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INTRAMOLECULAR AMIDOSELENATION LEADING TO LACTAMS 

BY THE REACTION OF N-ALKYLALKENAMIDES WITH BENZENESELENENYL CHLORIDE' 

* 
Akio Toshimitsu, Keiji Terao, and Sakae Uemura 

Institute for Chemical Research, Kyoto University, Uji, Kyoto 611, Japan 

The reaction of N-alkylalkenamides (l)-(4) with benzeneselenenyl chloride * _ 
affords y- or b-lactams (7)-(10) in good to excellent yields through the _ __ 
intramolecular attack of the nitrogen atom of the amide group on 
episelenonium ion intermediates. 

Organoselenium-induced cyclization of olefinic alcohols has been extensive- 
. 

ly studied to produce cyclic ethers.‘ Analogous cyclization of olefinic acids 

has also been studied to afford lactones3 by the formation of alkyl carbon- 

oxygen bond. These reactions have been utilized in the syntheses of natural 

products and related compounds. 4 On the other hand, organoselenium-induced 

cyclization by the formation of carbon-nitrogen bond has so far been limited to 

the reactions of olefinic urethanes5 or 1-aza-4-cyclooctene6 with organoselenium 

reagent to afford pyrrolidine or piperidine derivatives. The incorporation of 

carbonyl group in the cyclic system, namely, the formation of lactams has not 

yet been reported. In view of the important role of lactams, for instance, in 

the field of biologically active compounds, we would like to describe here the 

first example of organoselenium-induced cyclization leading to lactams by the 

reaction of N-alkylalkenamides with benzeneselenenyl chloride. 

In a typical reaction, benzeneselenenyl chloride (1 mmol) was added to a 

solution of N-butyl-2-ethyl-4-pentenamide (la) (1 mmol) in acetonitrile (10 ml) *_ 
and the resulting solution was stirred at ambient temperature for 1 h. After 

the usual work-up, N-butyl-u-ethyl-6-(phenylseleno)-y-valerolactam (7a) (0.87 -5 
mmol; 87%) was isolated in a pure form by column chromatography [alumina Woelm 

B (type W 200) activity grade VI. Similarly y-lactam (7b) and 6-lactam (8) -_ 
were produced from lb and 2 respectively in isolated yields of 94% and 73%. __ 
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These lactams were produced by the Markovnikov type attack of a nitrogen atom 

of the amide group on episelenonium ion intermediates. Although 7a and 7b -* __ 
were found to be mixtures of stereoisomers (l:l), 8 consisted of one stereo- 

isomer (by "C n.m.r.). A large coupling constant between methine protons in 

8 (7.8 Hz) indicates that phenylseleno and phenyl substituents are both on 

pseudoequatorial positions. The trans relation of phenylseleno and phenyl 

substituents (erythro configuration) in 8 is a result of trans-addition of 

phenylseleno and amide groups to the trans cinnamyl moiety. We tentatively 

assigned the pseudoequatorial configuration of the ethyl group in 8 considering 

the thermodynamical stability. 

When the reaction was applied to the amide possessing cyclic alkene (3), 

a stereoisomeric mixture of y-lactams possessing bicyclo[3.3.0] skeleton, (9), 

was produced in 73% yield. The configuration of phenylseleno group in 9 was 

assigned as exo, based on the trans-stereoselectivity of the amidoselenation 

reaction. In the case where olefinic lactam (4) was used as a starting 

material, bicyclic lactams having bridgehead nitrogen atom, (lOa) + (lob), were -__ -.--_ 

produced in 91% yield. Major isomer (3:l) was tentatively assigned as 10a _-,- 

which would be free from the steric interaction between the (phenylseleno)- 

methyl group and C-3 hydrogen. 

In the amidoselenation reactions already reported by us' and others 7 , a 

cyano group was used as a nucleophile which was afterward hydrolysed to give 

the amide functional group. The formation of lactams described herein provides 

the first example of the reaction of amide with episelenonium ion to form the 

nitrogen-carbon bond. The substituent on a nitrogen atom plays an important 

role, as N-phenyl analogue of la, namely 5, did not afford a lactam by the -?_ 

reaction with benzeneselenenyl chloride. The substituent on carbon atoms 

between the carbonyl group and double bond also plays an important role. 

The formation of a lactam was not detected by the reaction of benzeneselenenyl 

chloride with 6 which possessed no substituent on these carbons. 

All of the lactams containing the phenylseleno group thus prepared were 

unstable to silica-gel and decomposed during the attempted thin layer and 

column chromatography. It was necessary to use aluminium oxide chromatography 

for the monitoring the reaction and also for the isolation of 7-10. - __ 
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As alkenamides, (l)-(4), are easily prepared by the allylation of 

this selenium-induced cyclization reaction provides a convenient method 

conversion of amides to lactams. 

amides, 

for the 
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