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Intramolecular Photocycloaddition of N-Benzylstyrylacetamides. [2 + 21 Addition of 
Styrenes to Benzenes 
Hiromu Aoyama," Yoshiaki Arata, and Yoshimori Omote 
Department of Chemistry, University of Tsukuba, Tsukuba, Ibaraki, 305 Japan 

Irradiation of N-benzylstyrylacetamides gave tricyclic products via intramolecular [2 + 21 cycloaddition between the 
styryl and the phenyl groups. 

Photochemical reactions of styrenes have received much 
attention. Styrenes undergo cis-trans isomerisation,2 dimeri- 
sation ,3 solvent-addition ,4 and hydrogen abstraction .s In 
relation to our studies on photoreactions of styrenes possess- 
ing a nitrogen-containing functional group,6 here we report 
intramolecular cycloaddition of N-benzylstyrylacetamides. 
This reaction represents the first example of [2 + 21 addition of 
styrenes to benzenes? 

When N ,  N-dibenzylstyrylacetamide (1) in methanol was 
irradiated with a low pressure mercury lamp, a tricyclic 
product (2) was obtained in 95% yield at 75% conversion. The 
structure of (2) was elucidated on the basis of spectral data and 
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elemental analysis. The structure was further supported by the 
chemical reactions: (2) reverted to  (1) quantitatively on 
heating or  irradiation, and catalytic hydrogenation of (2) gave 
a crystalline tetrahydro derivative (3) whose structure was 
determined from spectral data and elemental analysis. An 
alternative structure (4) was eliminated as the 13C NMR 
spectrum of the product showed the presence of a quaternary 
carbon and three tertiary carbons. The stereochemistry of (2) 
was tentatively assigned as shown in Scheme 1 since formation 
of a single stereoisomer suggested retention of the trans 
structure of (1). Similarly, irradiation of N-benzyl-N-isopropyl 
amide ( 5 )  gave (6) in 63% yield at 55% conversion. 

Although the reaction of (1) was slightly sensitized by 
xanthone or  Michler's ketone, the efficiency was quite low. 
Accordingly, the reaction by direct irradiation is presumed to 
involve a singlet reaction. The stereospecificity of the reaction 
is consistent with the singlet mechanism. 

Photochemical cycloaddition of alkenes to benzenes has 
been studied extensively.g--" The [2 + 21 addition (ortho 
addition) of SI benzenes to So alkenes is symmetry forbidden12 
and takes place efficiently only when mixing with charge 
transfer states occurs.13 Meanwhile, the addition of S1 alkenes 
to So benzenes is symmetry allowed.12 The present reactions 
are presumed to proceed via excitation of the styrene moiety 
in view of the extinction coefficient at 254 nm [(l); E 2 X lo4]. 
It is known that many [2 + 21 photocycloadditions proceed via 
exciplexes.14 The absorption and fluorescence spectra of (1) 
were almost the same as those of 6-methylstyrene. This fact 
indicates the absence of interaction between the styryl group 
and the phenyl group in both the ground and singlet excited 
states, although intervention of nonemissive exciplexes in the 
photoreaction is not necessarily eliminated. Examples of 
cycloadditions of excited alkenes to benzenes are scarce, and 
have been limited to the reactions of alkenes bearing strongly 
electron-withdrawing substituents, to our knowledge. 1s Photo- 
addition of 6-methylstyrene to  benzene or toluene did not 
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occur even on prolonged irradiation so proximity effects are 
presumed to play crucial roles in the photoreaction of (1) or 
( 5 ) .  Intramolecular photocycloadditions have been investi- 
gated extensively,l6 and it is well known that interactions 
between two chromophores are particularly favourable when 
they are connected by chains with three intervening units. 17 In 
the present case, the chain consists of four units. The frozen 
rotation of the CO-N bonds of these amides during the 
photoprocess may make the cycloaddition favourable. 
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