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PHOTOCHEMISTRY OF BENZOTRICYCLO[3.2.0.02’7]HEPTENE1:

SINGLET EXCITED STATE REACTIONS DERIVED
FROM CYCLOPROPANE RING CLEAVAGE

Richard P. Johnson* and Katherine Schlimgen Davis

Department of Chemistry
Iowa State University
Ames, Towa 50011

ABSTRACT: Darect vuadiateon of the tetle hydrocarbon in cyclohexane affonds 2-vinylindene
and benzonorcaradiene as majorn primany photoproducts. Deuterdum Labeling is used Zo deten-
mune reaction mechanisms.

It was recently reported2 that direct irradiation of the title hydrocarbon (l) at 254 nm
in methanol or hexane yields benzonorcaradiene (2), benzonorbornadiene (3) and two unidenti-
fied products presumed to be isomeric benzotropilidenes 4 and 5 as primary photoproducts.3

4

We describe here our own studies’ on the photochemistry of 1, which are significantly at
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Our 1nterest 1n the photochemistry of 1 was stimulated by the earlier observation of
Edman5 that prolonged direct irradiation of benzonorbornadiene yielded a long-wavelength
absorbing substance, suggested to be 3,4-benzotropilidene (4). In reinvestigating this ques-
tion, we observed6 that benzonorbornadiene was slowly converted to 1, which subsequently
underwent more rapid secondary and tertiary photoreaction. Direct irradiation of pure 1 1n
cyclohexane was then investigated; this afforded at Tow conversion, two major photoproducts
(ratio ca. 1.5:1) readily characterized as 2-vinylindene (6) and benzonorcaradiene (2), as

well as several very minor products.7 Careful examination of product mixtures and isolated
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components at low conversion showed no significant amounts (<1%) of 3, 4 or 5. Vinylindene
6, repeatably the major photoproduct of 1, proved identical with material prepared from 1 via
flash pyrolysis, a reaction recently reported by Adam and DeLucci8a and studied independently

by us.8b Presence of 6 in Tow conversion runs (<30%) was clearly established by 'H NMR and

through isolation by preparative VPC.9 This product was not reported by Cerfontain gg_gl.z
for reasons which are not clear to us. Acetone sensitized irradiation of 1 (i > 300 nm)
proved ineffective, leading to the conclusion that we are observing singlet excited state
reactions. Irradiation of 1 in methanol gave a product distribution similar to that observed
in cyclohexane, except that secondary reactions of § (due to methanol photoaddition) led to
its rapid disappearance.

Prolonged irradiation of ] led predominantly to isolation of naphthalene and isomeric

methylnaphthalenes as volatile components. Literature p\r'ecedent,]0

reaction monitoring by
VPC and 'H NMR, and control experiments with pure §1] under the reaction conditions, all

clearly showed naphthalene formation to be a secondary reaction proceeding through 2.

a cleavage [1,5]
- I————’D\—f . H
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Irradiation of pure vinylindene 6 in cyclohexane yielded mostly nonvolatile material.

To elucidate the mechanism of these transformations, we have studied reaction of 1-D,,
prepared by the photochemical di-m-methane rearrangement described by Edman.5 Low conversior
(25-30%) direct irradiation of l—Dz afforded 2-vinylindene (6) Tabeled at the endocyclic
vinyl and methylene positions, in proportions indicating essentially statistical transfer of
deuterium to either side of the molecule. Benzonorcaradiene proved to be predominantly
(ca. 80%) vinyl deuterated. Observed Tabel distributions are consistent with a dominant
mechanism involving initial cyclopropane ring cleavage to diradical 7, a reaction typical
of phenylcyc]opropa\nes.]2 Subsequent homolysis of bonds a or b yields isoindene 8 or
isobenzotropilidene 9, which undergo [1,5] hydrogen (deuterium) shift or electrocyclic clo-
sure, respectively, to restore aromaticity and give the isolated products. Isobenzotrop-
ilidene 9 has been proposed as an intermediate in degenerate thermal isomerization of §13
and in its photochemical formation from 2,3—benzotrop1’11‘dene.14 Isoindene 8 is almost cer-
tainly involved in thermal isomerization of 1, in which case it may arise from concerted
intramolecular retro Diels-Alder reaction.8

We are continuing to explore photoreactions of ] and 3 and will report details of these

studies in the near future.
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