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COMPETITIVE TYPE II ELIMINATIONS IN ALIPHATIC IMIDES
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SUMMARY: Aliphatic imides have been shown to undergo type II eliminations across the imide moiety
in addition to those on the C-alkyl chain and o cleavage reactions.

There have been several recent reports on the photochemistry of alicyclic imides"z’3

which
indicate that these materials follow two major photodecomposition pathways. When there is a y-H

on the N alkyl group as in the succinimides 1, the major process appears to be type II abstrac-
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tion to the biradical g which subsequently affords the ring expanded %.1 When the carbon o to
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the carbonyl group is tertiary C(0)-C cleavage becomes an important process and leads to

intramolecular hydrogen abstraction products such as 7.
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OQur interest in the photochemistry of aromatic 1'm1‘des4 and the observation that model
amides5 and 1actams5 did not undergo type II cleavages efficiently led us to investigate the
photochemistry of a series of model alkyl imides. .

Our observation was that irradiation of t-butanol solutions of imides §§—E gave the
corresponding long chain amide 9a-c, acetamide (19) and diacetamide (11). Qur initial inter-
pretation of these results was that 11 arose from a type II process and 9 and 19 were type I
products initiated by C(0)-N bond a cleavage, a reaction which has some precedent in amide,

imide and urea photochemistry.
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Further study of the singlet state "type I" process suggested that this analysis was prob-

6 Since it is known that the efficiencies of a cleavage reactions are a function

ably incorrect.
of the stabilities of the incipient radical pair,7 we expected that N-acetyl propiocnamide (lg),
which does not have the potential for a complicating type Il process on the C-alkyl chain,
would give equal yields of 19 and lg. The surprising result was that the 19/1§ ratio was 1.9

and not unity as expected. The same result was obtained with 8a-c, i.e., the 10/9 ratio was
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always > 1.8 The possibility of conformational factors dramatically influencing the product
ratio was discounted by low temperature NMR studies which indicated that the two E,Z conformers9
were equally populated at irradiation temperatures. These results are most consistent with
reaction taking place by the alternative and unexpected type Il process across the imide moiety,

with 2° hydrogen abstraction (to 19) favored over 1° hydrogen abstraction {to 1§).
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Convincing evidence for this process was obtained from a study of the photochemistry of
N-acetyl butyramide (89) in alcohol and alcohol dioxane solutions. In addition to the expected

products 10, 11 and 9a, the esters 14a-c (R=CH3, CpH5 and (CH3)2CH respectively) from the
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trapping of the corresponding ketene were obtained in yields ranging from 16-42% of the amount
of 10 formed. If we assume that alcohol trapping of the ketene intermediate occurs efficiently,

then 10 must arise from both the o cleavage and the type II processes.
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The alternative type II process across the imide moiety has no precedent in carbonyl photo-
chemistry. In the normal case,10 abstraction of a vy hydrogen from a carbon o to an sp2
hybridized center l2ads to cyclobutane formation rather than type II cleavage. The absence of
efficient cleavage in those cases has been explained by suggesting that stabilization of the
allylic radical precludes effective overlap of the newly formed radical center with the C-C
o bonding orbital of the a-8 bond, i.e., the orbitals become orthogonal. In the case of the
imide moiety however, the incipient radical is cross‘conjugated. Since there is less potential
radical stabilization, there is less driving force for the odd electron containing orbital to
become orthogonal to the C(0)-N o bonding orbital. The required overlap remains and efficient

cleavage occurs.
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We are presently examining the competitive type I and type Il cleavages in N substituted
alkyl imides to study the effect of changing the stability of the incipient a c¢leavage radical

pair on the photochemistry of these materials.
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