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ABSTRACT 

0- (Methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-a-D- 
e l  y c eTo-D - g a l  ac t 0-2- no nu1 opyr anos y l  o n a t  e I=(  2+6 1 - ( 3,4 - d i  -0 - ben zy lz 
2-0- ( 4- nT t ro  benzoyl -a-D- g a l  act0 pyr anos y l  b r  omi de was s yx t  hesi zed 
an; used as a d i saccha rTde  g l y c o s y l  donor i n  t h e  s y n t h e s i s  of 
s i a l y l a c t o s e  a-D-Neup5Ac-(2+6)-B-D-Galp-( - - 1 + 4 ) - D - G l c .  - - - - - 

INTRODUCTION 

N-Acetyl-a-D-neuraminic - a c i d  (Neu5Ac) i s  a f r e q u e n t ,  t e r m i n a l  

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

g l y c o c o n j u g a t e s ,  such  as g l y c o p r o t e i n s  and g l y c o l i p i d s '  and i n  

s e v e r a l  b a c t e r i a l ,  c a p s u l a r  p o l y s a c c h a r i d e s ' ,  and is  i n v o l v e d  i n  a 

number of b i o l o g i c a l  phenomena. 

- - 

I n  s p i t e  of t h e i r  enormous b i o l o g i c a l  s i g n i f i c a n c e ,  there  are 

few p u b l i c a t i o n s  a v a i l a b l e  on t h e  chemical s y n t h e s i s  of a-g-Neup- 

5Ac-containing o l i g o s a c c h a r i d e s  '-'. R e c e n t l y ,  enzymatic  
- 

*Presen ted  a t  t h e  13th  I n t e r n a t i o n a l  Ca rbohydra t e  Symposium, 
Ithaca, New York, U S A ,  August 10-15, 1986. 
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42 POZSGAY, JENNINGS, AND KASPER 

s y n t h e s i s  has  been suggested’ ,  as an a l t e r n a t i v e  approach t o  t h e  

chemical one. To da te ,  t h e  chemical s y n t h e s i s  of o n l y  three 

t r i s a ~ c h a r i d e s ~  ’ ” and one t e t r a ~ a c c h a r i d e ~  have been r e p o r t e d  

which i n c o r p o r a t e  t e r m i n a l ,  a - l i n k e d  Neup5Ac. The s y n t h e s e s  of 
these t r i s a c c h a r i d e s  were ach ieved  by c o u p l i n g  the  a c e t o c h l o r o  

methyl es ter  d e r i v a t i v e  ( 1  1 of Neup5Ac under c o n t r o l l e d  

c o n d i t i o n s  t o  a s u i t a b l y  p r o t e c t e d  disaccharide ag lycon .  I n  t h i s  

way b o t h  a-(1+6)- and a - (2+3) -  l i n k a g e s  c o u l d  be r e c o n s t r u c t e d .  
However, t h e  p roduc t  m i x t u r e  c o n t a i n e d  an equ imola r  amount of t h e  

u n n a t u r a l ,  B-linked i s o m e r ,  making t h e  i s o l a t i o n  o f  t h e  r e q u i r e d  

isomer t e d i o u s ,  with y i e l d s  r a n g i n g  from 25% f o r  t h e  a-(2+6)- t o  

6% f o r  the a- (2+3) -  i somer .  T h i s  approach is o b v i o u s l y  less 
pract ical  i n  case of l a r g e r  o l i g o s a c c h a r i d e s .  

- 

- - 
4 9 5  7 

5 

7 

To overcome t h e  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  t h e  stereo- 
s e l e c t i v e  i n t r o d u c t i o n  of a Neup5Ac-derived - g l y c o s y l  donor i n t o  a n  

o l i g o s a c c h a r i d e  I1aglycon1’, t h e  a v a i l a b i l i t y  o f  a disaccharide 

g l y c o s y l  donor ,  i n c o r p o r a t i n g  Neup5Ac - i n  t h e  n a t u r a l ,  a g l y c o s i d i c  

l i n k a g e  is  c l e a r l y  d e s i r a b l e .  

saccharides t h e  p e n u l t i m a t e ,  n o n - s i a l i c  a c i d  c a r b o h y d r a t e  moiety 

is  f r e q u e n t l y  D - g a l a c t o s e ,  t o  which Neup5Ac - is  a - (2+6) - l inked .  I n  
t h e  p r e s e n t  paper  we describe t h e  s y n t h e s i s  of an a-D-Neup5Ac- - - 
( 2 4 1 - D - G a l p  - - g l y c o s y l  donor and demons t r a t e  i ts u t i l i z a t i o n  i n  t h e  

s y n t h e s i s  of a-D-Neup5Ac-(2+6)-B-D-Galp-( - - 1+4)-D-Glc, - which has 

been i s o l a t e d  from human, bovine and o v i n e  m i l k  and co los t rum . 

I n  t h e  Neu~5Ac-con ta in ing  poly- 

- 
- 

- 
l b  - - - - 

RESULTS AND DISCUSSION 

O u r  s y n t h e t i c  s t r a t e g y  was t o  c o u p l e  1 t o  HO-6 o f  a D-galac- - - - 
t opyranose  d e r i v a t i v e ,  hav ing  a s u b s t i t u e n t  a t  C-1 wh ich  is e i ther  

a good l e a v i n g  group i n  t he  subsequen t  g l y c o s y l a t i o n  o r  can be 

conve r t ed  t o  such  a group. Also,  HO-2 of t h i s  g a l a c t o s e  moiety 
had  t o  be s u b s t i t u t e d  w i t h  e i t h e r  a l l p a r t i c i p a t i n g ”  group o r  one 

which can be c o n v e r t e d  t o  i t  w i t h  minimal chemical m a n i p u l a t i o n ,  

whereas HO-3 and -4  had t o  be p r o t e c t e d  by l l p e r s i s t e n t l t  p r o t e c t i n g  
groups which  would a l s o  impart i n c r e a s e d  r e a c t i v i t y  t o  HO-6. A 
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SYNTHESIS OF A GLYCOSYL DONOR DERIVATIVE 4 3  

f u r t h e r  r equ i r emen t  was h igh  s o l u b i l i t y  i n  t h e  s o l v e n t  of glyco-  

s y l a t i o n .  Based on t h e  h i g h l y  s u c c e s s f u l  u s e 3  of benzyl  2 ,3 ,4 -  

t r  i-0- benzyl-  8-D - -ga l  act opyr anos i de i n g l  ycos yl a t  i on react i on w i  t h 

1 , 4-methoxybenzyl 3,4-di-O-benzy1-2-0-( 4-methoxybenzyl)-B-g- 

g a l a c t o p y r a n o s i d e  ( 1  - 1 ) has been se l ec t ed .  

from ace tob romo-ga lac tose  and 4-methoxybenzyl a l c o h o l ,  under 

Helferich c o n d i t i o n s ’ ,  fo l lowed  by Z e m p l h - d e a c e t y l a t i o n .  The 

s t r u c t u r e  o f  2 was a s s i g n e d  by 500 MHz 1-H NMR and 50 MHz 13-C NMR 

s p e c t r o s c o p y .  

excess of 2,2-dimethoxypropane, i n  t h e  p re sence  of a c a t a l y t i c  

amount of p - t o l u e n e s u l f o n i c  a c i d ,  i n  63% y i e l d  a f t e r  column 

chromatography. In t h i s  r e a c t i o n  a l s o  t h e  3,4-g (2, 19.0%) and 

4 ,6 -0 - i sop ropy l idene  - d e r i v a t i v e  ( 8 ,  - 5.0%) was formed. A similar 

mixed a c e t a l i z a t i o n  r e a c t i o n  has been d e s c r i b e d  f i r s t  by L i p t d k  

-- e t  a l . ” ,  t h e  d i f f e r e n c e  i n  t he  product  r a t i o s  r e p o r t e d ”  and 

o b t a i n e d  by us  is e a s i l y  e x p l a i n e d  by the  h i g h e r  molar r a t i o  of 

2,2-dimethoxypropane used by us.  3 was c o n v e r t e d  t o  4 w i th  

4-methoxybenzyl chloride/NaH i n  N,N-dimethylformamide. 

s e l e c t i v e l y  deblocked t o  - 6 by brief t r e a t m e n t  w i t h  t r i f l u o r o a c e t i c  

ac id .  Treatment of - 7 w i t h  aqueous HBF, 

i n  methanol s e l e c t i v e l y  removed t h e  i s o p r o p y l i d i n e  group t o  g i v e  

- 9. O the r  methods of d e - i s o p r o p y l i d i n a t i o n  (2.g.  h y d r o l y s i s  w i t h  
aqueous s o l u t i o n s  of acet ic  a c i d  or t r i f l u o r o a c e t i c  a c i d )  were 

accompanied by e x t e n s i v e  l o s s  of t h e  methoxybenzyl f u n c t i o n s .  

Convent ional  b e n z y l a t i o n  of - 9 fo l lowed  by  d e - a l l y l a t i o n  us ing  

tr i s ( t r  i phenyl phosphi ne I rhod i  um c h l o r i d e -  c a t a l  yzed isomer i- 

s a t i o n ”  fo l lowed  by h y d r o l y s i s  w i th  aqueous HgClz gave 

c r y s t a l l i n e  11. 

s a l i c y l a t e 3 ,  gave d i s a c c h a r i d e  12 i n  45% y i e l d .  

u r a t i o n  of t h e  i n t e r g l y c o s i d i c  l i n k a g e  i s  ev idenced  by t h e  

appea rance  of a one-proton doub le t  of d o u b l e t s  a t  2.611 ppm i n  t h e  

200 MHz 1-H NMR spec t rum,  which is c h a r a c t e r i s t i c  for  H-3 of 

a - (2+6) - l inked  Neup5Ac. - Also, t h e  50 MHz 13-C NMR spectrum of ‘2 
was i n  agreement w i t h  t h e  p u b l i s h e d 3 ,  20 MHz 13-C NMR spectrum of 

- - 
I 

- - - 
Compound - 2 was prepared  

- 
2 was c o n v e r t e d  t o  t h e  mixed acetal  3 w i t h  an - 

- - 
- 4 was 

A l l y l a t i o n  o f  6 gave 2. - 

Reac t ion  of 1 and 11 i n  t o l u e n e ,  under c a t a l y s i s  by s i l v e r  - - 
The a -conf ig -  

e q  
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44 POZSGAY, JENNINGS, AND KASPER 

110 CH201i 

t10 kA./ OH OMDii 
1 1  OAC 

CWMo 

AcN 

2 1 - 

0 - 

1 2  - 

0011 

6110 
6110 

16 R - l l  
1 7  1f.011 
- 
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SYNTHESIS OF A GLYCOSYL DONOR DERIVATIVE 45 

t h e  c l o s e l y  r e l a t e d  benzyl  2,3,4-tri-O-benzy1-6-2- - (methyl 5- 
acetamido-4,7,8,9-tetra-~-acetyl-3,5-dideoxy-a-D-glycero-D- - 
g a l a c  to-2-nonulopyranosylonate 1-6-D-galactopyranoside - , w i t h  

a d d i t i o n a l  s i g n a l s  f o r  t h e  4-methoxybenzyl groups.  Our a s s i g n -  

ments a g r e e  w i t h  t h o s e  proposed by Vleugel  e t  a l . 3 ,  except f o r  t he  

r e l a t i v e  a s s ignmen t s  of t h e  r e sonances  Setween 73.44-70.51 p.p.m. 

Based on DEPT e x p e r i m e n t s ,  which u n e q u i v o c a l l y  e s t a b l i s h  the  

i d e n t i t i e s  of CH,  c a r b o n s ,  t h e  r e sonances  a t  73.0 and 70.5 p.p.m. 

are a s s i g n e d  t o  - CHzPh ca rbons .  
r e sonances  a re  t o  be found i n  t h e  Experimental .  Removal of t h e  

4-methoxybenzyl groups by t r e a t m e n t  w i t h  2,3-dichloro-5,6-dicyano- 
1 , 4 - b e n ~ o q u i n o n e ’ ~  gave d i o l  13 ( 7 1 % ) .  a s  a - ca. 1 O : l  m i x t u r e  of 
t h e  a and B anomers.  A noteworthy f e a t u r e  of the  13-C NMR 

spectrum of 1 3  is t h e  dramatic s h i f t  of C-3 of t he  g a l a c t o s e  u n i t  
from 82 .2  p.p.m. i n  2 t o  79.1 p.p.m. and t h a t  of C-5 from 73.4 
p.p.m. t o  69.0 p.p.m., r e f l e c t i n g  1 , 3 - c i s  d i ax ia l  i n t e r a c t i o n s  

- - - 
- 

-- 

Assignments of t he  r ema in ing  

- 

- 

- 
between HO-1 a-H-3 and HO-1 a-H-5. Subsequent r e a c t i o n  of 13 w i t h  

4 -n i t robenzoy l  c h l o r i d e  i n  p y r i d i n e  gave an anomeric  m i x t u r e  of 
4 - n i t r o b e n z o a t e s  ( 1 4 ) .  which upon a s h o r t  t r e a t m e n t  w i t h  anhydrous 
hydrogen bromide i n  d i ch lo romethane  gave bromide 2, wi thou t  any 
a p p a r e n t  c l e a v a g e  o f  the i n t e r g l y c o s i d i c  l i n k a g e .  2 was r e a c t e d  

wi thou t  p u r i f i c a t i o n  immediately a f t e r  i s o l a t i o n  w i t h  t h e  - D- 
g l u c o s e  d e r i v a t i v e  17 under s i l v e r  c a r b o n a t e  c a t a l y s i s ,  t o  g i v e  
the  f u l l y  p r o t e c t e d  t r isaccharide 1 8  i n  63.9% y i e l d ,  based on 1 4 .  

I n  the g l y c o s i d a t i o n  r e a c t i o n ,  as expec ted ,  o n l y  t h e  f o r m a t i o n  of 
t h e  new, 8 - l n t e r g l y c o s i d i c  l i n k a g e  was obse rved .  17 was o b t a i n e d  
i n  82% y i e l d  w i t h o u t  chromatography from the  eas i ly  a v a i l a b l e  16 
by d i b u t y l t i n  o x i d e - a s s i s t e d  r e g i o s e l e c t i v e  b e n z y l a t i o n .  ’’ 
Treatment of 18 w i t h  sodium hydroxide s o l u t i o n  removed t h e  methyl  
ester , - 0-( 4 - n i t r o b e n z o y l )  and 2-acetyl f u n c t i o n s .  

c a t a l y t i c  h y d r o g e n o l y s i s  removed t h e  benzyl  p r o t e c t i n g  groups t o  
g i v e  t h e  f r e e ,  a - (2+6) - l inked  s i a l y l l a c t o s e  2 as a E. 2 : l  

m i x t u r e  of t h e  8 and a anomers.  The 13-C NMR spectrum of 2 
a g r e e s  w i t h  t h a t  p u b l i s h e d  ear l ier“ .  

- 

- 

- 
- 

- - 

- 

- 
F i n a l l y ,  
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EXPERIMENTAL 

General  p rocedures .  M e l t i n g  p o i n t s  were determined w i t h  a 
F i she r - Johns  a p p a r a t u s  and a r e  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  

were measured w i t h  a Perkin-Elmer 243 a u t o m a t i c  p o l a r i m e t e r .  Thin 
l a y e r  chromatography was made on p r e - c o a t e d ,  0.25 mm s i l i c a  g e l  

p l a t e s  (Kiese lge l  60 F,,,, E .  Merck ) ,  d e t e c t i o n  was made by 
s p r a y i n g  w i  t h  ammoni um rnol y b d a t  e-cer i c s u l f  a t  e-sul  f u r i  c acid 

r e a g e n t " ,  fo l lowed  by h e a t i n g  a t  120O. P r e p a r a t i v e  medium 

p r e s s u r e  column chromatography was made on K i e s e l g e l  60 ( 230- 

400 mesh, E .  Merck) columns. 1 - H  NMR s p e c t r a  were r e c o r d e d  w i t h  

Bruker AM-500 (500 MHz) and AM-200 (200 MHz) s p e c t r o m e t e r s ,  a t  
300°K u s i n g  i n t e r n a l  s t a n d a r d  Me,Si ( 6  = 0 p.p.m.) o r  a c e t o n e  ( 6  

= 2.225 p .p .m.) .  The a s s ignmen t s  f o r  compounds 3, 5 and 8 were 

c o r r o b o r a t e d  by H , H  COSY-90 expe r imen t s .  13-C NMR s p e c t r a  were 

r e c o r d e d  a t  50 MHz w i t h  a Bruker AM-200 s p e c t r o m e t e r  (300"  K) ( i n  

C D C 1 ,  s o l u t i o n s  6 = 77.0 p.p.m.  f o r  t h e  c e n t r a l  l i n e  of C D C l , ,  i n  

D,O s o l u t i o n s  6 = 31.07 p.p.rn. f o r  i n t e r n a l  a c e t o n e ) .  Assign- 
ments were a ided  by ga ted -decoup l ing  and DEPT expe r imen t s .  

- - 

4-Methoxybenzyl B-D-galactopyranoside - ( 2 ) .  - A m i x t u r e  o f  - 
2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl - bromide ( 5 9  g ,  1 4 . 4  

m M ) ,  4-methoxybenzyl a l c o h o l  (20.3 g ,  18.4 m L ,  16.6 m M ) ,  4 A 

molecu la r  s i e v e s  (19 g ) ,  and d i ch lo romethane  (300 mL) was s t i r red  

a t  room t e m p e r a t u r e  f o r  2 h .  Then yel low m e r c u r i c  o x i d e  (31 g )  

was added and t h e  m i x t u r e  was f u r t h e r  stirred under ice-water 
c o o l i n g  f o r  1 h .  Mercu r i c  bromide ( 4 . 5  g )  was added,  fo l lowed  by 
f u r t h e r  s t i r r i n g  under ice-water c o o l i n g  f o r  1 h .  The m i x t u r e  was 

then  al lowed t o  warm up t o  20° and was f u r t h e r  s t i r r ed  f o r  4 h .  

The m i x t u r e  was f i l t e r e d ,  t h e  f i l t e r  cake was washed with d i c h l o r o -  

methane ( 3  x 50 m L ) .  The combined dichlorornethane s o l u t i o n  was 
washed w i t h  20% aqueous potassium i o d i d e  s o l u t i o n  ( 3  x 100 m L )  

t h e n  w i t h  wa te r  (100 m L ) ,  was then  d r i e d  (Na,SO,) and c o n c e n t r a t e d .  

The r e s i d u a l  s y r u p  was d i s s o l v e d  i n  methanol (300 mL) fo l lowed  by 

t h e  a d d i t i o n  o f  t r i e t h y l a r n i n e  (100 m L )  and water (50 m L ) .  After 

16 h ,  t h e  s o l u t i o n  was c o n c e n t r a t e d  t o  g i v e  a semi-solid which was 
r e c r y s t a l l i z e d  from e t h y l  a c e t a t e .  
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SYNTHESIS OF A GLYCOSYL DONOR DERIVATIVE 47 

Yie ld :  24 g .  

6 g .  
7.5,  MeOH). 1-H NMR (500 MHz,  D,O): 7.34, 6.88 (2d,  2 x 2H, H-2, H-6 
and H-3, H-5 of aromatic  r i n g , ) ,  4.847 ( m ,  2H CH,Ph), 4.284 ( d ,  1 H  

Concentrat ion of t h e  mother l i q u o r  gave an a d d i t i o n a l  

Total  y ie ld :  30.0 g (69.6%).  Mp 104-106°C, [a], - 24.2 ( C  

J1,, = 7.74 H z ,  H-11, 3.829 (dd ,  1 H ,  J 3 9 4  = 3-02 H Z ,  J4,5 = 7-06 
H Z ,  H - 4 ) ,  3.792 ( d d ,  IH, J , , ,  = 7.00 HZ, 5 6 9 6  = 11.45 Hz, H - 6 ) ,  

3.776 (S 3H, C H , )  - 3.740 ( d d ,  1 H  J 1 , 6  = 5.30 Hz, H - 6 ' ) ,  3.556 (dd ,  

l H ,  J,,, = 9.71 H z ,  H-21, 3.492 ( d d d ,  l H ,  H-51, 3.444 ( d d ,  l H ,  

H-3). 13-C NMR (D,O-acetone, 5 : l ) :  159.6, 131.1, 114.6, (aromatic  
ca rbons ) ,  102.5 ( C - 1 1 ,  75.8 (C-51, 73.7 (C-31, 71.6 (C-21, 69.4 
( C - 4 ) ,  61.6 (C-6), 55.9 ( O S H , ) .  

Anal. calcd. f o r  C1,H2,0,: C ,  55.99; H ,  6.71. Found: C ,  

56.12; H ,  6.74. 
4-Methoxybenzyl 3,4-O-isopropylidene-6-O-(methoxydimethyl~- 

methyl-B-D-galactopyranoside - ( 3 ) .  A mixture of 2 (10.0 g ) ,  2,2- 
dimethoxypropane (250 mi, ) and p- to luenesul foni  c acid monohydrate 
(100 mg) was stirred a t  room temperature f o r  3 h. Triethylamine 
( 2  mL) was added and t h e  s o l u t i o n  was concent ra ted .  The r e s i d u a l  
syrup  was chromatographed on a s i l i c a  ge l  60 column (70-230 mesh) 

w i t h  1 : l  e t h y l  acetate-hexane.  First was e l u t e d  syrupy 2 (8 .7  8 ,  

63.4%),  [a], - 16.0 ( c  0.5,  C H C l , ) .  

7 .29,  6.86 (2d ,  2 x 2H, H-2, H-6 and H-3, H-5 of aromatic  r i n g , ) ,  

- 

l -H  NMR (500 MHz, C D C 1 , ) :  

4.850, 4.562 (2d,  2 x 1 H  C H z P h ) ,  - 4.207 ( d ,  1 H ,  Jl,z = 8.3 H Z ,  H - l ) ,  

4.152 ( d d ,  l H ,  J3,* = 5.43 Hz, J+,5 = 2.07 Hz, H-41, 4.029 ( d d ,  

l H ,  J2,3 = 7.39 Hz, H-3), 3.835 (m, I H ,  5 5 9 6  = J5,6 = 6.07 Hz, 

H-51, 3.805 ( s ,  3H, OW,) ,  3.736 (m, 2H, H-6,6') ,  3.259 (3, 3H, 
O C H , ) ,  1.517, 1.396, 1.384, 1.332 (Qs,  4 x 3H, 2C(CH,),). 13-C NMR 

( C D C 1 , ) :  159.3, 130.0, 113.7 (a romat ic  ca rbons ) ,  109.9 C ~ ( C H , ) , I ,  

100.4 ( C - l ) ,  100.0 ( C ( C H , ) , O C H , ) ,  - 78.7 (C-31, 73.7, 73.5 (C-2,5),  
72.4 ( C - 4 ) ,  70.1 (CH,Ph), 60.3 (C-61, 55.1 (CH,OPh),  - 4 8 . 4 ' ( O C H 3 ) ,  - 
28.0, 26.1, 24.3(2 x C )  (2(CH,),C). - E l u t e d  was next  - 5 (2.15 g ,  
19.0%),  mp 139-140O [a], - 6.3 ( C  0.6 C H C 1 , ) .  

C D C 1 , ) :  7.28, 6.88 (2d ,  2 x 2H, H-2, H-6 and H-3, H-5 of aromatic  
r i n g ) ,  4.85, 4.58 (2d,  2 x l H ,  Cl i ,Ph) ,  4.259 ( d ,  l H ,  J1,, = 8.32 

l-H NMR (500 MHz, 

Hz, H - l ) ,  4.145 ( d d ,  l H ,  J , , ,  = 5.53 Hz, J4,5 = 2.09 Hz, H - 4 1 ,  
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48 POZSGAY, JENNINGS, AND KASPER 

4.075 (dd ,  l H ,  J , , ,  = 7.30 Hz, H-31, 4.00 ( m ,  l H ,  H-61, 3.84 ( m ,  
l H ,  H-6'1, 3.83 ( m ,  l H ,  H-51, 3.808 (9, 3H, O C H , ) ,  3.598 ( m ,  l H ,  

H-2),  1.517, 1.304 ( 2 9 ,  2 x 3H, C ( C H , ) , ) .  - 1 3 - C  NMR ( C D C 1 , ) :  

159.0,  129.9,  113.9 ( a r o m a t i c  c a r b o n s ) ,  1 1 0 . 4  ( C ( C H , ) , ) ,  100.9 

( C - 1 1 ,  78.8 (C-31, 73.8,  73.5 (C-4 ,5 ) ,  73.5 (C-21, 70.8 ( C H , P h ) ,  - 
62.3 (C-6) ,  55.2 ( O C H , ) ,  - 28.0, 26.2 ( C ( C H , ) , ) .  - 

- 

Anal. ca lcd .  f o r  C I , H , , O , :  C ,  59 .98 ;  H ,  7.10. Found: C ,  

59.86;  H ,  7.26. 
S u b s e q u e n t l y  8 was e l u t e d  (0.57 g ,  5 . 0 % ) ,  mp 120-121°, [ a ] ,  - 53.0 
( C  1 ,  C H C 1 , ) .  1 - H  NMR (500 MHz, C D C 1 , ) :  7.30, 6.88 ( 2 d ,  2 x Z H ,  

H-2, H-6 and H-3, H-5 of a r o m a t i c  r i n g ) ,  4 .90,  4.52 ( 2 d ,  2 x l H ,  

C H , P h ) ,  - 4.262 ( d ,  l H ,  J1,, = 7.63 Hz, H - 1 1 ,  4 .140 ( m ,  l H ,  J , , ,  - 

- 

3 .2  H z ,  H - 4 ) ,  4.090 ( d d ,  l H ,  J5,6 = 5 . 6  Hz, J 6 , 6  = 12 .8  H Z ,  H-61, 

3.988 (dd ,  l H ,  J5,6 = 1.3 Hz, H-6'1, 3.799 (S, 3H, o c i , )  3.729 
( d ,  l H ,  J , , ,  - 8 Hz, H-21, 3.56 ( m ,  l H ,  H-3), 3.31 ( b ,  l H ,  H-51, 
1.466 (9, 6H, C ( C H , ) , ) .  - 13-C NMR ( C D C 1 , ) :  159.0,  129.6,  113.5 
( a r o m a t i c  c a r b o n s ) ,  101 . I  (C-11, 98.7,  ( C ( C H 3 ) 2 ) ,  72.1 (C-31, 
70.9, 67.9,  66.2,  (C-2 ,4 ,5 ) ,  70.2 (CH,Ph), 62.3 (C-61, 54.9 

( O C H , ) ,  - 28.9,  18.4 C ( C H , ) , ) .  

Anal.  calcd.  fo r  C 1 , H 2 s 0 7 :  C ,  59.98;  H ,  7.10. Found: C ,  

59.55; H,  7.20. 
4-Methoxybenzyl 3,4-0-isopropylidene-2-0-~4-methoxybenzyl~- 

-B-D-galactopyranoside ( 6 ) .  - 
anhydrous N,N-dimethylformamide (50 mL) N a H  ( 4  g )  was added i n  
small p o r t i o n s .  The m i x t u r e  was s t i r red  f o r  1 h a t  room tempera- 
t u re ,  was then  coo led  t o  - 4 O C  and 4-methoxybenzyl c h l o r i d e  ( 3 . 0  mL) 
was added dropwise.  The m i x t u r e  was s t i r r ed  o v e r n i g h t  a t  room 
t e m p e r a t u r e .  Anhydrous methanol  (20 mL) was added d ropwise ,  under  
s t i r r i n g ,  fo l lowed  by water (100 mL). T h e  s o l u t i o n  was e x t r a c t e d  
w i t h  ch lo ro fo rm (150 m L ) ,  t he  ch lo ro fo rm layer  was washed w i t h  

water ( 2  x 50 m L )  , was d r i ed  (Na,SO,) and c o n c e n t r a t e d  under 
r educed  p r e s s u r e .  A small p o r t i o n  o f  the  s y r u p y  r e s i d u e  (4) was 

p u r i f i e d  by column chromatography w i t h  1 : 2  e t h y l  a c e t a t e - h e x a n e .  
[a], + 6.6 ( c  1 ,  C H C 1 , ) .  

113.7,  113.5 (aromatic c a r b o n s ) ,  109.7 ( C ( C H , ) , ) ,  - 101.2 ( C - 1 )  100.0 

To a s t i r r ed  s o l u t i o n  of  2 ( 8 . 2  g)  i n  - - 

13-C NMR ( C D C 1 , ) :  159.2,  159 .0 ,  129.7,  
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SYNTHESIS OF A GLYCOSYL DONOR DERIVATIVE 49 

( C ( C H , ) , O C H , ) ,  79.4,  79.1 (C-2,3) ,  73.8, ( C - 5 1 ,  72.1 ( C - 4 1 ,  73.2,  
70.2 ( 2  CH,Ph), 60.3 (C-61, 55.2 ( C H , O P h ) ,  - 48.4 ( O C H , ) ,  - 27.8, 26.2, 

24.3(2 x C )  (2C(CH,),) .  - 
m L ) ,  t he  s o l u t i o n  was coo led  t o  - l O ° C ,  was then  shaken w i t h  

i c e - c o l d  5% CF,COOH ( 2 0  m L )  u n t i l  TLC ( 3 : l  e t h y l  a c e t a t e - h e x a n e )  
showed complete  c o n v e r s i o n .  The d i ch lo romethane  l a y e r  was washed 
wi th  water ( 3  x 50 m L ) ,  was d r i e d  (Na2S0,) and c o n c e n t r a t e d .  The 

r e s i d u e  was chromatographed ( 1  : 1  e t h y l  s c e t a t e - h e x a n e )  t o  g i v e  6 
a s  a yel low s y r u p .  Y i e l d :  8 .5  g ( 9 2 . 9 %  from - 3 ) .  [a], + 35.5 ( C  

0.8,  C H C 1 , ) .  13-C NMR ( C D C 1 , ) :  159.3, 159.1,  130.3,  129.7,  
129.5,  113.7,  113.6 ( a r o m a t i c  c a r b o n s ) ,  110.0 ( C ( C H , ) , ) ,  101 .7  

( C - 1 1 ,  79.2 (C-2,3) ,  73.9 (C-5),  73.0 ( C - 4 ) ,  73.2, 70.7 ( 2  - CH,Ph) ,  

62 .4  (C-61, 55.2 ( O S H , ) ,  27.7, 26.3 ( C ( C H 3 ) 2 ) .  

The s y r u p  was d i s s o l v e d  i n  CH,C1,  (150 

4-Methoxybenzyl 6-0-allyl-2-0-(4-methoxybenzyl)-B-~- - 
g a l a c t o p y r a n o s i d e  (2). 
N,N-dimethylformamide (50 mL) NaH ( 4 g )  was added i n  small p o r t i o n s ,  
under s t i r r i n g .  The m i x t u r e  was f u r t h e r  s t i r red  f o r  one hour a t  

room t e m p e r a t u r e ,  was t h e n  coo led  w i t h  ice-water fo l lowed  by 
dropwise a d d i t i o n  o f  a l l y l  bromide ( 5  m L ) .  The m i x t u r e  was al lowed 

t o  reach room t e m p e r a t u r e ,  was t h e n  f u r t h e r  s t i r red  f o r  4 h.  

Work-up was similar t o  t h a t  of 4. The sy rupy  r e s i d u e  was p u r i f i e d  
by chromatography ( w i t h  2:  1 e the r -hexane ,  t h e n  w i t h  e ther)  t o  g i v e  

syrupy l ( 7 . 3  8 ,  93.4%).  
( C D C l , ) :  159.2,  129.7,  113.7, 113.5 ( a r o m a t i c  c a r b o n s ) ,  134.4 (CH= - 
a l l y l ) ,  116.6 ( C H 2 =  - a l l y l ) ,  109.8 ( C ( C H , ) , ) ,  - 101.2 ( C - 1 1 ,  79.2,  
79.1 (C-2,3) 73.6 ( C - 4 1 ,  73.0,  72.1 [ C H 2 P h ,  - - C H 2  ( a l l y l ) ] ,  72.0 

(C-5),  70.2 ( C H , P h ) ,  - 69.2 (C-61, 55.0 ( C H , O ) ,  27.5,  26.1 ( C ( C H , ) , ) .  
- 7 (7.1 g) was d i s s o l v e d  i n  e t h a n o l  (100 m L ) .  

mL) was added and t h e  s o l u t i o n  was s t i r r e d .  

(monitored by TLC w i t h  1 :1  e t h e r - h e x a n e ) ,  was immediately f o l l o w e d  
by a d d i t i o n  of s o l i d  N a H C O ,  ( - 4  g )  t o  n e u t r a l i z e  t h e  mix tu re .  The 

m i x t u r e  was c o n c e n t r a t e d  under r educed  p r e s s u r e ,  t h e  r e s i d u e  was 
p a r t i t i o n e d  between chloroform (100 mL)  and water ( 5 0  m L ) ,  t h e  

o r g a n i c  l a y e r  was d r i e d  (Na,SO,), and c o n c e n t r a t e d  t o  g i v e  9 as a 
ch romatograph ica l ly  ( e t h e r ,  o r  2 :  1 e the r -hexane )  homogeneous s y r u p  

To a s o l u t i o n  of 6 ( 7 . 2  g )  i n  anhydrous 

- 

[a], + 15.1 ( c  1 .5 ,  C H C 1 , ) .  13-C N M R  

50% aqueous HBF, ( 2  

Disappea rance  of 1 
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50 POZSGAY, JENNINGS, AND KASPER 

which c r y s t a l l i z e d  on s t a n d i n g .  Y i e l d :  6.1 g (93 .4%) .  Mp 70-71 O C ,  

[a], - 12.7 ( C  1 .2 ,  C H C 1 , ) .  

( a r o m a t i c  c a r b o n s ) ,  134.4 (CH= - a l l y l ) ,  117.2 (CH,=  - a l l y l ) ,  102.2 

( C - 1 1 ,  78.6 (C-2). 74.1,  72.5,  70.6, [ 2  CH,Ph, - C H , ( a l l y l ) l ,  73.3 

13-C NMR ( C D C 1 , ) :  159.2,  129.6,  113.8 

((2-51, 73.1 (C-31, 69.3 (C-6) ,  68.9 ( C - 4 ) .  

4-Methoxybenzyl 6-0-allyl-3,4-di-O-benzyl-2-0-(4-methoxy- 

benzy1)-B-D-galactopyranoside - (lo). - 9 (4 g) i n  anhydrous N , N -  

dimethylformamide (20 mL) was t r e a t e d  w i t h  NaH ( 3  g), fo l lowed  by 

a d d i t i o n  of benzyl  bromide ( 5  mL). C o n d i t i o n s  of r e a c t i o n  and 
work-up were similar t o  t h o s e  f o r  4. The sy rupy  c r u d e  product  was 

s t i r red  w i t h  1 : l  e the r -hexane ,  t o  g i v e  c r y s t a l l i n e  - 1 0  ( 3 . 4 5  g ) .  
Chromatography o f  the  mother l i q u o r  w i t h  1 : l  e the r -hexane  gave an 
a d d i t i o n a l  1.15 g of - 1 0 ,  t o t a l  y i e l d  4.6 g (82.6%). Mp 88-89OC 

( e t h a n o l ) ,  [a], - 27.5 ( c  0.5,  C H C 1 , ) .  

138.6,  130.9, 129.9, 129.7,  128.3,  128.1,  127.5,  113.7, 113.6 
( a r o m a t i c  c a r b o n s ) ,  134.4 ( C H =  - a l l y l ) ,  117.2 (CH,=  - a l l y l ) ,  102.6 
( C - 1 1 ,  82.3 (C-31, 79.2 (C-21, 73.4 (C-4 ,5 ) ,  74.8,  74.4,  73.0,  

72.3,  70.6 [ 4  sH,Ph, C H 2  ( a l l y l l ,  68.8 (C-61, 55.2 ( 2  - C H , O ) .  

g a l a c t o p y r a n o s i d e  ( 1 1 ) .  - 10 ( 3  g) ( P P h , ) , R h C l ”  (200 mg), and 
diazabicyclo[2.2.2]octane (200 mg) was s t i r red  i n  90% aqueous 
e t h a n o l  (100 mL) under r e f l u x .  The s o l u t i o n  was t h e n  coo led  t o  
20°,  f i l t e r e d ,  c o n c e n t r a t e d ,  and the  r e s i d u a l  s y r u p  was d i s s o l v e d  

i n  a c e t o n e  ( 2 0  m L ) .  Yellow H g O  ( 2  g )  and a s o l u t i o n  o f  H g C l ,  

( 1  g )  i n  water ( 5  m t )  was added and t h e  m i x t u r e  was s t i r red  f o r  30 
min. The m i x t u r e  was f i l t e r e d ,  t h e  f i l t r a t e  evapora t ed .  A 

solution of  t he  r e s i d u e  i n  d i ch lo romethane  (50 mL) was e x t r a c t e d  
w i t h  aqueous,  20% K I  s o l u t i o n  ( 3  x 1 0  m L )  t h e n  wa te r  ( 3  x 1 0  m L ) ,  

was dr ied  (Na,SO,) and c o n c e n t r a t e d .  The r e s i d u e  c r y s t a l l i z e d  
spon taneous ly .  
n e e d l e s .  

C H C l , ) .  13-C NMR ( C D C 1 , ) :  159.2,  138.5,  138.2,  130.8,  129.8- 
127.6, 113.7, 113.6 ( a r o m a t i c  c a r b o n s ) ,  102.8, ((2-11, 82.3 (C-3) ,  

79.4 (C-21, 74.9, 74.1,  73.4,  70.9 ( 4  - CH,Ph) ,  74.5 (C-51, 72.9 
( C - 4 1 ,  62.0 (C-61, 55.2  ( 2  O C H , ) .  - 

- 

- 

13-C NMR ( C D C 1 , ) :  159.1, 

4-Methoxybenzy l 3 , 4  -d i  -0-benzyl-2 -0 - ( 4 -me thoxybenzy 1 - B-D- - - 

R e c r y s t a l l i z a t i o n  from cyclohexane gave 11 as f i n e  
Y i e l d :  2.4 g (86 .4%) .  Mp 95-96OC, [a], - 42 ( c  0.2,  
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Anal. calcd.  f o r  C36H,o0,: C, 71.97; H, 6.71. Found: C, 
71.70; H, 6.59. 

4- Methoxybenzyl 3,4-di-O-benzyl-2-0-(4-methoxybenzyl)-6-0- 
(me thy l  5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-a-D- - 
glycero-D-galacto-2-nonulopyranosylonate~-$-D-galactopyranoside - 
(12). L(100 mg), 2 (1000 mg),  powdered 4 A m o l e c u l a r  s i e v e s  (1 

g)  was s t i r r ed  i n  anhydrous t o l u e n e  ( 2  m L )  under n i t r o g e n  f o r  1 h .  

S i l v e r  s a l i c y l a t e "  (95 mg) was added and t h e  m i x t u r e  was s t i r red  

in t h e  d a r k  o v e r n i g h t .  The m i x t u r e  was f i l t e r e d ,  t h e  f i l t e r  cake 

was washed w i t h  t o l u e n e  (5 x 2 mL), t h e  combined s o l u t i o n  was 
c o n c e n t r a t e d  and the  r e s i d u e  chromatographed w i t h  1OO:l d i c h l o r o -  
methane-methanol. 
m i x t u r e  c o n t a i n i n g  - 12, which upon rechromatography w i t h  t h e  above 

s o l v e n t  gave - 12 (95.4 mg, 45.2%). 
NMR (500 MHz, CDCl,): 4.457 ( d ,  lH, J l , z  = 7.7 Hz, H-11, 3.794, 
3.782 ( 2  x 3H, 2 PhOCFi,), 3.634 (3H, COOCH,), - 2.611 ( d d ,  

- - - 

2 (900 mg) was r e c o v e r e d ,  fo l lowed  by a 

[a], - 15.7 ( C  0.5, CHC13). 1-H 

= '1.7 Hz, H-3' 1, 2.145, 2.115, 3'eq,4' eq 
- 12.8 Hz, J 3 I eq ,  3 ax J 

2.030, 1.997, 1.877 (5 x 3H, 5 CH,CO). 13-C NMR (CDC13): 102.4 
(C-11, 98.8 (C-2'1, 82.2 (C-31, 79.2 (C-21, 74.7, 74.3, 73.0, 70.5 
(4 GH,Ph), 73.4 (C-51, 72.6 (C-4, C-6'1, 69.0, 68.7, 67.4, (C-4', 
7', 8 ' 1 ,  62.7 (C-6), 62.3 (C-S'), 55.2(2 x C )  ( 2  PhOCH,) ,  - 52.8 
(COOCH,), - 49.5 (C-5'1, 37.8 (C-3'1, 23.2 (NCOCH,), - 21.0, 20.8 
(3 x C) (4 OCO~H,). 

Anal. calcd.  f o r  C56H6,NOZ0: C, 62.62; H, 6.28. Found: C, 
62.30; H, 6.32. 

3,4-Di-O-benzyl-6-O-(methyl 5-acetamido-4,7,8,9-tetra-O- 
acetyl-3,5-dideoxy-a-~-glycero-~-galacto-2-nonulopyranosyl- - - 
o n a t e ) - a ,  B-g-galactopyranose (13). A m i x t u r e  of 12 (370 mg), 2,3- - 
dichloro-5,6-dicyano-1,4-benzoquinone (320 mg) , d ich lo romethane  
(50 m L ) ,  and water (5 mL)  was s t i r r ed  f o r  3 h a t  room t empera tu re .  
The m i x t u r e  was e x t r a c t e d  w i t h  5% NaHCO, (3 x 5 mL), t h e n  wi th  

water (3 x 5 m L ) ,  was c o n c e n t r a t e d  and t h e  r e s i d u e  chromatographed 
w i t h  e t h y l  acetate. 13 (204 mg, 71%) was o b t a i n e d  as an amorphous 

s o l i d .  13-C NMR (CDCl,)*: 98.7 (C-2'1, 97.3 (C-16, JC-l,H-l = 159 

* a  and $ i n d i c a t e  t h e  c o n f i g u r a t i o n  of C-1 of the  g a l a c t o s e  
moiety.  
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Hz), 92.8 (C-la, JC-l,H-l = 171 Hz), 82.0 (C-3B), 79.1 (C-3~1, 
74.5, 72.3 (2 - CH,Ph), 73.3(2 X C) (C-4.6'1, 69.2, 69.0, 68.0 
(C-41,7',81), 69.0 (C-5), 63.4 ('2-6~)~ 62.9 (C-6B), 62.5 (C-90, 
52.8 (COOCH,), - 49.2 (C-5'1, 38.0 (C-3'), 23.1 (NCOCH,), - 21.0, 
20.8(3 x C) ( 4  OCOCH,). 

3,4-Di-O-benzyl-6-0-(methyl 5-acetamido-4,7,8,9-tetra-O- 
acetyl-~,5-dideoxy-a-~-glycero-I)-galacto-2-nonulopyranosylonate~- 

1,2-di-O-(4-nitrobenzoyl)-a, B-D-galac topyranose  - (2). 3 (180 mg) 

i n  anhydrous  p y r i d i n e  (2 m L )  was t rea ted  a t  O°C w i t h  4 - n i t r o -  

benzoyl  c h l o r i d e  (400  mg) For 16 h.  The m i x t u r e  was poured  i n t o  

- - 
- 

ice-water (30 mL) and was e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (10 x 5 

mL), t h e  e x t r a c t s  were combined ,  d r i e d  (Na,SO,), and  c o n c e n t r a t e d .  

Chromatography of t h e  r e s i d u e  w i t h  5: 1 e t h y l  a c e t a t e - h e x a n e  gave 

amorphous - 14. Y i e l d :  192 mg (88.4%). 13-C NMR (CDCl,)": 98.8 
(C-2'B), 98.5 (C-2'a), 93.3 ( C - 1 6 ,  JC-l,H-, = 169 Hz), 91.7 (C-la, 

JC- 1 , H-1 
71.6 (2 - CH,Ph), 67.3 (C-5~1, 62.5 (C-6a) 62.1 (C-9'1, 60.2 (C-6B), 
52.6 (COOCH,), - 48.8 (C-5'1, 37.7 ( C - 3 ' B ) ,  37.6 (C-3'a), 27.8 
(NCOCH,), - 20.8, 20.5, 20.3(2 x C), ( 4  COCH,). 

= 179 Hz), 79.3 ( C - 3 B ) ,  75.1 ( C - 3 a ) ,  73.9 (C-58), 74.5, 

3,4-Di-O-benzyl-6-O-(methyl 5-acetamido-4,7,8,9-tetra-O- 
ac e t y  1-3 ,5-d i  deoxy -a-2- g l  ycero-)- g a l  ac t o-2-nonul opyranosy  l o n a t  e )  - 
2-0-(4-nitrobenzoyl)-a-~-galactopyranosyl bromide  (2). A s o l u -  
t i o n  of 2 (160 mg) i n  anhydrous  d i c h l o r o m e t h a n e  (5 mL) was c o o l e d  
t o  Oo. Anhydrous hydrogen  bromide was p a s s e d  t h r o u g h  t h e  s o l u t i o n  

a t  O o  f o r  3 min. 4 - N i t r o b e n z o i c  ac id  was removed by f i l t r a t i o n ,  

t h e  s o l v e n t  was removed by a stream of n i t r o g e n .  The r e s i d u e  was 

- - 
- 

d i s s o l v e d  i n  anhydrous  t o l u e n e ,  the  s o l u t i o n  was f i l t e r e d ,  t h e  

f i l t r a t e  was e v a p o r a t e d  t o  g i v e  s y r u p y  5 which was u s e d  

immedia t e ly  f o r  t he  s y n t h e s i s  of - 18. 1-H NMR (200 MHz, CDC13): 
6.80 (d ,  1H, J,,, = 3.7 Hz, H-11, 5.49 ( d d ,  lH, J 2 , 3  = 9.9 Hz, 
H-21, 5.34 ( d d ,  lH, H-31, 3.75 ( 9 ,  3H'COOCH,), - 2.76 ( d d ,  lH, 
J = 3.8 Hz, H-3' 1, 2.43 (s, 3H, 3 ' e q , 4 '  e q  

= 12.3 Hz, J 3 e q ,  3 a x  

*a and B i n d i c a t e  t he  c o n f i g u r a t i o n  o f  C-1 of t h e  galactose 
m o i e t y .  
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NCOCH,), - 2.17, 2.15, 2.02(2x) (4 x 3H, 4 OCOC:,), 1.87 ( t ,  lH, 

' 3 ?ax ,4  
Benzyl 2,3,6-tri-O-benzyl-B-D-glucopyranoside - (17). - A 

m i x t u r e  of cl' (3.15 g ) ,  d i b u t y l t i n  o x i d e  (1.75 g )  and t o l u e n e  
(200 mL) was r e f l u x e d  f o r  4 h under s t i r r i n g ,  under a Dean-Stark 

t r a p .  Toluene (-100 m L )  was d i s t i l l e d  from t h e  m i x t u r e ,  fo l lowed  

by c o o l i n g  t o  -jO°C. Tetrabutylammonium bromide (2.35 g )  and  

benzyl  bromide (1.4 m L )  was added  and t h e  mix tu re  was s t i r r e d  

o v e r n i g h t  a t  jO-55O. The coo led  s o l u t i o n  was washed w i t h  water (5 
x 30 m L ) ,  d r i e d  (Na,SO,) and c o n c e n t r a t e d .  The r e s i d u e  was 

t r i t u r a t e d  w i t h  hexane (3 x 20 mL). Addi t ion  of seed c r y s t a l s  
fo l lowed  by t r i t u r a t i o n  w i t h  hexane (20 mL)  gave 17 (2.35 g ,  62%). 
The hexane s o l u t i o n s  were combined, c o n c e n t r a t e d ,  t h e  r e s i d u e  was 

kep t  a t  -2OOC o v e r n i g h t .  The s e m i s o l i d  o b t a i n e d  was washed w i t h  

c o l d  hexane on a f i l t e r  t o  g i v e  a d d i t i o n a l  17 (0.75 g, 19.8%). 
T o t a l  y i e l d :  3.1 g (81.8%). 
CHC1,). L i t . "  mp 64-65O, [a],- 44.2 (CDCl,). 13-C NMR (CDCl,): 
102.4 (C-I), 83.9 (C-31, 81.6 (C-21, 75.1, 74.6, 73.5, 71.0 (4 
- CH,Ph), 74.1 (C-51, 71.3 (C-4), 70.0 (C-6). 

- 12 Hz, H-3ax). 
- 

Mp 63-65OC, [ a ] ,  - 43.5 (c  0.5, 

Benzyl 2,3,6-tri-O-benzyl-4-O-C3,4-di-O-benzyl-6-0-~methyl 5- 
acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-a-D-glycero-D- - 
galacto-2-nonulopyranosylonate)-2-0-(4-nitrobenzyl~-~-~-galacto- 
pyranosyll-B-g-glucopyranoside (1 - 8). A s o l u t i o n  of - 15 as o b t a i n e d  

above,  i n  d i ch lo romethane  (3 mL) was added t o  a st irred m i x t u r e  o f  

- 17 (385 mg),  s i l v e r  c a r b o n a t e  (250 mg), 4 A molecu la r  s i e v e s  (1 g )  

and d i ch lo romethane  (5 m L ) .  A f t e r  s t i r r i n g  f o r  4 h ,  the m i x t u r e  

was f i l t e r e d ,  t h e  f i l t r a t e  c o n c e n t r a t e d  and t h e  r e s i d u e  chromato- 
graphed w i t h  2:l e t h y l  ace t a t e -hexane .  18 was o b t a i n e d  as a 

g l a s s y  s o l i d .  Yield:  136 mg (63.9% from 14). 
CHC1,). 13-C NMR (CDCl,): 102.3 (C-11, 100.0 (C-1 I ) ,  98.9 
(C-2"), 82.7, 81.8 (C-3, C-3 1, 79.8 (C-2), 77.7 (C-41, 74.9, 
74.6, 74.3, 73.3, 71.3, 70.9 ( 6  - CH,Ph), 73.5 (C-51, 72.7 (C-5'1, 
68.4 (C-61, 69.0, 68.6, 67.3 (C-4",7",8"), 62.2 (C-6',9"), 52.8 
(COOSH,), 49.2 (C-5"), 37.5 
C), (4 OCOCH,). 

- - - 
- 

- 

- 
[ a ] ,  + 8.2 (c  0.2, 

C-3"), 23.1 (NCOCH,), 20.9, 20.7 (3 x 
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54 POZSGAY, JENNINGS, AND KASPER 

Anal. c a l c d .  f o r  C80H88N2026: C ,  64.50; H ,  5.95. Found: C ,  

64.24; H,  5.97. 

O-(5-Acetamido-3,5-dideoxy-~-~-glycero-)-galacto-2-nonulo- 

py ranosy lon ic  acid)-(2+6)-0-B-D-galactopyranosyl-( 1 +4 1-D-gluco- 

pyranose (2). A s o l u t i o n  of - 18 ( 6 3  rng) i n  methanol ( 6  mL) was 
t reated wi th  1 N sodium hydroxide ( 4  m L )  a t  40° f o r  30 min,  was 

t h e n  coo led  t o  - 5 O  and was a c i d i f i e d  w i t h  10% a c e t i c  a c i d .  

Methanol was removed in vacuo,  t h e  s o l u t i o n  was extracted w i t h  

ch lo ro fo rm (10  x 5 m L ) .  The e x t r a c t s  were combined, d r i e d  

(Na,SO,), and c o n c e n t r a t e d .  The r e s i d u e  was p u r i f i e d  by 

chromatography on K i e s e l g e l  60 (60-230 mesh) w i t h  3: l  e t h y l  

ace t a t e -me thano l  t o  g i v e  a g l a s s y  s o l i d  which was hydrogenated i n  

90% e t h a n o l  ( 5  m L )  i n  t h e  p re sence  of 10% Pd-C (100 mg) a t  

a tmosphe r i c  p r e s s u r e  and room t e m p e r a t u r e ,  f o r  24 h .  Removal of 

c a t a l y s t  and s o l v e n t s  f o l l o w e d  by Sephadex G-15 chromatography 

w i t h  water gave 19'' as an amorphous s o l i d  a f t e r  f r e e z e - d r y i n g .  

Y i e l d :  1 9  mg ( 7 1 % ) .  L i t . "  [ a ] ,  + 27.9 

- - 
- - - 

2 5  

[ a ] ,  + 25 ( c  0 . 4 ,  H20) .  

( C  1 ,  H20). 
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