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Azetid i ne-2.4-d i o nes via Photocycl isati on of B is( phenylg I yoxyl ol yl ) - 
alkylamines. A Novel Photochemical Reaction involving a 
1.5-Benzoyl Shift 
Hiromu Aoyama," Masami Sakamoto, and Yoshimori Omote 
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Irradiation of bis(phenylglyoxyloyl)alkylamines leads to cyclisation involving a I ,5-benzoyl shift and the 
formation of the corresponding 1 -al kyl-3-benzoyloxy-3-phenylazetidine-2,4-diones. 

The photochemistry of a-dicarbonyl compounds such as cc- 
diketones,l a-oxoesters,2 and a-oxoacids3 has received much 
attention because these compounds show considerably dif- 
ferent photochemical behaviour from that of monoketones. 

In relation to our previous studies on photochemical reactions 
of cc-oxoamide~,~ we now report reactions of the corresponding 
imides, the bis(phenylglyoxyloyl)amines which involve an un- 
precedented photocyclisation via a 1,5-benzoyl shift. 
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The imides (1a-d) were obtained quantitatively by the 
reduction of the corresponding ozonides5 of diphenylmale- 
imides with dimethyl sulphide. The structure of (Id) was 
determined by an unequivocal synthesis from phenylglyoxyl- 
oyl chloride and (phenylglyoxyloy1)cyclohexylamine. 

Irradiation of the imide (1 a) in benzene with a high-pressure 
mercury lamp under argon gave 3-benzoyloxy-1 -methyl-3- 
phenylazetidine-2,4-dione (2a) in 61 % yield. Photolysis of 
the other imides (1b-d) under the same conditions also gave 
the corresponding azetidine-2,4-diones (2b-d) in good yields. 
The structure of (2b) was confirmed by the independent 
synthesis shown in Scheme 1, while those of the other photo- 
products were determined on the basis of elemental analyses? 
and spectral data. 

The mechanism for the formation of (2) may involve a- 
cleavage via (3).5 The quantum yield for the reaction of (la) 
was 0.53 [formation of (2a)].6 The imides ( la-d)  showed nm* 
bands in the long wavelength region [(la), A,,, (C,H,) 
373 nm] as in the case of phenylglyoxylic acid [A,,, (C,H,) 
376 nm, ET = 63 kcal mol-1 (ref. 7)]. When the imides were 
irradiated selectively at their m-* bands,$ the photoreactions 
also proceeded efficiently. The cyclisations were sensitized by 
4-methoxyacetophenone [E, = 72 kcal mol-1 (ref. S)], but 
not by Michler’s ketone [ET = 62 kcal mol-1 (ref. S)]. 
Quenching of the reactions by penta-1,3-diene or stilbene was 
quite inefficient. These results indicate that the photoreactions 
proceed from the nn* states though the multiplicity of the 

7 The imides (la-d) and the photoproducts (221-d) gave satis- 
factory analytical and spectral data. 

$ A concerted shift or a mechanism with zwitterionic inter- 
mediates is also possible. 

A filter solution of naphthalene in methanol was used to isolate 
primarily the 366 nm Hg line. 

excited state in the direct photolysis cannot be determined from 
the available data. 

It is known that azetidine-2,4-diones are pharmacologically 
highly The present reaction provides a useful syn- 
thesis of azetidine-2,4-diones bearing an oxygen atom at the 
3-position; the yields of the previously reported syntheses are 
generally Although photocylisation via a 1,2-acyl shift 
(oxy-di-n-methane rearrangement) is well known, that via a 
1,5-benzoyl shift was hitherto unknown. 
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