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Photochemistry of Cyclic Ketones. II.
Deuterium Isotope Effects on Product Formation.
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In a previous paper we have shown that deuterium substitution can effect the product

distribution from the biradical intermediate (_l}) produced in the photolysis of cyclohexanone 1
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We were able to evaluate the isotope effect on the rates of formation of aldehyde (_Q) and ke~
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tene (5 isolated as its methyl ester). An isotope effect of k:[/k2= 1.09 for disproportiona-
tion to give ester and kg/k2= 1.18 for disproportionation to give aldehyde were reported.
These numbers appear unusually small compared to other results in the literature for radical
disproportionation reactions which range from 1.4 to 2.02-5
Ketones 1 and 2 were selected as model systems which might provide further information

on the importance of primary isotope effects on intramolecular disproportionation. Their syn-
theses are outlined below.6 Ketal 3 was reduced with dideuterodiimide7 and hydrolyzed to give
4. Treatment of 4 with ethereal CH,N, containing 10% methanol® produced 1 in high yield.

Mass spectral analysis of 1 at 15 e.V. indicated 0 3% do’ 4.9% d1 and 94.87% d

2
of 4 using Eu(fcx'l)3 shift reagent indicated >957% cis-exo reduction as expected.9 Reduction

NMR analysis
10

of 5 with lithium aluminum deuteride (LAD) to give 6 and further reductionu with lithium in
liquid ammonia gave 2 in good yield after purification by g.c. The method of synthesis of 2
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should give equal amounts of equatorial and axial deuterium at the 3-position. Mass spectral

analysis at 15 e.V. indicated 98 3% d1 and 1 7%

Photolysis of 1 in benzene proceeded in high yield to give 8 isolated by prep. g.c 12
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NMR integration of the aldehyde peak for 8 at 3 9.68 and the olefin peak at 8 5.59 gave a
ratio of_§§(gg= kH/kD= 1.07 £0.02 (average of three separate photolyses) 13

In like manner photolysis of 2 in benzene and nmr analysis of the resulting mixture of

cis & trans aldehydes isolated by prep. g c. gave a ratio of 9a/9b==kH/kD= 1.24+0 05.13
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The primary isotope effects observed in this work are of the same order of magnitude as

we reported earlierl but are smaller than values reported in the literature 2-3 This suggests

that either the activation energy for disproportionation of a 1,6-biradical is smaller than
the activation energy for disproportionation of two separate radicals or that disproportiona-

tion may not be rate determining.

For compound 1, the high quantum yield for product (& 1d- 0.62)12 requires that recombi-
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nation of the biradical (k-r) ig inefficient relative to product formation. The small isotope
effect (1.07) suggests that the acyl radical abstracts the first hydrogen or deuterium that it

encounters with nearly unit efficiency

) from cyclohexanone is determined by the rate of rotation of the biradical conforma-

ald
tion Bl to B2 and B3, conformations favorable for disproportionation, compared to the rate of

14

recombination from Bl L, Rotation from Bl to B2 should be favored over rotation to B3 and

conformation B2 should be more stable than _]_3_:_3_.15 Agostal6 has reported that two-thirds of the
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aldehydic hydrogen is abstracted from the 3-axial position of 4-methylcyclohexanone. This can
be explained as kinetic or thermodynamic, either abstraction from B2 occurs faster than equili-
bration with B3 or abstraction occurs from the more densely populated conformer B2 For 3,3,

5,5-d, ~cyclohexanone q’ald is decreased relative to cyclohexanone by a decrease in ka (kglk2=

4
1.18)1 and B2 and B3 must return to Bl in competition with product formation. For 2 k-r should

be reduced relative to k—r for _1_117’18

and thus less competitive with ka The larger intramo-
lecular isotope effect for 2 (kH/kD= 1 24) suggests that interchange of B2 and B3 must occur
on a time scale at least comparable to the rate of disproportionation If ka>kB2 ~p3 D0 iso-
tope effect would be observed. -
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