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Abstract-The intramolecular Michael reaction of acyclic compounds 9 and 10 to form 

pyrrolidones is reported. Cyclization of 9 and 10 using (R)-(+)-1-phenylethylamine as a 

mediator gave the pyrrolidones (+)-I1 and (+)-I2 in 63% and 65% enantiomeric excess, 

respectively. When (S)-(-)-1-phenylethylamine was used, (-)-I1 and (-)-I2 were obtained in 

similar optical yields, respectively. 

The intramolecular Michael ~eaction is among the most important procedures for the construction of cyclic 

systems,' and an asymmexic version of this procedure could provide us with a powerful tw l  for the chiral 

synthesis of various naNral products and related compounds.2 We have previously reported the design of the 

functionalized piperidine system 2 as an important key building block for the chiral synthesis of Rauwolfia 

alkaloids and accomplished its preparation from the acyclic compound 1 by employing an asymmetric 

intramolecular Michael reaction.3 In the context with our ongoing program involving the application of an 

asymmetric intramolecular Michael reaction to the assembly of optically active ring systems, we became 

interested in the application to the consrmction of a heterocyclic five-membered ring system. Thus, we 

designed a 2-pyrrolidone (3) bearing the ring substibents of tram arrangement as a chiral building block for the 

synthesis of a-allo-kainic acid or Srrychnos alkaloids. Now, we wish to describe the preparation of both 

enantiomers of 3 by employing an asymmetric intramolecular cyclization. 

1 2 3 R = benzylor nyptophyl 
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The substrates for cyclization were prepared according to the following sequence starting fmm the secondary 
atnines 44 and 5.5 Treatment of 4 and 5 with (E)-P-carbethoxyanylyl chlo~ide (6)6 in ether in the presence 

of methylamine gave the mides  77 and 8, which were subjected to the Wacker oxidation8 to furnish the 

ketones 9 and 1 0  in 86% and 78% overall yield, respectively. Cyclization of 9 was canied out by the 

treatment with (R)-(+)-1-phenylethylamine9 in THF in the presence of molecular sieve 5A at 5 'C to afford the 

pyrrolidone (+)-1l,l0 [aIDz6 +24'(CHC13), in 63% enantiomeric excess (ee)ll (89% yield). When (S)-(-)-1- 

phenylethylamine12 was used, (-)-11, [ a l ~ 2 6  -22.6'(CHC13), was obtained in 63% ee (84% yield). The 

optical yield (ee) of the cyclization was determined by hplc using a chiral column.13 The absolute 

configuration of (+)-I1 and (-)-I1 was determined by the conversion of (-)-I1 into the olefin 13. The 

Wittig reaction of (-)-I1 with methyltriphenylphosphonium iodide in the presence of n-butyllithium (n-BuLi) 
gave the olefin 13 in 54% yield. The synthetic pyrrolidone (13). [ a l~26-24 .2~(c  0.4, CHC13), was identical 

with an authentic sample, -28.3'(c 0.4, CHCl3) which was obtained from a-allo-kainic acid through 

the sequential oxidative decarb~xylation,~~ esterification, and N-benzylation. Thus, the absolute configuration 

of (+)-I1 or (-)-I1 is (3R, 4R) or (3S, 4s). 

(R)-(+)-1-phenyl- 
ethylamine :&Me 

/ C02EI 

9 or 1 0  (+)-I1 R = Bn 

\ (+)-I2 R = Tr 

Tr: N-r-butoxycarbonyl- 

\ (S)-(-)-1-phenyl- 
ethylmine E f i  Me P S P + M ~ ~  

n-BuLi 
C02EI C02Et 
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H H Ho2i& Me 1) - NaIO, :pHMe benzyl bromide - 1 3  

2) EOH KOH 
C02H C0,Et 

a-all0 kainic acid 1 4  

1) NaSH4 
(-1.1 2 + m N  

2) (imidazole) 2CS Boc HF 
3) n-BySnH C02Et 

15 

Next, we examined the asymmetric Michael reaction of a substrate (10) having an indole moiety. Treatment 

of 10 with (R)-(+)-1-phenylethylamine under the same conditions as described above gave the pyrrolidone 

(+)-I2 in 65% eel5 (95% yield). Its enantiomer [(-)-I21 was obtained in a similar optical yield by using (S). 

(-)-1-phenylethylamine as a chiral mine .  The sodium borohydride reduction of (-)-I2 followed by the 

sequential treatment with 1,l'-thiocarbonyldiimidazole16 and tributyltin hydride (n-BujSnH) provided the N-  

tryptophylpyrrolidone 15 in 40 % yield from (-)-12. 

The pyrrolidone [(-)-I1 or (-)-I21 produced in this manner would be a useful key building block for a-allo- 

kainic acid or Strychnos alkaloids.17 The synthesis of these natural products from (-)-I1 and (-)-I2 is under 

investigation. 
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