsis to afford the
2,3-epithio alcohol. All the reactions take place
stereospecifically.

These results are interesting in comparison with
the cases for cvclic thiol carbonates. Scharf re-
ported that hydrolysis of a 1,3-oxathiolane-2-one
in alkaline media afforded a 1,2-mercapto alcohol
exclusively [8]. In such a case, a thiolate anion
would be produced as an intermediate, but due to
a low ability to eliminate methyl carbonate, it might
not give the corresponding episulfide but instead
a simple hydrolyzed product. This represents a
conspicuous difference between methyl carbonate
and methyl thionocarbonate, which exhibits an ex-
cellent leaving character against an attack of a
thiolate anion. Moreover, the reaction of 1,3-ox-
athiolane-2-one with the sodium or potassium salt
of methyl xanthate (Na or KSCSOMe) gave 1,3-di-
thiolane-2-thione. This reaction was proposed to
take place through a thiolate intermediate, but the
mechanism seems to be rather complicated [9].
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CONCLUSION

Potassium carbonate mediated methanolysis of a
cyclic xanthate takes place stereospecifically to give
an episulfide, and a 5-membered cyclic xanthate
can be regarded as an excellent precursor for an
episulfide.

EXPERIMENTAL

Spectra were measured by use of the following in-
struments; for 'H and °C NMR, JEOL-GX400 (400
and 100 MHz) and Varian Gemini 300 (300 and 75
MHz); for low- and high-resolution mass spectra
(LRMS and HRMS), JEOL-JMS-303HF; for IR,
JASCO IRA-1; for optical rotation angle, JASCO DIP-
370. NMR spectra were obtained in CDCl; with tet-
ramethvlsilane as an internal standard. Mass spec-
tra were measured by the electron impact (EI)
method at 70 eV or by the fast atom bombardment
(FAB) method. Only strong and/or structurally im-
portant peaks are reported here for MS and IR
spectra. Thin-laver chromatography was carried out
on 0.25 mm E. 1. Merck precoated silica-gel plates
(60F-254). Wako gel (C-200) was used for silica-gel
column chromatography.

Tyvpical Reaction for Methanolvsis. To a solu-
tion of a cvclic xanthate (1 mmol) in methanol (5
mL) was added anhvdrous K,COj; (240 mg), and the
mixture was stirred for 0.5 to 2 hours at room tem-
perature. Then, the mixture was diluted with ethyl
acetate (60 mL) and washed with water (3mL X 2)
and brine (5 mL). The organic laver was dried over
MgSO, and evaporated under reduced pressure. The
residual oil was purified by column chromatog-
raphv on silica gel and eluted with an appropriate
solvent (a mixture of ethyl acetate and hexane) to
give the episulfide. The yields, eluents, and phys-
ical and spectroscopic data are described as fol-
lows.

(2R - 3S)-3-[(tert-Buryldimethylsilyl Yoxy]-1, 2-epi-
thio-5-phenylpentan-1-ol (3) Yield 97%. Eluent,
hexane; R, = 0.40 (2.5% EtOAc in hexane); [a]}
—15.7° (¢ 1.0, CHCl,); '"H NMR (CDCl;) 6 = 7.36—
7.31 (2H, m), 7.27-7.21 (3H, m), 3.34 (1H, dt, J =
7.3 and 5.3 Hz), 3.01 (1H,ddd,J = 7.3, 6.2 and 5.5
Hz), 2.87 (1H, m), 2.78 (1H, m), 2.54 (1H, dd,J =
6.2 and 1.1 Hz), 2.31 (1H,dd,J = 5.5 and 1.1 Hz),
2.55-2.02 (2H, m), 0.98 (9H, s), 0.13 (3H, s), 0.12
(3H, s). C NMR (CDCl;) 6 = 142.18, 128.35, 128.33,
125.76, 76.54, 39.66, 38.12, 31.29, 25.87, 24.22, 18.17,
—4.00, —4.47; LRMS (EI) m/z (rel intensity %) 251
(M — 57, 34), 219 (77), 143 (41), 91 (57), 75 (base).
LRMS (FAB) n2/z 309 (M + 1). HRMS (FAB) found:
309.1736. Caled for C;;H,50SSi (M + 1): 309.1709.

(2S-3R)-2,3-Epithio-5-phenyl-1-pentanol (5)
Yield 46%. Eluent, 20% ethyl acetate in hexane; mp

57.5-58.5°C recrystallized from methylene chlo-
ride; R, = 0.41 (30% EtOAc in hexane); [a]}' + 119.6°
(c 1.0, CHCly); '"H NMR (CDCly) 6 = 7.32-7.19 (5H,
m), 3.78 (1H, dd, J = 11.7 and 4.0 Hz), 3.57 (1H,
dd,J = 11.7 and 1.5 Hz), 2.88 (2H, ddd, J = 15.9,
8.1 and 5.5 Hz), 2.82-2.72 (2H, m), 2.13 (1H, ddt,
J =139, 8.1, and 59 Hz), 1.86 (1H, ddt, J = 13.9,
7.3, and 5.5 Hz), 1.68 (1H, br s); *C NMR (CDCl;)
5 = 140.84, 128.50, 128.50, 126.19, 63.67, 44.79,
40.06, 37.27, 35.37; IR (film) 3400 cmm ™' (OH); MS
(EI) m/z (rel intensity) 194 (M~, base), 177 (10), 152
(12), 150 (11), 146 (15), 139 (14). Found: C, 67.83;
H, 7.56%. Calcd for C;;H,,0S: C, 68.00; H, 7.26%.

(2R, 3R)-3-[(tert-Butyldimethylsilvl)oxy}-1, 2-epi-
thio-5-phenylpentane (8) Yield 95%. Eluent 2.5%
EtOAc in hexane; R, = 0.47 (2.5% EtOAc in hex-
ane); [a]3 —1.4° (¢ 1.0, CHCl;); '"H NMR (CDCly) 6
= 7.32-725(2H, m), 7.21-7.17 (3H, m), 3.33 (1H,
ddd,7 = 125,7.1,and 5.1 Hz), 299 (1H, ddd, J =
12.5, 6.6, and 5.5 Hz), 2.80 (1H, ddd, 7 = 10.3, 6.4,
and 2.9 Hz),2.69 (1H, dd,J = 5.5 and 1.5 Hz), 245
(1H,dd,J = 6.6 and 1.5 Hz), 2.20 (1H,dd,J = 5.5
and 1.3 Hz), 1.99-1.90 (2H, m), 0.92 (9H, s), 0.14
(3H, s), 0.08 (3H, s); *C NMR (CDCls) 6 = 141.97,
128.41, 128.25, 125.87, 76.97, 39.93, 39.66, 31.67,
25.45,22.28,18.18, —=3.60, —4.61; MS (EI) m/z (rel
intensity) 251 (M — 57, 78), 219 (28), 217 (55), 143
(56), 121 (21), 91 (base), 75 (93). HRMS (FAB) found:
309.1727. Caled for C;;H,s0SSi (M + 1): 309.1709.

(2R,3S)-2,3-Epithio-3-phenyl-1-pentanol (10)
Yield 46%. Eluent 2.5% EtOAc in hexane; R, = 0.38
(30% EtOAc in hexane); [a]3 —21.8 (c 1.0, CHCls);
'H NMR (CDCl;) 6 = 7.31-7.25 (2H, m), 7.23-7.19
(3H, m), 3.78 QH, d,J = 6.6 Hz), 320 (1H, td, J =
6.6 and 5.8 Hz), 3.03 (1H, ddd,J = 8.4,5.8, and 3.3
Hz), 2.91 (1H, ddd, J = 13.9, 8.4, and 5.5 Hz), 2.80
(1H, ddd,J = 13.9,7.5, and 5.5 Hz), 2.20 (1H, dddd,
J=1309,84,7.5,and 5.5 Hz), 1.95-1.86 (1H, dddd,

= 13.9, 84, 5.5, and 3.3 Hz), 1.60 (1H, br s); *C
NMR (CDCl;) 6 = 140.92, 128.51, 128.51, 126.21,
96.12, 62.28, 41 .48, 40.90, 35.85, 32.41; IR (film) 3400
cm™' (OH); MS (EI) m/z (rel intensity) 194 (M™, 17),
143 (5), 123 (21), 91 (23). HRMS (El) found:
194.0745. Calcd for C,H,,0S (M™): 194.0765.

(2S, 3R)-1-[(tert-Butyldimethylsilyl)oxy}-2, 3-epi-
thio-5-phenylpentane (12) Yield 85%. Eluent 2.5%
EtOAc in hexane; R; = 0.48 (5% EtOAc in hexane);
[a]y +32.4° (¢ 1.0, CHCL;); '"H NMR (CDCly) 6 =
7.32-7.26 (2H, m), 7.32-7.17 (3H, m), 4.00 (1H, dd,
J =114 and 5.6 Hz), 3.60 (1H, dd, J = 11.4 and
8.4 Hz), 3.12 (1H, ddd, J = 84, 6.0, and 5.5 Hz),
298 (1H, dtJ = 8.4 and 6.6 Hz), 2.92-2.81 (2H, m),
2.17 (1H, ddt, J = 14.3, 6.6, and 5.9 Hz), 1.84 (1H,
ddt, J = 14.3, 8.4, and 6.2 Hz), 0.90 (9H, s), 0.09
(3H, s), 0.07 (3H, s); *C NMR (CDCl;) 6 = 141.23,
128.48, 128.41, 126.63, 63.59, 40.61, 40.01, 35.67,
32.28,25.88,18.27, —5.15, —=5.30; MS (EI) m/z (rel
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intensity) 251 (M — 57, 85), 219 (68), 218 (41), 217
(94), 143 (92), 133 (56), 121 (97), 117 (base), 91 (88),
75 (86). HRMS (FAB) found: 309.1736. Calcd for
C,-H»,0S8Si (M + 1): 309.1709.

Preparation of (R)-4-1(S)-1-[(tert-Buryldimethyl-
silyljoxy]-3-phenylpropyl] -1,3-oxathiolane-2-thione
(2) To a mixture of alcohol (500 mg, 1.36 mmol)
and 2,6-lutidine (1 mL, 8.6 mmol) in methylene
chloride (25 mL) was added TBDMSOT({ (0.7 mL,
3.05 mmeol) at room temperature. The mixture was
stirred for 25 minutes at the same temperature.
Ether (25 mL) was added to the mixture, and it
was washed with water (5 mL) and brine (5 mL).
The organic layer was dried over MgSO, and evap-
orated. The residual oil was purified by column
chromatography on silica gel and eluted with 20%
EtOAc in hexane to give silyl ether 2 (690 mg) in
96% vield, Mp 37.0-38.5°C recrystallized from
ethanol. R, = 0.41 (2.5% EtOAc in hexane); [a]}
—~24.7° (c 1.0, CHCls); '"H NMR (CDCl;) 6 = 7.32—
7.09(5H, m),4.95 (1H,dd,7 =99 and 4.1 Hz), 4.80
(1H, dd, J = 99 and 6.9 Hz), 4.05 (1H, dt,J = 6.9
and 4.1 Hz), 3.93(1H,ddd, 7 = 6.9, 5.0, and 4.1 Hz),
2.69-2.63 (2H, m), 1.99--1.83 (2H, m), 0.93 (9H, s),
0.13 (3H, s), 0.13 (3H, s); *C NMR (CDCl;) é =
211.83,140.97, 128.59, 128.16, 126.19, 78.85, 71.04,
35.14, 36.51, 30.24, 25.71, —4.18, ~4.66; IR (film)
1200 cm™' (C=S); MS (EI) m/z (rel intensity) 311
(M — 57, 18), 251 (12), 235 (29), 219 (83), 147 (33),
143 (34), 91 (80), 75 (base). Found: C, 58.69; H,
7.76%. Calcd for ngHngzSzSi: C, 58.65, H, 7.66%.

Formation of Methanesulfonates 4 and 9 To a
mixture of secondary alcohol 1 or 2 (800 mg, 3.14
mmol) and triethylamine (7.0 mL, 5 mmol) in
methylene chloride (10 mL) was added methane-
sulfonyl chloride (3.6 mL, 4.7 mmol) at 0°C. The
mixture was stirred for 10 minutes, and then it was
poured into ice water (10 mL) and extracted with
ether (70 mL). The ethereal extract was washed with
water (4 mL X 2) and brine (4 mL) and dried over
MgSO,. The solvent was evaporated and the resi-
due was purified by column chromatography on
silica gel with elution by methylene chloride to give
the mesylate 4 or 9.

(R) -4 - [(S)-1(methanesulfonyloxy)-3-phenylpro-
pyl)-1,3-oxathiolane-2-thione (4) Yield 96%. Mp
57.5°C recrystalized from methanol. R, = 0.64
(methylene chloride); [a]3 —64.3° (c 1.0, CHCly);
'"H NMR (CDCl;) 6 = 7.33-7.27 (2H, m), 7.24-7.19
(3H, m), 4.95 (1H, ddm, J = 10.6 and 2.7 Hz), 4.93—

4.87 (1H, m), 4.83 (1H, dd, J = 10.6 and 7.0 Hz),
425 (1H, ddd,J = 7.0, 5.9, and 2.9 Hz), 3.10 (3H,
s), 2.85 (1H, ddd, J = 14.3, 9.5, and 5.9 Hz), 2.75
(1H, ddd, J = 14.3, 9.2, and 7.0 Hz), 2.21 (1H, m),
2.05 (1H, m); *C NMR (CDCl;) 6 = 209.58, 139.63,
128.80, 128.34, 126.65, 80.06, 78.10, 53.78, 38.84,
33.74, 30.86; IR (film) 1250 cm™' (C=S), 1325 and
1170 cm™' (S0O,); MS (EI) m/z (rel intensity) 332
(M~, base), 316 (11), 280 (16), 257 (19), 239 (12), 223
(18), 176 (50). Found: C, 47.10; H, 4.92%. Calcd for
C13H1604S3: C, 46.97, H, 4.85%.

(R)-4-[(R)-1-(Methanesulfonvloxy)-3-phenylpro-
pvl}-1,3-oxathiolane-2-thione (9) Yield 94%, oil; R,
= 0.45 (CH,CL,); [a]3' —43.4° (¢ 1.0, CHCL); '"H NMR
(CDCl;) 6 = 7.38-7.17 (5H, m), 5.14 (1H, dd, J =
10.3 and 1.8 Hz), 4.96 (1H, dt,J = 8.6 and 3.7 Hz),
483 (1H, dd, J = 10.3 and 7.0 Hz), 4.20 (1H, ddd,
J=128.6,7.0,and 1.8 Hz), 3.09 (3H, s), 2.86 (1H, ddd,
J =143, 88, and 5.5 Hz), 2.71 (1H, ddd, J = 14.3,
84, and 7.3 Hz), 2.15 (1H, dddd, J = 12.8, 7.3, 5.5,
and 3.7 Hz), 2.01 (18, dddd, J = 12.8, 8.8, 8.4, and
3.7 Hz); *C NMR (CDCl;) 6 = 210.24, 139.50, 128.67,
128.27, 126.51, 79.29, 78.96, 54.20, 38.57, 33.00,
31.14; IR (KBr) 1205 cm™ (C=S), 1330 and 1170
(SO); MS (EI) m/z (rel intensity) 332 (M™, base),
280 (11), 257 (7), 237 (23), 206 (7), 179 (12), 143 (84).
HRMS (FAB) found: 332.0235. Calcd for C;-H,,0,S;
(M™): 332.0211.
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