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Enantioselective Synthesis of (-)-Indolizidine 239AB 

[(3R,SS,SaR)-3-Butyl-S-(3-hyd roxypropyl)-octahyd roindolizine] 
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Abstract : A highly enantioselective synthesis of  the indolizidine alkaloid 239AB is described via the 
diastereoselective reduction of a chiral cyclic 13-enamino ester prepared from (S)-pyroglutamic acid. 
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Poison-frogs of the Dendrobatidae family have been a source of numerous alkaloids which present a significant 
neuromuscular activity. ~ Among the bicyclic skeleta, 3,5-disubstituted indolizidines I occur in a limited number 
of alkaloids of this class. Substituents are generally 3- and 5-alkyl chains 2 but the 5-hydroxypropyi Stoup was 
c h a r a c t ~  in indolizidine 239AB z3 1 (Rt=(CH2)3-OH; R2----nBu). No raeemie and only one asymmetric 

synthesis of this compound has been reported in the literature by Kibayashi et al. using a chiral diepoxide as 
asymmetric synthon. ( As a part of  an investigation into the reactivity of chiral cyclic 13-enamino esters, we have 

been engaged in the synthesis ofc i s  5 or trans 6 3,5-disubstituted indolizidines bearing alkyl substituents. 
In this paper we describe a general and highly enantiosdective synthesis of the indolizidine 239AB from a 
common chiral synthon. The key step of this synthesis depends, as shown in the diseonnective analysis, on the 
diastereoselective reduction of the 13-enamino ester 3 enantioselectivity prepared in few steps from (S)- 
pyroglutamic acid 4 and which permits a tra~L~ disubstituted pyrrolidine to be obtained. 
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We had previously shown that cis disubstituted pyrrolidines could be prepared by catalytic hydrogenation of 
cyclic 13-enamino esters s but no useful diastereoselection was observed when using chemical reducing agents to 
prepare trans compounds, s We have recently described new reduction conditions using sodium 
polyacetoxyborohydride which lead to trans disubstituted pyrrolidines with good diutereomeric excesses/ 
This synthetic pathway involves interaction between a hydroxy function and the reducing agent. So we decided 
to prepare a hydroxymethyl-13-enamino ester and to perform a diasterenselective reduction of  this compound. 
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3 v ~ Sa, X ' O B ; Y = H  6 
v i ~  Sb, X -  OEL; Y -  CBz 
. . ~ .  Sc, X -  OTs; Y -  CBz 

wt~'iu" Sd, X = nBu, Y = C ' k  

Reaction conditions : i) 10) (CH3)-,SO4, 2 °) K~O~; ii) MeMrum's acid, NKacach, CHCI~, A; iii) MeO~a/MeOH, A; iv) NaBl-h, 
AcOH, CH3CN, 0"12; v) diastereoselective carbamation; vi) TsCI, (Et)3N; vii) PrzCuLi, EtaO, -S0*C; viii) DIBAH, tolumw, -?S'C. 

13-Enamino ester 3 was enantioseleetivity prepared in six steps from (S)-pyroglutamic acid 4 in 42% overall 
yield. Reduction of  3 with NaBI-I4/AcOH in acetonitrile lead to a mixture of  trans and cis ~-anfmo esters 5a 
with a good d.c. (80%). 7 After separation by kinetically controlled earbamation of  the tra~s derivative s and 
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activation of the alcohol function, the tosylate 5c was transformed into 5-alkylated IS-amino ester M. The 
DIBAH reduction of M finally led directly to the N-protected aldehyde 6 in 70% yield 9. 
Introduction of the hydroxypropyl substituent was achieved by Wittig condensation of 6 with a stabilized )'rid 7 
prepared in two steps from protected 2-bromoethanol to, and condensation with 
lithiotriphenylphosphinioacetonide n with a 85% overall yield. Aminoenone 8 was obtained in 76% yield and 
then catalytically reduced to form the amino ketone 9. 

~o..~ 
7 ~ ' ~ O H  i = B ( " " " ' I O ' ~  cH3 

O~ 

0 

7 OEt 

6 CBz CHO~ 
. . .  r 

1 1 1  

ne " r- neut,,,. > nBd" 
CBz ~ ~"~)3 

9AB 
8 9 

0Et 

Reaction conditions : i) PPTs, 20°(2, ii) BuLi, THF, Phd~=CH-CO-CH3; iii) toluene, 80°C; iv) H~, PRO2, MeOI-I; v) IO) H2, Pd/C, 
MeOH, 2 °) HCl 0.SM/CHaCI2 2.5/I, 20°C. 

Hydrogenation of aminoketone 9 using HdPd-C led in one step and with a very high diastereoselectivity 
(d.e.=95%) to the enantiopure indolizidine 239AB after final acidic hydrolysis to remove the protecting group. 

In conclusion we report herein a highly enantioselective synthesis of  natural indolizidine 239AB in 15 steps and 
in a 5.6% overall yield. The strategy is sufficiently versatile to merit investigation of  its generality in the 
synthesis of all natural hydroxyalkyl indolizidines. 
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