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RING CONSTRUCTION OF BICYCLIC y-LACTAMS BY USE OF ELECTROCHEMICAI. 

OXmATlON 

Miwako Mori'. Yumlko Watanabe. KatsuJi Kagechika, and Masakatsu Shibasaki* 

Faculty of Pharmaceutical Sciences. Hokkaldo Universlty. Sapporo 060. J a p a n  

m- a-Acetoxy lactam derivatives generated from a-carboxy lactams by the  use of 

electrochemlcal oxidallon in the presence of AcONa in MeCN-AcOH were useful 

Intemedlates for the  synthesis of blcycllc lactams. 

We have already reported on  the  synthetlc procedure of 4-acetoxy-2-azetidinones from 4-carboxy-2- 

azetidinones by the use  of electrochemlcal oxldatlon. Using this method, a new synthetlc method of 

optically active 3-hydroxyethyl-4-acetoxy-2-zetldinone which was  a n  intermediate for the 

synthesis of thienamycln and  its analogues, was developedla and  a formal total synthesls of l+)-PS-5 

wa s  reported.lb As part 01 the contlnulng Interest in the Introduction of acetoxy group to the  a- 

position of lactams, we have studled the  electrochemlcal oxidation of y-lactams. We now wish to 

report that  a variety 01 y-lactams 1 havlng carboxyllc acld a t  the a-position were oxidked to give 

blcycllc lactams 2 vla acyl lnlnlirllum cation L 
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The Mt ia l  work for this study was the electrolysis of pyroglutamic acid 4 i n  a n  undivided cell using 

platinum plates a s  a n  electrode in the  presence of AcONaI0.25 eq) in MeCN-AcOHI9:l). After 2.0 

F/mol of electricity was passed through the  solutlon. 5-aceloxypyrrolidone 5 was obtained in 92 W 

yield. Compound 5 was a versatile intermediate for the  synthesis  of blcycllc l a c t ams2  



Subsequently. the electrolysis of compound h3 was carried out to provide the desired 1.3-oxazlne 

derivative in 63  % yield. The spectral data of &. was in complete agreement with that of an 

authentic sample obtained by electrolysls of compound 6.4 Compound was electrolyzed in a 

slmflar manner to give a n  acld sensitive product 22 in a low yield because C-0 bond fisslon of 

compound easily occurred to give compound 1. When the crude product was treated with p-TsOH 

In MeOH, methoxylated compound &was obtalned in 42 % yield. 
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It was assumed that U the acyl lmmlnium catlon generated by electrolysls of compound 9 was 

attacked by a carbon or oxygen nucleophile on the nltrogerl substltuent, bicyclic lactam lQ or 11 

would be formed In order to prepare compound S. aldehyde 12 was oxldized to carboxylic acid B. 

which was converted to keto ester 9 by Masamune's procedure5 Collowed by deprotectlon of benzyl 

group. Electrolysis of compound 9 was carrled out in a similar manner to provlde 1.3-oxazine 

derivative 11 in 30 Oh yleld after purification of thin layer chromatography on silica gel. However.the 

nrnr spectrum of the crude electrolyzed product was that of 5-acetoxy derivative U, not cycllzed 

product U. The cycllzation appeared to occur during the preparative thin layer chromalography on 

sillca gel. Thus, a benzene solution of compound a was stirred wlth sUca gel for 1 h to afford 1.3- 

oxazlne derivative 11 in good yield. On the other hand. treatment of compound 14 wlth TfCIq in 

CHzClz at room temperature for 3 h afforded bicyclic lactam a in good yield. Moreover. compound 

11 was treated wlth TIC4 in CHzClz at  room temperature to produce blcyclic lactam In good yield 

whrh was converted to dlmethyl ketal S as a slngle p r o d ~ c t . ~  
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It was already known that this electroche~nlcal oxldatlon proceeds from one electron abstraction of 
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carboxylate anion followed by decarboxylatlon even In the presence of AcONa as a supporting 
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methoxylated compound 17 was obtained in 75 % yield after 2.0 F/n~ol  of electricity was passed 

through the solution. The result was very interesting because prlmary carboxylic acid and acetic 

acid could not be oxldized under the reaction condltlons. Presumably, the reaction would be aBccted 

by the concentration of the conJugate bases of the respective aclds slnce one electron abstraction 

occurred from the carboxylate anlon 



The acyl immlnlurn cation generated by electrolysis was a useful iritemediate for the synthesis of 

various bicycllc lactams. Further studies are in progress 
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