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FHOTOCYCLOADDITION OF ETHYL 2,3-DIOXOPYRROLIDINE-4-CARDOXYLATES TO ALKENES; THE SYNTHESIS OF 

ETHYL 2,3-DIOXOHEXAHYDROAZEPINE-6-CAF@OXYLATES.1 

Stewart T. Reid* and Dishna De Silva, 

The Chemical Laboratory, 

The University, Canterbury, Kent. CT2 7NH. 

Cyclobutane derivatives, formed by CT2 + .21 photoaddition of ethyl l-benzyl- and l-ethyl- 

2,3-dioxopyrrolidine-4-carboxylates to alkenes, undergo base-catalysed retro-aldol 

cleavage to yield novel 2,3-dioxohexahydroazepine-6-carboxylates. 

&-Unsaturated carbonyl compounds readily undergo photochemically induced CT2 + 7121 cyclo- 

addition to alkenes to yield cyclobutane derivatives. The addition of enolised B-dicarbonyl 

compounds has proved to be of particular synthetic value; cyclic 8-diketones, for example, are 

converted in this way into 2-acylcyclobutan-1-01s which undergo facile base-catalysed retro- 

aldol cleavage leading to ring-expanded products. 2 Application of this reaction sequence to 

heterocyclic @dicarbonyl compounds has been restricted to 4-hydroxycoumarin,3 4-hydroxyquinol- 

2(lFJ)-ones,4y5 and the analogous B-keto sulphone derivative 3-acetoxybenzoCblthiophen l,l- - 
dioxide. 6 No examples of photoaddition to enolised heterocyclic B-dicarbonyl compounds in 

which one of the carbonyl groups is exocyclic have been reported; heterocyclic B-keto esters 

fulfill this structural requirement and are readily available. We report successful additions 

of ethyl l-benzyl- and 1-ethyl-2,3-dioxopyrrolidine-4-carboxylates to alkenes; base-catalysed 

ring expansion of these adducts affords novel 2,3-dioxohexahydroazepine-6-carboxylates. 

Ethyl 1-ethyl-2,3-dioxopyrrolidine-4-carboxylate7 (1; R = Et) was shown to exist as the 

enol tautomer in solution rather than as the dioxo form on the basis of the following spectro- 

scopic evidence; v_ (CH2C12) 3400, 1700, 1680 and 1635 cm-l, SH(CDc13) 1.24 (3H,t), 1.36 

(3H,t), 3.56 (W,q), 4.00 (ZH,s), 4.30 (W,q) and 8.9 (lH, broad s) ppm. A O.lM solution of 

the pyrrolidine in ethanol-2,3-dimethylbut-2-ene (1:l) wasinadiated through Pyrex with a 450 

w medium-pressure mercury arc until the infrared absorption at 1635 cm -1 was no longer present. 

During the irradiation, a crystalline precipitate was obtained and was recrystallised from 

ethanol and identified as a CT12 + T121 photodimer. 8 Distillation of the solvent gave an orange- 

coloured oil which crystallised from cyclohexane to give in 21% yield a cycloadduct with m.p. 

79-80°C, wmax(CH2C12) 3440 and 1680 cm-‘, SH(CDC13) 1.02 (3H,s), 1.06 (3H,s), 1.10 (3H,s), 

1.20 (6H,s and t), 1.32 (3H,t), 3.1-3.7 (4H,m), 4.22 (W,q) and 4.6 (lH,br) and GC(CDC13) 12.3, 

14.2, 19.5, 20.3, 20.7, 21.9, 37.1, 39.9, 45.7, 47.9, 53.1, 61.1, 78.2, 171.8 and 173.6 ppm. 

The adduct was assigned the structure (Z).’ 

An analogous photoadduct (3; R = Et), m.p. 133-136’C, was obtained in 31% yield on 

irradiation of the same pyrrolidine in cyclohexene, and ethyl 1-benzyl-2,3-dioxopyrrolidine-4- 

carboxylate7 (1; R = M2Ph) underwent a similar photocycloaddition to cyclohexene to give the 
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cyclobutane (3; R = CH2Ph), m.p. 130-132'C. Crystalline photodimer was 

reactions. 

obtained in all photo- 

Ring expansion of these cyclobutanols to the corresponding azepines was achieved by 

heating with 0.1% sodium bicarbonate in ethanol. In this way, the adduct (2) was converted into 

the azepinedione (4) in 60% yield; m.p. 55-57'C, v_ 1720, 1710 and 1650 cm -I, 8H(CDc13) 1.04 

(6H,s), 1.16 (3H,s), 1.10 (3H,t), 1.28 (?ZH,s), 1.30 (3H,t), 2.9-3.7 (SH,m) and 4.14 (2H,q), and 

Gc(CDC13) 12.8, 14.2, 17.1, 18.8, 19.3, 22.7, 41.5, 41.6, 45.4, 50.9, 51.7, 60.9, 167.8, 172.6 

and 202.9 ppm. Crystalline azepines (5; R = Et or Q12Ph) were similarly obtained from the 

cyclohexene adducts (3; R = Et or CH2Ph); detailed assignments of structure were complicated, 

however, by the presence of three chiral centres and the precise stereochemistry of these 

products is at present uncertain. 
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