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Ketone photochemistry, 1 the Norrish type I reaction of cyclic ketones in 

particular, has received considerable mechanistic attention2 and some synthetic 

application. 3 The primary photoproduct of this reaction, an acyl alkyl biradi- 

cal, can and often does cascade to a multitude of products the variety appar- 

ently being determined mainly by structural features in the biradical. There- 

fore, a knowledge of these features is obviously of considerable relevance in 

terms of biradical chemistry as well as for the rational design of synthetic 

applications of ketone photochemistry. Recently, some of the effects of mo- 

lecular structure on the disproportionation reactions resulting in alkenals and 

ketenes, 
2 

and the oxycarbene producing ring closure, 4 have been elucidated. 

Our interest is in the decarbonylation reaction, and although it has been known 

for some time that radical stabilizing substituents facilitate photochemical a- 

cleavage 1,2 as well as acyl radical decarbonylation, 5 studies were often car- 

ried out on molecules in which processes other than decarbonylation were struc- 

turally suppressed. We wish to report our results on the photochemistry of 

three 2-methyl-2-alkoxycarbonylcyclohexanones in which the competition between 

decarbonylation, disproportionation and reclosure of the acyl alkyl biradical 

intermediate has been quantitatively determined as a function of structure. 

Irradiation of compounds l-3 in cyclohexane-methanol(ethano1) resulted in -- 
the products shown with the indicated quantum yields. 

6 
The reactions of 1 and - 

2 were quenched with trans-1,3-pentadiene resulting in nonlinear Stern-Volmer - 
behavior and the formation of new, unidentified, products. However, by taking 

the Stern-Volmer slopes from the linear, low quencher concentration portion 

of the plots, 7 we estimate that T -1 =6x10gsec -1 for both 1 and 2. 8 Assuming 

tha-L the rate of a-cleavage is influenced only by the a-substituents and that 

this determines the triplet lifetime (-c 
-1 

= 1.1 x 177 set 
-1 

for cyclohexanone,' 

T-1 = 2.6 x lo* set -1 for 2-methylcyclohexanone,' and T -1 = 1.8 x 10' set -' for 

2,2-dimethylcyclohexanonel' ),we predict that about lOO%, 96% and 77% of the 

cleavage should occur at 

I, 2 and 3, - respectively 

the a-carbon bearing the alkoxycarbonyl substituent in 

The increased rate of cleavage occasioned by the 
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2 @: .18 -.02- .13 .29 .02 - 

3 @: .35 .15 .17 .33 - 

alkoxycarbonyl group, L cleaves 3.3 times faster than 2,2-dimethylcyclohexa- 

none, is reasonable and indicates that this substituent is slightly better 

than methyl at stabilizing an adjacent radical. 
11 The extent to which cleavage 

actually occurs on the opposite side of the carbonyl is difficult to ascertain 

with certainty since both acyl alkyl biradical intermediates would necessarily 

give rise to the same reclosure and decarbonylation products. However, a sur- 

prising observation is that disproportionation products resulting from the al- 

ternative a-cleavage mode are not observed even from 3 where a significant - 

fraction of the excited states must fragment in this manner. 

The quantitative information we have obtained permits us to analyze the 

observed chemistry in terms of the behavior of the a-cleavage produced acyl 

alkyl biradicals which undergo three competing processes: recombination, dis- 

proportionation and decarbonylation. Cleavage in compounds J_ and 2_ occurs al- 

most exclusively at the alkoxycarbonyl substituted carbon (call this cleavage 

mode-A) to produce biradicals which have reclosure probabilities of 0.50 and 

0.54, respectively, the latter producing 2 and its epimer 
12 in a 2:l ratio. - 

In addition, disproportionation occurs with probabilities of 0.50 and 0.44 and 

decarbonylation is only a minor contributor to the photochemistry of 2. The 

behavioral similarities between the biradicals from 1. and 2 are reasonable since 

the extra methyl group in 2 should have relatively little effect on the transi- - 
tion states for reclosure and disproportionation and although the acyl radical 

from 2 should decarbonylate with a lower activation energy than that from 1, - 
the activation energies and A factors for disproportionation vs. decarbonyla- 

tion are such that at room temperature little of the latter process is ex- 

petted. 
14 
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The contrast between the photochemistry of 1 and 2 vs. 3 is remarkable. - - - 
Based upon the rates of cleavage in 1 and 2, - we expect significant (23%) 

cleavage at the carbon bearing the dimethyl substituents (cleavage mode-B) yet 

the products which would result from disproportionation of this biradical are 

not observed. Since the total quantum yield for product formation from 3 is - 
unity, we must conclude that this acyl radical undergoes decarbonylation with 

a probability of l.00.15 This unusual behavior is underscored by the observa- 

tion that the biradical produced by mode-A cleavage undergoes disproportiona- 

tion and decarbonylation in a ratio of 65:35, a result which is in line with 

the reported photochemistry of 2,2,6,6-tetramethylcyclohexanone. 16 The dramatic 

differences in behavior of these two acyl alkyl biradicals could be due to two 

factors: an increase in the steric requirements for disproportionation of the 

mode-B intermediates and/or a decrease in the activation energy for decarbonyla- 

tion of this species. Examination of the six-membered ring transition states 

for disproportionation indicates that they should not have significantly dif- 

ferent steric requirements, and it is known that the steric influence of a 

methoxycarbonyl substituent on a cyclohexane ring is less than that of methyl. 
17 

On the other hand, the alkoxycarbonyl substituent stabilizes an adjacent radi- 

cal better than methyl, 11 and we believe that this is the major determining 

factor in the chemistry of these biradicals. If this is so, and the A factors 

are assumed equivalent, we estimate 3.0 kcal/mol as the approximate difference 

in activation energies for decarbonylation of the mode-Avs. the mode-B acyl 

radicals. 

In summary, by quantitatively studying the photochemistry of compounds I, 

2 and z, we have been able to assess the effect of radical stability, stabiliza- 

tion by alkoxycarbonyl vs. methyl, on the a-cleavage reaction and on the subse- 

quent reactions of the acyl alkyl biradical. Our results show that the slightly 

greater stabilization afforded a radical center by the alkoxycarbonyl subsitu- 

ent will not only substantially increase the rate of a-cleavage but will in 

some cases also dramatically shift the delicate balance which exists between 

recombination, disproportionation and decarbonylation of the acyl alkyl biradi- 

cal intermediate in favor of the latter process. 
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