154

CHEMICAL COMMUNICATIONS

The Homolytic Phenylation of Thiophen

By C. E. GriFrFIN and K. R. MARTIN
(Department of Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania 15213, U.S.4.)

HomoLyTic aromatic substitution has been ex-
tensively investigated recently,! but relatively little
attention has been directed to arylation of five-
membered heterocycles. 2-Arylthiophens? are the
only reported products of Gomberg arylations of
thiophen, although the formation of both 2- and
3-phenyl-thiophen (19:1 molar ratio) in the
phenylation of thiophen with N-nitrosoacetanilide
has been reported.? No studies employing the
thermal decomposition of dibenzoyl peroxide or
phenylazotriphenylmethane or the photolysis of

Biaryl fractions from homolytic phenylations of thiophen*

Radical source

Product (mole-9,) At Bt Ct Dt
2-Phenylthiophen} .. 22-8 867 630 631
3-Phenylthiophen .. ... — 133 370 55
2,2’-Bithienyl . .. 588 — — 245
2,3’-Bithienyl .. .. 183  — — 6-8

* Biaryl fractions analyzed by g.l.c.

t A, Dibenzoyl peroxide; B, phenylazotriphenyl-
methane in air; C, phenylazotriphenylmethane in
nitrogen; D, iodobenzene.

f Yield of 2-phenylthiophen (based on radical
source): A, 3:75%; B, 0:91%; C, 0:58%; D, 3-25%.

iodobenzene! as sources of radicals for the phenyl-
ation of thiophen have been reported.

Decomposition of a 0-01y-solution of dibenzoyl
peroxide in thiophen at 80° led to the isolation of
benzoic acid (1-15 mole/mole of peroxide), benzene,
and a mixture of 2-phenylthiophen, 2,2’-bithienyl,
and 2,3’-bithienyl (see Table). The unexpected
formation of the bithienyls could result from the
attack on solvent by thienyl radicals formed by
the abstraction of hydrogen from thiophen by
phenyl radicals (scheme 1). However, the analo-
gous reaction between phenyl radicals and benzene
has been shown to be of a low order of occurrence
by Eliel® and the thiophen system would be
expected to possess similar energetics. The forma-
tion of “‘excess’ of benzoic acid in the reaction of
dibenzoyl peroxide and thiophen is indicative of
an induced decomposition and suggests an oxida-
tion process (2) and (3) leading to thienyl radicals
and, ultimately, to the thienyls. The formation
of radicals by a one-electron transfer process of
this type was first postulated by Horner,® from
studies of the decomposition of dibenzoyl peroxide
in tertiary anilines and the postulation has been
supported by studies of the decomposition of
dibenzoyl peroxide in the presence of sulphides.?
Pausacker has observed the formation of bipyridyls
in the reaction of pyridine with dibenzoyl per-
oxide,® a process which is probably analogous to
(2)—(3). Radical-cations of type (I} derived
from 2,3,4,5-tetra-arylthiophens have recently been
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detected by electron spin resonance spectroscopy.®

The formation of “‘excess” of benzoic acid and
2-phenylthiophen is in accord with the process
(2)—(3). This process should not be observed
with the employment of a radical source which
cannot readily yield a stable nucleophile (e.g.,
benzoate) as required in reaction (2)—(3). Thus
the decomposition of phenylazotriphenylmethane,
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it was shown that the bithienyls arising in this
reaction were formed by the direct photolysis of
thiophen. The only previous report of the
irradiation of thiophen indicated the formation of
hydrogen and hydrogen sulphide, but the non-
gaseous products of the reaction were not investi-
gated;® the photolytic dimerization of benzo-
thiophen has been demonstrated.

Ph- -+ U —_— || |l. PhH )
S S
|| ] + Bz0:Bz —_— || ] + B + Bz0- @)
) 5

1 + BzO~

which yields phenyl and trityl radicals and nitro-
gen, would not be expected to yield the bithienyls.
In accord with expectation, 2- and 3-phenyl-
thiophens were the only biaryls isolated in the
decomposition of a 0-0lm-solution of phenylazo-
triphenylmethane in thiophen at 60° either in air
or nitrogen.

The u.v. irradiation (96 hours) of a 0-01m-solution
of iodobenzene in thiophen in the presence of
metallic silver? gave 2- and 3-phenylthiophen and
2,2’- and 2,3’-bithienyl. In a control experiment,
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Thus it appears that for an oxidizable hetero-
cycle (e.g., thiophen), the process (2)—(3) leading
to the radical-cation (I) is a plausible pathway.

The observed isomer ratios (2-/3-phenylthio-
phen) indicate a positional selectivity similar to
that observed by Lynch and Chang!? in the phenyl-
ation of 1-methyldiazoles and support the postula-
tion that the site of free-radical attack can be
predicted by resonance theory and free-valence
numbers.12,13
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