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DIVERGENT SYNTHESES OF STEREOISOMERS OF SWAINSONINE: 
(-)-8-epi-, (-)-8a-epi- AND (-)-8+8a-diepi-SWAINSONINEl 

Young Gyu Kim and Jin K. Cha* 
Department of Chemistry, Vanderbilt University, Nashville, TN 37235, U.S.A. 

Abstract: Divergent stereoselective syntheses of three stereoisomers 2-4 of swainsonine 
(1) starting horn the readily available common intermediates 5a,b are described. A moderate to 
good stereoselectivity has been achieved by an allylic oxygen substituent. 

Concurrent with our studies which led to a short, stereoselective synthesis of (-)- 

swainsonine (1),2s3 a potent immunomodulator, we have been interested in the preparation of 

its stereoisomers from a common intermediate. Preparation of 8a-epi-swainsonine (21, 8-epi- 

swainsonine (3), and 8,8a-diepi-swainsonine (4) would be valuable not only in investigating 

the timing of C-8 hydroxylation and iminium ion formation in biosynthetic studies of 

swainsonine (Scheme I), but also in locating their presence in the culture medium. It is likely 

that the isomer 2 is a biosynthetic precursor to 1.4 Furthermore, the preparation of 

stereoisomers and structural analogs of swainsonine is of current interest in the attempt to 

elucidate the correlation of structure and biological activity. 596 Herein we describe divergent 

syntheses of 2-4 from the readily available common intermediates 5a and 5b, with particular 

attention to the diastereoselection induced by an allylic oxygen substituent.7 

We anticipated that various modes of electrophile-mediated cyclization of olefins 5a and 

5b would provide an easy entry to swainsonine and its stereoisomers.a As illustrated in 

Scheme II, the requisite starting materials were most conveniently prepared in good yield 

starting from the known 2,3-0-isopropylidene-L-erythrose (6).a Thus, treatment of 6 with 

hyclroxylamine, followed by LAH reduction and protection (with benzyl chloroformate or p- 

TsCl) gave alcohols 7a and 7b, respectively. Swern oxidatione and subsequent Wittig reaction 

with (3-carbethoxypropyl)triphenylphosphonium bromide gave the desired Z olefins 5a and 

5b in 50-60% overall yield .lo 

Scheme I: The postulated biosynthetic pathway of swainsonine (1) and slaframine in Rhi.zoctonia /eguminico/~~.~ 
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Not surprisingly, epoxidation of 5a with mCPBA gave an equal mixture of epoxides 8 

and 9 in 86% yield. After ready separation by SiOz column chromatography, each epoxide was 

then converted to the desired alkaloids 2 and 3 in three steps (50-60% overall yield): I. Hz, 

10% Pd/C, EtOH ; 2. reflux, EtOH; 3. BHs, THF, followed by 6N HCl. Assignment of the 

structures for indolizidine lactams 10 and 11 was made from the determination of nuclear 

Scheme Illa 
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a (a) 1.2 equiv of mCPBA, NaHC03, CH2Cl2, 25”C, 24 h; (b) 10% P&C, 1 atm of Hz, EtOH 
25°C) followed by EtOH, reflux, 80-90%; (c) IO equiv of BH3,THF, reflux, 4 h, followed by 61\j 
HCI, THF, 25”C, 83%; (d) 5 equiv of PPTS, MeOH, 25”C, 72h, 90%; (e) 5 equiv of K&03, 
MeOH/HzO (2:1), 25”C, 24 h, 84-90%; (f) 3 equiv of 12, 5 equiv of NaHC03, CHsCN, O”C, 24 h, 
60-90%; (g) 5 equiv of KpCO3, EtOH, 25”C, 24 h, 88%. 
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Overhauser effects: the percentage NOE observed are shown in Scheme III. Also, the 

swainsonine stereoisomers 2 and 3 were found to exhibit physical and spectroscopic data 

identical with published resu1ts.c The one-pot tands:n cyclization approach to indolizidines 

10 and 11 from epoxy amino esters 8.and 9, respectively, is reminiscent of previous syntheses 

of 1 by Sharples& and Fujisawa chemists.sf 

Stereoselective routes for 2 and 3 were then investigated. Deprotection of acetonide 5a 

and subsequent hydroxyl-directed epoxidation of the resulting diol gave the three epoxide 12 

in CU. 5:1 selectivity. The sense and extent of the epoxidation is in accord with similar literature 

examples,lr and was confirmed by the straightforward conversion of 12 to 2. On the other 

hand, the basic hydrolysis of ester 5a, followed by halolactonization of the resulting acid gave 

lactone 13 in cu. 5:1 diastereoselectivity, which was found to be dependent on the reaction 

conditions. Treatment of the latter with KzCOs-EtOH then gave epoxide 9 in 55% overall yield. 

It is noteworthy that the kinetic lactonization of a somewhat similar E olefin has been reported 

to give nearly equal proportions of the two diastereomeric lactones.Tb 

Finally, haloamidation of sulfonamide 5b proceeded with moderate (4:l) selectivity to 

afford [71% yield) the chromatographically inseparable mixture of pyrrolidine 14 and its 

diastereomer (Scheme IV). When the latter mixture was subjected to the lactonization 

procedure of Takeda.12 a considerable difference in reactivity was observed, 

resulting in their kinetic (X0:1) separation. Thus, the major product 14 cyclized preferentially 

to give lactone 15, whereas the minor diastereomer remained virtually unchanged. Subsequent 

deprotection (sodium naphthalenide) of the tosyl group of 15 yielded the corresponding 

indolizidine lactam, which was then converted uneventfully to 4. It should also be pointed out 

that the haloamidation of 5b proceeded with trans stereoselectivity due to the buttressing effect 

of the Z-alkyl group.Td 

Scheme IV 

5b 

Forthcoming are biosynthetic studies utilizing da-2 (HRMS (M+) 175.1177 calcd for 

CaHleD20aN. found 175.11671, which was readily prepared from 10 by LiAlD4 reduction.. 
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