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A B S T R A C T  

a - D i t h i o p h o s p h a t e s  o f  p e r a c e t y l a t e d  2 - d e o x y h e x o -  
p y r a n o s e s ,  la, 2 a n d  2, w h i c h  a r e  e a s i l y  p r e p a r e d  b y  
a d d i t i o n  o f  o r g a n i c  p h o s p h o r o d i t h i o i c  a c i d s  t o  g l y c a l s  
r e a c t  s m o o t h l y  w i t h  r e s i n - b o u n d  2- a n d  4 - n i t r o p h e n o x i d e s  
t o  g i v e  s t e r e o s e l e c t i v e l y  t h e  r e s p e c t i v e  n i t r o p h e n y l  
Z-deoxy-  p - 0 - h e x o p y r a n o s i d e s  (3,4,5 - - -  a n d  6 )  i n  h i g h  
y i e l d s .  G l y c o s y l a t i o n  o f  t h e  2 , l - d i n i t r o E h e n o x i d e ,  
h o w e v e r ,  l e a d s  w i t h  c o m p a r a b l e  s t e r e o s e l e c t i v i t y  t o  
2 , 4 - d i n i t r o p h e n y l  Z-deoxy-  a - D - h e x o p y r a n o s i d e s  (1 
a n d  - 8 ) .  

G l y c o s i d e s  5 - 6 a r e  q u a n t i t a t i v e l y  d e a c e t y l a t e d  
b y  A m b e r l y s t  A-29 (VH-), w h e r e a s  g l y c o s i d e s  7 a n d  8, 
u n d e r  t h e  same r e a c t i o n  c o n d i t i o n s  u n d e r g o  s p l i t t i n g  
o f  t h e  O - g l y c o s i d i c  bond.  

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

A r y l  s a c c h a r i d e s ,  a n d  i n  p a r t i c u l a r  n i t r o p h e n y l  

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

s u b s t r a t e s  f o r  c e r t a i n  g l y c o s i d a s e s  a n d  g l y c o s y l  
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446 BIELAWSKA AND MICHALSKA 

t r a n s f e r a s e s  .' F u r t h e r m o r e ,  n i t r o p h e n y l  g l y c o s i d e s  

a l l o w  t h e  i n t r o d u c t i o n  o f  an a c t i v e  f u n c t i o n  i n  t h e  

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

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

t h e  s y n t h e s i s  o f  a r t i f i c i a l  a n t i g e n s . 2  

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

s u b s e q u e n t  d e r i v a t i s a t i o n  a n d  e x p o s u r e  o f  a d e s i r e d  

h y d r o x y l  g r o u p . 3  A l k a l i - l a b i l e  2 , 4 - d i n i t r o p h e n y l  

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

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

c a t i o n s O 4  

s e l e c t i v e  s y n t h e s i s  o f  t h i s  c l a s s  o f  compounds w h i c h ,  

due  t o  t h e  p r e s e n c e  o f  a n  a g l y c o n  whose l i g h t - a b s o r p t i o n  

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

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

p - N i t r o p h e n y l  

Thus ,  t h e r e  i s  i n c r e a s i n g  demand f o r  s t e r e o -  

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

, B - D - g l y c o s i d e s  o f  f u l l y  h y d r o x y l a t e d  s u g a r s  a r e  w e l l  

e s t a b l i s h e d ,  i t  h a s  n o t  b e e n  p o s s i b l e  u n t i l  now t o  

s y n t h e s i z e  n i t r o p h e n y l  2 - d e o x y - p - D - g l y c o s i d e s  b e c 2 u s e  

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

c a l l y  m o r e  s t a b l e  a - a n o m e r s .  

a r y l  2 -deoxy-  p - D - g l y c o s i d e s  f a i l e d . 6  

d e s c r i b e d  b y  K i s s 7  c o n s i s t e d  o f  t h e  i n t r o d u c t i o n  o f  

t h e  P - g l y c o s i d i c  p h e n o l i c  f u n c t i o n  p r i o r  t o  t h e  

2 -deoxy  f u n c t i o n  which, i n  tu rn ,  was g e n e r a t e d  b y  

h y d r o g e n o l y s i s  o f  t h e  2 - O - p - t o l y l s u l p h o n y l  g r o u p  u s i n g  

L i A  1 H 4 .  

s y n t h e s i s  o f  a l k y l  2 -deoxy -  f l - D - g l y c o s i d e s  b a s e d  o n  t h e  

r e a c t i o n  o f  a - d i t h i o p h o s p h a t e s  o f  2 - d e o x y s u g a r s  w i t h  

a l k o x i d e s . '  

s e l e c t i o n  m i g h t  b e  a c h i e v e d  f o r  a r y l  2 - d e o x y - P - D -  

g l y c o s i d e s  v i a  r e a c t i o n  o f  t h e  same g l y c o s y l  d o n o r  w i t h  

p h e n o x i d e s .  

5 

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

The o n l y  e x a m p l e  

We h a v e  r e c e n t l y  r e p o r t e d  a n o v e l  a p p r o a c h  t o  t h e  

T h i s  w o r k  s u g g e s t e d  t h a t  s i m i l a r  s t e r e o -  
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The g l y c o s y l a t i n g  r e a g e n t s  i n t r o d u c e d  b y  us9  a r e  

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

I n  c o n t r a s t  t o  o t h e r  g l y c o s y l a t i n g  r e a g e n t s  i n  t h e  

2 - d e o x y s u g a r  s e r i e s ,  e.g., a c y l  2 - d e o x y g l y c o s y l  

h a l i d e s ,  a - d i t h i o p h o s p h a t e s  o f  2 - d e o x y s u g a r s  a r e  

s t a b l e ,  c r y s t a l l i n e  compounds w h i c h  c a n  b e  s t o r e d  f o r  

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

changes .  The d i t h i o p h o s p h a t e  g r o u p  r e p r e s e n t s  a n o v e l  

t y p e  o f  a n  a c t i v a t i n g  f a c t o r  f o r  t h e  a n o m e r i c  c e n t r e  

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

r e s u l t s , '  p r o c e e d  w i t h  f u l l  i n v e r s i o n  o f  c o n f i g u r a t i o n  

a t  C - I .  

RESULTS A N D  D I S C U S S I O N  

The r e a c t i o n  o f  a - d i t h i o p h o s p h a t e s  &, 3 
a n d  - 2 w i t h  2- a n d  4 - n i t r o p h e n o x i d e s  was p e r f o r m e d  u n d e r  

s u c h  c o n d i t i o n s  a s  t o  a v o i d  t h e  f o r m a t i o n  o f  t h e  

t h e r m o d y n a m i c a l l y  more  s t a b l e  a - g l y c o s i d e s  ( 2OoC, 

n e u t r a l  s o l v e n t s ) .  The r e a c t i o n  was m o n i t o r e d  b y  

3 1 P  NMR s p e c t r o s c o p y  a n d  t l c  and was u s u a l l y  c o m p l e t e d  

w i t h i n  2-3 weeks. We o b s e r v e d  t h a t  t h e  r e a c t i o n  o f  

p h e n o x i d e s  w i t h  t h e  c y c l i c  d i t h i o p h o s p h a t e s  - l a  a n d  - 2 

p r o c e e d e d  f a s t e r  a n d  was c o m p l e t e d  w i t h i n  2 weeks  

w h e r e a s  w i t h  t h e  0,O-dimethyldithiophosphates - l b  was 

a c c o m p l i s h e d  w i t h i n  3 weeks. U n d e r  t h e  c o n d i t i o n s  

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

o c c u r .  The c r u d e  p e r a c e t y l a t e d  n i t r o p h e n y l  g l y c o s i d e s  

3 - 8 w e r e  o b t a i n e d  i n  n e a r l y  q u a n t i t a t i v e  t o t a l  y i e l d .  

The p r o p o r t i o n s  o f  t h e  a n o m e r s  f o r m e d  w e r e  e v a l u a t e d  
- L 

b y  ' H  a n d  I 3 C  NMR s p e c t r o s c o p y  o f  t h e  c r u d e  r e a c t i o n  

m i x t u r e s .  We f o u n d  t h a t  i n  t h e  c a s e  o f  2- a n d  4 - n i t r o -  

p h e n y l  2 - d e o x y g l u c o -  a n d  g a l a c t o p y r a n o s i d e s  t h e  

p - i s o m e r  p r e d o m i n a t e s  ( > g o % ) ;  w i t h  2 , 4 - d i n i t r o -  
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BIELAWSKA AND MICHALSKA 448 

p h e n y l  2 - d e o x y g l y c o s i d e s ,  however ,  t h e  C r / p  r a t i o  

f a v o u r e d  t h e  a-anomer  ( T a b l e  1 ) .  T h i s  f a c t  c a n  be 

e x p l a i n e d  b y  t h e  s t r o n g  anorner ic  e f f e c t  o f  t h e  h i g h l y  

e l e c t r o n e g a t i v e  s u b s t i t u e n t  a s  w e l l  a s  b y  t h e  s t e r i c  

f a c t o r .  

i n  a s h o r t e r  r e a c t i o n  t i m e  ( 1 1  d a y s )  b u t  p r o n o u n c e d  

l o s s  o f  s t e r e o s e l e c t i v i t y .  The r e a c t i o n  o f  - I b  w i t h  

p - n i t r o p h e n o x i d e  a t  4S°C l e a d  t o  1 : l  m i x t u r e  o f  CY 

a n d  p g l y c o s i d e s .  The same a /P  r a t i o  was o b s e r v e d  

o n  e q u i l i b r a t i o n  o f  t h e  a n o r n e r i c a l l y  p u r e  4 - n i t r o -  

p h e n y l  2-deoxy- p - D - g l u c o s i d e  b y  h e a t i n g  i n  m e t h y l e n e  

c h l o r i d e  s o l u t i o n  a t  4 O o C  f o r  1 0  h o u r s .  

R a i s i n g  t h e  r e a c t i o n  t e m p e r a t u r e  t o  45OC r e s u l t e d  

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

w h i c h  were r e a d i l y  s e p a r a b l e  b y  c r y s t a l l i s a t i o n ,  werq  

c o n f i r m e d  b y  e l e m e n t a l  a n a l y s i s ,  'H a n d  I 3 C  NMR 

s p e c t r o s c o p y  a n d  s p e c i f i c  r o t a t i o n  v a l u e s  ( T a b l e s  1-4). 

s h i f t  v a l u e s  f o r  r e p r e s e n t a t i v e  p- a n d  & - n i t r o -  

p h e n y l  2 - d e o x y g l y c o s i d e s  t h e  20  'H  - 'H a n d  

20 'H - I 3 C  s p e c t r a  were  r e c o r d e d  ( F i g u r e  1 a n d  

F i g u r e  2 ) .  

F r e e  g l y c o s i d e s  2, g, 5a a n d  & were o b t a i n e d  
1 0  b y  d e a c e t y l a t i o n  w i t h  A r n b e r l y s t  A-26 (OH-) r e s i n  

i n  d r y  m e t h y l  a l c o h o l  a t  2OoC. U s u a l l y  2-2.5 h o u r s  

were s u f f i c i e n t  t o  p e r f o r m  t h e  d e - b l o c k i n g  i n  

q u a n t i t a t i v e  y i e l d ,  e x c e p t  f o r  2 , 4 - d i n i t r o p h e n y l  

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

l i n k a g e  u n d e r  t h e s e  r e a c t i o n  c o n d i t i o n s ,  

F o r  p r e c i s e  a s s i g n m e n t  o f  t h e  'H a n d  I 3 C  c h e m i c a l  

I n  c o n c l u s i o n ,  t h e  i n t r o d u c t i o n  o f  t h i s  n o v e l  

t y p e  o f  g l y c o s y l a t i n g  r e a g e n t  (la, 2 a n d  2) g i v e s  
easy  a c c e s s  t o  n i t r o p h e n y l  0 - 0 - g l y c o s i d e s  o f  

2 -deoxysugars  now a v a i l a b l e  f o r  t h e  f i r s t  t i m e  f o r  

b i o l o g i c a l  s t u d i e s .  
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la R = O A c  - Ib - R=OAc 

2 R =  OAc 
I 

- 3 R=R2=OAc R, = H  
3a - R=R1=OH R, = H  

4, R = R,=OAc R, =H 

4a - R=R,=OH R Z = H  

RsC H2 

Rz 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



NITROPHENYL 2-DEOXY-a-D-GLYCOSIDES 451 

T A B L E  2. S e l e c t e d  ' H  NMR c h e m i c a l  s h i f t  v a l u e s  (ppm) 

, 2  H-I 

J1  , 2  

192 

2 92 

H - 2  J 

J 

J 2  ,3 

192 
H-2 J 

J 2 , 2  

'2 ,3  

H-3 ' 2 ,3  

' 2 , 3  

J 3 , 4  

,4  

4 95 

5 96 

5 96 

4 95 

H -4 

J 

H-5 3 

J 

J 

H-6 '6,6 

J 5  , 6  

H-6 '6,6 

J 5  , 6  

C O C H 3  - 

a n d  J (Hz)  o f  compounds - -  3 , 4  a n d  - 7 ( 4 0 0  M H z )  

q b  - 7a - 4a - 3a - 
5 , 2 9  ( 2 , 5 )  5 , 3 3  ( 2 , 3 )  4 , 4 5  5 , 9 6  ( 1 , 5 )  

@ , g )  ( 9 , 4 )  ( 2  , g )  

2 , 6 1  2 , 5 8  ( 2 , 4 )  2 , 1 7  2 , 6 4  ( 1 , 4 )  

( 1 3 , 6 )  

( 5 8 )  ( 5 , 3 )  

2 , l O  2 , l O  1 , 8 2  2 , 1 1  ( 3 , 4 )  

( 1 3 , 7 )  

( 1 1 , 5 )  

( 1 0 , 7 )  ( 1 1  9 0 )  ( 1 3 , 7 )  

( 8 9 9 )  ( 9 9 3 )  ( 1 1 , 5 )  

( 8 9 9 )  ( g , 2 )  ( 9 9 8 )  

0 , 9 >  ( 2 , 7 )  ( 2  9 3 )  

( 8 9 8 )  ( 9 9 2 )  ( 1 0 , 3 )  

( 5 9 5 )  ( 4 , 4 )  

( 2 9 9 )  ( 2 9 6 )  ( 2 , 3 )  

5 , l O  ( 5 , l )  5 , 1 3  ( 5 , 2 )  5 , 0 3  5 , 4 6  ( 3 , 4 )  

5 , @ 5  ( 8 , 9 )  5 , 0 8  ( 9 , 2 )  5 , 0 9  5 , 1 6  ( 9 , 8 )  

3 , 8 1  ( 5 , l )  3,85 ( 5 , 9 )  3 , 2 a  4 , 0 6  ( 4 , 4 )  

4 , 3 2  ( 1 2 , 2 )  4 , 3 1  ( 1 2 , l )  4 , 3 0  4 , 2 9  ( 1 2 , 3 )  

4 , 1 9  ( 1 2 , 2 )  4,115 ( 1 2 , l )  4 , l O  4 , 0 2  ( 1 2 , 3 )  

2 , 0 8  2 , 0 9  1 , 6 6  2 , 0 7  

2 , 0 7  2 , 0 8  1 , 6 4  2 , 0 5  

2,05 2 , 0 6  1 ,63 2 , 0 4  

a in C D C l  - b i n  C 6 D 6  
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TABLE 3 .  S e l e c t e d  I 3 C  c h e m i c a l  s h i f t  v a l u e s  (ppm)  

o f  g l y c o s i d e s  - 3,  4 ( 0 )  a n d  - 7 ( a )  

c-I 

c -2  

c -3  

c -4 

c-5 

C-6 

- C O C H 3  

C O C H 3  - 

3 - 
98,5  

35 ,o  

68,5 

69,4 

72,4 

62 ,3  

170,5 

1 7 0 , l  

169,6  

20,8 

20 ,7  

20 ,7  

4 - 
96,5 

35 ,4  

68 ,5  

6 9 , 8  

72 ,5  

62 ,3  

1 7 0 , 5  

1 7 0 , l  

169 ,7  

20 ,9  

20,7 

20,7 

7 - 
97  ,O 

34 ,2  

68  ,O 

68,3 

70 ,2  

61,6 

170 ,3  

169 ,7  

169 ,7  

20 ,9  

20,7 

20,7 

EXPERIMENTAL 

G e n e r a l  P r o c e d u r e s .  M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  

w i t h  B o e t i u s  P H M K 0 5  a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  

E l e m e n t a l  a n a l y s e s  were  p e r f o r m e d  b y  t h e  M i c r o a n a l y t i c a l  

L a b o r a t o r y  O F  t h e  C e n t r e  o f  M o l e c u l a r  a n d  M a c r o m o l e c u l a r  

S t u d i e s  o f  t h e  P o l i s h  Academy o f  S c i e n c e s .  

s p e c t r a  w e r e  d e t e r m i n e d  i n  C D C 1 3  o r  C6D6 

6 0  MHz,  B r u k e r  9 0  MHz, B r u k e r  2 0 0  MHz, J e o l  4 0 0  MHz, 

B r u k e r  4 0 0  MHz). I 3 C  N M R  s p e c t r a  w e r e  d e t e r m i n e d  i n  

'H NMR 

( V a r i a n  

C D C 1 3  ( B r u k e r  22.6 MHz, B r u k e r  50 .3  MHz, B r u k e r  

74.9 MHz, J e o l  100.4 MHz). 3 1 ~  NMR s p e c t r a  were  
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a 

0 

0 

rl 

k 

@ @  
0 0  

COCH2- 

1 
FIG 1. 'H- H-Correlated BD-NMR Spectrum of 

4'-Nitrophenyl 2-Deoxy- ~3 -D-Glucopyranoside. 

d e t e r m i n e d  i n  C D C 1 3  w i t h  H3P04 

60  MHz F T  o p e r a t i n g  a t  24 .3  MHz). S p e c i f i c  r o t a t i o n s  
were d e t e r m i n e d  w i t h  P o l a m a t  A p o l a r i r n e t e r .  

a s  s t a n d a r d  ( J e o l  

U 

'I 

P 

Ln 

(D 

r- 

m 

Tlc was c a r r i e d  o u t  o n  s i l i c a  g e l  p l a t e s  (Sklo U n i o n ,  
S i l u f o l  UV 2 5 4 )  with'benzene-chloroform-acetone 
m i x t u r e  3 : I : l .  D e t e c t i o n  was e f f e c t e d  b y  e x p o s u r e  t o  
i o d i n e  v a p o u r s .  Column c h r o m a t o g r a p h y  was c a r r i e d  o u t  
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J 

FIG. 2. 13C-1H-Correlated 2D-NMR Spec t rum of 2', 
4'-Dinitrophenyl 2-Deoxy- o( - D-Glucopyranoside. 

b y  u s i n g  s i l i c a  g e l  (E.Merck 0.2-0.5 mm) a n d  a m i x t u r e  

o f  h e x a n e - c h l o r o f o r m  a s  e l u e n t .  

S t a r t i n g  M a t e r i a l s .  a - D i t h i o p h o s p h a t e s  la, 2 
a n d  - 2 w e r e  o b t a i n e d  a c c o r d i n g  t o  J .Borow iecka  a n d  

M . M i ~ h a l s k a . ~  A m b e r l y s t  A-26 2-, 4 - n i t r o  a n d  

2 , 4 - d i n i t r o p h e n o x i d e s  were p r e p a r e d  a c c o r d i n g  t o  

T . I v e r s e n  a n d  R.Johansson. 11 
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G e n e r a l  G l y c o s y l a t i o n  P r o c e d u r e .  A m i x t u r e  o f  

e q u i m o l a r  a m o u n t s  ( 2  mmol )  o f  t h e  a p p r o p r i a t e  

a - d i t h i o p h o s p h a t e  ( l a  -’ - I b  o r  - 2 )  a n d  o f  A m b e r l y s t  

A-26 n i t r o p h e n o x i d e  ( 2  mmol )  i n  p r o p a n o l - b e n z e n e  

( 1 O : l )  ( 3 3  m l )  was s t i r r e d  a t  2OoC. The r e a c t i o n  

was m o n i t o r e d  b y  31P NMR s p e c t r o s c o p y  a n d  t l c .  A f t e r  

one week a s e c o n d  b a t c h  o f  r e s i n  ( 2  mmo l )  was a d d e d  
a n d  s t i r r i n g  c o n t i n u e d ,  The r e a c t i o n  was u s u a l l y  accom- 

P l i s h e d  w i t h i n  2-3 weeks. R e a c t i o n  t i m e  f o r  3,4,5,6,7 

a n d  8, s t a r t i n g  f r o m  - l a  a n d  - 2 was t w o  weeks ,  s t a r t i n g  

f r o m  I b  - t h r e e  weeks ,  The r e s i n  was r e m o v e d  b y  f i l t r a -  

t i o n ,  washed w i t h  CH C1 a n d  MeOH, t h e  c o m b i n e d  f i l t r a t e s  

e v a p o r a t e d  i n  wacuo a t  2 0  C. The r e s i d u e  was d i s s o l v e d  

i n  C H C 1 3 ,  washed w i t h  10% NaHC03 a n d  w a t e r ;  t h e  c h l o r o -  

f o r m  s o l u t i o n  was d r i e d  (MgSO,) a n d  c o n c e n t r a t e d  i n  

vacuo.  The r e s i d u a l  s y r u p  o r  c r y s t a l l i n e  mass was p u r i -  

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

wed b y  c r y s t a l l i z a t i o n .  

Y i e l d s ,  p h y s i c a l  a n d  s p e c t r o s c o p i c  d a t a  o f  a c e t y l a t e d  

g l y c o s i d e s ,  - 3 - - 8 , a r e  c o l l e c t e d  i n  T a b l e s  1-3. T a b l e  

4 c o n t a i n s  t h e  r e s u l t s  o f  e l e m e n t a l  a n a l y s i s .  

- - - - -  

- 
* o  

G e n e r a l  D e a c e t y l a t i o n  P r o c e d u r e .  A s o l u t i o n  o f  

t h e  a c e t y l a t e d  g l y c o s i d e  i n  d r y  m e t h a n o l  was s t i r r e d  a t  

2OoC f o r  2 - 2.5 h r  i n  t h e  p r e s e n c e  o f  c a t a l y t i c  amoun t  

o f  t h e  A m b e r l y s t  A-26 (OH-)  r e s i n .  The r e s i n  was f i l t e -  

r e d  o f f  a n d  t h e  f i l t r a t e  e v a p o r a t e d  t o  g i v e  c o l o u r l e s s ,  

c r y s t a l l i n e  p r o d u c t  w h i c h  was p u r i f i e d  b y  c r y s t a l l i z a t i o n  

f r o m  m e t h a n o l .  Y i e l d s  a n d  p h y s i c a l  d a t a  o f  t h e  f r e e  g l y -  

c o s i d e s  2, s, 2 and 6 a  a r e  c o l l e c t e d  i n  T a b l e  I. The 

r e s u l t s  o f  e l e m e n t a l  a n a l y s i s  - i n  T a b l e  4. 
- 

A C K N O W L E D G E M E N T S  

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

P o l i s h  Academy o f  S c i e n c e s  ( R e s e a r c h  P r o j e c t  MR-1.12). 
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The a u t h o r s  w i s h  t o  t h a n k  P r o f e s s o r  H. Duddeck o f  

t h e  R u h r - U n i v e r s i t a t  Bochum and  P r o f e s s o r  T. H a t a  o f  t h e  

T o k y o  I n s t i t u t e  of  T e c h n o l o g y  f o r  t h e  'H a n d  I3C 
r e s o l u t i o n  s p e c t r a  a n d  t h e  2D 'H - ' H  a n d  2D H - I 3 C  

c o r r e l a t e d  s p e c t r a  p r e s e n t e d  i n  F i g u r e  1 a n d  F i g u r e  2. 
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