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In a recent communication, Hartzell and Paige (1) reported that the sodium meta~
periodate oxidation of ethylene episulfide in agqueous methanol gave the corresponding
episulfoxide. This method, however, afforded impure materials in low yields when applied
to the syntheses of substituted ones and the identification of the products was rather
obscure. We now wish to describe the isolation and spectroscopic characterization of
several episulfoxides which were obtained by perbenzoic acid oxidation of episulfides in
non-aqueous solvents.

A solution of episulfide in mefhylene chloride was treated with an equimolar ameunt
of perbenzoic acid (2) at =20 to -300. Usually, oxidation was completed in a few minutes.
The simultaneously formed benzoic acid was transformed to its ammonium salt by flashing
dry ammonia on the surface of the reaction mixture and easily removed by filtration.
Evaporation of the solvent afforded almost pure episulfoxides, which were purified by

appropriate methods depending on the nature of the products (vide infra).
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Yields, bp. or mp., S-0 stretching frequencies, and analyses of the pure episulfoxides

are listed in Table I. Usual distillation of crude ethylene episulfoxide (I) gave ihe

pure material in 77% yield, which was the highest value ever reported. Propylene epi-

sulfoxide (II) and cis—2-butene episulfoxide (III) could not be distilled without
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Table I

Episulfoxides Obtained by Perbenzoic Acid Oxidation of Episulfides

Compd. o R Yield Bp. (mp. ) Vs-o Amalysis: (%)
No. 1 2 % °¢/mm. (°C) cm ™t Found S  Calcd.. S
I H H 77 53/3 1060 42.03 42.12
11 H CH, 54 oil 1070, 1050 35.34 35.57

III CH, CHa(cis) 41 © odd 1080, 1065 30.66 30.78
v -(0H2) e 50 oil . 1065, 1050 24.56 24.62
v H  CHCL 50 (20-22) 1065 25.57 25.74
Vi H Clls 52 (59-60) 1065 21.13 21.06

~4

decbmpasitiou. However, molecular distillation (£ 20 ' mm.) at room temperature gave pura
PIvERtR. Cyriclexere Wisulifexide {I¥) wwod I-clicrepoopylene piwmuliteside (¥} weze
purified by column chromatography on silica gel using benzene~chloroform as an eluant.
Styrene episulfoxide {VI} was crysitalline in crude state and recrystallized from dichloro-
methane-pentane to give an analytically pure sample. In all cases examined, the crude
PIGRuGTRE £RaREE 2egauTIELLY enticdl LT 2 wmr guadiin wWiie nose ¥t muritieh ares. Thug.
the yields recorded in Table I mean the minimum values and Trepresent the pure productg in
hand.

Episulfoxides bearing one substituent or two vicinal substituents at cis position can

asgume iwo configurations, i.e. sy— and/or anti-configurations, A and B, respectively,in

mcnomeric atate.

The nmr spectra would be a useful tool.to distinguish these Two configurations. In
the case of ethylene episulfoxide, a typical A2B2 pattern centered at T 8.02(2H) and

T«6L42E) was obeerved. Thus, <pisulfoxideg are presumed to exict ivn 2 fired counfiguration
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and not in a dynamic equilibrium between A and B on the nmr time scale. Meanwhile, for
propylene an& cis-2-butene episulfoxides (11, IIT), only one kind of methyl doublet was
observed. This strongly suggests that both episulfoxides are of only one configuration
and not a mixture of A and B.

In order to make a choice between the two, a comparison of the chemical shifts of
substituent(s) in episulfoxides II and III with those of the parent episultides is
desirable. As summarized in Table II, the methyl hydrogen peaks in II and III are shifted
upfield significantly with respect to the corresponding peaks for the episulfides.
Accoxding to a number of data accumulated (3) on the anisotropy effect of S-0 bond, protons
situated in the close proximity of the S—O bond are generally deshielded, while protons
in the opposite side of the bond (lone pair side) suffer shielding effect, as compared
with the same protons of the parent sulfide (4). If this rule is applicable to the cyclic
three-membered system, the episulfoxides II and III are considered to have the Eﬂlif
configuration (B). Considering the steric hindrance of substituent(s) in the peracid
oxidation, the preferential formation of the anti-isomer would also be expected.

One way to ascertain the above mentioned assignment of configuration is to examine
the chemical shifts of protons forced to come to the same side of the S-0 bond. For this
purpose, syntheses of isobutene episuifoxide (VII) and trans-z-butene episulfoxide (viiI)

have been attempted. These two sulfoxides were so unstable to be isolated in pure state

Table II

Chemical Shift Values (%) of Episulfoxide and Episulfide (6)

CH, H, H, T7.26(m) CH, Hy H, T7.23(m)
k_7i Hy 7.48(a) IT—7| H, 7.63()
H, ? B, H, 8.18(q) H, 5 -8 H, 8.01(a)
0 cnj 8.82(4) CH3 8.50(d)

CH cH cH CH
3 3, 7.11(n) 3 > E, 7.15(n)
cH3 8.77(4d) CH3 8.56(d)

H $" gy E, 3 =

A4 A A A
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that neat sample decomposed exothermically at room temperature (5). 1t was, however,
possible to prepare chloroform solutions of these sulfoxides, when the oxidation of
sulfides and removal of benzoic acid were performed below -10°. Both episulfoxides showed
two kinds of methyl signal of equal intensity, at T 8.26(s) and 8.75(s) for VII at -38°,
and T 8.36(a) and 8.73(a) for VIII at -50° (6). The corresponding methyl protons in
isobutene episulfide and trans-2-butene episulfide absorbed at T8.41(s) and 8.55(a),
reepectively. Clearly, one methyl peak shifted upfield and the other downfield, as the
result of the transformation from the sulfide to the sulfoxide.

The above observation may validate the applicability of the S=0 anisotropy rule to
our system, gnd we believe that the steric control of substituent(s) plays an important
role in the exclusive formation of anti-episulfoxides (B) from mono- and cis-disubstituted

episulfides.
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