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The most general known photochemical reaction of alkyl a-diketones is
2-hydroxycyclobutanone formation.l Recent reportsz of alternative photochemical.
pathways of o-diketones prompts us to describe our studies of three new
reactions that take place in suitably designed molecules.

Formation of hydroxycyclobutanones from a-diketones probably proceeds by
B-hydrogen abstraction through a pseudo six-membered ring transition state.
Although y-hydrogen abstraction should proceed through an equally strain-free
pseudo six-membered ring, evidence for this process has not heretofore been
obtained. The absence of y-hydrogen abstraction suggests a statistical
preference for a transition state incorporating an sp2 hybridized carbon in the
pseudo ring. To determine if y-hydrogen abstraction could occur in a favorably
substituted a-diketone, I3 was prepared by acyloin condensation of ethyl y-

phenylpropionate followed by oxidation with bismuth oxide in acetic acid.4
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Irradiation of I in methanol (> 400 mp light) gave 90% of the normal product
115 and 10% of an abnormal product, the hydroxycyclopentanone III.6 Confirma-
tion of structure III was obtained by phosphorous oxychloride dehydration to
the cyclopentenone IV.7

The formation of III suggests y—hydrogen abstraction followed by hydrogen
migration and cyclization as depicted in equation 1. The occurrence of y-
hydrogen abstraction in I is consistent with the 9.2-fold greater reactivity of
benzyl than of methylene hydrogens toward triplet ketones.8 Based on this
reactivity difference a minimum statistical preference for B- over y-hydrogen
abstraction of AAS = 8.7 e.u. is estimated.9 Thus, only in a-diketones with
very strong activating groups in the y-position can cyclopentanones be expected
to be significant photo-products.

Further elucidation of the scope of o-diketone photo-processes was obtained

from the cyclohexenyl diketone V.lo

The preparation of V was achieved by the
a-diketone synthesis of Cuvigny and Normantll (equation 2). This compound has
sterically accessible and reactive B-hydrogens, but the biradical resulting from
intramolecular hydrogen abstraction would cyclize to give a highly strained

product. Nevertheless V in cyclohexane underwent rapid photochemical reaction

(> 400 mu light) to give the furanone V1112 in 50% yield.
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This product probably does not result from hydrogen abetraction. Rather the
diketone V may be pictured as an analog of cross conjugated dienones which
frequently undergo light-induced bonding between their terminal carbon atoms.13
Rearrangement of intermediate VI, possibly by way of two 1,2-hydrogen shifts,

would not be unexpected.
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Extension of this reaction to a-ketopropiophenone (VIII, R=H) was
unsuccessful. Hydrogen abstraction from solvent competed with cyclization even
in benzene to give the corresponding pinacol, 3,4-dihydroxy-3,4-diphenyl-2,5-
hexanedione.14 On the other hand 2-methyl-a-ketopropiophenone (VIII, R=CH3)
reacted rapidly to give the indanone X (see also ref. 2). Similar but slower
reactions occurred with 2,2'-dimethylbenzil and 2,2'-dimethyl-4-methoxybenzil.

In the latter case equal amounts of the two possible products were formed.
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Like Hamer,2 we observed no deuterium incorporation into X or recovered

VIII (R=CH3) on irradiation in methanol—dl. Nevertheless we believe this does
not exclude photo-enolization as the primary process. Photo-enolization
reactions probably yield directly both possible sterioisomeric enols15 (eg; IX
and XI). Enol XI is expected to revert very rapidly to VIII by an intra-
molecular 1,5-hydrogen shift, and cyclization of enol IX could occur

by a fast concerted process requiring little atomic reorganization. Rapid

cyclization of IX to X finds excellent analogy in the known photo-rearrangement

3 Et h ph_OEt

Z SOEt : Ph
e s | — QA
= N
Ph ; 6

OH OH
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XII —> XIII.16 Hence the reactions of enols IX and XI might both compete

with deuterium exchange.
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