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The cyclopropane ring of arylcyclopropanes is oxidatively cleaved by 

irradiation in polar solvents containing nucleophiles such as alcohols, 

water, and sodium cyanide in the presence of electron-acceptor such as 

1,4-dicyanobenzene and 1-cyanonaphthalene, giving nucleophile-incorpo-

rated products. This photoreaction proceeds via an electron-transfer 

from the cyclopropanes to the excited electron-acceptors, and the cation 

radicals of arylcyclopropanes are involved as key intermediates.

Photocleavage of the cyclopropane ring in phenylcyclopropane derivatives is a 

subject of current interest mainly from mechanistic viewpoints.2-4) Recently, Rao and 

Hixson have reported that phenylcyclopropane undergoes the photochemical addition of 

methanol accompanied by oxidative cleavage of the cyclopropane ring upon irradiation in 

the presence of organic electron-acceptor.5) We have also studied independently this 

sort of photoreactions.6) In this communication, we report our results on the polar 

addition of various nucleophiles to arylcyclopropanes through a photoinduced electron-

transfer and on the reactivity feature of cation radicals produced as intermediates. 

Irradiation of an acetonitrile-methanol(3:1) solution containing phenylcyclo-

propane(1; Eox=1.38V)7) (16mmol) and 1, 4-dicyanobenzene (2) (6mmol) with a high-

pressure mercury arc through Pyrex for 30h gave 44a (17%), 5a (meso- and dl-isomers4); 33%), 

and 6a (10%).8,9) Similar irradiation of 1 in the presence of 1-cyanonaphthalene(3) 

afforded 4a (40%) and 5a (45%). Irradiation of p-methoxyphenylcyclopropane (7; Eox=1.02 

V)7) in the presence of 3 gave 8 and 9 as major products. These products were isolated 

by column chromatography on silica gel, and their structures were assigned from their 

analytical and spectral properties. On the other hand, no photocleavage occurred upon



742 Chemistry Letters, 1981

irradiation of n-hexylcyclopropane(10; Eox>2.0V)7) and bicyclo [4.1.0] heptane (11; Eox 

=1.83V)7) which have more positive oxidation potentials than those of 1 and 7, in 

the presence of electron acceptors such as 2 and 3 in acetonitrile-methanol(3:1). 

The photocleavage of 1 in the presence of other nucleophiles was also examined.

Irradiation of an acetonitrile-water (3:1) solution 

containing 1 and 2 gave 4b (28%), 5b (9%), and 6b (8%). 

When a large excess of sodium cyanide was added to the 

above solution, 4c (8%), 6c (5%, mp 80-81•Ž), and 12 

were obtained along with small amount of 4b. Similar

irradiations of acetonitrile-ethanol, -isopropanol, and -t-butanol (3:1) solutions con-

taining 1 and 2 afforded the corresponding cleaved products, 4d-f, 5d-f, and 6d-f in 

moderate yields.

No photocleavage of 1 and 7 occurred in the absence of electron-acceptor 2 or 3. 

The photoreaction was not observed also upon irradiation in aprotic solvents such as 

acetonitrile and benzene even in the presence of the electron-acceptor. Thus, it is 

concluded that both electron-acceptor and nucleophile are essential for the photo-

induced cleavage of 1 and 7. 

Fluorescence of 3 was efficiently quenched by 1 and 7 in polar solvents such as
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acetonitrile and methanol in a near diffusion-limiting rate,10) but less efficiently 

by 10 and 1
1. Moreover, negative •¢ G values were estimated from Weller's equation 

for the electron-transfer from 1 and 7 to the photoexcited singlet states of 2 and 3, 

but positive values were estimated for 10-3 and 11-3 pairs.11) 

The above photoinduced anti-Markownikoff additions of nucleophiles to arylcyclo-

propanes can be explained in terms of the mechanism shown in Scheme 1. Photo-

excitaion of an electron-acceptor (A) such as 2 or 3 in the presence of 1 leads to the 

formation of the cation radical I+•E and the anion radical A-•E. Nucleophilic attack of 

methanol or other nucleophiles(X-) on 1+•E gives the radical R•. The back electron-

transfer transfer from A-•E to R• and subsequent protonation afford 4. The coupling of R• gives 

5 (meso- and dl-isomers). The adducts 6 are formed by the coupling of R• and A-•(2-•E; 

the anion radical of 2), followed by elimination of cyanide ion. This mechanism is 

further supported from the result that irradiation of 1 and 3 in acetonitrile-CH3OD 

(3:1) gave 4a-d1 (d1 content; 80%) in good yield.12)

Scheme 1
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