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A New Photochemical Reaction of py-Unsaturated Ketones 
By R. C .  COOKSON* and N. R. ROGERS 

(Department of Chemistry, The University, Southampton SO9 5NH) 

Summary Ultraviolet irradiation of 2-cyclohept-l-enyl- 
cycloheptanone (I) and of 2-cyclo-oct- l-enylcyclo-oct- 
anone (11) gives the oxetans (111) and (IV), whereas 
2-cyclohex- l-enylcycIohexanone (V) forms the cyclo- 
butanol (VII). 

THE most frequently reported transformations of fly- 
unsaturated ketones on irradiation are 1,3 and 1,2 acyl 
shifts from, respectively, the excited singlet and excited 
triplet states. The formation of isomeric cyclobutanols is 
an important photochemical reaction if there is a y-hydrogen 
atom that can be readily abstracted.% 

We now report a new photochemical reaction of fly- 
unsaturated ketones. The compounds (I) and (11) dis- 
solved in cyclohexane, benzene, or methanol and irradiated 
with a 450 ?V Hanovia medium-pressure mercury arc lamp 
through a Pyrex filter gave the oxetans (111) and (IV) as the 
major photoproducts as a mixture of stere0isomers.t The 
2-oxabicyclo[2, 1,OJpentane structures (111) and (IV) rather 
than the alternative 2-oxabicyclo[ 1,1, llpentanes were 
established by the cyclopropyl proton n.m.r. resonance: and 
by the reversion of the photoisomers into the original ketones 
on treatment with acid. Oxetans have been reported as 
photoproducts of $-unsaturated ketones3 but not of Py- 
unsaturated ketones. 

The starting material (I) was a mixture of the ap- (60%) 
and Py- (40%) isomers and (11) contained > 70% of the 
fly-isomer. Our results showed that on direct irradiation 
the fly-isomer was responsible for the formation of the 
oxetans and that deconjugation a/? + /?y also occurred. 
Irradiation of (I) in acetone resulted in 0tP -+ fly isomerisa- 
tion but not in the production of oxetans. 

In contrast irradiation of the equilibrium mixture of (V) 
and (VI) [90% (V), 10% PI)] or of pure (VI), dissolved in 
cyclohexane, gave a cyclobutanol ( V I I )  as the major 
photoproduct. The compound (VII) was easily converted 
back into the equilibrium mixture of starting materials by 
acid or heat. Irradiation of (VI) in acetone gave a small 
amount of the cyclobutanol but the major photoproduct 
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was (v) from ccp -+ / ~ y  isomerisation. 1.r. spectroscopy 
indicated that the conversion PI) -+ (V) occurred on The ketone (VIII) was inert to direct or sensitised 
direct irradiation, followed by reaction to (VII) ; this is also irradiation, presumably owing to the unfavourable con- 
consistent with the faster formation of (VII) from (VI) in formation for hydrogen transfer, or the rapid thermal 
methanol than in hydrocarbon soIvents. reversion of the fly-isomer to (VIII). 

t One stereoisomer of (111) was rapidly converted into another at 70". 
$ At 6 0.5 p p m .  for both stereoisomers of (111) and at 6 0.39 and 0.66 p.p.m. for the two stereoisomers of (IV). 
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The variation of behaviour with ring size has a counter- 
part in the reported reactions of acetone and cyclo-olefins 
on i r r ad ia t i~n .~  Cyclo-octene combines with acetone to 
give oxetans whereas cyclohexene reacts to give alcohols. 
In our system conformational factors may also inhibit 
oxetan formation from (V). 

There was no evidence of products from 1,3- or 1,Zacyl 
shifts from any of the ketones. 
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