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ABSTRACT 

3,6-Di-O-methy l - ~ - g l u c o s e ,  t h e  non-reducing  t e r m i n a l  s u g a r  of 
t h e  p h e n o l i c  g l y c o l i p i d - I ,  e l a b o r a t e d  b y  M y c o b a c t e r i u m  l e p r a e .  h a s  
b e e n  s y n t h e s i z e d  b y  a s i m p l e  p r o c e d u r e  a n d  i n  h i g h  y i e l d .  3 - 0 -  
Methyl-:-glucose w a s  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  b e n z y l  g l y c o s i x e  
a n d  t h e n  t o s y l a t e d  to g i v e  b e n z y l  3-O-methyl-6-O_-tosyl-~-~-glucopyra- - 
n o s i d e .  D i s p l a c e m e n t  of t o s y l  g r o u p  w i t h  s o d i u m  m e t h o x i d e  f o l l o w e d  
b y  d e b e n z y l a t i o n  a f f o r d e d  3,6-di-O-methyl-~-glucose i n  h i g h  y i e l d .  
C o n d e n s a t i o n  of t h e  a c e t o b r o m o  d e r i v a t i v e  of 3 ,  6-di-O_-methyl-~-glucose 
w i t h  8 - e t h o x y c a r b o n y l o c t a n o l  g a v e  8 - e t h o x y c a r b o n y l o c t y l  2 , 4 - d i - 0 -  - 
a c  e t  y 1 - 3 , 6  -d i -0 - m e t  h y 1 - /3 -g-g 1 uco p y r a n o s  i d e  . T h i s  w a s  t h e n  d e a  ce t y - 
l a t e d ,  c o n v e r t e d  to h y d r a z i d e ,  a n d  f i n a l l y  c o u p l e d  to b o v i n e  s e r u m  
a l b u m i n  v i a  t h e  a c y l  a z i d e  i n t e r m e d i a t e .  T h e  n e o - g l y c o p r o t e i n  c o n t a -  
in ing  t h e  3 , 6 - d i - O - m e t h y l -  /3 - g - g l u c o p y r a n o s y l  g r o u p  i s  u s e f u l  for 
s e r o d i a g n o s i s  of l e p r o s y .  

INTRODUCTION 

In  t h e  r e c e n t  p a s t ,  t h e  i s o l a t i o n  a n d  c h a r a c t e r i z a t i o n  of t h e  

Specific g l y c o l i p i d  a n t i g e n  of M y c o b a c t e r i u m  l e p r a e ,  t h e  so c a l l e d  

p h e n o l i c  g l y c o l i p i d - I  ( P G L - I )  h a s  immense ly  c o n t r i b u t e d  t o w a r d s  

1-3 
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646 SEN, SARKAR, AND BANERJI 

t h e  s e r o d i a g n o s i s  of l e p r o s y .  PGL-I is a t r i g l y c o s y l p h e n o l i c  d i a c y l p h -  

t h i o c e r o l  w h i c h  c o n t a i n s  t h e  f o l l o w i n g  t r i s a c c h a r i d e ;  3 , 6 - d i - O - m e t h y l -  

P - D - g l u c o p y r a n o s y l - ( l  -> 4 ) - 2 , 3 - d i - O - m e t h y l -  d - L - r h a m n o p y r a n o s y l -  - 
( 1- 2 )  -3-O-methyl-~~-L-rharnnopyranose. - 

- 
- - ip 

- - 
4-6 

T h e  s e r o l o g i c a l  a c t i v i t y  of PGL-I and  i t s  d i s s e c t e d  p a r t s  

h a v e  b e e n  tested a g a i n s t  h y p e r i m m u n e  ant i -M. l e p r a e  r a b b i t  a n t i s e r u m  

and s e r a  f r o m  l e p r o s y  p a t i e n t s  b y  e n z y m e  l i n k e d  immunosorbent  a s s a y  

(ELISAI.  T h e  p r i n c i p a l  s p e c i f i c i t y  h a s  b e e n  found t o  r e s i d e  i n  t h e  

non-reducing  t e r m i n a l  3 . 6 - d i - 0 - m e t h y l -  P - D - g l u c o p y r a n o s y l  - g r o u p .  

T h u s  3 . 6 - d i - 0 - m e t h y l -  p -D-glucopyranose  c o u p l e d  t o  b o v i n e  s e r u m  

a l b u m i n , 7  is  h i g h l y  r e a c t i v e  w i t h  t h e  l e p r o s y  se ra .  H o w e v e r ,  t h e  

n e o - g l y c o p r o t e i n s  c o n t a i n i n g  t h e  d i -  or t r i -  s a c c h a r i d e , 8  s i m i l a r  

t o  t h a t  of n a t i v e  PGL-I, s h o w e d  h i g h e r  s e n s i t i v i t y  a n d  s e l e c t i v i t y ,  

- -  

- - 
- - - 

T h u s  3,6-di-O-methyl-~-glucose is a n  e s s e n t i a l  s u g a r  f o r  t h e  s y n t h e s i s  - - 
of a n y  of t h e  g l y c o p r o t e i n s .  W e  h a v e  d e v e l o p e d  a s i m p l e  m e t h o d  

f o r  t h e  s y n t h e s i s  of 3,6-di-O-methyl-D-glucose - w h i c h  h a s  b e e n  s y n t h e -  

799-12 T h e  3 . 6 - d i - 0 - m e t h y l -  s i z e d  e a r l i e r  u s i n g  d i f f e r e n t  m e t h o d s .  
- - 

- 
- D-glucose ,  c o n j u g a t e d  t o  b o v  

1 3 , 1 4  can  o c t y l  l i n k e r  a r m ,  

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

- 
4-6, 

n e  s e r u m  a l b u m i n  v i a  

b e  u s e d  f o r  d i a g n o s  
5 , 1 6  

a n  8 - ( e t h o x y c a r b o n y l )  

s of l e p r o s y  a t  a n  

RESULTS AND DISCUSSION 

3-0-Methyl-D-glucose w a s  s y n t h e s i z e d  f rom D-glucose,  a n d  w a s  

17118 A c e t y l a t i o n  of 3-O-methyl-D- u s e d  as  t h e  s t a r t i n g  c o m p o u n d .  

g l u c o s e  w i t h  a c e t i c  a n h y d r i d e - p y r i d i n e  g a v e  a n  a n o m e r i c  m i x t u r e  

of 1,2,4,6-tetra-O-acetyl-3-O-methyl-D-glucopyranose 1 i n  - 1 0 0 %  y i e l d .  

Brorninat ion of 1 w i t h  a n h y d r o u s  h y d r o g e n  b r o m i d e  i n  a c e t i c  a c i d  

g a v e  2,4,6-tri-O-acetyl-3-O-methyl- o< - D - g l u c o p y r a n o s y l  brornidr  2 

i n  96% y i e l d .  C o n d e n s a t i o n  of 2 w i t h  a s l i g h t  e x c e s s  of b e n z y l  a l c o h o l  

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

2,4,6-tri-O-acetyl-3-O-methyl- /j - D - g l u c o p y r a n o s i d e  - 3 i n  8 2 %  y i e l d .  

Compound 3 w a s  t h e n  d e a c e t y l a t e d  w i t h  s o d i u m  m e t h o x i d e  to g i v e  

benzy  1 3-0-methy 1 -P-D-glucop - y r a n o s i d e  4 .  

- - - - - 

- - - 

- - - - 

- - - - 

- - - 

- - 
T o s y l a t i o n 1 9  of 4 u s i n g  f r e s h l y  c r y s t a l l i z e d  t o s y l  c h l o r i d e  ( 1 . 0 5  

e q u i v a l e n t  I i n  t h e  p r e s e n c e  of  4 - d i m e t h y l a m i n o p y r i d i n e  a n d  t r i e t h y l -  
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PREPARATION OF THE NEO-GLYCOPROTEIN 64 7 

amine  i n  a n h y d r o u s  d i c h l o r o m e t h a n e  g a v e  b e n z y l  3 - ~ - m e t h y l - 6 - O - t o s y l -  - 

P - D - g l u c o p y r a n o s i d e  5 i n  88% y i e l d  a f t e r  c r y s t a l l i z a t i o n  f r o m  d i e t h y l  

e t h e r - n - h e x a n e .  T r e a t m e n t  of 5 w i t h  3M s o d i u m  m e t h o x i d e  i n  methanol  

g a v e  b e n z y l  3 ,6-d i -O-methyl -  p - D - g l u c o p y r a n o s i d e  - 6 in  75% y i e l d ,  

a f t e r  p u r i f i c a t i o n  b y  column c h r o m a t o g r a p h y .  C a t a l y t i c  h y d r o g e n o l y s i s  

of 6 o v e r  10% Pd-C g a v e  3,6-di-O-methyl-~-glucose 7 i n  92% y i e l d ,  

w h i c h  w a s  c r y s t a l l i z e d  f r o m  d i c h l o r o m e t h a n e  conta in ing  a f e w  d r o p s  

of m e t h a n o l .  3,6-Di-O-methyl-D-glucose w a s  c o n v e r t e d  t o  t h e  c o r r e s -  

p o n d i n g  a l d i t o l  a c e t a t e "  a n d  w a s  a n a l y z e d  b y  GLC, u s i n g  a u t h e n t i c  

1,2,4,5-tetra-O-acetyl-3,6-di-O-methyl-D-g1ucito1 - - - a s  a s t a n d a r d .  

- - 
- 

- - 

- - 

- - - 

- 
3,6-Di-O-methyl-D-glucose - w a s  a c e t y l a t e d  u s i n g  a c e t i c  a n h y d r i d e  - - 

a n d  p y r i d i n e  t o  g i v e  1,2,4-tri-O-acetyl-3,6-di-O-methyl-D-glucopyranose - - 
8.  T h e  a n o m e r i c  m i x t u r e  of 8 w a s  b r o m i n a t e d  u s i n g  a n h y d r o u s  h y d r o g e n  

b r o m i d e  i n  a c e t i c  a c i d  j u s t  p r i o r  t o  t h e  c o u p l i n g  r e a c t i o n  ( 7 4 % )  

d u e  t o  h i g h  i n s  t a  b i 1 i t y  of 2,4 -d i +-ace t y 1 - 3 , 6  -d i - 0 - m e  t h y 1 - w-D -g luco  - 

p y r a n o s y l  b r o m i d e  9 .  Condensa t ion  of 9 w i t h  8 - e t h o x y c a r b o n y l o c t a n o l  

u n d e r  m o d i f i e d  H e l f e r i c h  c o n d i t i o n  21 

b r o m i d e  ( 5 :  2 )  i n  a n h y d r o u s  d i c h l o r o m e t h a n e  g a v e  8 - ( e t h o x y c a r b o n y l )  

o c t y l  2,4-di-0-acetyl-3,6-di-O-methyl-/3-D-glucopyranoside - - - 10 i n  75% 

- - 

- - - 

u s i n g  m e r c u r i c  c y a n i d e - m e r c u r i c  

- 

R' 

R R' R " R R '  R " 

1 .  H ,OAc A c  Ac 8 .  H,OAc Ac 

2. H Br A c  A c  9 .  Br H A c  

3. OBn H A c  A c  10.  H L -0Et  Ac 

4 .  OBn H H H 11. H 

R 0 1  

H 

5.  OBn H H T s  1 2 .  H L - N H - N H 2  H 

H 6 .  OBn H H CH3 13 .  H L -N 

7 .  H, OH H CH3 1 4 .  H L-NH-BSA H 

L - 0 M e  

3 

L =  0 - ( C H  ) -CO- 2 8  
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648 S E N ,  S A R K A R ,  AND B A N E R J I  

L L  y i e l d .  Zempl6n d e a c e t y l a t i o n  of 10 a f f o r d e d  8-(methoxycarbony1)octyl 

3,6-di-~-methyl-~-~-glucopyranoside 11 i n  94% y i e l d .  C o n v e r s i o n  of 

compound 11 i n t o  i t s  h y d r a z i d e  b y  u s i n g  h y d r a z i n e  h y d r a t e  g a v e  12 

i n  80% y i e l d  a f t e r  c r y s t a l l i z a t i o n  from e t h y l  a c e t a t e - n - h e x a n e .  - T h e  

h y d r a z i d e  12 w a s  c o n v e r t e d  i n t o  its a c y l  a z i d e  13, and t h i s ,  i n  t u r n ,  

w a s  conjugated  to  t h e  b o v i n e  s e r u m  a l b u m i n  (BSA) t o  g i v e  0 - ( 3 . 6 -  - 
di-?-methyl-  /j - 2 - g l u c o p y r a n o s y 1 ) - (  1 + 9)-oxynonanoyl -BSA 14 .  T h e  

amount of 3,6-di-O_-methyl-~-glucose, i n c o r p o r a t e d  to BSA ( 3 0  mmols  

of s u g a r  per mmol of B S A ) ,  w a s  estimated b y  t h e  p h e n o l - s u l f u r i c  

acid m e t h o d .  

- 

- 
- 

23 

EXPERIMENTAL 

General procedures. Melt ing p o i n t s  w e r e  d e t e r m i n e d  i n  a s u l f u r i c  

a c i d  b a t h  a n d  are  u n c o r r e c t e d .  O p t i c a l  r o t a t i o n s  w e r e  m e a s u r e d  w i t h  

a Jasco. DIP-360 p o l a r i m e t e r  a n d  N M R  s p e c t r a  w e r e  r e c o r d e d  w i t h  

a Jeol FX-100 s p e c t r o m e t e r .  GLC w a s  p e r f o r m e d  u s i n g  p a c k e d  c o l u m n s  

(6m x 4 m m )  of 3% ECNSS-M on Gas-Chrom Q a t  170 " C  a n d  3 %  OV-225 

on  Gas-Chrom Q a t  170 "C in a n  H e w l e t t - P a c k a r d  5730A g a s  c h r o m a t o -  

g r a p h  f i t t e d  w i t h  a f l a m e  i o n i z a t i o n  d e t e c t o r .  TLC w a s  p e r f o r m e d  

on  s i l i c a  gel-G ( B D H , I n d i a ) .  S p o t s  w e r e  made  v i s i b l e  b y  s p r a y i n g  

t h e  p l a t e s  w i t h  1 0 %  s u l f u r i c  a c i d ,  f o l l o w e d  b y  h e a t i n g .  Column c h r o m a -  

t o g r a p h y  w a s  p e r f o r m e d  on  s i l i c a  g e l  60-120 m e s h  (SISCO, I n d i a ) .  

T h e  f o l l o w i n g  s o l v e n t  s y s t e m s  ( v / v )  w e r e  u s e d :  A ,  1: 1 - n - h e x a n e - d i e t h y l  

e t h e r ;  B ,  1% m e t h a n o l i c  d i c h l o r o m e t h a n e ;  C ,  2: 1 e t h y l  a c e t a t e - t o l u e n e ;  

D ,  9:  1 dichloromethane-methanol; E. 3: 1 t o l u e n e - e t h y l  a c e t a t e ;  F ,  

8: 1 e t h y l  a c e t a t e - m e t h a n o l .  S o l u t i o n s  w e r e  e v a p o r a t e d ,  a t  a t e m p e r a t u r e  

(50 " C ,  u n d e r  d i m i n i s h e d  p r e s s u r e .  

Benzyl 3+-methyl- p-D-glucopyranoside - ( 4 ) .  3-2-Methyl  -D-glucose 
- 17,18 - 

(32.8 g ) ,  s y n t h e s i z e d  f r o m  D-glucose a s  d e s c r i b e d  e l s e w h e r e ,  

w a s  a c e t y l a t e d  w i t h  a c e t i c  a n h y d r i d e  (25 mL) a n d  p y r i d i n e  ( 2 5  m L )  

to g i v e  1.2,4.6-tetra-~-acetyl-3-~-methyl-~-glucose 1 as  a s y r u p  (61.2 

g ,  - 100%); TLC Rf 0.43 ( A ) .  To a c h i l l e d  ( a t  0 " C )  s o l u t i o n  of 1 

i n  d r y  d i c h l o r o m e t h a n e  (10 m L )  and  f r e s h l y  d i s t i l l e d  a c e t i c  a c i d  ( 6 0  

m L ) ,  w a s  added a s a t u r a t e d  (a t  0 " C )  s o l u t i o n  of h y d r o g e n  b r o m i d e  

i n  a c e t i c  acid (120 m L ) .  T h e  m i x t u r e  w a s  k e p t  for 3 h a t  0 " C  a n d  

t h e n  d i l u t e d  w i t h  d i c h l o r o m e t h a n e  ( 2 0 0  m L ) .  T h e  s o l u t i o n  w a s  w a s h e d  

- 
- 
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PREPARATION OF THE NEO-GLYCOPROTEIN 649 

s u c c e s s i v e l y  w i t h  iced w a t e r  t w i c e ,  a q u e o u s  sodium b i c a r b o n a t e ,  

a n d  w a t e r .  T h e  o r g a n i c  l a y e r  w a s  d r i e d  ( M g S 0 4 ) ,  f i l t e r e d ,  a n d  c o n c e n -  

trated to a s y r u p  to g i v e  2,4,6-tri-O-acetyl-3-O-methyl-~-D-gluco- - - - 
p y r a n o s y l  b r o m i d e  2 ( 6 2  g, 9 6 % ) ;  T L C  R f  0 . 6 2  ( A ) .  

- 

T o  a stirred m i x t u r e  of d r y  b e n z y l  a l c o h o l  ( 3 5  m L ,  338 m m o l ) ,  

m e r c u r i c  c y a n i d e  ( 4 1  g ,  1 6 2  m m o l ) ,  a n d  p o w d e r e d  m o l e c u l a r  sieves 

4 A" ( 2 0  g )  i n  d r y  d i c h l o r o m e t h a n e  ( 1 5 0  m L )  w a s  added  d r o p w i s e  

over a period of 1 h ,  a s o l u t i o n  of 2 ( 6 2  g ,  1 6 2  m m o l )  i n  d r y  d i c h l o -  
r o m e t h a n e  (150 m L ) .  T h e  m i x t u r e  w a s  s t i r red  for 1 6  h a t  room t e m p e r a -  

t u r e ,  f i l t e r e d  t h r o u g h  a l a y e r  of c e l i t e ,  a n d  t h e  residue w a s  w a s h e d  

w i t h  d i c h l o r o m e t h a n e .  T h e  c o m b i n e d  f i l t r a t e  a n d  w a s h i n g s  w e r e  

w a s h e d  s u c c e s s i v e l y  w i t h  w a t e r  I a q u e o u s  p o t a s s i u m  b r o m i d e ,  a q u e o u s  

s o d i u m  b i c a r b o n a t e ,  a n d  w a t e r ,  a n d  dr ied ( M g S 0 4 ) ,  T h e  s o l u t i o n  

w a s  c o n c e n t r a t e d ,  a n d  r e m a i n i n g  b e n z y l  a l c o h o l  w a s  removed i n  v a c u o  

a t  80 " C  b y  c o d i s t i l l a t i o n  w i t h  w a t e r .  T h e  r e s u l t i n g  w h i t e  mass 

w a s  r e c r y s t a l l i z e d  f r o m  e t h a n o l  to g i v e  b e n z y l  2 . 4 . 6 - t r i - 0 - a c e t y l -  - 
3 - 2 - m e t h y l -  /3 - 2 - g l u c o p y r a n o s i d e  3 a s  n e e d l e s  ( 5 4 . 5  g ,  82% : T L C  

7 
R f  0 . 7  ( B ) ;  m p  106-108 " C  ( l i t .  m p  88-91 " C ) ;  - 6 2 . 7 "  ( c  

2 . 5 ,  CH2C12) ;  'H N M R  (CDC13) 6 7.40-7.32 ( m ,  5H,  P h ) ,  5 . 1 8 - 4 . 9 8  

( m ,  2H. r i n g  CHI, 4 .72  ( A B q ,  2H, J A , B  - - 12 .0  Hz ,  P h C H 2 ) ,  4 . 4 4  

= 7 . 8  Hz ,  H-11, 4 . 2 4 - 4 . 1 6  ( m ,  2H, r i n g  C H ) ,  3 . 6 6 -  ( d ,  l H ,  J 

3 . 4 4  ( m ,  2H,  r i n g  C H ) ,  3 .38  ( s ,  3H, O C H 3 ) ,  2 . 0 9 ,  2 . 0 7 ,  2 . 0 6  (s, 

e a c h  3H. O A c ) ;  I3C N M R  (CDC13) d 170 .60-169 .13  (CH3-CO-O-) ,  1 3 6 . 9 6  

- 
- 

1 . 2  

( P h , m - C ) ,  128 .36 .  1 2 7 . 8 3 ,  1 2 7 . 6 5  ( P h ) ,  9 9 . 5 7  ( C - 1 1 ,  8 1 . 3 2  ( C - 3 ) .  

7 2 . 0 8 ,  72 .00  ( C - 5 ,  C - 2 ) .  7 0 . 5 0  ( C H 2 - P h ) ,  6 9 . 2 1  ( C - 4 ) .  6 2 . 3 6  ( C -  

6 ) .  58 .85  ( O C H 3 ) ,  20.77 (CH3-CO-) .  

Compound  3 ( 5 4 . 4  g )  i n  absolute  m e t h a n o l  ( 3 5 0  m L )  w a s  treated 

w i t h  m e t h a n o l i c  0 . 0 2  M s o d i u m  m e t h o x i d e  ( 1 5 0  m L ) .  The  s o l u t i o n  

w a s  k e p t  for 2 h a t  room t e m p e r a t u r e  w h e n  T L C  Rf 0 . 3  ( B )  s h o w e d  

c o m p l e t e  c o n v e r s i o n  of s t a r t i n g  c o m p o u n d .  I t  w a s  t h e n  made n e u t r a l  
w i t h  Dowex  50-WX8 ( H + )  i o n - e x c h a n g e  r e s i n ,  f i l t e r e d ,  and c o n c e n t r a t e d  

to a s y r u p ,  w h i c h  c r y s t a l l i z e d  f r o m  dichloromethane-n-hexane to 

g i v e  4 ( 3 6 . 2  g ,  9 6 % ) :  mp 108-109 " C ;  - 6 5 . 1 "  (5 1 . 5 ,  CH2C12) 

[ l i t .  m p  1 0 6  "C;  [ - I D  - 55 .26"  (5 2 . 8 7 ,  C H C 1 3 ) ] ;  'H N M R  ( C D 3 0 D )  

S 7 . 6 0 - 7 . 2 1  ( m ,  5H, P h ) ,  4 .78  ( A B q ,  2H. J A , B  = 1 2  Hz ,  P h C H , ) ,  

4 .34 ( d ,  l H ,  J 1 , 2  = 7 . 8  H z ,  H - l ) ,  3 . 6 2  ( s ,  3H, O C H 3 ) ;  l 3 C  ;MR 

(CD30D)  6 138 .86  ( P h ,  o c - C ) .  1 2 9 . 1 5 ,  1 2 9 . 0 3 ,  1 2 8 . 5 6  ( P h ) ,  1 0 3 . 1 2  

7 
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6 50 SEN, SARKAR, AND BANERJI 

( C - I ) ,  87.67 ( C - 3 ) .  77.67 ( C - 5 ) ,  74.80 (C-21 ,  71 .64  ( C H 2 - P h ) .  71 .06  

(C-41 ,  62 .63  ( C - 6 ) .  60.93 (OCH3)' 

Benryl 3-0-methyl-6-0-tosyl- P-D-glucopyranos'ide ( 5 ) .  A m i x t u r e  - - - 
of 4 ( 6 . 8  g ,  24.0 m m o l ) ,  f r e s h l y  c r y s t a l l i z e d  t o s y l  c h l o r i d e  ( 4 . 8  g ,  

25.2 m m o l ) ,  4 - d i m e t h y l a m i n o p y r i d i n e  ( 1 4 4  m g ) ,  f r e s h l y  d i s t i l l e d  

t r i e t h y l a m i n e  ( 6  m L ) .  d i m e t h y l f o r m a m i d e  ( 6  m L ) ,  a n d  a n h y d r o u s  

d i c h l o r o m e t h a n e  ( 1 2 0  m L )  w a s  s t i r r e d  a t  room t e m p e r a t u r e  u n d e r  

n i t r o g e n  f o r  4 h .  T h e  m i x t u r e  w a s  t h e n  st irred f o r  1 h i n  t h e  p r e s -  

e n c e  of i c e ,  d i l u t e d  w i t h  d i c h l o r o r n e t h a n e  (100 m L ) .  T h e  o r g a n i c  

l a y e r  w a s  t h e n  w a s h e d  w i t h  i c e - c o l d  2M h y d r o c h l o r i c  a c i d ,  s a t u r a t e d  

a q u e o u s  s o d i u m  b i c a r b o n a t e ,  w a t e r ,  d r i e d  ( M g S 0 4 ) ,  a n d  c o n c e n t r a t e d  

t o  d r y n e s s  ( 9 . 8  g ,  9 3 % ) .  T h e  p r o d u c t  5 w a s  r e c r y s t a l l i z e d  f rom 

- n - h e x a n e - d i e t h y l  e t h e r  ( 9 . 3  g .  8 8 % ) :  TLC R f  0 .65 ( C ) ;  m p  100-101 "C;  

[0(1 i5-53 .4 '  ( c  - 1 . 5 3 ,  CHZC12); 'H N M R  (CDC13) 6 7.95-7.32 ( m ,  9H, 

P h ) ,  4 .70 ( A B q ,  2 H ,  J A , B  = 1 2  H z ,  P h C H 2 ) ,  4 .32  ( d ,  IH, J 1 , 2  = 

7.8 Hz, H - 1 ) .  3 .62 ( s ,  3H. OCH3).  2.62 ( d ,  1H, O H ) ,  2.42 ( s .  3H, 

CH3) .  

Anal .  C a l c d  f o r  C H 0 S: C. 57 .52;  H ,  5 .98 .  Found : C ,  57 .52;  
2 1  26 8 

H.  6.2. 

Bentyl 3.6-di-O_-methyl-P -D-glucopyranoside - (6). T o  a s o l u t i o n  

of 5 ( 1 . 4 3  g ,  3.26  mmol)  i n  d r y  m e t h a n o l  ( 1 0 . 9  m L ) ,  3 M s o d i u m  

m e t h o x i d e  i n  methanol  ( 5 . 4  m L ,  1 6 . 3  mmol)  w a s  a d d e d  a n d  t h e  r e a c -  

t i o n  m i x t u r e  h e a t e d  u n d e r  r e f l u x  for 5 h .  It w a s  t h e n  c o o l e d ,  d i l u t e d  

w i t h  c o l d  w a t e r  ( 5  m L ) ,  a n d  c o n c e n t r a t e d  to n e a r  d r y n e s s .  T h e  r e s i d u e  

w a s  d i l u t e d  w i t h  d i c h l o r o m e t h a n e  ( 2 5  m L  1, w a s h e d  s u c c e s s i v e l y  w i t h  

c o l d  2 M  h y d r o c h l o r i c  a c i d ,  a q u e o u s  s o d i u m  b i c a r b o n a t e ,  a n d  w a t e r ,  

d r i e d  (MgS04)  a n d  c o n c e n t r a t e d .  TLC Rf 0 .45 1C)  s h o w e d  f o r m a t i o n  

of a new compound.  T h e  p r o d u c t  w a s  p u r i f i e d  b y  s i l i c a  g e l  column 

c h r o m a t o g r a p h y  ( C )  to g i v e  6 ( 0 . 7 3  g ,  7 5 % ) .  A n a l y t i c a l  s a m p l e  w a s  

p r e p a r e d  b y  r e c r y s t a l l i z a t i o n  f r o m  e t h y l  a c e t a t e -  n - h e x a n e :  mp 95- 

96 " C ,  -71.3" (5 2 . 2 ,  CH2C12); 'H N M R  (CDC13) 5 7.33  ( s ,  

5H. P h ) ,  4 .78 (ABq.  2H, J A , B  

O H ) ,  2.42 ( d ,  IH,  O H ) .  

- 

- 

= 12.0  H z ,  CH - P h ) ,  4 .36 ( d ,  l H ,  2 
7 . 8  Hz, H - 1 ) .  3 . 6 2 ,  3 .38 ( s ,  e a c h  3H, O M e ) ,  2.82 ( d ,  I H ,  J 1 , 2  

Anal .  Calcd  for C H 0 . C. 60 .39;  H.  7 . 4 3 .  Found : C ,  60 .32;  15 2 2  6 ' 

H .  7 .56.  
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PREPARATION OF THE NEO-GLYCOPROTEIN 651 

3.6-Di-O-methyl-D-glucose ( 7 ) .  Compound 6 ( 3 . 2  g )  w a s  d i s s o l v e d  

i n  methanol  a n d  h y d r o g e n a t e d  i n  t h e  p r e s e n c e  of 1 0 %  Pd-C ( 0 . 1 6  g )  

for 6 h a t  room t e m p e r a t u r e  a n d  n o r m a l  p r e s s u r e .  T h e  c a t a l y s t  w a s  

separated b y  f i l t r a t i o n  of t h e  m i x t u r e  t h r o u g h  a c e l i t e  pad ,  a n d  

w a s h e d  w i t h  m e t h a n o l .  T h e  c o m b i n e d  f i l t r a t e  a n d  w a s h i n g s  w e r e  e v a p o -  

rated to g i v e  7 ( 2 . 0 5  g ,  9 2 % ) .  3.6-Di-0-methyl-D-glucose - w a s  c r y s t a -  

l l i z e d  from d i c h l o r o m e t h a n e  c o n t a i n i n g  f e w  d r o p s  of methanol  ( 1 . 6  g.  

7 8 % ) .  A f u r t h e r  0.35 g of m a t e r i a l  w a s  o b t a i n e d  u p o n  c r y s t a l l i z a t i o n  

of t h e  m o t h e r  l i q u o r s  ( 8 8 % .  t o t a l  y i e l d )  : TLC Rf 0 .2  ( D ) ;  m p  115- 

117 "C;  + 62" (2 1 . 5 ,  H 2 0 )  [ l i t . 9  mp 113-116 "C;  

(2 1. H 2 0 ) ] ;  'H N M R  (CD30D) d 5.12-5.04 ( m ,  l H ,  H-11, 3.62 ,  3 .34  

( s ,  e a c h  3H, O M e ) .  

3,6-Di-O-methyl-D-glucose 7 ( 2  m g )  w a s  t h e n  c o n v e r t e d  t o  its 

a l d i t o l  acetate ,20 a n d  a n a l y z e d  b y  GLC b y  c o m p a r i n g  w i t h  a n  a u t h e n t i c  

s a m p l e  of 1.2,4,5-tetra-O-acetyl-3,6-di-~-methyl-D-glucitol. T h e  c h r o m a -  

t o g r a m  s h o w e d  a major p e a k  for 1,2,4,5-tetra-O-acetyl-3,6-di-C-methyl- - - 
D-gluci tol  ( 9 7 %  1 .  

E - 

- - 

+ 61.6' 

= - 

= - 

= 
8-(Methoxycarbonyl )octyl 3.6-di-O-methyl-/3-D-glucopyranoside (11 1. = - 

3,6-Di-O-methyl-~-glucose 7 ( 0 . 5  g )  w a s  a c e t y l a t e d  w i t h  acetic a n h y -  

d r i d e  ( 1  m L )  a n d  p y r i d i n e  ( 1  m L )  to g i v e  1 , 2 , 4 - t r i - O - a c e t y l - 3 . 6 -  - 
di-2-methyl-D-glucopyranose a n o m e r s  8.  To a c h i l l e d  ( to  0 'C)  s o l u t i o n  

of 8 ( 0 . 8  g )  i n  d i c h l o r o m e t h a n e  ( 0 . 2  m L )  a n d  f r e s h l y  d i s t i l l e d  a c e t i c  

a c i d  ( 0 . 8  m L )  w a s  a d d e d  a s a t u r a t e d  s o l u t i o n  of h y d r o g e n  b r o m i d e  

( a t  0 " C )  i n  a c e t i c  acid ( 1 . 6  mL). T h e  m i x t u r e  w a s  s t i r r e d  for 0 . 5  

h a t  0 "C w h e n  TLC R f  0 .65 ( A )  s h o w e d  a l m o s t  c o m p l e t e  c o n v e r s i o n  

of s t a r t i n g  compound.  T h e  s o l u t i o n  w a s  w a s h e d  s u c c e s s i v e l y  w i t h  c o l d  

w a t e r ,  a q u e o u s  s o d i u m  b i c a r b o n a t e ,  and  w a t e r ,  d r i e d  (MgS04)  a n d  

c o n c e n t r a t e d  to  g i v e  2,4-di-O-acetyl-3,6-di-~-methyl-~-~-glucopyranosyl 

bromide 9 ( 0 . 6 3  g, 7 4 % )  as  a s y r u p .  

- - 

- 

- - 

To a s t i r r e d  s o l u t i o n  of 8 - e t h o x y c a r b o n y l o c t a n o l  ( 0 . 3 6  g, 1 . 7 8  

mmol)  i n  d i c h l o r o m e t h a n e  ( 4  m L )  c o n t a i n i n g  m e r c u r i c  c y a n i d e  ( 0 . 3 6  g, 

1 . 4 3  m m o l ) ,  m e r c u r i c  b r o m i d e  ( 0 . 2  g ,  0.55 mmol)  a n d  d r y  p o w d e r e d  

m o l e c u l a r  s i e v e  4 A "  ( 0 . 4  g )  w a s  a d d e d  a s o l u t i o n  of 9 ( 0 . 6 3  g ,  

1.77 mmol) i n  d r y  d i c h l o r o m e t h a n e  ( 2  m L ) .  T h e  m i x t u r e  w a s  s t i r r e d  

for 16 h a t  room t e m p e r a t u r e  u n d e r  n i t r o g e n .  T h e  s o l i d s  w e r e  f i l t e r e d  

off and  w a s h e d  w i t h  d i c h l o r o m e t h a n e .  T h e  combined  f i l t r a t e  a n d  
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652 SEN, SARKAR, AND BANERJI 

w a s h i n g s  w a s  w a s h e d  s u c c e s s i v e l y  w i t h  c o l d  w a t e r ,  M p o t a s s i u m  

b r o m i d e ,  a n d  w a t e r ,  d r i e d  ( M g S 0 4 )  a n d  c o n c e n t r a t e d  to  d r y n e s s .  

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

( E )  to  g i v e  8-  ( e t h o x y c a r b o n y l  l o c t y l  2.4-di-O-acetyl-3,6-di-O-methyl- - 

P-;-glucopyranoside 10 ( 0 . 6 3  g ,  7 5 % ) ;  T L C  R f  0 . 6 2  (E). 
- 

To a c o o l e d  s o l u t i o n  of 10 ( 0 . 6  g )  i n  d r y  m e t h a n o l  ( 6  m L )  w a s  

added m e t h a n o l i c  0 . 0 2  M s o d i u m  m e t h o x i d e  ( 2  m L )  and t h e  r e s u l t i n g  

s o l u t i o n  l e f t  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e .  I t  w a s  t h e n  m a d e  n e u t r a l  

w i t h  Dowex  5O-WX8 ( H ' )  i o n - e x c h a n g e  r e s i n ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  

t o  a s y r u p  11 ( 0 . 4 5  g, 9 4 % ) :  T L C  R f  0 . 2  (El; 0 . 8  (F); - 2 5 . 1 "  
7 ( c  - 1 . 6 ,  C H 3 0 H )  [ l i t .  - 30"  (5 1 . 0 ,  C H 3 0 H ) I ;  'H N M R  ( C D 3 0 D )  

d 4 .28  I d ,  l H ,  J = 7 . 8  H z ,  H - 1 1 ,  3 . 6 7 ,  3 . 6 6  ( s ,  3H e a c h ,  COZMe, 

O M e ) ,  3 .38  ( s ,  3H, O M e ) .  

3.6-di --methyl - 13 -D-glucopyranoside - 
(12). Compound  11 ( 0 . 4 2  g )  i n  d r y  e t h a n o l  ( 7  m L )  w a s  t reated w i t h  

h y d r a z i n e  h y d r a t e  ( 1  m L ,  8 5 % )  for 36 h a t  room t e m p e r a t u r e .  After 

e v a p o r a t i o n  of s o l v e n t s ,  and c o d i s t i l l a t i o n  of t races  of h y d r a z i n e  

w i t h  e t h a n o l ,  t h e  residue w a s  d r ied  u n d e r  v a c u u m  to  g i v e  12 ( 0 . 3 6  Bv 
8 7 % ) ;  TLC R f  0 . 4 5  (F). C o m p o u n d  12 w a s  p u r i f i e d  by c r y s t a l l i z a t i o n  

f r o m  e t h y l  a c e t a t e - n - h e x a n e  ( 0 . 3 3  g ,  8 0 % ) :  mp 104-106 " C ;  [ # I ,  - 

21 .3"  ( c  1 . 4 ,  CH30H)  [ l i t .  m p  179  " C ,  [ M I  -70" (5 0 . 5 ,  H 2 0 ) 1 ;  

'H N M R  (CDC13) 6 6 . 9 6  ( b s ,  l H ,  N H ) ,  4 . 2 5  ( d ,  l H ,  J 1 , 2  = 7 . 6  Hz, 
H - l ) ,  3 . 6 2 ,  3 .38 ( s ,  e a c h  3H,  O M e ) ,  2 . 1 2  ( t ,  2H,  -CH2CO) ,  2 . 6 5 -  

1 . 2 5  ( m ,  1 2 H ,  - ( C H 2 I 6 - ) ;  13C N M R  (CDC13)  d 178 .22  ( C = O ) ,  1 0 2 . 9 6  

1 . 2  

8 (Hydraxinocarbonyl )octy 1 - - 

25 
- 

7 
D - 

( C - 1 ) .  8 5 . 8 8  ( C - 3 1 ,  74 .65  ( C - 2 ) ,  7 3 . 7 1  ( C - 4 ) .  72 .49  ( O - C H 2 ) ,  7 0 . 6 1  

( C - 5 ) ,  7 0 . 0 3  ( C - 6 1 ,  6 0 . 4 3  ( O M e ) .  5 9 . 5 6  ( O M e ) ,  2 9 . 5 4 ,  2 9 . 0 1 ,  2 5 . 7 4 ,  

25 .39  [ ( C H 2 ) 7 1 .  

g-(3,6-Di-O_-methyl- p -D-glucopyranosy1)-( 1 -> 9)-oxynonanoyl- 

BSA ( 1 4 ) .  A stirred solution of 12 ( 3 6  m g ,  95 p o l )  i n  d r y  d i m e t h y l -  

f o r m a m i d e  ( 1 . 2  m L )  w a s  cooled to  -30 " C ,  and 3 .6  M h y d r o c h l o r i c  

acid i n  d r y  1 , 4 - d i o x a n e  ( 2 1 5  p L )  w a s  a d d e d .  A s o l u t i o n  of t - b u t y l -  

n i t r i t e  i n  d r y  d i m e t h y l f o r m a m i d e  ( l : l O ,  345 p L )  w a s  added  and t h e  

s o l u t i o n  w a s  s t i r r e d  for 30 min  a t  -30 " C .  T L C  (F) s h o w e d  d i s a p p e a r -  

ance of 12 a n d  f o r m a t i o n  of a n e w  f a s t e r - m o v i n g  c o m p o n e n t  13. T h e  

excess of n i t r o u s  acid w a s  n e u t r a l i z e d  w i t h  0.5 M s o l u t i o n  of s u l f a m i c  

acid in d i m e t h y l f o r m a m i d e  ( 3 4 5  pL). After 1 5  m i n  t h e  c o l d  ( - 5 0  " C )  

- 
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PREPARATION OF THE NEO-GLYCOPROTEIN 653 

s o l u t i o n  of t h e  a c y l  a z i d e  13 w a s  a d d e d  d r o p w i s e  t o  a s o l u t i o n  of 

BSA ( 6 9  mg)  i n  a n  a q u e o u s  s o l u t i o n  0 . 0 8  M i n  Na B 0 and 0 . 3  M 

i n  KHC03 ( 6 . 9  m L ,  pH 9 . 2 )  a t  0 "C.  T h e  s o l u t i o n  w a s  s t i r r e d  o v e r n i g h t  

a t  0 "C a n d  t h e n  d i a l y z e d  a g a i n s t  f i v e  c h a n g e s  of d i s t i l l e d  w a t e r  

i n  a n  Amicon u l t r a f i l t r a t i o n  c e l l  e q u i p p e d  w i t h  UM-10 m e m b r a n e  a n d  

f r e e z e d - d r i e d  t o  p r o v i d e  14  as  a w h i t e  f l u f f y  m a t e r i a l  ( 9 5  m g ) .  

T h e  amount  of h e x o s e  bound t o  p r o t e i n  w a s  t h e n  e s t i m a t e d  b y  t h e  

p h e n o l - s u l f u r i c  a c i d  m e t h o d 2 3  u s i n g  3,6-di-~-methyl-~-glucose a s  

a s t a n d a r d  a n d  t h e  n u m b e r  of m o l e s  of bound h a p t e n  w a s  c a l c u l a t e d  

on  t h e  b a s i s  of a m o l e c u l a r  w e i g h t  for BSA of 65,000. 
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