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This substance was unaffected on refluxing with potassium 
carbonate in toluene. Sodium methoxide in refluxing methanol 
yielded starting material and three transformation products 
(thin-layer chromatogram); the mixture could not be separated 
by column chromatography. 

A solution of 0.1 g. of V in 10 ml. of tetralin was refluxed with 
100 mg. of freshly heated anhydrous potassium carbonate for 4 
hr., allowed to stand a t  room temperature, and filtered. The 
potassium carbonate was washed with benzene, and the combined 
organic solvents evaporated in vacuo. The residue gave two 
spots on thin-layer chromatography (silica gel-anhydrous ether), 
one of which corresponded t o  starting material. 

The crude product was dissolved in benzene and chromato- 
graphed over acid-washed alumina. Benzene eluted nothing. 
Benzene-anhydrous ether (2: 1, 25-ml. fractions) eluted an cil 
in the first 50 ml. (fraction A) and a solid in the subsequent 75 
ml. (fraction B). Fraction B on crystallization from ethyl 
acetate-petroleum ether yielded 0.04 g. of starting material, 
m.p. and m.m.p. 300". 

Fraction A on crystallization from ether-petroleum ether gave 
an epimer, wt .  0.03, which was homogeneous in thin-layer 
chromatography but had m.p. 97-107". The m.p. did not 
improve even after follr crystallizations. The infrared spectrum 
exhibited bands a t  1770 and 1715 cm.-' and differed significantly 
from that of V in the fingerprint region. Optical rotatory dis- 
persion curve in methanol, (+)310 2000", (+)zx -1100", a + 31. 

Anal.  Calcd. for Cl4H2o08: C, 71.16; H,  8.53; 0, 20.31. 
Found: C, 71.35; H, 8.58; 0, 20.18. 

The optical rotatory dispersion curve of VI12 in methanol 
exhibited +800", (+)282.6 +110", a + 7". However, the 
weak intensities make it doubtful whether these values represent 
true peaks and troughs. 

Acknowledgment.-We wish to express our thanks to 
Professor W. Klyne for the optical rotatory dispersion 
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The preparation and reactions of a wide variety of 
stilbene oxides have been reported in the literature.' 
However, the sulfur analogues have not been previously 
described. Culvenor, Davies, and Health2 attempted 
to convert stilbene oxide, presumably the trans isomer, 
to an episulfide by the use of thiourea. The only 
products isolated were stilbene, urea, and sulfur. This 
observation led them to conclude that stilbene episulfide 
was too unstable to exist. That both styrene sulfide3 
and tetraphenylethylene sulfide4 have been reported 
suggested that the intermediate diphenyl and triphenyl- 
ethylene sulfides should also be capable of existence. 

BordwelP reported the preparation of a variety of 
episulfides by treatment of epoxides with thiourea and 
acid to afford thiuronium salts, which when treated with 
alkali yielded episulfides. Application of Bordwell's 
procedure has afforded both cis- and trans-stilbene 
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sulfides from the corresponding cis- and trans-stilbene 
oxides. The analytically pure thiuronium sulfates 
[erythro-S- (l,2 -diphenyl - 2 - hydroxyethy1)thiuronium 
sulfate (IIa) from trans-stilbene oxide [I) and threo-8- 
(1,2-diphenyl-2-hydroxyethyl)thiuronium sullate (V) 
from ci.s-stilbene oxide (IV)] were obtained in high 
yield without purification. When treated with base, 
the thiuronium salts afforded the expected sulfides 
(I11 from I1 and VI from V) in nearly quantitative 
yield. When stored a t  room temperature, unprotected 
from light, cis-stilbene sulfide (VI), m.p. 77-78', is 
stable, but trans-stilbene sulfide (111), m.p. 53-54', 
slowly deteriorates to what appears to be a polymer. 
When protected from light and stored a t  5', trans- 
stilbene sulfide is quite stable. 

I. (d,  pair) \ 111. (d, 1 pair) 

erythro 

IIa. X- = 1/2 so4-* 
b. X- = d-camphorsulfonate 

IV. ( m e s o )  
\ VI. (meso) F NH2+ 

HzN 
threo 

V. x- = 1/2 so4-2 

The fact that trans-stilbene oxide (I) afforded a lower 
melting sulfide than that derived from cis-stilbene oxide 
(IT') suggested that the reaction may not have pro- 
ceeded through the generally accepted two-inversion 
path for conversion of simpler oxides to episulfides by 
thioureL'j or th i~cyanate ,~  but that perhaps the trans 
oxide had yielded the cis sulfide. The greater stability 
of the cis sulfide was also consistent with this possibility. 

Evidence bearing on this question was obtained from 
ultraviolet and n.m.r. spectra, and stereochemical 
studies. The ultraviolet absorption maxima of trans- 
stilbene oxide (I) appear a t  longer wave lengths than 
those of cis-stilbene oxide (IV).8 It has been shown that 
the red shifts in trans-stilbene oxide arise from conju- 
gation of the three-membered ring with the two phenyl 
groups.8 In  the trans oxide the phenyl groups may 
assume that geometry which gives the most favorable 
orbital overlap. In  the cis isomer, however, the steric 
hindrance of the two eclipsed phenyl groups is so 
great that its ultraviolet spectrum is almost identical 
to that of bibenzyl. The geometries of the sulfides 
cannot be much different from the oxides, so that, if 
the sulfur-containing three-membered ring is also 
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capable of conjugation with the phenyl groups, similar 
red shifts should be observed for trans- relative to 
cis-stilbene sulfide. In the absence of such interaction 
the spectra of the cis and trans isomers should be identi- 
cal. In  any event the cis isomer should not absorb 
a t  longer wave lengths than the trans. The sulfide ob- 
tained from trans-stilbene oxide absorbs a t  a longer 
wave length than the isomeric sulfide thus indicating 
that configuration is retained. Davis has showng 
that the sulfur analogue of ethylene oxide absorbs a t  a 
higher wave length than the oxide itself; the same 
relationship between oxides and sulfides is observed 
in this case. The data are given in Table I. 

TABLE I 
ULTRAVIOLET SPECTRAL DATA FOR Cis- AND tTUnS-STILBENE 

OXIDES AND Cis- AND tTUnS-STILBENE SULFIDES' 
x1 mar. X a  max e 

trans 
Oxide (I)* 228 (23,500) 267 (902) 
Sulfide (111) 238 (17,300) 269.5 (1400) 

Cis 

Oxide (IV)* 218 ( 12,2501 261 (470) 
Sulfide (VI)  226 (10,600) 268 (800) 

ethanol. Ref. 8. 
a Recorded on a Carey Model 11 spectrophotometer in 95% 

The n.m.r. spectra of cis- and trans-stilbene oxides are 
significantly different, and the spectrum of each sulfide 
is almost identical with that of the oxide from which it 
was derived. Although the lack of model compounds 
makes difficult a rigorous interpretation of these spectra 
in terms of structure, the downfield shift of the ethylenic 
CH resonance in cis-stilbene oxide relative to trans- 
stilbene oxide should be paralleled in the sulfur analogs. 
The demonstration of this relationship is taken as evi- 
dence for retention of configuration. The data are in 
Table 11. 

TABLE I1 
N.M.R. SPECTRAL DATA FOR CZS- A K D  hnS-STILBENE OXIDES 

AND Cis- AND tTanS-STILBENE SULFIDEB' 
-------tran--- -cm------- 
(a p.p.m.*) (6 P P rn 9 ( 6  P p.m.9 (6  P p.m.b) 

phenyl ethylene phenyl ethylene 

Stilbene oxide 7 392 3 884 7 192 4 367 
Stilbene sulfide 7 358 3.982 7 15 4 40 

temperature in deuteriochioroform. 
per million downfield from tetramethylsilane. 

a Recorded on a Varian A-60 n.m.r. spectrophotometer a t  room 
Chemical shifts, in parts 

Absolute proof of the correctness of the stereochemical 
assignments was obtained by partial asymmetric syn- 
thesis of optically active trans-stilbene sulfide (111). 
cis-Stilbene sulfide (VI) has a plane of symmetry per- 
pendicular to the central C-C bond and is therefore a 
meso compound. The trans isomer on the other hand 
does not have any of the elements of symmetry, and is 
therefore normally obtained as a racemate. The 
preparation of optically active trans-stilbene sulfide 
was achieved via the erythro-thiuronium d-camphorsul- 
fonate (IIb) obtained from trans-stilbene oxide ( I ) ,  
thiourea and d-camphorsulfonic acid. 

Repeated crystallization of the d-camphorsulfonate 
afforded a product (m.p. 209', ~ C X ] ~ O D  f29.7') which 

R. E. Davis, J .  Org.  Chem., 23, 216 (1958). 

when treated with sodium carbonate gave inwtive 
trans-stilbene sulfide. The mother liquor from the 
first crystallization was evaporated and the residue 
treated with base to afford optically active truns- 
stilbene sulfide ( [ a I z 0 ~  +13.6' in hexane). At present 
we cannot estimate, but i t  is unlikely that a high 
degree of optical purity has been attained. 

ExperimentalAo 

erythro-8-( 1,2 .Diphenyl-2-hydroxyethyl)thiuronium Sulfate 
(IIa).-Following Bordwell's procedure6 5 g. (0.026 mole) of 
trans-stilbenze oxide (1)" was added gradually over 30 min. to a 
stirred solution of 15 ml. of water, 1.6 g. (0.85 ml., 0.032 equiv.) 
of concentrated sulfuric acid, and 2.5 g. (0.032 mole) of thiourea 
at mom temperature. The resulting suspension waa stirred for 
20 hr. and the erythro-S-( 1,2-dipheny1-2-hydroxyethyl)thiuron- 
ium sulfate was filtered and washed with ether. There was ob- 
tained 7.8 g. (95%) of analytically pure salt, m.p. 169-170". 

Anal. Calcd. for Cso€3&N40sSs:S, 14.95. Found: S, 14.72. 
Attempts to recrystallize the salt from water, acetone, alcohol, 

or acetonitrile resulted in partial conversion to trans-stilbene 
sulfide (infrared spectrum and m.p.). 

trans-Stilbene Sulfide (In).-The intermediate thiuronium 
salt ( I Ia ,  20 g. )  was suspended in 40 ml. of water and made 
alkaline (pH 9) with 10% sodium carbonate. The mixture ww 
Btirred for 20 min. and the crude trans-stilbene sulfide (12 g., 
BO%,, m.p. 49-50') collected. Crystallization from methanol 
gave wiite, silky flakes, m.p. 53-54". 

Anal. Calcd. for CI4H1d3: C, 79.20; H, 5.70; S, 15.10. 
Found: C, 78.86; H. 5.70; S, 14.87. 

threo-S-( I ,2-Diphenyl-2-hydroxyethy1)thiuronium Sulfate (V). 
-The above procedure was repeated with cis-stilbene oxide 
(IV).ll The cis-stilbene thiuronium sulfate, m.p. 136-137", wm 
obtained in 73% yield. 

Calcd. for C30N34N,0~S3: S, 14.95. Found: P, 14.74. Anal. 
cis-Stilbene Sulfide (VI).-Xeutralization of threo-S-( 1,2- 

diphenyl-2-hydroxyethy1)thiuronium sulfate (V) afforded cis- 
stilbene sulfide in 90% yield, m.p. 71-72'. Crystalhation from 
methanol gave white needles, m.p. 77-78". 

Anal. Calcd. for CLlHl&3: C, 79.20; H, 5.70; S, 15.10. 
Found: C, 79.00; H,  5.71; S, 14.90. 

erythro -8-( 1,2-Diphenyl-2 -hydroxyethyl)thiuronium d-Cam- 
phorsulfonate (IIb) and Optically Active trans-Stilbene Sulfide.- 
Treatment of trans-stilbene oxide (I) with thiourea, water, and 
d camphorsulfonic acid afforded erythro-S-( 1,2.diphenyl-2-hy- 
droxyethy1)thiuronium d-camphorsulfonate, m.p. 176-180°, in 
88% yield. The salt was repeatedly crystallized from absolute 
alcohol until the m.p. (209') and rotation ( [ a l Z 0 D  = 29.7') re- 
mained unchanged. 

Anal. Calcd. for Cza&z05S2S2: S, 12.70. Found: S, 12.56. 
After each crvstallization of the d-camphorsulfonate the mother 

liquor and a sample of the crystalIized product were neutralized 
with sodium carbonate. The optical rotation of the trans- 
stilbene sulfide obtained in each case was measured in methanol. 
Only the sulfide obtained from the mother liquor of the first 
crystallization gave optically active sulfide (m.p. 49-51'). To 
avoid the possibility that some optically active starting material 
or intermediate salt might be present, the optical rotation was also 
measured in hexane. The optically active trans-stilbene sulfide 
in hexane had a specific rotation of 13.6' a t  20'. tmns-Stilbene 
sulfide recovered from the hexane had physical properties (ultra- 
violet and infrared spectra, and m.p.) identical with those of 
purified trans-stilbene sulfide. Optical rotations were measured 
on a Rudolph photoelectric polarimeter, Model 200As-8003. 
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