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AbEtract: The 9,10-Dicyanoanthracene-sensitized photoreaction of (2',2'-diaryl- 
vinylidene)cyclopropanes with organic carbonitriles gave 2-substituted 3-(2',2'- 
diarylvinylidenel-1-pyrrolines via photoinduced electron transfer. 

Recently, much attention has been focused on the photocycloaddition 
via photoinduced electron transfer.lr* However, little is known about the 
(3+2) photocycloaddition via this process with the exception of photo- 
initiated 1,3-dipolar cycloaddition.* We now report a novel (3+2) photo- 
cycloaddition of (2' ,2'-diarylvinylidene)cyclopropanes with organic carbo- 
nitriles via photoinduced electron transfer. 

Irradiation of an acetonitrile solution containing 3-[2',2'-bis(4- 
methoxyphenyl)vinylidenel-l,l,2,2-tetramethylcyclopropane (la, 1x10-* mol 
/dm3), Mg(ClO4)2 (1x10-* mol/dm3) and a catalytic amount of 9,10-dicyano- 
anthracene (DCA) (5~10~~ mol/dm3) through aqueous CuS04-NH3 filter solution 

+ R2-CN 
hv / DCA 

Mg(CW2 

la-b, 3 R’=Me, Et, Ph 2a-c, 4 

la; Ar=4-MeOCJId, R’=Me 
lb; Ar=CGHs, R’=Me 
3; Ar=4-MeOCsHI, RI= H 

2a; Ar=4-MeOCeHq, R’=R*=Me 
2b; Ar=4-MeOC6H4, R’=Me, R2=Et 
2c; Ar=4-MeOCgHq, R’=Me, R’=Ph 

4; AmI-MeOC6H4, R’=H, R’=Me 
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Table 1. (3+2)Photocycloaddition of Vinylidenecyclopropanes with 
Organic Carbonitrile via Photoinduced Electron Transfer 

Vinylidene- Organic (3+2)Photo- 
c yclopropane Carbonitrile cycloadduct Yield / % a 

la MeCN 

la EtCN 

la PhCN 

3 MeCN 

lb MeCN 
5 MeCN 

6 MeCN 

2a 

2b 

2c 

4 

86 

88 

90 

89 

0 

0 

0 

a Isolated yields based on vinylidenecyclopropanes used. 

-Q 
Me 

:* 
Me 

5 

5 -o\ Me Me 

6 

Ar=4-MeOC,H, 

2a 
Ar=4-MeOC,H, 

(> 400 nm) under argon atmosphere afforded 3-[2 ',2'-bis(l-methoxy- 
phenyl)vinylidene]-2,4,4,5,5-pentamethyl-l-pyrroline (2a) in 86% yield. 
In the absence of Mg(C10412, the (3+2) photocycloaddition hardly occurred 
and most of the starting materials were recovered. Under oxygen 
atmosphere, the photooxygenation of la occurred to give 4,4'- 
dimethoxybenzophenone as a major product along with a small amount of 2a. 
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Similar irradiation of la in propionitrile and benzonitrile in the 
presence of DCA and Mg(C10412 gave the (3+2) cycloadducts 2b-c in high 

yields. The DCA-sensitized photoreaction of 3 in acetonitrile gave the 
(3+2) photocycloadduct 4, but the photoreaction of lb, 5 and 6 did not 
give the corresponding cycle-adducts. In the case of 5, the cis-trans 
photoisomerization of the methyl groups attached to the l- and 2-positions 
of the cyclopropane ring was observed. 

The cycloadducts 2r-c and 4 were isolated by column chromatography on 
silica gel. Their structures were established by the analyses of lH NMR, 
13C NMR, H-H COSY, H-H NOESY, IR, W and Mass spectra, and also by chemical 
conversions.3 

The reduction of 2a with NaBH4 in methanol quantitatively gave 7, 
which was converted to 8 by acetylation with acetic anhydride. The IR 
spectrum of Pa showed the stretching vibration of the allenyl group at 
1937 cm-l and that of the imino group at 1607 cm-l. The 13C signal of the 
central carbon of the allenic group of 2a appeared at 6200.9. In the H-H 

NOESY spectrum of 7, the NOE was observed between the aromatic protons and 
the methyl protons that was derived from acetonitrile. 

The fluorescence of DCA in acetonitrile was quenched by la at nearly 
diffusion controlled rate. The free energy change (AG) for a single 

electron transfer process from la to the excited singlet DCA (lDCA*) was 
estimated to be negative.4 

All the above results can be explained in terms of the mechanism shown 
in Scheme 1. The first step is a single electron transfer from la to lDCA* 
to form the radical ion pair [DCA-'...lr+']. The dissociation of the 
radical ion pair to the free radical ions competes with back-electron 

Scheme 1. 
hv DCA ,__ ‘DCA* 

‘DCA* + la - [ DCA-• l *d’] 

[ DCA* **al:‘] 
DCA + la 

- 
DCA-• + la” 
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transfer from DCA-• to la+'. The free radical cation la+' reacts with 
organic carbonitriles to give 2a via a Ritter-type addition and the 
subsequent cyclization.5r6 The role of Mg(C104)2 is probably to suppress a 

back-electron transfer from DCA-' to la+* and able to stabilize the ring- 
opened radical cation of 1a.l 
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