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Photochemical Dimerization of Benzofuran Derivatives

By Kuniaki TakamMaTsu, Hong-SoN RYANG,* and HIROSHI SAKURAI
(The Institute of Scientific and Indusz‘rial;}?eseamlz, Osaka University, Suita, Osaka, 565, Japan)

Swmmary The photochemical reaction of benzofuran with
2-(1-pyridyl)benzofuran (1) results in the formation of
cross-dimers (3) and (4); an excited singlet of benzofuran
is implicated as the reactive excited state.

THE connection between orientation and multiplicity of
excited states in photoinduced dimerizations has attracted
a great deal of attention.! In studying the photochemical
reactions of 3-iodopyridine? in the presence of benzofuran,
we found that benzofuran reacts with 2-(3-pyridyl)benzo-
furan (1) to give cross-dimers (3) and (4) on u.v. irradiation.

Irradiation of an acetonitrile solution containing 3-iodo-
pyridine and a four-fold excess of benzofuran with a 350 W

high-pressure mercury lamp through a Pyrex filter gave
compounds (1) (5%, ; m.p. 78°), (2) (5% ; HCl salt, m.p. 104°),
(3) (32%; m.p. 150°), and (4) (21%; m.p. 113°). These
products were isolated by chromatography over silica gel,
and their structures follow from analytical and spectroscopic
data.t The stereochemistry of (3) and (4) was assigned
on the basis of their n.m.r. spectra (CCl,; 100 MHz); com-
pound (5) shows three methine protons at § 4-40 (q, J 1-7
and <C1-0 Hz), 4-57 (q, J 6:5 and <(1-0 Hz), and 5-06 (q, J
6-5 and 1-7 Hz). In addition, the aromatic protons of the
pyridine ring and one phenyl ring were shifted upfield
from their normal positions, because of the long-range shield-
ing effects of the aromatic rings. The n.m.r. spectrum of

t Satisfactory elemental analyses were obtained for all compounds reported herein.
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compound (4) shows three methine resonances at 8 4-48 {(q,
J 6-0 and 3-0 Hz), 4-59 (q, J 6-5 and 3-0 Hz), and 5-54 (q,
J 65 and 6-0 Hz), and two phenyl resonances at higher
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field than normal. These n.m.r. spectra indicate that (3)
is probably the head-to-tail anti-dimer and that (4) is the
head-to-tail syn-dimer. Pyrolysis of (3) at 210—220° and

T The n.m.r. spectrum of an irradiated mixture showed two aliphatic peaks at & (CCl,) 4-87 (s) and 4-73 (s) (ratio 2:1).
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of (4) at 230—240° in a degassed Pyrex tube led to
benzofuran and compound (1), respectively.

Irradiation of an acetonitrile solution of benzofuran (0-2m)
and (1) (0-05M) through a Pyrex filter gave a 3: 2 mixture of
compounds (3) and (4). When a similar solution was irradi-
ated at 313 nm so that only compound (1) absorbed the inci-
dent light, neither (3) nor (4) was detected. The formation
of (3) and (4) was neither photosensitized by acetophenone
(Ee 73-6 kcal/mol) nor quenched by naphthalene (E; 60-9
kcal/mol). These results suggest that this cross photo-
dimerization proceeds by way of the excited singlet state of
benzofuran.

Krauch and his co-workers have shown that photo-
dimerization of benzofuran can be effected only in the
presence of triplet sensitizers and head-to-head dimers are
formed.’™® Our present results on this cross-photodimeriza-
tion are in contrast to this. Furthermore, there are few
reported photochemical additions involving the excited
singlet of benzofuran, although many addition reactions of
benzofuran derivatives have been reported.?.3

(Received, 20th August 1973; Com. 1199.)

Similar

signals appeared when (1) was irradiated alone, and they are presumably due to the formation of dimers of (1).
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