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Photo-oxidation of Crystalline a-Benzoylbenzyl Ethers by
Atmospheric Oxygen

By Hipeo ToMioka* and Yasuji Izawa
(Department of Industrial Chemistry, Faculty of Engineeving, Mie University, Tsu, Mie 514 Japan)

Summary Solid a-benzoylbenzyl ethers reacted efficiently
with atmospheric oxygen upon irradiation, yielding
benzoic acid and alkyl benzoates in high yield, presumably
via a benzoyl-benzyl radical pair.

®-BENZOYLBENZYL ETHERS! undergo photochemical «-
cleavage to form a benzoyl-benzyl radical pair which sub-
sequently undergoes free-radical reaction in solution to give
benzaldehyde, benzil, and pinacol ethers. In oxygen-
saturated solution, however, the radical pair is trapped by
oxygen to give perbenzoic acid and the alkyl benzoate via

peroxyl radicals.? We report here that o-benzoylbenzyl
ethers are photo-oxidised rapidly even in the crystalline
phase and that this photo-oxidation is quite different from
that in solution. Although thermal and/or photochemical
oxidation of crystalline 11-hydroxy-steroids to the corre-
sponding ketones by atmospheric oxygen has been reported,?
the reaction is not well understood.

In a typical reaction, 100 mg of a-benzoylbenzyl methyl
ether (1a) was crystallised on the surface of a cylindrical
Pyrex tube of 10 cm diameter and 25 cm length by evapora-
tion of a benzene solution, and was photolysed with a 300 W



446

Hg lamp filtered through Pyrex under air at room tempera-
ture  The reaction mixture gradually hiquefied as ca 1 mol
equiv of oxygen was gradually taken up, and turned to a
semsolid at the end of the irradiation process  The reaction
mixture was washed out with acetone and glc analyses
showed that no trace of benzaldehyde, benzil, or pinacol
ethers was formed Silica gel chromatography yielded
methyl benzoate (2a) (76%) and benzoic acid (3) (72%)

hv[O,
PhCOCH(OR)Ph -——-; PhCO,R 4+ PhCO,H
crystal
(1)a, R = Me ) 3)
b, R = Et
c, R= Prl

Similar products were obtained from the solid phase irradia-
tion of the ethers (1b) and (1¢) When the irradiation was
carried out 1n the absence of O, the starting material was
recovered unchanged even after prolonged irradiation

Striking differences between the solution and solid phase
photo-oxidation of (1) were observed both in the reaction
products and wmn the structure-reactivity relationships
Thus, mn the solid phase photo-oxidation, the yield of
peracid determined 1odometrically was less than 109,
although perbenzoic acid was stable under these conditions
In the solution phase, however, perbenzoic acid was pro-
duced almost quantitatively and benzoic acid was not
detected 2 (It should be noted that >3 mol equiv of
oxygen 1s consumed in the solution phase oxidation) 2
Secondly, benzoin acetate, PhCOCHPhOAc, as well as
benzoin 1itself was almost completely mnert to the photo-
oxidation 1n the crystalline phase, whereas they were photo-
oxidised equally efficiently 1n the solution phase

There are several a prior: mechamisms to explain these
data The possibility that direct attack of oxygen on the
carbonyl group might be involved was ehiminated since
benzil, which has been shown? to be oxidised via such a
mechanism 1n the solution phase, was inert to the solid-phase
photo-oxidation  Photoenolisation of (1),> followed by
addition of oxygen to the double bond to give dioxetan, was
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also eliminated since neither olefins (¢ g, stilbenes) nor
enolizable -diketones (¢ g, dibenzoylmethane) was photo-
onidised in the solid phase  Thus, the most likely explana-
tion at present must involve mmtial photochemical «-
cleavage of (1), followed by trapping of the resulting radical
pair bv oxygen to form a peroxide (4), which subsequently
collapses to produce (2) and (3) either thermally or photo-
chemically (Scheme) Presumably the radical pair genera-
ted 1n crystalline phase cannot diffuse apart owing to the
limited diffusivity® and hence 1s allowed to undergo incor-
poration of atmospheric oxygen This 1s 1n sharp contrast
with the mechamism suggested? for the radical pair
solution where the members of the pair can diffuse apart
before they are attacked by oxygen Although attempts

O,, sold
————— [PhC(: O)-O0-CH(OR)Ph] — (2) + (3)

4)

hy
(1) —— [PhC(: O) - - CH(OR)Ph]

O,, soln
-————— PhC(: 0)O0 « + . OOCH(OR)Ph
— — (2) 4+ PhCO;H

SCHEME

to detect (4) have so far been unsuccessful, such a scheme
could account for the strikingly low yields of perbenzoic acid
and for the nearly stoicheiometric uptake of oxygen 1n the
solid phase reaction Furthermore, the high sensitivity of
the structure to this photo-oxidation process might be
related to the fact! that «-oxygen substituents have a
marked effect on ¢-cleavage rate constants For example,
alkyl a-benzoylbenzyl ethers are 20 and 400 times more
reactive than the parent benzoimn itself and its acetate,
respectively Moreover, benzil apparently does not frag-
ment upon 1rradiation %t

(Recewed, 11th February 1980, Com 145)

+ We found that (2c¢) was formed even during the wrradiation of a mixed crystal of (1¢) and 1,4-diazabicyclo[2 2 2]octane (1:0 5),

suggesting that a mechanism involving 'O, can be eliminated
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