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A series of the title compounds (R=OMe, H, Me, Ph) were prepared and photo-

chemical behaviors of these compounds were examined. Although most of the sub-

strates underwent intramolecuZar [2+2] cycZoaddition to give novel trishomo-

cubanes upon irradiation, the phenyl derivative of L4 isomer gave a product 

via competing allylic hydrogen abstraction, as well as the cycZization product.

In view of the efficient construction of strained cage molecule and the solar energy storage, 

considerable interests have been focused on the photochemical [2+2] reaction of tricyclic bridged 

dienones such as the compound 1. 1,2 However there have been no photochemical studies on the homo-

logous dienones II or III which have the novel structure carrying an allylic system facing to the 

conjugated enone moiety. These compounds are expected to undergo not only [2+2] cycloaddition to 

give novel trishomocubane frameworks but also competitive intramolecular hydrogen abstraction. 

The present communication describes synthesis and photolysis of III variously substituted at 

s-carbon of the a,s-unsaturated enone (6a-d) and their isomers (7a-d).

The key compounds Q and 7a were prepared by the following route.3 The diol 1 prepared from 

endo-dicyclopentadiene via the oxidation with KMnO4 in non-aqueous dichloromethane solution 4 

was partially acetylated with Ac20 at room temperature to give the monoacetate 2. Chromic acid 

oxidation of compound 2 followed by alkaline hydrolysis of the resulting ketoacetate 3 afforded 

the a-ketol 4 in 60 % overall yield from 1. Compound 4 was transformed into the c;-diketone 5 by 

the reaction with DMSO at 80-90 °C in the presence of P205 in 56 % yield. Ring expansion and 

methylation of the resulting a-diketone occurred in one pot upon treatment of 5 with diazomethane 

in ether in the presence of a small amount of methanol to produce an isomeric mixture of 6a and 7a
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in a 6:4 ratio and these were chromatographically separated.5 

Compound 6a (R=OMe) was converted to 7b (R=H), 7c (R=Me), and 7d (R=Ph) by reactions with 

LiA1H4, MeLi, and PhLi respectively, and in the same manner, compound 7a (R=OMe) was converted to 

6b (R=H), 6c (R=Me), and 6d (R=Ph).3 

Irradiation of compound 6a in benzene in a Pyrex tube using a 500-W high pressure mercury 

lamp afforded the cage compound 8a quantitatively, which was converted to 10, a diketone of novel 

tetracyclic structure, via de Mayo reaction6 (treatment with hydrochloric acid in methanol at

50℃). In the same manner, compound 7a gave the unstable cage compound 9a, which decomposed to

the tetracyclic diketone 11 on standing in a refrigerator overnight. The structures of these 

compounds (8a, 9a, 10, 11) were clearly differentiated from other isomers by their spectral data3 

and consistent with the position of double bond of starting compounds (6a, 7a) determined by NMR 

with a shift reagent.5 

Irradiation of 6b-d and 7b-c all resulted in the quantitative formation of the corresponding

 stable cage compounds; 6b→8b,6c→8c,6d→8d,7b→9bg,7c→9c. The cage structures of 8b-d

and 9b-c were supported especially by their mass spectra which are almost superimposable on those 

of the respective starting dienones.
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More intriguing results were obtained with the irradiation of 7d. Thus, the half cage 

compound 12 was produced via allylic hydrogen abstraction by ƒÀ-carbon of ƒ¿,ƒÀ-unsaturated enone 

along with the trishomocubane 9d via [2+2] cycloaddition (9d:12=4:1). 

Several examples of the enone photoreactions which involve intramolecular allylic or benzylic 

hydrogen abstraction by ƒÀ-carbon are now documented7 However, a few examples of the reaction 

in which hydrogen abstraction occurred at ƒÀ-carbon in competition with intramolecular photocyclo-

addition to the isolated double bond are known with citral8 and related compounds.9 We are not 

aware of any other example of this type of reaction with rigid system.10 

Of the two possible biradical intermediates 13 and 14, 1,2 (probably in common with the 

formation of 9d) seems to be more attractive for the formation of 12, since stabilization by the 

phenyl group accounts for the fact that only 7d gave the hydrogen transfer product. This is 

compatible with the proposed mechanism for the photoreaction of citral.8 Further studies are in 

progress directed toward clarification of the mechanistic aspect of this reaction.

This work was supported, in part, by grant-in-aid from the Ministry of Education, Science 

and Culture (No. 56540295). 
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