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Synopsis. The reaction of both isomers of methyl
styryl sulfoxide (Ia) with the title chloride affords methyl
phenacyl sulfide (ITa) and phenyl(x-methylthio)acetaldehyde
(IITa) besides B-chlorostyryl methyl sulfide (IVa). Phenyl
styryl sulfoxide reacts similarly.

The reaction of sulfoxides with Lewis acids is well
known to involve the Pummerer rearrangement.2? We
now wish to describe a novel rearrangement of methyl
styryl sulfoxide (I) induced by phosphorus pentachlo-
ride in methylene chloride at room temperature. The
isolated products were the f-keto sulfide II and the
aldehyde III besides S-chlorostyryl sulfide (IV) (Scheme
1). A series of experiments gave results, which are
given in the order of the starting sulfoxide and the
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products (% yield®): cis Ia, IIa® (25), IIIa® (23),
IVa” (42); trans Ia,” IIa® (30), IIIa® (10), IVa?®
(27); cis Ib,® IIb® (20), IIIL® (18), IVDb (53). The
aldehyde IIT was identified on the basis of the com-
parison of the spectra with those of the authentic
specimen, which were independently synthesized by a
novel procedure involving the reaction of the sulfur-
stabilized anion with ethyl formate as follows:
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The formation of each product II, III, or IV is
rationalized as shown in Scheme 1. The chlorination
should proceed in the similar manner as suggested by
Russell et al. in the reaction of the sulfoxide Ia with
thionyl chloride.” The formation of II and III is
explained by assuming V to be the common inter-
mediate. The evidence supporting the proposed route
to III is secured by the reaction of trans a-deuteriostyryl
methyl sulfoxide” (Iad). Treatment of Iad with phos-
phorus pentachloride yielded the aldehyde IIIad having
the deuterium at the formyl carbon. The structure of
IITad was determined on the basis of the NMR analysis.
Since it is obvious from the above observations that the

methylthio group shifts to the benzylic carbon, the
formation of IIla should involve the known, acid-
catalyzed rearrangement® of the a,f-epoxy sulfide VI
derived from the intermediary V. The formation of
the f-keto sulfide IIT is explained by assuming V as
the intermediate.

An additional proof for the proposed reaction scheme
I is furnished by the observation that the methyl
styryl sulfidel® or phenyl styryl sulfide!® reacts with
thionyl chloride in carbon tetrachloride under reflux
to vield the f-keto sulfide II (a, 429,V ; b, 29) and III
(a, 53; b, 38) besides the recovered vinylic sulfide.
The formation of II and III can be rationalized in
terms of the well-known [2,3]sigmatropic rearrange-
ment!? involving VII as the intermediate, whose struc-
ture is similar to that of V proposed in the reaction of
the sulfoxide I with phosphorus pentachloride.
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Experimental

The NMR spectra were obtained on a JEOL C-60H
spectrometer in CCl;. The chemical shifts are given in ppm
from the TMS internal standard, and the abbreviations are
used with their common meanings.

Reaction of Styryl Sulfoxide with Phosphorus Pentachloride.

To the methylene chloride (20 ml) solution of the vinylic
sulfoxide (I, 3.0 mmol) was added portionwise with stirring
phosphorus pentachloride (630 mg, 3.0 mmol) at 0 °C. After
the stirring at room temperature for 1 hr, the reaction mixture
was poured into cold water in order to hydrolyze the remain-
ing phosphorus pentachloride. Extraction with methylene
chloride, drying (Na,SO,), and column chromatography
(silica gel) gave the products II, III, and IV. IVa: bp
120—123 °C/3 mm, NMR § 6.55 ppm (s, 1H, vinylic).
Found: C, 68.3; H, 4.6%. Calcd for C,,H,,CIS: C, 68.1;
H, 4.59%,.

Independent Synthesis of the Aldehyde (III). The aldehyde
IIT was prepared by the following new procedure in far
better yield than the published ones.8)

To the THF (10 ml) solution of benzyl methyl sulfide!®
(2.0 g, 15 mmol), was added n-butyl lithium (18 mmol) at
0 °C under nitrogen. The dark green solution was stirred
for 30 min. Then the anion thus obtained was added with
stirring to the THF (2.0 ml) solution of ethyl formate (30
mmol) at 0°C. After the stirring at room temperature for
1 hr, the reaction mixture was poured into dilute hydro-
chloric acid. Extraction with ether, drying (Na,SO,), and
distillation afforded the aldehyde (I1Ia,%) 2.1 g, 86%,).

The aldehyde IIIb®) was similarly prepared from benzyl
phenyl sulfide' (849%,).

Reaction of Styryl Sulfide with Thionyl Chloride. The
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styryl sulfide (3.3 mmol) was allowed to react with thionyl
chloride (1.0g, 8.4 mmol) in carbon tetrachloride (20 ml)
under reflux in a nitrogen atmosphere for 12 hr. Work-up
with water, concentration in vacuo, and column chromato-
graphy (silica gel) gave IT and III in addition to the recovered
vinylic sulfide.
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