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Abs t rac t  - A  novel  procedure f o r  the  synthes is  o f  o l igosacchar ides and a r y l  

g lycos ides i n v o l v i n g  the g l ycosy la t i on  of s i l y l  e the rs  i s  described. 

The convent ional  methodology f o r  t h e  synthes is  o f  o l igosacchar ides cons is ts  of the  Kanigs- 

Knorr react ion2s3 and i t s  modi f ica t ions4.  Although the problems associated w i t h  t h i s  reac t i on  

a r e  w e l l  documented, no major development i n  t h i s  f i e l d  occurred u n t i l  the i n t r o d u c t i o n  o f  the 

or thoester  g l ycosy la t i on  by ~ochetkav'. Another s i g n i f i c a n t  improvement has been the use o f  

im idates  i n  g l ycosy la t i on  by S ina j6 .  A nunber o f  o the r  innovat ive  procedures have been 

in t roduced i n  recen t  years, p a r t i c u l a r l y  noteworthy being those developed by ~ u k a i y a m a ~  and 

~ i c o l a u ~ .  I n  our  search f o r  simple, e f f i c i e n t  and economical procedures f o r  the  synthesis o f  

o l igosacchar ides, we have s tud ied the g l ycosy la t i on  of t r i t y l  e thers  in t roduced by 6redereck9 

and have es tab l i shed  i t  as a  v i a b l e  and r a p i d  procedure f o r  the  synthes is  of 1,6- l inked 

01 i g o s a ~ c h a r i d e s ~ ~ .  

Subsequently, we were i n t r i g u e d  by t h e  p o s s i b i l i t y  o f  us ing s i l y l  e the rs  as nuc leoph i les  i n  

g l y ~ o s y l a t i o n . ~ ~  To t e s t  t h e  usefulness o f  t h i s  approach, te t ra-0-acety l  g lucopyranosyl  

bromide (1)  was reacted w i t h  methyl-2,3.4-tri-0-acetyl-6-0-t-butyldimethylsilylgluco- 

pyranoside (2 )  as  descr ibed i n  the  f o l l ow ing  procedure (Scheme 1): s i l v e r  t r i f l a t e  (3.21 g, 

0.0125 mole) and D r i e r i t e m  (10 g) were taken i n  nitromethane (70 ml)  and the mix ture  s t i r r e d  

i n  an i c e  ba th  f o r  5  min. A s o l u t i o n  o f ,  (4.34 g, 0.01 mole) i n  dichloromethane (10 ml)  was 

added t o  i t  and t h i s  was fo l lowed by t h e  r a p i d  a d d i t i o n  o f  1, (5.13 g, 0.0125 mole). The 

r e a c t i o n  mix ture  was s t i r r e d  f o r  20 min. It was then d i l u t e d  w i t h  dichloromethane I150 ml )  

and f i l t e r e d .  The f i l t r a t e  was washed w i t h  sodiun bicarbonate s o l u t i o n  and then d r i e d  over 

anhydrous Na2SOq. Evaporation of the  so l ven t  fo l lowed by r o u t i n e  a c e t y l a t i o n  and work-up 

a f fo rded the product, methylgent iobioside heptaacetate (3) ,  as co lo r l ess  c r y s t a l s  from 

chloroformlheptane (5.2 g, 89%). rnp 173-174'C (undepressed when mixed w i t h  an au then t i c  



sample). [=ID + 34.9" ( c h l o r o f o r m l ;  'H NMR (CDC13) 6 3.4 l3H. s. 0CH3), 4.5 (1H. d. 7Hz, C1 

a x i a l  H), 5.38 ( lH ,  d. 4Hz. Cll e q u a t o r i a l  HI ;  13c NMR(CD1C31 6 21(OCH3),97(C1, a anomer ic ) ,  

102 (CIS, B-anomer ic l ;  MS(FAB1: 6 5 1  (M + H I  Anal. Calc. f o r  CZ7H38018: C. 49.89; H. 5.84. 

Found: C, 49.61; H, 5.73 
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Scheme 1 

S i m i l a r  h i g h  y i e l d  g l y c o s y l a t i o n s  were observed  w i t h  o t h e r  s i l y l a t e d  mono and  d i s a c c h a r i d e s  and 

t h e  r e a c t i o n  appears  t o  be g e n e r a l  i n  i t s  scope f o r  t h e  s y n t h e s i s  of o l i g o s a c c h a r i d e s .  

M e c h a n i s t i c a l l y ,  t h e  r e a c t i o n  i s  q u i t e  i n t e r e s t i n g  and can be r a t i o n a l i z e d  a s  shown i n  Scheme 2. 

r i dence  
Scheme 2 

f o r  such a  course  o f  r e a c t i o n  w r  
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13) X = Ac 

R =a.. methyl tri -0-aeetylglucosyl 

3 b t a i n e d  by o b s e r v i n g  t - b u t y l d i m e t h y l s i l y l  

t r i f l a t e  ( 4 )  a s  t h e  o n l y  s i l y l  s p e c i e s  r e m a i n i n g  a t  t h e  end  o f  t h e  r e a c t i o n  by "~ i  NMR 

de te rm ina t ion13 .  

W h i l e  t h e  above p rocedure  was a p p l i c a b l e  t o  t h e  s y n t h e s i s  o f  a r y l  g l y c o s i d e s  a l so ,  t h e  y i e l d s  

were n o t  a s  i m p r e s s i v e  as i n  t h e  case o f  o l i g o s a c c h a r i d e s .  However, a  v a r i a t i o n  o f  t h e  above 

p rocedure  was f o u n d  t o  b e  a p p l i c a b l e  t o  t h e  e f f i c i e n t  s y n t h e s i s  o f  such compounds. The l a t t e r  

p rocedure  u t i l i z e s  8 - g l y c o s y l  a c e t a t e s  i n s t e a d  o f  g l y c o s y l  bromides and b o r o n  t r i f l u o r i d e  

e t h e r a t e  i s  used  t o  g e n e r a t e  t h e  g l y c o s y l  c a t i o n  w h i c h  t h e n  r e a c t s  w i t h  t h e  s i l y l  e t h e r  o f  t h e  
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p h e n o l i c  compound. The s y n t h e s i s  o f  r e s o r c i n o l  d i g l u c o s i d e  o c t a a c e t a t e  (Scheme 3)  p r o v i d e s  an 

i l l u s t r a t i o n  o f  t h e  Drocedure. 

Scheme 3 

Exper imenta l  d e t a i l s  f o r  t h e  s y n t h e s i s  o f  (7) a r e  a s  f a l l o w s :  r e s o r c i n o l  b i s t r i m e t h y l s i l y l  

e t h e r  6, (1.27 g, 0.005 mo le )  was d i s s o l v e d  i n  d ich lo romethane  (20  m l ) ,  and a  s o l u t i o n  o f  

B-D-glucose p e n t a a c e t a t e  2,(4.3 g. 0.0055 m o l l  i n  t h e  same s o l v e n t  ( 5 0  m l )  and BF3 e t h e r a t e  

(10  m l )  were added t o  i t  and  t h e  m i x t u r e  s t i r r e d  a t  r.t. f o r  16  h. The r e a c t i o n  m i x t u r e  on  

p r o c e s s i n g  a f f o r d e d  a  c r y s t a l l i n e  p roduc t ,  4.0 g. R e c r y s t a l l i z a t i o n  from methanol a f f o r d e d  

p u r e  ( 7 )  a s  c o l o r l e s s  needles (3.28 g, 85%).  nip 193-1Q5'C. 'H NMR(CDC13) 6 5.92 (2H, d, 

7.4 Hz, C - 1 H b )  o f  t h e  g l u c o s y l  m o i e t i e s ) ;  NMR (C0Cl3)  6 157 (C1 o f  B g l u c o s i d e ) ;  MS(FAB1: 

771  (M+H); -2g0(CHCl3) .  N C a l c .  f o r  C34H42020: C, 52.94; H, 5.49. Found: 

C, 52.54; H, 5.36. 

M e c h a n i s t i c a l l y ,  t h e  r e a c t i o n  can be c o n s i d e r e d  t o  i n v o l v e  a  v a r i a t i o n  o f  t h e  pathway 

suggested f o r  t h e  o l i g o s a c c h a r i d e  s y n t h e s i s  (Scheme 2) as shown below:  
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Scheme 4 



S i n c e  t h e  a t e  complex -8F30Ac c a n n o t  d i r e c t l y  f u n c t i o n  a s  a  n u c l e o p h i l e ,  we a r e  s u g g e s t i n g  

t h a t  i t  sheds a  f l u o r i d e  i o n  wh ich  t h e n  d i s p l a c e s  o n  t h e  s i l i c o n  t o  complete t h e  r e a c t i o n .  A  

s i m i l a r  o b s e r v a t i o n  where -8F4 a c t s  a s  a  source  o f  F- has  been repor ted14 .  V a l i d i t y  f o r  such 

a  course  r e a c t i o n  was e s t a b l i s h e d  by t h e  d e t e c t i o n  TMSF i n  t h e  r e a c t i o n  m i x t u r e  by 29~i  NMR 

de te rm ina t ion13 .  As i n  t h e  case  o f  o l i g o s a c c h a r i d e s ,  t h i s  r e a c t i o n  i s  g e n e r a l l y  a p p l i c a b l e  t o  

t h e  s y n t h e s i s  o f  a r y l  g l y c o s i d e s  even i n  cases where these  a r e  n o t  a c c e s s i b l e  by Kanigs-Knorr  

and  o t h e r  c o n v e n t i o n a l  p rocedures .  

S i n c e  o u r  i n i t i a l  report1', o t h e r  approaches 15-17 t o  g l y c o s y l a t i o n  o f  s i l y l  e t h e r s  have been 

i n t r o d u c e d .  U n l i k e  i n  these  cases, o u r  p rocedure  u t i l i z e s  r e a d i l y - o f t e n  c o m m e r c i a l l y -  

a v a i l a b l e  g l y c o s y l a t i n g  a g e n t s  ( g l y c o s y l  b romides  and  a c e t a t e s ) .  The e x p e r i m e n t a l  p rocedure  

i s  s i m p l e r  and  chromatography i s  se ldom r e q u i r e d  f o r  t h e  i s o l a t i o n  o f  t h e  p r o d u c t .  Complete 

s t e r e o s e l e c t i o n  r e s u l t i n g  t h e  e x c l u s i v e  f o r m a t i o n  o f  t h e  8-anomer i s  a l s o  no tewor thy .  

I n  c o n c l u s i o n ,  we have deve loped  a  g e n e r a l  p rocedure  f o r  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  and  

g l y c o s i d e s  u s i n g  a  n o v e l  g l y c o s y l a t i o n  o f  s i l y l  e the rs14 .  The p rocedure  i s  f a c i l e ,  p r a c t i c a l  

and m e c h a n i s t i c a l l y  i n t e r e s t i n g .  
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