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Recently, we have completed a total synthesis of swainsonine 

(l), - (1S,~,8R,8aR)-1,2,8-trihydroxyoctahydroindolizine, which 

exhibits remarkable physiological effects such as an a-mannosidase 

inhibitory activity, an immunoregulating activity and so on. 
In order to elucidate a relationship between structures and 

physiological activities, a congener of swainsonine has been 

synthesized. In this communication, we wish to report a synthe- 

sis of (-)-8-epi-swainsonine (2) and (-)-1,8-di-epi-swainsonine 
(2) from methyl 3-acetamido-2-~-acetyl-4,6-~-benzylidene-3-deoxy- 
a-Q-glucopyranoside2 - (A) and methyl 3-acetamido-2-0-acetyl-3- 

1 

1 4 7  

Copyright 0 1986 by Marcel Dekker, Inc. 
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1 - 2 - 

3 
deoxy-4,6-di-~-mesyl~-~-glucopyranoside (g), r e s p e c t i v e l y .  - 

Acid hydro lys i s  of 4 i n  50% aqueous a c e t i c  a c i d  under r e f l u x ,  

followed by a r e g i o s e l e c t i v e  t o s y l a t i o n  of t h e  primary hydroxyl 

group gave the  6-2-tosyl d e r i v a t i v e  (2) i n  83% y i e l d ,  [ ~ ~ ] ~ ~ + 8 8 . 7 ~  

(c 1.10, CHC13).  

hydride (DMF, 100 OC) and success ive  a c e t y l a t i o n  a f forded  methyl 

3 ,6-acetyl imino-2,4-di-~-acetyl-3,6-dideoxy~-~-glucopyranoside 

(6) i n  68% y i e l d ,  mp 166-168 O C ;  [ ~ r ] ~ ~ + 8 9 . 0 ~  ( c  1.00, CHC13); 'H 

NMR (CDC1 ) 6 2.10 (3H, s,  NCOCH3), 2 .oO (3H, s ,  OCOCH3), 2 . 2 1  

(3H, s ,  OCOCH3), 3.56 (3H, s,  OCH3), 3.40-3.91 (2H, m, H-6,6'), 

4.42-5.32 (5H, m y  H-1,2,3,4,5). 0-Deacetyaltion of 5 (CH O N a  i n  

CH OH) followed by d i t h i o a c e t a l a t i o n  ( e thane th io l ,  conc. H C 1 ,  

0 OC, 1 h ) ,  and 2-benzylation (benzyl  bromide, N a H ,  DMF) a f forded  

the  compound (I) i n  59% y i e l d ,  [ ~ ~ ] : ~ + 8 . 5 ~  (c 1.10, CHC13); 'H NMR 

(CDC13) 6 0.98 (3H, t ,  J=8 Hz, SCH2CE3), 1.18 (3H, t ,  J=8 Hz, 

SCH2CE3), 2.10 ( 3 H ,  s,  NCOCH3), 2.38 (2H, q ,  518 Hz, SCI&CH3), 

2.70 (ZH, q ,  J=8 Hz, SCH.2CH3), 3.40-4.75 (13H, m), 7.26, 7.33, 

7.34 ( t o t a l  15H). 

mercury (11) ch lo r ide  and calcium carbonate  i n  aqueous aceto-  

n i t r i l e  and t reatment  of the  aldehyde with d i e t h y l  ethoxycarbonyl- 

methylphosphonate (NaH, THF, room temperature ,  90 min) gave an 

unsa tura ted  ester (814 - i n  82% y i e l d ,  [a];3+71.50 (c 1.10, CHC13); 

h NMR (CDC13) 6 1.24 (3H, t ,  J=7  Hz, COOCH2CI13), 1.95, 2.10 
( t o t a l  3 H ,  each s ,  NCOCH3),5 3.36 (lH, d ,  J=13 Hz), 3.72 (lH, d ,  

J=7  Hz) , 3.76-5 .OO (UH,  m) , 6.10 (lH, dd, J=2 and 15 Hz, 

CH=CH_COOEt), 7.00-7.05 (16H, m,  CH=CHCOOEt, - 3x0CH2C&15). 

C a t a l y t i c  hydrogenation of 8 (Raney n i c k e l ,  E t O H ,  1 atom) af forded  
22 

t he  s a t u r a t e d  ester (9) i n  86% y i e l d ,  [ a ]  
D 3 

In t ramolecular  c y c l i z a t i o n  of 9 (15 M KOH, E tOH,  s ea l ed  tube,  

D 
An in t ramolecular  r i n g  c losu re  of 5 with  sodium 

- 
D 

3 

3 - 

3 

Removal of t he  t h i o a c e t a l  group i n  1 wit11  

M.9' (c 1.10, C H C l  ) .  - 
- 
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r O R '  rNAc eOMe --,o&oMe 

OAc RO 
OAc 

6 - L: R=R'=CHPh - - 

- 5: R=H, R'=Ts 

- 1  G - 1 5 -  --O@n --OBn 
AcN EtOlC 

B n O  @!oBn 

+ 

7 ,  8 ,  2, 10.1 1 : Rl=H,Rz=OBn 
_ I  fi 18 - *  19 - 2  -1-  20 21 :Rl=OBn,R2=H 

- 10 - 
- 13 :R=Ac 
2 :R=H - - 

O 12 

NHAc OMe -k 
MsO OMe 

OAc OAc 0 Ac 
!2 15 16 
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120 OC, 4 d) afforded compounds (g), mp 98-99 OC; [a1i2-28.20 
(c 1-00, CHC13), and (ll), [a]i2-4.00 (c 1.05, CHC13), in 40% and 
51% yield, respectively. 2-Debenzylation of 2 (cyclohexene, 20% 
Pd(OH)2 on charcoal, EtOH, reflux) 
(acetic anhydride in pyridine) gave the compound (12) - in 84% 
yield, mp 126-127 C; [~(]:~-21.8' (c 0.90, CHC13). Reduction 

of 2 with borane-dimethylsulfide complex (THF, room temperature 
2 h) gave 8-epi-swainsonine triacetate (13) in 64% yield, mp 79- 
80 OC; [a]i9-17.1' (c 0.35, CHC13). Acid hydrolysis of - 13 (1 M 
HC1, reflux, 3 h) followed by deionization with Amberlite I R A  400 
(OH-) resin afforded 8-epi-swainsonine [ (G,2R,W,8aR)-1,2,8-tri- 
hydroxyoctahydroindolizine] 2, in 86% yield, mp 93-95 C; 

7 -24.8' (c 0.67, MeOH); [lit. - 2, syrup; [a]i1-3.43' (c 0.9, 
MeOH)], I3C NMR (CD30D, 6 49.03) 6 20.68, 32.08, 54.27, 62.98, 
67.53, 69.40, 69.96, 74.29; calcd for C8H15N03: m / z  173.1051, 
found: M, 173.1056. 

6 and successive acetylation 

0 

0 21 

1,8-Di-epi-swainsonine, 2, was synthesized as follows. 
Compound 14 was converted into methyl 3,6-acetylamino-2,4-di-g- 
acetyl-3,6-dideoxy-a-~-galactopyranoside - (15) by solvolysis in 
90% aqueous 2-methoxyethanol with sodium acetate and subsequent 
acetylation in 68% yield,8" and as a byproduct methyl 3- 
acetamido-2,4,6-tri-~-acetyl-3-deoxy~-~-galactopyranoside - (16) 
was obtained in 27% yield, g: [a], +25.3' (c 1.36, CHC13); 5 
NMR (CDC1 ) 6 2.03 (3H, s ,  NCOCH3), 2.09, 2.12, 2.15, 2.19 (total 

6H, each s ,  2xOCOCH3) ,5 3.45, 3.49 (total 3H, each s ,  OCH3), 
4.71, 4.73 (total lH, each d, J=2 Hz, H-l), 
[~r]2+117.8~ (c 1.48, CHC13). 
described above (from 6 to G), 15 was converted into 1,8-di-epi- 
swainsonine triacetate (23) v i a  compounds (17) , (181, (g), (201, 
and (22). - - 17 (56% yield from - 15) : [~r]:~+g.6~ (c 1.17, CHC13);  

% NMR (CDC13) 6 1.13 (3H, t, 5-8 Hz, SCH2CH3), 1.20 (3H, t, J= 
8 Hz, SCH2C€13), 2.09 (3H, s ,  NCOCH3), 2.50 (2H, q, J=8 Hz, 

4 27 
7.25, 7.30, 7.35 (total 15H). - 18 (52% yield from 17) : [a], 
+9.9O (c 0.91, CHC13); % NMR (CDC13) 6 1.22, 1.31 (total 3H, 

10 

. 26 

5 3 

5 16: mp 102-108 OC; 
By the analogous reactions 

SCH CH ) ,  2.66 (2H, q, J=8 Hz, SCH2CH3), 3.20-4.70 (13H, m), -2 3 
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each t ,  J=7 Hz, COOCH2CH3), 2.00, 2.05 ( t o t a l  3H, each s ,  

NCOCH3),5 5.91, 6 .01 ( t o t a l  l H ,  d and dd, J=15 Hz and J=2,15 Hz, 

CH=,CHCOOEt) - ,5  6.00-7.02 (lH, m ,  CH=CHCOOEt), - 7.30, 7.34 ( t o t a l  

15H). 

- 20 (34% y i e l d  from 2, 120 O C ,  10 d) 

( c  1.18, CHC13). - 2 1  (62% y i e l d  from - 19) :  [a1F-21.5°  (c 0.93, 

CHC13). 
20 

(C 1.04, CHC13). 23 (67% y i e l d  from - 22):  mp 124-125 OC; [aID 
-20.8' (c 1.00, CHC13). 

1,8-di-epi-swainsonine - 3 [(W,2R,8SY8aR)-1,2,8-trihydroxyocta- 

hydroindol iz ine]  i n  98% y i e l d ,  mp 138-140 O C ;  [ ~ ~ ] ~ ~ - 3 5 . 6 ~  (c 0.59, 

MeOH); 1 3 C  NMR (CD30D, 6 48.97) 6 20.29, 32.19, 54.08, 62.74, 

64.66, 75.05, 77.89, 80.23; ca l cd  f o r  C8H15N03: mlz 173.1051, 

found: M y  173.1052. 

The f i r s t  s y n t h e s i s  of 1,8-di-epf-swainsonine 2 has  been 

19 (86% y i e l d  from 18): [a120-28.10 (c 1.34, CHC13). 
D12 0 20 

- 
: mp 52-54 C ;  [aID +15.1° 

22 (83% y i e l d  from 20) : mp 118-119 O C ;  [ c ( ] * ~ - ~ O . ~ O  D - - 

Hydrolysis  of 23 (K2C03, MeOH) gave 

D 

achieved,  and a f a c i l e  s y n t h e s i s  of 8-ep-i-swainsonine 2 has  been 

e s t a b l i s h e d  . 
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