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Photochemical Oxidation of Nitrobenzyl Alcohols in Aqueous Solution 

By PETER WAN and KEITH YATES* 
(Department of Chemistry, University of Toronto, Toronto, Ontario, Canada M5S lL41) 

Summary When irradiated with U.V. light in deoxy- 
genated aqueous solutions, un-nitrobenzyl alcohol (1) is 
found to give m-nitrobenzaldehyde (2), and the azoxy- 
compounds (3) and (4). 

NITRO-AROMATIC compounds are known to undergo photo- 
chemical reduction in hydroxylic solvents, during which 
the solvent is oxidised. In cases where either (i) a side 
chain ortho to a nitro-group is available for oxidation1 or 
(ii) a second, different molecule, with an available site for 
oxidation, is present in s ~ l u t i o n , ~ , ~  an alternative pathway 
for the photoreduction of the nitro-group is available. We 
report herein a novel variation in which the photo-oxidation 
of the side chain of a nitro-aromatic molecule by another 
member of the same substrate occurs, which offers additional 
insight into the photo-oxidation-reduction process of nitro- 
aromatic compounds. 

Irradiation of m-nitrobenzyl alcohol (1) (0-02 M )  in de- 
oxygenated distilled water (Rayonet RPR- 100 reactor, 254 
or 350 nm lamps) afforded m-nitrobenzaldehyde (2) (ca. 60% 
of the product mixture) and m-azoxybenzaldehyde (3) and 
m-(3-hydroxymethylphenyl-NNO-azoxybenzaldehyde (4) 
(remaining 40%) (Scheme 1). These compounds, the only 
isolable products, were isolated by preparative t.1.c. on 
silica gel (CH,Cl,-EtOAc, 1 : l),  and were characterised by 
lH n.m.r., i.r., and mass spectroscopy, and by comparison 
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with authentic samples, where available. The ratio of com- 
pound (2) to the azoxy-compounds (3) and (4) remained 
essentially constant over 5-30y0 conversion, which suggests 
that any photoreduction product formed [possibly com- 
pound (6)] reacted in a subsequent fast step to give the 
coupled products. Irradiation in deoxygenated organic 
solvents (e.g. MeOH, MeCN, or cyclohexane) failed to effect 
this reaction. 
tion depended strongly on the proportion of water in the 
mixture. 

In aqueous MeCN, the efficiency of the reac 
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The reaction can be sensitised by both acetone and sodium 
benzophenone-4-carboxylate, which suggests a triplet re- 
active state, consistent with other reportsl-6 of nitro-group 
photoreduction. 

The photoreaction was monitored by U.V. spectroscopy 
and, upon irradiation, an intense band at  h 233 nm, due to 
compound (2), appeared at  the expense of the h 270 nm 
absorption associated with compound (1). A weak band 
at  h 325 nm due to the azoxy-chromophore was also 
observed after further irradiation. 

p-Nitrobenzyl alcohol was found to be inert to photo- 
oxidationt under similar conditions as for the alcohol (l), 
with > 95% recovery of the starting material. However, 
both un-cyano- and 3,5-dinitro-benzyl alcohols have been 
found to give the corresponding aldehydes as major products 
when irradiated in aqueous solution. A detailed study of 
these products is under investigation. 
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The postulated intermediacy of the radical-ion pair (5) 
in this photo-oxidation-reduction is based on previous 
reports of the photoreduction of n i t r o - g r o u p ~ , ~ ~ ~ ~ ~  and on 
the strong solvent dependence of the present reaction. 
Thus, in solvents less polar than water, the radical-ion pair 
(5) is insufficiently stablised, and the reaction does not 
proceed. One possible mechanistic scheme is shown in 
Scheme 2. Collapse of the radical-ion pair (5) gives the 
oxidation product (2) and the initial reduction product, 
m-nitrosobenzyl alcohol (6). In a similar process, com- 
pound (6) is converted into the alcohol (7), and coupling 
of these compounds v ia  a known ground-state reaction gives 
initially the azoxybenzyl alcohol (8). Since this compound 
was not detected in the product mixture, its rapid photo- 
oxidation to compounds (3) and (4) by (1) is postulated. 
Compounds (3) and (4) are not secondary photoproducts of 
the aldehyde (2) since (2) was found to be photostable under 
similar irradiation conditions. Other mechanistic schemes, 
for example the photo-oxidation of the alcohol (6) to give 
m-OHCC,H,NO and then coupling with compound (7) to 
give (4), cannot, as yet, be eliminated. 
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The results presented here suggest that aqueous solvents 
in photochemical reactions may give previously unexpected 
results ; especially if the intermediate requires large solva- 
tion energies for its formation. 
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