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The photolysis of ®-diazoacetophenone (I) in polar solvents is known
to afford products derived from rearrangement of the carbon skeletonl’z
These products have been rationalized by assuming the intermediacy of a
keto carbene which subsequently rearranges to a ketenes. Although the
results strongly implicate the singlet keto carbene as the principal re-
active intermediate in these rearrangements, alternate mechanisms may
adequately explain the formation of the observed products. We now wish
to present evidence which demonstrates conclusively that the singlet state
is the reactive intermediate in the Wolff rearrangement.

Ultraviolet irradiation of a solution of o-diazoacetophenone in an-
hydrous methanol, utilizing a pyrex filter, gave methyl phenylacetate
(63%) and trace amounts of acetophenocne (<0.5%). When the photolysis was
conducted in absolute ethanol, two components were debected by vapor phase
chromatography and were shown to be ethyl phenylacetate (61%) and aceto-
phenone (10%) by comparison with authentic material. The principal

products from the direct photolysis of o-diazcacetophenone in iso-propanol

were the i-propyl ester of phenyl acetic acid (5T%) and acetophenone (23%).

PhCOCHN R—’g’ﬁ% PhCHsCOoR ~ +  PhCOCHs

2167



2168 No.26

It was possible to generate the triplet keto:carbene by selectively
activating Michlerts ketone in the presence of o-diazoacetophenone by
using a uraniun glass filter (cut-off 3300 A?) S0 as to assure absorption
bf 9% of the light by the photosensitizer. Hammond has previously sug-
gested that under these conditions the triplet keto‘carbene should be

formed®. Enerigy transfer from Michler®s ketone in the excited singlet
hy H*1 *3
(p-MegNCeHg)2C0 5 (p-MegNCeHg)2C0  am~ny  (D-MeoNCeHy)2CO
. #3 *3
(p-MegNCgHy ' 2CO + PhCOCHNy — (p-MeaNCgHs)pCO + PhCOCHN,
#*3
PhCOCHN ~——%  PhcocHM + Ny

state to ground state diazoacetophenone is endothermic and consequently
does nqt compete with intersystem crossing of Michler?'s ketone from the
singlet to the triplet state®.

The sensitized photochemical decomposition of o-diazoacetophenone
in i-propyl alcohol produced a species showing little tendency to under-
go the Wolff rearrangement. The keto carbene generated by these con-
ditions 1s relatively unreactive and exhibits radical properties as char-
acterized by thz large amounts of acetophenone. As is shown in Table I,
the product distribution is markedly different from that found from the
direct photolysis.

TABLE I

PRODUCTS OF REACTION OF KETO CARBENE FORMED
3Y DIRECT AND SENSITIZED DECOMPOSITION OF I

Direct Photosensitized
MeOH EtCH i-PrOH MeCH EtOH i-PrOH
EnCHaCOR 20 5.9 .5 7.3 1.1 <0.003

PhGOCHs
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The, fact that the over-all reaction of I in hydrogen donor solvents
can be altered drastically by introducing a photosensitizer suggests that
the singlet keto carbene is the precursor of the rearranged ketene. It
is noteworthy, however, that the photosensitized decomposition of I in
methanol and ethancl produced substantial amounts of the Wolff rearrange-
ment. The process involving intersystem crossing of triplet keto carbene
to the singlet state is endoenergetic and, as such, should not compete
with hydrogen abstraction in & good hydrogen donor medium such as i-propy]_.
alcohol (i.e. Krgo <KA)‘ However, when methanol or ethanol is used as a
hydrogen donor, abstraction of a hydrogen by the triplet becomes endo-
thermic and, conseguently, intersystem crossing of the triplet to the

s
singlet may now compete with radical abstraction of hydrogen (KISC ~ KA)‘

Krse

*3 ROH
PhCOCHN; ——) PhCOCHtt ey PhCOCHN ——> PhCHzCO2R

RH
Ka

PhOOCHz 5%  PhCOCHs

Alternatively, it might be reasoned that the excited triplet of I under-
goes a competing intersystem crossing to a high vibrational level of
ground state diazoacetophenone, which rearranges by way of a concerted
mechanism. In view of the fact that collisional quenchihg of vibrational-
1y 'thot'! molecules is the only process of appreciable probability in the
condensed phasee, we favor the scheme outlined above.

The results obtained from the direct photolysis of I can best be ex~
Plained by assuming that the initially formed singlet diazoacetophenone

is hydrogen bonded with the solvent.. It could then decompose to a hydro-
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gen-bonded singlet keto carbene which undergoes rearrangement. The amount
of ester forred ls related to the strength of the hydrogen bond which in
turn can be correlated with the acidity of the hydrogen atom. As the
strength of the hydrogen bond decreases, more intersystem crossing to the

triplet occurs and larger amounts of acetophenone are formed.
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