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Type II photoreaction of the title compound gave a cyclobutanol by 

eyclilzation, an unsaturated keto alcohol by reverse disproportionation, 

and a bicyclic diketone by cyclopropylcarbinyl rearrangement. Relative 

rates of the type II biradical reactions were estimated on the basis of 

the product analysis. 

Considerable attention has been focused in recent years on monoradical reactions 

of the 1,4-biradicals involved in Norrish type II reaction. 1 However, studies have 

been rather limited to the reactions at alkyl radical sites, because alkyl radical is 

much more reactive than ketyl radical. In a recent publication, we reported that type 

II biradical 4 are formed on excitation of the cyclobutanol 2a as well as by the normal 

type II pathway from la and finally collapses to the unsaturated keto alcohol 3a by 

reverse disproportionation.2 In type II biradicals, reverse disproportionation is very
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rare, since it cannot compete with usual type II processes such as disproportionation, 

cyclization, and elimination. 3,4 Absence of products derived from the opening of the 

three-membered ring indicated that cyclopropyl carbinyl rearrangement is yet slower 

than reverse disproportionation. We now describe some experiments demonstrating that 

cyclopropylcarbinyl rearrangement at ketyl radical site becomes important by intro-

duction of methyl group at the three-membered ring. 

Irradiation of 2-(2,2-diphenyl)ethy1-2,3-dihydro-2,3-methano-1,4-naphthoquinone 

(1b)(0.02 M) in benzene with a 300W high-pressure Hg lamp through a Pyrex filter 

under an argon atmosphere for 5 h furnished a 1:4 mixture of the cyclobutanol 2b and lb. 

Extended irradiation of this mixture did not enhance the degree of conversion. Then, 

5 
separation of the products by column chromatography over silica gel gave 2b in 53% yield.5 

A separate irradiation of 2b in benzene also led to the same mixture of 2b and 1b, 

indicating that the photoequilibrium between 2b and lb was attained with 4b as a common 

intermediate. The ratio of 2b to lb increases significantly with added alcohol; 2b/1b 

is 4 in benzene-Bu tOH (1:1). 

In contrast, irradiation of 2-methyl-3-(2,2-diphenyl)ethyl-2,3-dihydro-2,3-methano-

1,4-naphthoquinone (5a) in benzene for 30 h gave exclusively rise to a bicyclic diketone 

8a in 837•“ yield. In this case, the formation of the corresponding cyclobutanol 6a was 

not detected during the course of the reaction. The structure of 8a was assigned on the 

basis of its spectral data and elemental analysis. The IR spectrum of 8a showed 

characteristic bands at 1695 and 1665 (conjugated ketones) cm-1; the 1H-NMR (CDC13) 

spectrum showed the signals at 1.18(s, Me), 2.28(d, J=15Hz, 1H), 2.60(dd, J=8 and 15Hz, 

1H), 2.88(dd, J=4 and 16Hz, 1H), 3.42(dd, J=10 and 16Hz, 1H), and 3.62(m, 1H), indicating 

the presence of -CH2-CH-CH2- group; 13C-NMR (CDC13) spectrum revealed the presence of 

two ketones at 204.4 and 199.2, two quaternary carbons at 63.9 and 60.7, one methine 

carbon at 50.2, two methylene carbons at 45.2 and 42.1, and methyl carbon at 22.7, 

besides aromatic carbons. As shown in Scheme II, the formation of 8a can be best 

explained by a mechanism involving cyclopropylcarbinyl rearrangement of type II biradi-

cal 10a to lla followed by radical recombination. Radical center a to carbonyl group 

in lla would be better stabilized by methyl group. 

Upon irradiation in benzene-Bu tOH (1:1) for 5 h, 2-methyl-3-(2-methyl)propyl-2,3-

dihydro-2,3-methano-l,4-naphthoquinone (5b)gave the cyclobutanol 6b (17%),5 the unsat-

urated　 keto　 alcohol　 7b(11%),5　 the　 bicyclic　 diketone　 8b(30%) ,5　 and　 the　 alkylidene

phthalid9b(9%).5　 The last compund is secomdary photoproduct derived from 8b In

fact, exposure of 8b under the same irradiation conditions readily produced 9b.6 It is of
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mechanistic interest to estimate the relative rates of reverse disproportionation (k rd) 

and cyclopropyl carbinyl rearrangement at the ketyl radical site (kcr) to the usual type 

II biradical reaction such as disproportionation (kd) or cyclization (kc). For this 

purpose, the cyclobutanol 6b is a favorable precursor of type II biradical 10b, since 

photochemical production of 10b from 6b in benzene is about 27.5 times as efficient as 

the apparent disappearance of 5b by the usual type II pathway. On photolysis, 6b afforded 
5b, 7b, and 8b in the ratio of 170:1:4.6, reflecting the relative rates of kd:k

rd`kcr 

in 10b. Taking the photolability of 8b into account, the ratio of k
cr/krd(4.6) agreed 

well with the product ratio of 8b+9b/7b (3.5) in the photolysis of 5b. Similar irra-

diation of 6b in methanol gave 5b, 7b, and 8b in the ratio of 9.5:1:4.5. It is inter-

esting to note that disproportionation is suppressed only incompletely even in methanol. 

We suppose that steric hindrance around the hydroxyl group in 10b prevents the biradical 

solvation by alcohol. On the other hand, the cyclohexyl-substituted compound 5c furnished

on photolysis the cyclobutanol 6c (61%), the unsaturated keto alcohol 7c (8%), and the

alkylidenephthalide 9c (2%) in benzene-ButoH (1,1 ) . Irradiation of 6c in benzene gave

5c, 7c, and 8c in the ration of 50:1.5:1. Consequently, the cyclopropyl carbinyl 

rearrangement is of minor importance in 10c, presumably because of rather efficient 

reverse disproportionation.
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