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CLEAVAGE OF CYCLOPROPANE RING VIA PHOTOINDUCED ELECTRON-TRANSFER 

BY THE USE OF COPPER (‡U) IONS1) 
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Irradiation of a methanolic solution of phenylcyclopropane in the 

presence of copper (‡U) ions affords 1, 3-dimethoxy-1-phenylpropane and 

meso- and dl-1, 6-dimethoxy-3, 4-diphenylhexanes in good yields through 

the electron-transfer from the excited cyclopropane to Cu (‡U) ions.

Phenylcyclopropane(1) can be cleaved oxidatively by metal ions such as Pb (‡W), Tl 

(‡V), and Hg(‡U) in the presence of acetate ion.2) Direct photocleavage of polyaryl 

substituted cyclopropanes in protic media has also been reported.3,4) However, these 

reactions often afford several sorts of products which may be produced from different 

kinds of intermediates. Recently, the reactivity of arylcyclopropane cation radicals 

generated through photoinduced electron-transfer has received a considerable attention 

mainly from the mechanistic viewpoint. Very recently, Hixson's group and we have in-

dependently reported the photoinduced oxidative cleavage of phenylcyclopropanes in the 

presence of organic electron acceptor.5) We now report the photoinduced nucleophilic 

attack of methanol on 1 in the presence of copper(‡U) ions, which proceed via one-

electron electron transfer from excited 1 to Cu (‡U) ions. 

Irradiation of a methanolic solution of 1 (3mmol) and copper (‡U) perchlorate hexa-

hydrate (3mmol) with a high-pressure mercury arc in quartz tube gave a mixture of 1, 3-

2 3 and 4

dimethoxy-1-phenylpropane(2) (70%, colorless oil), meso-1, 6-dimethoxy-3, 4-diphenyl-

hexane (3) (3%, mp 81-83•Ž), and its dl-isomer (4) (3%, colorless oil) along with metallic 

copper powder (70%), which was precipitated out during the reaction. The organic 

products were isolated by column chromatography on silica gel and their structures were 

determined by spectral data. 

Table 1. Photoreaction of phenylcyclopropane (1) in the presence of Cu (‡U) ionsa)

a) Irradiation was carried out in quartz tube using 1 (0.8mmol), Cu (‡U) compound 

(0.8mmol) in 4ml methanol. Yields are based on 1 used.
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Copper (‡U) sulfate and trifluoromethanesulfonate (OTf) were also effective for this 

photocleavage reaction (Table 1). In the latter case, a mixture of 3 and 4 was obtained 

in nearly equal amount to 2, accompanied by a small amount of 3-methoxy-1-phenylpropane 

(5). Whereas, irradiation in the presence of copper (‡U) nitrate or chloride did not give 

2, 3, and ,4 in appreciable amounts. In all cases, the cleavage reaction was not 

observed in the dark. 

Distribution of the products varied with the amount of added copper (‡U) perchlorate. 

Irradiation of 1 in the presence of one tenth equiv of copper (‡U) perchlorate gave 3 and 

4 as major products (total yields; 11%) and the yield of 2 was reduced to 4% at •`15% 

conversion.

The pattern of this photoreaction can be explained in terms of the pathway in-

volving one-electron transfer from excited 1 to Cu (‡U) followed by nucleophilic attack 

of methanol to the cation radical 1+.(6).6) When the concentration of Cu (‡U) is high, 

the radical 6 is easily oxidized by Cu (‡U) to the cation 7 which is converted to 2 by 

nucleophilic attack of methanol. On the other hand, at low concentration of Cu (‡U), 

the dimers, 3 and 4, are predominantly formed by coupling of 6. Copper powder could 

be produced through disproportionation of copper (‡T) ions. 

Similar irradiation of bicyclo [4.1,0] heptane or n-hexylcyclopropane in methanol 

gave no cleaved products in appreciable amounts. The photoinduced electron-transfer 

reactions from electron donating aromatic olefins such as styrene or N-vinylcarbazole 

to copper (‡U) perchlorate in polar media were reported.7) These results support the 

exothermic one-electron transfer mechanism from excited 1 to Cu (‡U), because the oxi-

dation potentials of land styrene are much lower than those of alkylcyclopropanes.8)
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