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Abstiact : When N-a&d a-ketoamides are irradiated in the presence of t-amines, a reductive 

photocyclization to hydroxypyrrolidones is observed. The reaction involves cyclization of an 

un&umted captodnsve radical 
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The photoreductive cyclization of 6, E-unsaturated ketones in the presence of tertiary amines or HMPA is 

a very efficient process for the preparation of substituted ~ycl~pentanoIs (equation I)_1 

This stereoselective reaction, which is carried out under mild conditions, can be applied to the total 

synthesis of polycyctic and heterocyclic natural products. 2 In connection with our interest in the synthesis of 

functionalized pyrmlidines, we have investigated the photoreactivity of N-ally1 and N-propargyl-a-ketoamides 

in the presence of tertiary amines. The intramolecular photoreaction of a-ketoamides has already been shown to 

produce B_lactams by a Nonish type II process 3 when other cyclization processes become competitive in polar 

solvents.4 We anticipated that a photoreduction process involving an intermediate captodative radical 5 might 

lead to an intramolecular addition to an unsaturated group although no cyclized product could be isolated from 

allylbenzoylformates when irradiated in HMPA (equation 2J.6 

Here, we report that inadiation of unsaturated a-ketoamides leads to S-membered ring derivatives under 

photoreductive conditions. 
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When solutions of a-ketoamides I or 2 and triethylamine were irradiated in acetouitrile (IO-*M) at 

254 nm, the hydroxypyrrolidones 4-6 were isolated in low yields from the complex reaction mixture 

(equation 3). Similar results are obtained when the irradiation was carried out in HMPA and EtsN 

( 10 equivalents). 
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1 R= CH3 4 7% 5 4% 
2 CzH5 6 11% 
3 H 7 30% 

When the irradiation of aldehyde 3 was carried out under similar conditions, 7 was isolated as the only 

butyrolactam. Similarly, the propargyl ketoamide Sled to the lactam 9 (50%). The stereochemistry of the 

lactams 4 and 5 was established by comparison of their NMR spectra 7 with those of the Iactams 10 and 11 

obtained stereoselectively by hydrogenation of the allylic alcohol 9.8 
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The behaviour of the benzoylfommmide 12 under photoreductive conditions depends on the nature of 

the reducing agent (equation 5, Table). In pure HMPA the benzylic alcohol 13 and the plactam 15 arising from 

a y-hydrogen abstraction process, could be isolated. No y-lactam could be detected under these conditions. 
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Table : Yields (%) of the products isolated from the irradiation of 12 at 254 nm. 

Solvent 13 14 15 16 17 

Hh4pA 18% 30% 

E@N-MeCN 20 22 20 10 

EtsN-HMPA 20 7 25 

When the irradiation of 12 was conducted in the presence of triethylamine, the benzylic alcohol 14 was 

preferred to 13, and the y-la&am 16 was preferred to the ~lactam 15 when the photolysis was carried out in a 

solution of triethylamine in HMPA (102.M). 

The photolysis of the propargytamide 18 in a solution of Et3N (10 equivalents) in MeCN led to a 

mixture of the y-lactam 19 and the benzylic alcohol 14. 

14 RI, RZ=Et (15%) 
20 Rl=H, R2=Pr (15%) 

Production of y-lactams by photolysis of a-ketoamides in a reducing medium contrasts with the results 

described for a-ketoesters and is in agreement with recent results on the ring closure of aalkoxyester free 

mdicals *. y-Lactams could result from an intermolecular electron transfer from the reducing agent to the excited 

carbonyl group and consequently from an anion radical intermediate. The replacement of an alkyl group by a 

phenyl substituent on the a-oxoamide stabilizes the a-hydroxyamide free radical intermediate by delocalisation 

and allows competitive processes to occur. Formation of products 15 derived from a Norrish type II process 

and benzylic alcohols 13 or 14 now compete with y-lactam production. The formation of benzylic alcohol 14 

might be due to diethylamine present in very small amounts in the triethylamine used and its addition to the 

hydroxyketene expected from the Nonish type II elimination of 12. To test this hypothesis we carried out the 

irradiation of 12 in a mixture of triethyhnine and acetonitrile in the presence of n-propylamine. Besides 15 and 

17 we now isolated the N-methyl, N-propyl mandelamide 20 (15%) rather than the corresponding 

diethylamide 14. 
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