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Previous investigations of photooxidation with 

transition metal ions have dealt almost exclusively 

with aqeuous solutions.1) The hydroxylation of 

benzene2) and benzoic acid3,4) to the correspond-

ing phenols by irradiation with ultraviolet light 

in an aqeuous ferric ion solution have been reported. 

Recently Kochi has reported the photochemical 

chlorination of organic compounds in organic 

media.5) 

We wish now to report some novel photooxida-

tions in nonaqeuous solutions: the photochemical 

reactions of styrene with methanol or with acetic 

acid in the presence of cupric ions. The over-all 

reactions are shown below:

A homogeneous solution of styrene (0.1mol.) 

and cupric perchlorate hexahydrate (0.1mol.) 

in methanol (200mol.) was irradiated by 2537A 

light for 24hr. The reaction mixture was then 

diluted with water and extracted with ether.6) 

The ether extract was dried and distilled to give 

2.4g. of styrene glycol dimethyl ether (I), b.p. 

90-95•Ž/11mmHg, and 1.7g. of an almost 

colorless oil, b.p. 110-120•Ž/0.5mmHg, which 

was partially crystallized on standing and which 

was separated by filtration into 0.2g. of crystalline 

meso-1, 4-dimethoxy-2, 3-diphenylbutane (II) and 

an oil. This oil, obtained also in the absence of 

cupric perchlorate, was presumably a mixture of 

styrene dimers (infrared). When compound I 

was purified by preparative gas chromatography, 

it showed an infrared spectrum identical with that

of an authentic sample.7) Found: C, 72.29; H, 

8.77. Calcd. for C10H14O2: C, 72.26; H, 8.49%. 

II was recrystallyzed from methanol, m.p. 129-

130•Ž, underpessed on admixture with an authentic 

sample.7) When the reaction of styrene with 

methanol was carried out, under irradiation, 

using cupric sulfate pentahydrate in place of 

cupric perchlorate, I (0.3g.) and II (0.2g.) were 

also obtained. 

In the same manner, a homogeneous solution of 

styrene (0.1mol.) and cupric perchlorate hexa-

hydrate (0.1mo.l) in acetic acid (400ml.) was 

irradiated by 2537A light for 24hr. No gas evolu-

tion was observed during the reaction. On work-

ing up as has been described above, 1.5g. of styrene 

diacetate (III), b.p. 102-105•Ž/0.3mmHg was 

obtained. III was identified by gas chromatography 

on a polyester-DA column at 185•Ž. III also 

showed an infrared spectrum identical with that of 

an authentic sample.8) III gave styrene glycol upon 

hydrolysis, m.p. and m.m.p. 65-66•Ž (ligroin). 

Upon irradiation in the absence of styrene, a 

solution of cupric perchlorate in methanol gave 

formaldehyde, while in acetic acid the products 

were mainly CH4 and CO2, with small amounts 

of H2 and C2H6. Therefore, in these reactions the 

methoxy radical or the acetoxy radical are probably 

formed initially by the photooxidation of methanol 

or acetic acid with cupric ions. Then addition of 

these radicals to styrene probably takes place, 

thus yielding intermediate radicals such as IV.

Finally, IV gives I or III by the usual cupric ion 

oxidation of free radicals.9) Small amounts of 

fine precipitates of metallic copper were obtained 

throughout these reactions. Cupric ions might be 

reduced to cuprous ions, which might then dispro-

portionate to cupric ions and metallic copper. 
However, the possibility of the initial formation of 

the styrene cation radical by a photochemical 

one-electron oxidation of styrene with cupric ions 

and the trapping of the cation radical by solvents, 

thus yielding IV, has not been eliminated.
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