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176. Photochemistry of 2-Allyl-3-oxo-2,3-dihydro-l~-pyrrole-2-carboxylates 
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(1 .VIII.84) 

Summary 
On acetone-sensitized irradiation the title compounds 3a-c are converted to 2-allyl- 

3-hydroxy- 1 H- pyrrole-2-carboxylates 4 in reasonable yields. 

In contrast to 4-oxa- and 4-thia-2-cyclopentenones, the corresponding aza-ana- 
logues, 1,2-dihydro-3H-pyrro1-3-ones 1, do not undergo the typical intermolecular 
photochemical enone reactions, e.g. cyclodimerization or cycloaddition to olefins. Elec- 
tron transfer from the amine to an excited carbonyl molecule is observed when trying 
to use ketones as sensitizers for such reactions (Scheme 1) [l] [2]. 

Scheme 1 

1 a R', R 2 = H ;  R', R5=CH3 

b R' = (CH,),CH; RZ = CH,; R4, R5 = H 

We have synthesized several such aza-enones 3 bearing an allyl group at position 2 
by alkylation of the easily accessible 3-hydroxy- 1 H-pyrrole-2-carboxylates 2 with allyl 
bromide in the presence of NaH (Scheme 2 )  to investigate intramolecular light-in- 
duced interactions between the enone system and the additional C=C bond. 

Scheme 2 

NaH, Br-CH,-CH=CH, * R433y 
R5 R4&E R' I a R' ,  R4, R5=H R5 R' I 

b R' = CH,; R4. R5=  H 

d R' = H; R', R5 = CH, 

f R ' = H ;  R', R5=(CH2)# 
g R' -CH,. R4, R5= (CH;), 

2 c R'=CH,=CHCH,; R4. R5=H 3 

e R', R4. R5=CH, E = C O O E t  

') Taken in part from the Ph. D. Thesis of R.  G.-T., University of Hamburg, 1984. 
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Direct (A > 280 nm) irradiation of compounds 3 leads only to slow decomposition 
of starting material. Herein, the photochemical behaviour of 3 parallels that of aza- 
enones 1. Acetone-sensitized irradiation of 3a-c gives one new photoproduct, 4a-q 
respectively. Enones 3d-g are photostable under these conditions. This divergent reac- 
tivity of excited acetone towards 1 (electron transfer from the amine) and 3 (energy 
transfer for the amine) is apparently due to the difference in ease of oxidation of 1 and 
3 (it can be assumed that the oxidation potentials of the aza-enones differ by a similar 
value as ethyl amine and ethyl aminoacetate, i.e. by approx. 0.4-0.5 V [3]). Obviously 
the oxidation of 3 by triplet acetone is less favourable than the observed energy 
transfer. 

From the spectroscopic data summarized in the Table, photoproducts 4 are easily 
identified as 3-hydroxy-4-allyl- 1H-pyrrole-2-carboxylates. The formation of 4 from 3 
can be explained by the reaction sequence given in Scheme 3. Herein triplet 3 - formed 
via energy transfer from triplet acetone - undergoes the first step of an intramolecular 
[2  + 21 cycloaddition to afford the biradical 5. Cleavage of a C-C bond gives the 
biradical 7 which then tautomerizes to product 4. Although 5-allyl-2-cyclopentenones 
are known to photoisomerize to tricyclooctanones [4] the diradical 5 does not undergo 
a ring closure to the corresponding azatricyclooctanone 6. This is probably due to the 
ethoxycarbonyl group which facilitates the formation of 7 from 5 by stabilizing the new 
biradical. For a better understanding of such reactions, it is thus necessary to inves- 
tigate the photochemical behaviour of carbocyclic-, 4-oxa- and 4-thia-2-cyclopen- 
tenones exhibiting the same structural features as compounds 3, i.e. bearing an ethoxy- 
carbonyl and an ally1 group on C(5). This work is now in progress. 

Financial support by the Deutsche Forsehungsgemeinschaft and the Fonds der Chemischen Industrie is grate- 
fully acknowledged . 

Scheme 3 

(acetone)  
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Starting Materials. Carboxylates 2a [5], 2b [ 5 ] ,  2d [6], 2f [6], and 2g [7] were synthesized according to the 
references indicated; 2c (oil, 40%) and 2e (m.p. 35", 20%) were prepared in analogy to [5]  and [7], respectively. 

Ethyl 2-Allyl-3-oxo-2.3-dihydro-1 H-pyrrole-2-carboxylutes (3). A solution of 3 mmol2 in 10 ml benzene was 
added to a stirred suspension of 3 mmol NaH in 20 ml benzene under N2. After warming to 60" for 1 h, a 
solution of 9 mmol allylbromide in 20 ml benzene was added dropwise. The mixture was then refluxed for 4 h, 
cooled, filtered and the solvent evaporated. Chromatography (SO,, AcOEt/hexane 2: 1) afforded: 3a (m.p. 106". 
65%), 3b (oil, [8]), 3c (oil, 44%), 3d (oil, 75%), 3e (oil, 85%),  3f (m.p. 78", 85%) and 3g (oil, 80%). 

Phorolyses. These were performed using a 250-W Hg-lamp and a Pyrex filter. The degree of conversion was 
monitored by TLC (SO,, CH2C12). 

E?hyl2-Allyl-3-hydro.wy-4-1 H-pyrrole-2-curboxylu~es 4. Thoroughly degassed lo-' M solutions of 3 in 10 ml 
acetone were irradiated for 6 h. Evaporation of the solvent and chromatography (SO,, CH2C12) afforded: 4a 
(oil, 50%), 4b (oil, 43%) and 4c (oil, 39%). 
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