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C o m m u n i c a t i o n  
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R e c e n t l y ,  g r e a t  i n t e r e s t  h a s  b e e n  f o c u s s e d  o n  t h e  s y n t h e s i s  o f  

o l i g o s a c c h a r i d e s  c o n t a i n i n g  N - a c e t y l n e u r a m i n i c  a c i d  ( N e u 5 A c )  b e c a u s e  

o f  its i m p o r t a n t  r o l e s  i n  a v a r i e t y  of  b i o l o g i c a l  r e c o g n i t i o n s . '  

H o w e v e r ,  m a n y  d i f f i c u l t i e s  i n  t h e  s y n t h e s i s  o f  n a t u r a l l y  o c c u r r i n g  a- 

g I y cos i d es s t i l l  r e ~ n a i n e d . ~  We h a v e  r e c e n t l y  r e p o r t e d  t h e  s t e r e o -  
s e l e c t i v e  s y n t h e s i s  o f  a series of a-  a n d  0 - 2 - t h i o - n e u r a m i n y l  g l y c o -  

s i d e s . l  -I 

I n  t h e  m e a n t i m e ,  t h e  u t i l i t y  o f  t h i o g l y c o s i d e s  i n  o l i g o s a c c h a r i d e  

s y n t h e s i s  h a s  b e e n  w i d e l y  d e ~ e l o p e d . ~  P a r t i c u l a r l y  n o t e w o r t h y  is 

t h e  d i m e t h y l  ( m e t h y 1 t h i o ) s u l f o n i u m  t r i f l a t e  (DMTST) p r o m o t e d  g l y c o -  

s y l a t i o n  m e t h o d 5 k ,  I b e c a u s e  e x c e l l e n t  y i e l d s  are a c h i e v e d  d u e  t o  t h e  h i g h  

t h i o p h i l i c i t y  of t h i s  r e a g e n t .  

' S t u d i e s  o n  t h e  t h i o g l y c o s i d e s  o f  N - a c e t y l n e u r a m i n i c  a c i d ,  P a r t  5 .  
F o r  Part 4 ,  see r e f .  1 .  A par t  o f  t h i s  w o r k  w a s  p r e s e n t e d  a t  t h e  

N a t i o n a l  M e e t i n g  o f  t h e  A g r i c u l t u r a l  C h e m i c a l  S o c i e t y  of J a p a n ,  

Tokyo ,  J a p a n ,  Apri l  1 - 4 ,  1987. 
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AcO H 

*m&- R 2  1 R 1  = C O z M e ,  R 2  = S M e  

2 R 1  = SMe, R 2  = C O z M e  
0 Ac 

A c 0  ACHN 

7 

9 
HO H 

C O z M e  

OSE Bn : b e n z y l  

B O M  : b e n z y l o x y r n e t h y l  
OSEM 

Bz : b e n z o y l  

SE : t r i r n e t h y l s i l y l e t h y l  

1 0  SEM : t r i m e t h y l s i l y l e t h o x y m e t h y l  

FIG.1. Glycosyl donors and acceptors. 
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TABLE 1. DMTST Promoted Glycosylat ion of Neu5Ac 
via i t s  a-  and 8-Methyl thioglycos ides .  

C 0 2 M e  

1 o r  2 t ROH- Ac 0 H 2 :- 0 K 

0 Ac 
( 3 - 1 0 )  ACOACH N 

1 1 - 1 8  

Acceptor Acceptor Solv" Temp Glycosides Yield ( c I / B ) ~  ( R O H )  /Donor Entry Donor 

1 1 3 10eq.  A 0°C 11 q u a n t .  ( 5 / 2 )  
2 1 4 1.5eq.  A 0 -C 1 2  84% ( 1 / 4 )  
3 1 4 10eq.  A O ~ C  1 2  q u a n t .  ( 2 / 5 )  
4 1 5 10es .  A 0 ° C  13 90% (1/1) 

5 1 6 1.5eq. A r.t. 1 4  78% ( 2 / 5 )  
6 1 6 10eq.  A r.t. 1 4  83% ( 2 / 5 )  
7 1 7 1 Oeq. A O ~ C  15 95% ( 2 / 5 )  

8 2 3 1 0 e s .  A O ' C  11 q u a n t .  (1/10) 

9 2 4 1.5eq.  A O ' C  12  95% ( 1 / 2 0 )  
10 2 4 1Oes. A 0°C 12  q u a n t .  ( 1 / 2 0 )  
11 2 5 10eq.  A O * C  13 q u a n t .  ( 1 / 2 0 )  
12 2 6 1 0 e s .  A r.t .  1 4  98% ( 1 / 9 7 )  
13 2 7 10eq.  A 0°C 15 q u a n t .  ( 1 / 2 0 )  

14 1 a 2eq .  A 0°C 16 58% ( 1 / 2 ) ' .  " 
15 1 8 1 0 e s .  A 0-C 16 61% (3 /7) ' .  '' 
16 1 8 2eq. B O ' C  1 6  51% ( 7 / 4 ) ' . "  
17 1 8 2eq.  B -4O+O'C' 16 48% ( 3 / 1 ) ' . "  
18 1 9 2 e s .  B -4O+O'C 17 50% ( 6 / 5 ) ' ,  
19 1 10 0.9eq. B -4O+O'C 18 5 . 2 % c .  

a. A: CH2C12, B: C H 3 C N .  b. Anomeric r a t i o  w a s  d e t e r m i n e d  b y  t h e  
i n t e n s i t y  r a t i o  of m e t h y l  es ter  p r o t o n s  i n  ' H  N M R .  c. Each a n o m e r  
w a s  i s o l a t e d  by  co lumn c h r o m a t o g r a p h y .  d. a -Anomer ,  s y r u p ,  [ a ]  
- 4 4 ~ ( c  1.4, CHC1,); B-anomer,  s y r u p ,  [ a I D  - 2 6 . 8 ~ ( c  1.2, CHC1,). 
e. The m i x t u r e  w a s  a l l o w e d  t o  come to O ' C  ( c a . l h ) .  f .  a -Anomer ,  
s y r u p ,  [a]D + 2 0 ' ( c  1 .1 ,  CHC1,); 8 - a n o m e r ,  s y r u p ,  [a]D 0 ( c  1. 
CHC1,). g. a-Anomer,  s y r u p ,  [ a I D  -1 .7^(c  0.7,  CHC1,). 
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TABLE 2. The  S e l e c t e d  'H N M R  S p e c t r a l  Data f o r  

Neu5Ac M o i e t y  o f  t h e  Glycos ides ."  

G i y c o s i d e s  H - J e q ( p p m j  H - 4 ( p p m )  J 7 .  B I H z )  A 8 I H-9'-H-91 ( P P m )  

1 2.73 4.83 8.3 0.21 
2 2.54 5.27 2.2 0.65 

11-a 
11-8 
12-a 
12-8 
13-a 
13-8 
14-a 
14-8 
15-u 
15-8 
16-U 
16-8 
17-a 
17-8 
la-a 

2 -58 
2.44 
2.58 
2.46 
2.59 
2.48 
2.58 
2.46 
2.60 
2.53 
2.72 
2.49 
2.71 
2.70 
2.62 

4.87 
5.25 
4.86 
5.27 
4.86 
5.24 
4 .a5 
5.26 
4.83 
5 -26 
4 -89 
5.28 
4.91 
5.31 
4.87 

8.3 
2.4 

3.5 

2.4 
9 .a 
3.9 

2.4 
8.3 
2.4 
8.8 
1 .8 
6.8 

0.25 
0.69 
0.19 
0 -68 

ca. 0.20 
0.67 
0.20 
0.66 
0.18 
0.79 

ca.  0.22 
0.72 
0.23 
0.71 

ca. 0.23 

a. 'H N M R  s p e c t r a  w e r e  m e a s u r e d  a t  270 MHz i n  CDC1,. 

We now d e s c r i b e  a n o v e l  DMTST p r o m o t e d  g l y c o s y l a t i o n  u s i n g  

me t h y l  ( m e  t h y l  5 -ace t a m i d o  -4,7,8,9 - te tra-0-ace t y l - 3 , 5  - d i d e o x y  -2- t h i o -  D - 
g i y c e r o - a -  a n d  -~-o-gal~cto-2-nonulopyranosid)onates (1 a n d  21,  a n d  

a series o f  a l c o h o l s  as g l y c o s y l  d o n o r s  a n d  a c c e p t o r s ,  r e s p e c t i v e l y  (FIG. 1). 

As s u m m a r i z e d  i n  T A B L E  1, t h e  r e a c t i o n s  of d o n o r s  (1 a n d  2 )  w i t h  

a l k y l  a l c o h o l s  ( e n t r y  1-13) w e r e  c o m p l e t e d  w i t h i n  s e v e r a l  m i n u t e s ,  

t o  g i v e  t h e  c o r r e s p o n d i n g  0 - g l y c o s i d e s  i n  e x c e l l e n t  y i e l d s .  The 

a n o m e r i c  r a t i o  ( a / R )  of  t h e  g l y c o s i d e s  w a s  m a r k e d l y  a f f e c t e d  by t h e  

a n o m e r i c  c o n f i g u r a t i o n  o f  t h e  d o n o r s .  The  p r o p o r t i o n  o f  t h e  a- 

g l y c o s i d e s  w a s  g r e a t e r  w h e n  d o n o r  1 w a s  e m p l o y e d .  In c o n t r a s t ,  t h e  

coupl ing  w i t h  d o n o r  2 ( e n t r y  8-13) g a v e  a g r e a t e r  a b u n d a n c e  o f  t h e  

8 - g l y c o s i d e s .  When t h e  r e a c t i o n  o f  d o n o r  1 w i t h  a c c e p t o r  8 w a s  

c o n d u c t e d  in C H s C N  ( e n t r y  16 a n d  17) ,  t h e  a - g l y c o s i d e  was o b t a i n e d  

i n  g r e a t e r  a m o u n t  t h a n  w h e n  t h e  reaction w a s  p e r f o r m e d  i n  CHzClz ( e n t r y  

14 a n d  15). T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  g l y c o s y l a t i o n  w i t h  1 i n  
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C H , C N  l e a d s  p r e f e r e n t i a l l y  t o  t h e  a - g l y c o s i d e s .  Coupl ing  of m e t h y l  
( t r i  m e  t h y  1 s i 1 y l e  t h y  1 5 -ace tam i d o  - 9 - 0 - b e n z  y 1 o x  y m e t h y  1 - 3,5 - d i d e o x  y - 4,7 - 
d i  -0- t r i m e  t h y l s i l y  l e  t h o x y m e  thy1  -D -gLycero - a- D - g a l a c t o - 2  - n o n u l o p y r a n o  - 
s i d ) o n a t e  (10)" w i t h  1 g a v e  t h e  c o r r e s p o n d i n g  a - ( 2 + 8 ) - l i n k e d  d i s a c c h a -  
r i d e  ( e n t r y  1 9 ) .  However ,  t h e  y i e l d  w a s  low b e c a u s e  of t h e  i n -  
s t a b i l i t y  o f  t r i m e t h y l s i l y l e t h o x y m e t h y l  (SEM) e t h e r  i n  t h e  p r e s e n c e  o f  
t h e  c a t a l y s t .  The  u s e  o f  s u i t a b l y  p r o t e c t e d  acceptors m a y  g i v e  b e t t e r  

r e s u l t s .  
In c o n c l u s i o n ,  a s t e r e o c o n t r o l l e d  s i a l y l a t i o n  w a s  f i r s t  a c h i e v e d  

by u s i n g  a- a n d  f 3 - m e t h y l t h i o g l y c o s i d e s  o f  Neu5Ac (1  a n d  2)  w i t h  

DMTST. T h i s  p r o c e d u r e  m a y  become v e r y  u s e f u l  f o r  t h e  s y n t h e s i s  o f  
a v a r i e t y  o f  s i a l o g l y c o c o n  j u g a t e s .  The n e w  c o m p o u n d s  s y n t h e s i z e d  

h e r e  g a v e  e l e m e n t a l  a n a l y s e s ,  I R  a n d  N M R  d a t a  i n  a g r e e m e n t  w i t h  t h e  
s t r u c t u r e s  a s s i g n e d .  

P r e p a r a t i o n  of t h e  glycosyl donors ( I  and 2 ) :  F r e s h l y  p r e p a r e d  
s o d i u m  s a l t  o f  m e t h y l  5-acetamido-4,7,8,9-tetra-0-acetyl-3,5-dideox~- 
2 - t h i o - D - g l y c e r o - a -  o r  -(3-~-gaLacto-2-nonulopyranosonate'~ w a s  
m e t h y l a t e d  w i t h  m e t h y l  i o d i d e  i n  N.N-dimethylformamide,  t o  g i v e  1 a n d  2 
i n  h i g h  y i e l d s ,  r e s p e c t i v e l y :  1, mp 80-82 'C,  [ a l ~  + 2 6 ' ( c  1, CHCl3); 2 ,  
mp 65-70'C, [ale - 8 0 . 8 ' ( c  0.64, C H C I , ) ;  Some of t h e  ' H  N M R  d a t a  are 
g i v e n  i n  TABLE 2 .  

General g l y c o s y l a t i o n  p r o c e d u r e :  To a s t i r r e d  m i x t u r e  o f  d o n o r  

(1 o r  2 ,  1 e s u i v ) ,  a c c e p t o r  ( R O H ,  1.5-10 e q u i v ) ,  a n d  m o l e c u l a r  
s i e v e s  4A i n  CHzClz o r  C H 3 C N  ( 2  mL/100 mg o f  d o n o r )  w a s  a d d e d  DMTST 

(ca. 4 e q u i v )  u n d e r  n i t r o g e n  a t m o s p h e r e  a t  O'C, r o o m  t e m p e r a t u r e ,  o r  
-4O'C. A f t e r  c o m p l e t i o n  o f  t h e  r e a c t i o n ,  t h e  m i x t u r e  w a s  f i l t e r e d ,  

a n d  w a s h e d  w i t h  C H C l s .  The f i l t r a t e  a n d  w a s h i n g s  w e r e  combined ,  a n d  
s u c c e s s i v e l y  w a s h e d  w i t h  M s o d i u m  c a r b o n a t e  a n d  w a t e r ,  d r i e d  ( N a z S 0 4  1 ,  
a n d  c o n c e n t r a t e d .  The p r o d u c t s  w e r e  p u r i f i e d  by s i l i c a  g e l  co lumn 

c h r o m a t o g r a p h y .  
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