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ABSTRACT 

Acetolysis of benzyl ethers of sugars has been 
carried out with anhydrous ferric chloride in acetic 
anhydride. By employing this reagent, benzyl ether 
groups variously placed in sugars or in their 
glycosides could be removed with ease and replaced by 
acetyl groups. By controlled acetolysis, preferential 
removal of certain benzyl groups was possible. The 
results show that in D-glucose the relative ease of 
removal of benzyl ether groups by acetolysis follows 
the order C-6 > C-4 > C-3 > C - 2  and that the rate of 
acetolysis is 6-0-Bn : 3-0-Bn : 2-0-Bn = 125 : 24 : 1. 
The corresponding methyl-ethers were very sluggish 
towards acetolysis. 
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438 KARTHA ET AL.  

I N T R O D U C T I O N  

B e n z y l  e t h e r  g r o u p s  a r e  c o m m o n l y  u s e d  a s  

p r o t e c t i v e  g r o u p s  i n  c a r b o h y d r a t e  s y n t h e s i s  b e c a u s e  of 

t h e i r  e a s e  o f  f o r m a t i o n  and s u b s e q u e n t  r emova l .  O f t e n  

m o r e  t h a n  o n e  OH g r o u p  o f  a s u g a r  i s  s u b s t i t u t e d  by a 

b e n z y l  g r o u p .  I f  p r e f e r e n t i a l  r e m o v a l  o f  a b e n z y l  

g r o u p  i n  a p e r - 0 - b e n z y l  - s u g a r  c o u l d  b e  e f f e c t e d ,  i t  

would be of c o n s i d e r a b l e  i n t e r e s t  i n  t h e  s y n t h e s i s  o f  

c a r b o h y d r a t e  d e r i v a t i v e s .  W e  have  e a r l i e r  shown t h a t  

a n h y d r o u s  f e r r i c  c h l o r i d e  c a n  b e  e m p l o y e d  a s  a 

c a t a l y s t  f o r  a c e t a l a t i o n *  a n d  a c e t y l a t i o n 3  o f  

c a r b o h y d r a t e s  w i t h  m a n y  a d v a n t a g e s  o v e r  t h e  

t r a d i t i o n a l  c a t a l y s t s . 4 r 5  U s i n g  a f e r r i c  c h l o r i d e  - 
a c e t o n e  r e a g e n t ,  g l y c o s i d e s  c a n  be  d i r e c t l y  a c e t o n a t e d  

t o  a f f o r d  t h e  1 , 2 - O - i s o p r o p y l i d e n e  - d e r i v a t i v e . 6  The  

m o s t  common a m o n g s t  t h e  r e a g e n t s  e m p l o y e d  f o r  t h e  

a c e t o l y s i s  of b e n z y l  e t h e r s  o f  c a r b o h y d r a t e s  and t h e i r  

d e r i v a t i v e s  i s  a c e t i c  a c i d  - a c e t i c  a n h y d r i d e  - 
c o n c e n t r a t e d  s u l f u r i c  I n  t h i s  

communica t ion ,  w e  d e s c r i b e  a c o n v e n i e n t  method f o r  t h e  

p a r t i a l  a s  w e l l  a s  c o m p l e t e  r emova l  of - O-benzyl g r o u p s  

i n  s u g a r s  u s i n g  t h e  r e a g e n t  f e r r i c  c h l o r i d e  - a c e t i c  

a n h y d r i d e .  

RESULTS AND DISCUSSION - -  
T r e a t m e n t  o f  - O - b e n z y l  s u g a r s  w i t h  f e r r i c  

c h l o r i d e  - ace t ic  a n h y d r i d e  r e s u l t e d  i n  t h e  r e m o v a l  of 

t h e  - O - b e n z y l  g r o u p  a t  r a t e s  d e p e n d i n g  u p o n  t h e  
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440 KARTHA ET AL. 

p o s i t i o n  o f  s u b s t i t u t i o n ,  a c c o m p a n i e d  b y  r a p i d  

a c e t y l a t i o n  of any  f r e e  h y d r o x y l  g r o u p  p r e s e n t .  

The a c e t o l y s i s  o f  t h e  b e n z y l  e t h e r  g r o u p  i n  2-0- 

b e n z y l - p - g l u c o p y r a n o s e  - ( L ) I 2  w a s  s l o w ,  y i e l d i n g  t h e  

p e r a c e t y l a t e d  p r o d u c t  wh ich  was e v i d e n t  a f t e r  r e a c t i o n  

f o r  3 0  m i n  a t  3 0  O C .  T h e  - O - b e n z y l  c l e a v a g e  w a s  

p r e c e d e d  by  t h e  f o r m a t i o n  o f  l13,4,6-tetra-0-acetyl-2- - 
- O-benzyl-a-Q-glucopyranose - ( 2 )  - ,12 w h i c h  w a s  c o m p l e t e  

i n  l ess  t h a n  1 5  m i n ,  a n d  i t  w a s  p o s s i b l e  t o  i s o l a t e  

t h i s  compound i n  good  y i e l d  ( 7 5 % ) .  W h i l e  c o m p l e t e  

a c e t o l y s i s  o f  1 r e q u i r e d  2 4  h a t  room t e m p e r a t u r e ,  i t  

r e q u i r e d  o n l y  1 2  h a t  60 OC. A c e t o l y s i s  o f  3 - 0 -  

benzy l -p -g lucopyranose  - ( 3 ) 1 3  - was f a s t e r  t h a n  i t s  2-0- 

a n a l o g u e  (1) - b y  a - f a c t o r  o f  a b o u t  1 2  a t  30 O C  a n d  2 4  

a t  6 0  OC.  T h e  b e n z y l  g r o u p  i n  6 - O - b e n z y l - g -  - 
g l u c o p y r a n o s e  @),I4 a s  w e l l  a s  i n  m e t h y l  6-O-benzyl- - 
a - g - g a l a c t o p y r a n o s i d e  - (5 )  - ,I5 was a c e t o l y z e d  by f e r r i c  

c h l o r i d e  - a c e t i c  a n h y d r i d e  i n  5 m i n  a t  60 O C  g i v i n g  

g l u c o s e  p e n t a a c e t a t e 5  and  - 8 , 1 6  r e s p e c t i v e l y ,  b u t  t h e  

i s o l a t i o n  o f  t h e  a c e t y l a t e d  0 - b e n z y l  compounds - 6 and 1 
was n o t  p o s s i b l e  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s  

e m p l o y e d .  GC o f  t h e  a c e t o l y s i s  ( 2  h ,  30 O C )  p r o d u c t  
o f  m e t h y l  2,3-di-O-benzyl-a-Q-glucopyranoside (2)  1 7  

showed t h e  p r e s e n c e  o f  a m a j o r  component ,  p r e s u m a b l y  

m e t h y l  3,4,6-tri-0-acetyl-2-O-benzyl-u.-Q-glucopyran- - - - 

o s i d e  ( 1 0 ) .  - H o w e v e r ,  no  a t t e m p t  was  made  t o  i s o l a t e  

t h i s  compound. Removal o f  t h e  a g l y c o n  r e s i d u e  i n  - 5 a s  

w e l l  a s  i n  - 9 t o o k  p l a c e  i n  3 h a t  6 0  OC. C o n t r o l l e d  

- - 
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acetolysis (5 min, 60 OC) of 2,3,4,6-tetra-O-benzyl-~- - - 

glucopyranose (=)I8 gave 1,6-di-O-acetyl 2,3,4-tri-0- 

benzyl-a-D-glucopyranose - (12)’ - as a major product as 

shown by GC. 

- - 

Thus it is observed with D-glucose that a benzyl 

ether groupattached to a primary carbon is much more 

labile towards an acetolyzing agent than those 

attached to secondary carbons. Further, the more 

distant the secondary carbon to which the - O-benzyl 
group is attached from the anomeric centre, the faster 

is the acetolysis. The above results show that the 

cleavage of the C-O-Bn - bond in Q-glucose - by acetolysis 

follows the order: C-6 > C-4 > C-3 > C-2 and that the 
rate of acetolysis of 6-0-Bn - : 3-0-Bn - : 2-0-Bn - = 125 : 

24 : 1. By employing concentrated sulfuric acid - 
acetic acid - acetic anhydride, Ponpipomll was able to 
acetolyze 3,4,6-tri-O-benzyl - lI2-0-(l-methoxyethy1- - 
idene)-B-p-mannopyranose - to 1,2,6-tri-O-acetyl-3,4-di- - 
- O-benzyl-a-p-mannopyranose - and 1,2,4,6-tetra-~-acetyl- 

3-O-benzy l -a -D-mannopyranose  - - in 71 and 59% yield, 

respectively. This showed the preferential cleavage 

of the 6-0-Bn - bond over the - O-Bn bonds at C-3 and C-4. 
Furthermore, the cleavage of - O-Bn bond at C-4 was more 
facile than that at C-3. Partial acetolysis’ of the 

anhydro ring in 1,6-anhydro-2,3,4-tri-9-benzyl-@-Q- - - 

glucopyranose to yield - 12 also reveals the high 

susceptibility of the bond involving the primary 

carbon atom. The results of the present study are 

- 
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442 KARTHA ET AL.  

t h u s  i n  c o n f o r m i t y  w i t h  t h e  above  a s  w e l l  a s  w i t h  t h e  

r e s u l t s  o f  A l l e r t o n  a n d  F l e t c h e r *  who a c e t o l y z e d  

b e n z y l  e t h e r s  o f  c e r t a i n  h e x i t o l  acetals.  

For  c o m p a r i s o n ,  a few m e t h y l  e thers  of  g - g l u c o s e  - 

c o r r e s p o n d i n g  t o  t h e  b e n z y l  e t h e r s  m e n t i o n e d  a b o v e  

were a c e t o l y z e d  w i t h  f e r r i c  c h l o r i d e  - a c e t i c  

a n h y d r i d e .  I t  was o b s e r v e d  t h a t  d e m e t h y l a t i o n  w a s  

v e r y  s l u g g i s h .  T h e  r e l a t i v e l y  f a c i l e  r e m o v a l  o f  

b e n z y l  g r o u p s  may be r a t i o n a l i z e d  b y  t h e  g r e a t e r  

s t a b i l i t y  of t h e  b e n z y l  ca rbon ium i o n .  

EXPERIMENTAL 

A c e t o l y s i s  was c a r r i e d  o u t  i n  t h e  f o l l o w i n g  

m a n n e r .  T h e  b e n z y l  e t h e r  d e r i v a t i v e  was  a d d e d  t o  a 

s o l u t i o n  o f  a n h y d r o u s  f e r r i c  c h l o r i d e  i n  a c e t i c  

a n h y d r i d e  m a i n t a i n e d  a t  t h e  r e q u i r e d  t e m p e r a t u r e  f o r  

t h e  d e s i r e d  t i m e  p e r i o d .  T h e  s o l u t i o n  was t h e n  p o u r e d  

i n t o  a l a r g e  excess o f  i c e - c o l d  w a t e r  a n d  s t i r r e d .  

The  p r o d u c t  w a s  e x t r a c t e d  w i t h  c h l o r o f o r m ,  a n d  t h e  

e x t r a c t  was  w a s h e d  s u c c e s s i v e l y  w i t h  a q u e o u s  s o d i u m  

b icarbonate  s o l u t i o n  ( l o % ,  w/v) and  water. The d r i e d  

(sodium s u l f a t e )  e x t r a c t  was c o n c e n t r a t e d  t o  d r y n e s s  

under  r e d u c e d  p r e s s u r e .  For m o n i t o r i n g  t h e  r e a c t i o n ,  

a l i q u o t s  o f  t h e  r e a c t i o n  m i x t u r e  were w i t h d r a w n  a t  

i n t e r v a l s ,  p r o c e s s e d  a s  a b o v e ,  a n d  a n a l y z e d  b y  g a s -  

l i q u i d  c h r o m a t o g r a p h y  (GC). The p e a k s  were i d e n t i f i e d  

by c o m p a r i s o n  w i t h  s t a n d a r d s  w h i c h  were p r e p a r e d  b y  

t h e  known ~ n e t h o d s . ~ , ~ , ~ ~ - ~ *  The f i n a l  p r o d u c t  i n  a l l  
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TABLE 1 

Acetolysis of Benzyl Ethers of Sugars Using 
Ferric Chloride-Acetic Anhydride 

Compound 
No. Wt. 

(mg 1 

----- - --- -- 
- 1 6 5  40 2.0 2 4  55-60 1 2  55-60 

- 3 6 5  40 2.0 2 68-75 0.5 7 0  

- 4 1 5 0  3 0  2.0 - - 0.08 75  

- 3 6 5  5 132 26 2.0 - 
- 9 1 5 0  6 0  1.5 24 60 1 2  63-65 

- 

- 11 1 5 0  6 5  2.0 - - 1 2  6 0  

2 Yield of the corresponding peracetate. 

cases was the sugar peracetate, which was czystallized 

and characterized by its mp, specific optical 

rotation, IR and NMR. Experimental conditions and 

results are given in Table 1. 
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