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REACTION MECHANISM OF ONE-POT SYNTHESIS OF POLYCYCLIC QUINONES 

- DIRECT EVIDENCE OF PHOTO-INDUCED ELECTRON TRANSFER PROCESS

Kazuhiro MARUYAMA, Seiji TAI, and Tetsuo OTSUKI 
Department of Chemistry, Faculty of Science, Kyoto University, Kyoto 606

Photo-induced cyclocondensation of 2,3-disubstituted 1,4-naphthoquinone 

(substituents; halogen atom or methoxy group) with 1,1-diarylethylene 

provides us a powerful one-pot synthetic method of polycyclic quinones. 

Involvement of electron transfer process in the photochemical reaction 

was evidenced unambiguously by means of CIDNP technique.

 Photochemical reaction of 2,3-dichloro-1,4-naphthoquinone with 1,1-diarylethylene 

affords substituted benz[a]anthracene-7,12-dione by two step reaction (Scheme 1).1) On 

the basis of several experimental results,2) involvement of photo-induced electron 
transfer process has been suggested by us during the course of the reaction to lead the 

intermediate A. However, trials to detect the direct evidence of intervention of 

quinone anion radical and/or 1,1-diarylethylene cation radical in the reaction have 
ended in vain so far. 3)

Scheme 1.

 By means of CIDNP technique, we obtained here the first direct evidence of the 

formation of 1,1-diarylethylene cation radicals) in the photochemical reaction. 

 When an acetonitrile-d3 solution 6) of 2,3-dichloro-l,4-naphthoquinone (1) and 1,1-
bis(p-methoxyphenyl)ethylene (2a), as a typical example, was irradiated (>370 nm) under 

argon atmosphere, the strong 1H-CIDNP signals were observed in the methylene-H, the aro-

matic ring-H, and the methoxy-H of 1,1-bis(p-methoxyphenyl)ethylene (2a). As shown in 
Fig.l, the methylene-H and the ring-H

a showed enhanced absorption, whereas the methoxy-
H and the ring-Hb enhanced emission. Upon irradiation of 1 in the presence of 2a in a 

CD3OD solution, the similar CIDNP signals were detected. The CIDNP signals were also 
observed similarly when 1 was subjected to irradiation in the presence of 1,1-bis(o-

methoxyphenyl)ethylene (2b) or 1,1-bis(p-tolyl)ethylene (2c) in CD3CN and/or CD
3OD.6) 

 These CIDNP signals clearly indicate the photo-induced electron transfer from 1
,1-

diarylethylene (2) to quinone (1) to generate the ion radical pair; 1=2, which, in 

turn, regenerates 1,1-diarylethylene (2) and quinone (1) via back-electron transfer 

process. By analyzing the polarization pattern on the basis of Kaptein's rule,7) the 
ion radical pair; 17 2~, is suggested to have the triplet multiplicity .8)
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(Eq. 1)

 Thus, the involvement of photo-induced 

electron transfer process in the photochemical 

reaction of 2,3-dichloro-1, 4-naphthoquinone (1) 

with 1,1-diarylethylene (2) was clearly 

confirmed (Eq.1).10)

b) during irradiation
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