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COSENSITIZATION BY 9,10-DICYANOANTHRACENE AND BIPHENYL OF THE ELECTRON-TRANSFER

PHOTOOXYGENATION OF 1,1,2,2—TETRAPHENYLCYCLOPROPANE1

*
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Summary: Electron-transfer photooxygenation of 1,1,2,2-tetraphenylcyclopropane with 9,10-
dicyanoanthracene in oxygen-saturated acetonitrile yields 1,1,3,3~tetraphenyl~2-propen-l-ol after
reduction of the intermediate hydroperoxide. The rate of reaction is significantly increased by
the addition of biphenyl as a cosensitizer.

Electron-transfer photooxygenation has received considerable attention recently.2 Olefins,
acetylenes, and sulfides are oxidized upon irradiation in oxygen-saturated polar solvents in the
presence of electron-deficient sensitizers. We now report the first example of the photooxygena-
tion of a cyclopropane with the formation of a ring-opened hydroperoxide.3 The use of a non-
light-absorbing, chemically unreactive aromatic hydrocarbon as a cosensitizer to accelerate the

reaction is also described.
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Photooxygenation of 1,1,2,2-tetraphenylcyclopropane (1) was carried out in dry acetonitrile

3 M1 and 6 x 10—4 M 9,10-dicyanoanthracene (DCA). The solution was irradiated at

with 6 x 10
10°C under oxygen with a 450-W medium-pressure mercury lamp using a CuSOA—filter solution.4 The
reaction was monitored by hplc and judged complete in 19 h. Treatment of the reaction mixture

with 1 equivalent of Ph3P to reduce the hydroperoxide and chromatography over silica gel with

hexane as elutant gave 1,1,3,3-tetraphenyl-2-propen-1l-ol (2)5 in 60% yield. Benzophenone (4) was

also identified as a reaction product.7
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Arnolds and Roth9 have shown that photo-induced electron-~transfer reactions of aryl-substi-~
tuted cyclopropanes result in the formation of radical cations with C-C bond cleavage. A
plausible mechanism for the conversion of 1 to hydroperoxide 2, therefore, involves electron-
transfer fluorescence quenching of singlet excited DCA by 1 with generation of radical cation_l?
Reaction of l? with superoxide forms an intermediate biradical which subsequently abstracts
hydrogen to yield 2.10 Control experiments have shown that one source of 4 is the photooxidative
cleavage of hydroperoxide 2,11 Further, cyclopropane 1 was not oxidized upon irradiation for 38
h with a 400-W high-pressure sodium lamp in an oxygen-saturated acetonitrile solution containing
Rose Bengal, indicating that singlet oxygen is not involved in the reaction.

We have recently observed that the rate of DCA-sensitized photooxygenation of tetraphenyl-
oxirane to produce the corresponding ozonide can be dramatically enhanced by the addition of
biphenyl (BP) as a cosensitizer.12 Similarly, we have found that the oxidation of 1 can be
accelerated by BP. In the presence of 6 x 10-3 M BP, the reaction is complete in 1.5 h. Analy-

sis by hplc indicated that the BP is not appreciably consumed during the reaction.l3 No reaction

occurs in the absence of DCA.
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We have previously reported that the rate of DCA-sensitized photooxygenation of 2,3-bis
(p-methoxyphenyl)~1,4~dioxene (sz = 0.73 V vs. SCE, in MeCN) was increased in the presence of
2,3-bis(p-methylphenyl)-1,4-dioxene (E:;X = 0.84 V vs. SCE, in MeCN).2k Similar results have
recently been described by Foote for the photooxygenation of tetraphenylethylene in the presence
of Ezgggfstilbene.l4’15 In both of these reactions, the olefins quench 1DCA* at diffusion-
controlled rates and the enhanced reactivity of the more easily oxidized olefin results from
electron exchange of that olefin with the radical cation of the more difficultly oxidized olefin.
In present case the cosensitizer BP (ng = 1.85 V vs. SCE, in MeCN)18 has a higher oxidation

potential than the substrate 1 (E;x = 1.38 V vs. SCE, in MeCN). As a result, BP (kq =3.1x 109

M 1 1) is a less effective quencher of 1DCA than 1 (kq = 1.1 x 1010 M_ls_l).19 Nevertheless,
an equimolar concentration of BP is able to greatly enhance the rate of oxidation of 1. This
result would seem to suggest that in lDCA* quenching the efficiency for the formation of cage-
escaped BPT is significantly greater than for lj in spite of the lower oxidation potential of 1.
Cyclopropane 1 is subsequently oxidized in an exothermic electron-transfer step by BP'.
Although the mechanism of catalysis is not fully delineated, cosensitization by electron-

deficient sensitizers and aromatic hydrocarbons may prove to be generally useful for the oxida-

tion of a variety of substrates. Research is continuing in our laboratory on this problem.
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