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Pyrolysis of Styryl Sulphoxides and Sulphides.
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Formation of Benzothiophen

Derivatives via Intramelecular Cyclization of Thiyl Radicals
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Swummary The pyrolysis of styryl sulphoxides yields
benzothiophens in 40—509%, yield, indicating that intra-
molecular cyclization of the styrylthiyl radical, which may
be formed by homolysis of the S-OH bond of an inter-
mediate sulphenic acid, is a favourable process; pyrolysis
of styryl sulphides, and bis-(8-methyl styryl) disulphide
also gave benzothiophens under similar conditions.

ArTHOUGH thiyl radicals add readily to various olefinic
systems, additions to aromatic systems occur only under
special circumstances. The failure to obtain addition can
be ascribed to the unfavourable energetics involved in dis-
rupting the aromatic system. Several examples of addition
of thiyl radicals to aromatic systems are now known, but
these were all additions to the 9,10-position of anthra-
cenes.!

Recently, we found that pyrolyses of styryl sulphoxides
produced benzothiophen derivatives, probably via formation
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of a sulphenic acid? followed by cleavage to styrylthiyl and
hydroxyl radicals, the benzothiophen being formed finally
by addition of intermediate thiyl radicals to the benzene
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ring. If this mechanism is correct, this is the first example
of intramolecular addition of thiyl radicals to a benzene ring.
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Ethyl a-phenylstyryl sulphoxide (Ia) in excess of benzene
was pyrolysed in a nitrogen flow system (30 ml/min; 580 °C)
and the pyrolysate was collected at —78 °C. Analysis of
the pyrolysate by g.l.c. revealed two major products and
absence of the starting sulphoxide (Ia). Separation of the
products by preparative chromatography afforded 3-phenyl-
benzothiophen (IIa) (47% yield) and 1,1-diphenylethylene
(IIIa) (129,). The structures of these products were con-
firmed by comparison of their i.r. and n.m.r. spectra with
those of authentic samples.

Similar pyrolyses of the ethyl (Ib) and isopropyl (Ic)
sulphoxides gave the benzothiophen (IIb) in 42 and 479,
yields, respectively, together with some 1,1-diphenyl-2-
methylethylene and other olefins. Under the same con-
ditions, pyrolysis of the sulphoxide (IV) with benzene at
500 °C gave tetrahydrodibenzothiophen (259, yield), di-
benzothiophen (6%), and 1-phenylcyclohexene (15%,).

The large amount of benzothiophen obtained from the
pyrolysis of styryl sulphoxides indicates that the intra-
molecular cyclization of the styrylthiyl radical, which may
be formed by homolysis of the sulphur-hydroxy bond of
the intermediate sulphenic acid, is a favourable process.}
The radical resulting from addition to the aromatic ring can
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be stabilized not only by the two remaining double bonds
in the original aromatic ring but also by the double bond and
sulphur atom in the five-membered ring. The minor
product, 1,1-diphenylethylene, no doubt arose from hydro-
gen abstraction by the styryl radical obtained in the homo-
lysis of the carbon-sulphur bond.
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The intramolecular addition of the thiyl radical is sup-
ported further by the results of the pyrolyses of alkyl
styryl sulphides and styryl disulphide. Pyrolysis of the
sulphide (Va) with excess of benzene at 580 °C gave 2-
methyl-3-phenylbenzothiophen in 339, yield together with
a trace of diphenylethylene. A number of styryl sulphides
were then examined, all of which gave the corresponding
benzothiophen derivatives in 50—709%, yield, and a trace of
styrene derivatives. The cis- and #rans-B-ethylthio-g-
methylstyrenes (Ve) also gave 2-methylbenzothiophen in
40—509, yields. The styryl disulphide (VI) under similar
conditions gave 2-methyl-3-phenylbenzothiophen in 859,
yield.
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1 In view of the various resonance structures possible for the original thiyl radical one can also regard the reaction as not necessarily
being an addition of a thiyl radical to the ring, but, alternatively, as addition of a carbon radical to a >C=S group.
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