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ABSTRACT 

G l y c i l l  d e r i v a t i v e s  01 N - a c e t y l n e u r a m i n i c  a c i d  were 
pi- e pa1.e d a n d  t h e  i L' N- 1 odo s u c c t n i m i d e -- iii ed i a t ed q 1 y c o 3 y  1 a.t i on 
s h o w n  t o  p r o c e e d  o n l y  w i t h  [nost  r e a c t i v e  t t l c o h o i s .  ' T h e i r  
r e d u c e d  e r i o l  e t h e r  r e a c t i v i t y  is a t t r i b u t e d  t.o t h e  a , &  
u n s n - t u r a t e d  e s ' t . e r  r e a t u r e .  T h u s  s e v e r a l  r e d u c e d  g i y c a i  c 1 e r . i  
v t ~ t i v e s  were s y n t h e s i z e d .  T h e s e  c o u l d  be g l y c o s y i a t e d  w i  L n  
s i ir ipie a l c . o h o i s  a s  w e l l  as o t n e r  s a c c h a r i d e s  a s  ay lycor . i e s  i n  
a v e r a g e  to modest y l e i d s  w i t h  t h e  t r a n s - - d i s x i a i  aclui  t i o r i  
c o m p o u n d s  p r e v a i l i n y .  H n u m b e r  or' se1ec.t ive arid s p e c i i i c  
U L  epacations led t o  b o t n  t h e  a n o i n e r i c  u t i ~ ~ n y l t l r i i o q i y i ~ u s i d e y  
o r  fi a c e t y l n e u r a i i i i n i c  a c i d .  ' T h e s e  c o u l d  b e  u s e d  i i i  p h e n v l - -  
m e r c u r i c  t r i r l a t e - - p r o m o t e d  q l y c o s y l a t i o n s  t o  a t  f o r d  sevc.L;ii  
ci 1 sa c ch Q r 1 ci e cf e L I vii t i v e B . 

t ; l a i l c  a c i d s  represent  il r iumuer  u f  c o r n p i e x  h i q h e r  sac  - 

c h a r i d e s  most o t  w h i c t i  are L e r i n i r i a l l y  b o u n d  t o  y l y c o p r o t c i n s  

arid g i y c o l i u i d s  ul' v a r i o u s  t i s s u e s  i n  m a n v ,  p ~ e d o i c i i ~ i i l ~ i t l v  

j. TI t i n  s. I Y pe (1 i e s. '-' N - l i c e i v l r i e u r - a r n i n i c  a c i d  ( 1  > ,  

p r o m i n e n t  s i i l i i c  a c i d ,  O C C U L ' S  m a i n l y  a,Lt .<-  o r  u , ' ~ ? - t b - q l V i : i > S i  

LLically l i n k e d  t o  t h e  p re te rmir ia l  s u q i * r s  s u c h  as 

t h e  most 
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454 KIRCHNER E T  AL.  

q a i a c t o s e ,  N - a c e t y i q a i a c t o s a m i n e ,  ylucose o r  N - a c e t y i u i u c o s - .  

a i r l i ne ,  a t  t h e  n u n - r e d u c i n g  e n d  of t h e  g l y c o p r o t e i r t  cha in .  

E a r l i e r  g i y c o s y i a t - i o n s  w i t h  & a c e t y l n e u r a m i r i i c  acici 

d e r i v a t i v e s  a l l o w e d  t h e  p r e p a r a t i o n  of s i m p l e  q i y c o s i d e s . 4 , 5  

L a t e r  mure  a d v a n c e d  K o e n i y s - K n o r r  v a r i a t i o n s  made d i s a c c h a - -  
r i d e s  a v a i i a b i e , 6 - - a  a n d  s u b s e q u e n t l y  a l s o  e v e n  l a r q e r  e n t i  - 

t i e s  '-'* c o u l d  be p r e p a r e d .  A n o t h e r  a p p r o a c h ,  w h i c h  i n v o l v e s  
a L e w i s  a c i d - m e d i a L e d  q l y c o s y l a t i o n  of 1 3 l y c o s y i  C luor  i i t e , ~  of 

1 ,  h a s  had  a p p r o x i m a t e l y  s i m i l a r  s u c c e s s  t o  t h e  p r e v i o u s  

illC t hods  .I 
U s u a l l y  t h e  y i e l d s  i n  g l y c o s v l a t i o n s  of t h i s ,  m o s t  corri - 

p i e x  s u g a r  a r e  m o d e s t ,  c e r t a i n l y  c o n s i d e r a o i y  b e l o w  tne 

g e n e r a l  s t a n d a r d .  As f r e q u e n t l y  d i s c u s s e d ,  some u f  t h e  

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

con ip lex  q i y c o p r o t e i n  s u q a r  p o r t i o n s  c o u l d  n o t  be a t t a i n e d  LIY 

o t h e r s  i n  c o r r e s p o n d i n g ,  much s i m p l e r  cases.  P e r h a p s  t n e s e  
d i s c r e p a n c i e s  a r e  d u e  b o t h  t o  s p e c i f i c  "know--how" a s  wel l  a:; 
n i ino r  s t r u c t u r a l  d e v i a t i o n s .  F u r t h e r m o r e ,  s t e r e o s e i e c t i v i  t y  

111 g l y c o s y l a t i o n s  r - e p r e s e n t s  a n o t h e r  p r o b l e m .  The  litclc o r  il 

n e i g h b o r i n q  g r o u p  a d j a c e n t  t o  t h e  a n o m e r i c  c e n t e r  c a u s e s  

a.riorIic-Lric: m i x t u r e s  t o  iurm. H e c e n t  use or chemoenzymic 

d p p r o a c t i e s  io N-aue t  y i n e u r a m  1 n i c clc i ci 13 i y c o s  1 c r c s l  b 1 

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

s C e r e o s p e c i f i c i t y .  

'The r e s e a r c h  ctescr itted i n  t h e  p r e s e n t  cominur i icaLion  was 

c o rn ni e n c e d  o r  i g i n a  1 i y t o  s t u d y  t ii e N- .I o t i  o s u  c c i n i rii i d e 111 ed i ii Leu 

g l y c o s y l a t i o n  of q i y c a i s "  i n  t h e  s i a l i c  a c i d  s e r ' i e s .  ' I ' h i s  

f - e a c ' t i o n  h a s  had  c u n s i d e r a b l e  irripact O T I  t h e  p r e p ~ r a i i o n  a t  

a x i a l l y  qlycosylated 2 -deoxv s u g a r s  ke.y., l i t .  i .  Ai .so .  

t h e r e  was e v i d e n c e  thaL t h e  conformutiunal i n r l u e n c e  o r  

c e r t a i n  s u b s t i t u e n t s  c o u l d  b e  used  e f f e c t i v e l y  for ail 

a p p r o a c h  t o  e q u a t o r i a l  anorrrers," 'Thus,  i t  was of u c t r t i c u l o ~  

interest t o  s t u d y  t h e  i n i l u e n c c ,  o t  c a r - u o x y  g L o u p s  ad:iacurit 

t c i  t he  a n o m e r i c  c e n t e r .  

1 'i 

HESUL'TS AND DISCUSSION 
N - A c e t y l n e u r a m i n i c  c ic id  ( 1  1 was o b t a i n e d  trom o r i e n t a l  

s w a l i o w  n e s t s 2 1  w h i c h  c o n t a i n e d  a p p r o x i m a t e l y  5 %  o f  1 a s  
d e t e r  m i n e d  by  Aminof  1's t e s t . 1 2  The h y d r o l v s i s  arld w o r k - u p  
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 455  

a c c o r d i n y  t o  r e i e r e n c e  2 3  g a v e  1 i n  a p p r o x i m a t . e l v  i i ' k  v i e l d .  

The  p r e p t w a t i o n  o r  t h e  q l y c a l s  o f  N - a c e t y l n e u r a m i n i c  a c i u  

t o  1 l o w e d  e s s e n t  i a l  l y  t h e  p r e v i o u s 1  y d e s c r i b e d  p r o c e d u r e . '  

A t t e r  p e r a c e t y l a t i o n  t o  q i v e  an d~ io ine r i c  m i x t u r e  of 2 ,  the 

y l y c o s v l  c h l o r i d e  3 was o b t a i n e d  c o n v e n t i o n a l l y  usinq hyc.ir(i  

~ P J I  ~ h i o r i d e  i n  a c e t i c  a c i d .  b ' u r t h e r  t . r e a t m e n t  w i  t n  

t : c i e t h y l a m i n e  i n  c l i o x a n u  g a v e  t h e  y i y c a i  8 ,  w h i c h  was 

s a u o n i i i e d  t.o g i v e  t h e  u n b l o c k e d  d e r i v a t i v e  1 0  ( 6 3 %  overali 

y i e i d  b a s e d  o n  3 ) .  

I n  t h e  a c e t y l a t i o n  s t e p ,  1 g a v e  5 2 %  o f  t h e  p e r a c e t a t e  L 

, i n d  ca. 8% olr a c r y s t a l l i n e  s i d e  pr-odui-.t.  i d e n t i f i e d  a s  t h e  

te t ra -U-ace ta te  o f  t h e  1,7-lactone 7 which a d c ~ p t e d  ic 'L~ 

c o n i o r  m a t  i o n  . Th i s st r u c t  u r  a 1 a s s  i q n  m e n  t d e pe rids up0 I? t h e  
u n u s u a l l y  sma l l  coupiinq c o n s t a n t s  t h r c ~ u q h o u t  ( d d a ,  = 2 . d .  

J 3 b , 4  = 3.2, J 4 , 5  = 2.i, J 5 , G  = 2.U Hi!), w h i c h  is i n  clccorci 

w i t h  a1 I e q u a t o r i a l  h y d r o r i e n  a toms.  The O - l a c t o n e  s t r u c t u r e  
e v i d e n t l y  is t h e r m o d y n a m i c a l l y  f a v o r e d  a n d  p r o b d b i v  Lormed 

v i a  t h e  ' j C 2  c o n i o r m i c t i o n  of  Lhe ; r . -anomer  o f  1 by i n t e r - c i a 1  

e s t e r i t i c a t i o n .  

An o t n e ~ '  LI e v  1 at 1 on f co tn t h e  L ~ K  e v  i CI u s  Y t uci i e s 

i n  t h e  a l k a i i n e  h y d r o l y s i c ;  s t e p  ( 8  + 10). 111 a d d i t i o n  to C f i e  

c r y s t a l l i n e  g l y c a j .  d e r i v a t i v e  10, t h e  ' H  N M N  s u e c t r u m  c ) t  

w h i c h  i n  D20 can he f u l l y  a s s i y r i e d ,  ar icr ' ther  co inp i~c ind  ( 9 )  w i ( 3  

o b t a i n e d  i n  2 L X  yieiu (based  o n  3 ) .  k i x c e p t  for the downt - i . o io  

c h e m i c a l  s h i t L  u f  1-1-4 ( 6  5 . 6 7 ) ,  n u i  iciuch d i f f e r e n c e  iler.weeci 

tile s p e c t r a  o L  9 arid 10 was o b s e r v e d .  o b v i o u s j , ~ ,  cornpour.ici 0 

is, the  4 -  O - - m o n o a c e t i l . t e .  H y d r o l y s i s  of. t h e  4-0-ace. tvl  cjrcruLi 

o c c u r s  w i k n  a i t l i c u l t y  arid t h u s  Y is a useL-r.it i n L e r r i i t ? ~ . t i d l - e  

for req  i c i s e l  e c t  i v e  t t ansi: ocina L i  oris .  

cJ i' c u l ' r  i ' i i  

i n  c o n t r a s t  t.o t.tie a r e v i o u s  e s t e r i t i c n t i o n  of 111 w 1 . i - h  

d 1 il z o 111 e t nil n e . 
I ine cuiiipc.)uritl I 1  was e r i : ~ i e ~ '  a n d  prererred. i ?e race t+v ia t  i u n  

l e d  t o  t h e  c r y s t a l l i n e  p e r a c e t a t e  1 2 ,  a n d  i t s  'H N M k  s p e c -  
t r u m  g a v e  u n e q u i v o c a l  e v i d e n c e  ro r  t h e  s t r u c t u r e  a n d  Lhe 

c o n f o r m a t i o n  a s  a 'Hs h a l f  c h a i r  o r  h a l f  b o a t  ( J S , 6  = 1 U . t J  

Hi!). 

m e t h y l  e s t e r  q4 a n d  p e r a c e t y l a t e d  t o  g i v e  t h e  6 - a n o m e r  5.' 

Compound 5 r e a c t e d  w i t h  t i t a n i u m  t e t r a c h l o r i d e "  t o  yi 'c/e 

a c 1 d c a t  ic 1 v s e d iii e t t i  v 1 <i t i i) 1-1 t o (1 i v e ir h e c i y 8 t ii i 

B Y  an a l t e r n a t . i v e  r 0 u t . e  1 was t r a n s f o r m e d  i n t o  t h e  
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 45 7 

the S-chloro derivative 6 which. on treatment with triethyl- 
amine, afforded the peracetylated crystalline ester 1 2 .  As 
further proof of the ylycal structure, the crystalline 
tetrabutyl ammonium salt 13 was prepared from 10, and 
Ltcet.yled . to  afford the salt 1 4 ,  a compound easily soluble i n  

organic solvents. 
I n i t i a 1 N- i od o su c c i n i in i d e g 1 y cosy l at i on ex pe r i m en t s 

were performed with the unblocked glycal 10  and methanol at 
room temperature. Indeed, after several d a v s  t.he crys.ta1iine 
adduct 15 could be obtained in 50% yield. 'The exclusive 
trans-diaxial arrangement of  iodine and the meChoxv group 
following addition across the enol ether bond was 
demonstrated by t.he upfield shift of H-l r  ( t i  4 . 5 2 )  carr-yiriq 
the iodine. A small coupling constant. J2,$ = 4.0 Hz 
supported this assignment of an axially uositioned i o d i n e  at 
C - 3  and thus the oinqular formation o r  the B - g l y c o s i d e  I!;. 

A similar reaction of the peracetylated ester 12 w i . t h  

methanol/N-iodosuccinimide gave a iriixture of isomers 16 anti 
18 in approximately 70% yield arid i n  a ratio 7 O : c I O .  Com- 
pounds 1 6  and 18 w e r e  separated by preparative l a y e r  chronic 

tography to give p u r e  crystalline materials.  he :-truc(luraI 
assignments were based on the ditterent J;,,4 couplincj 
constants which, in the case o t  the u-anomer 18, showed  t h e  

t r a n s  diaxial arr.anqernent with a value o f  1 1 . 2  Hz. i n  

cuntrast, the B-anomer 16 had a J j , 4  coupliny coilstailt of 

4.d Hz. Furthermore, i n  b o t h  ddciucts an additional i i i e thoxv 

q r o u p  was oJ-iuerved. Iriterestinqiy, the uniforiii t.rihvdroxy~- 
pr-opvi  aide 12hi.Iir1 at C - 6  adopted a dii-rerent contormation L ~ I  

16 than i r i  I&, as deduced i rom the uui-t.e differerit c o u y l  in(! 

constants J 7 , 8  = 4.6 i n  1 6  and S . 6  Mz in 18. This difference 
in contormation may be a result of an interaction with the 
anomeric substituen.ts or the steric interaction with t he  
la rqe  iodine substituent at C - 3 .  A corresponding glycosyla- 
tlon could be effected u s i n g  the tetra-n-butylammonium Salt 
1 4 ,  which gave exclusively the B-methyl glycoside 17 ( 6 2 % )  

by the N-iodosucci.nimide procedure. 

1 , 2 : ~ , 4 - d i - ~ - ~ b e n z y l i d e n e - a - ~ - ~ a l a c t o p y r a n o s ~ ~ s ~  - as an 
aylyconic sugar in the-N-iodosucciniinide glycosylation o r  

Ail attempts to use a more complex nucleophile (e. 'J. ,  
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458 KIRCHNER ET A L .  

t h e  g l y c a l  d e r  

cor id i  t i o n s  d i d  

r e v e a l s  t h a t  g 

v i l t i v e s  1 2  o r  1 4  under-  b r o a d l y  v a r i e d  

n o t  meet w i t h  s u c c e s s .  A s i o i p l e  s u r v e y  

y c a i s  l i k e  t h o s e  g e n e r a l i z e d  a s  2 d i s p l a y  t h e  

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

r n e s o m e r i c  s t . r u c ' t u r e  4. ' T h i s  s i t u a t i o n  s h o u l d  a l l o w  t h e  N- 
i o d o s u c c i n i m i d e  g l y c o s y l a t i o n  t o  o p e r a t e  a s  d e m o n s t r a t e d  

p r e v i o u s l y : 1 8 - 2 0  h o w e v e r ,  

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

s t r u c t u r e  of t h e  e n o l a t e  may b e  e x p e c t e d  t o  c o n t r i h u t e  t o  

t h e  r e s o n a n c e  h y b r i d .  'The l a t t e r  e r t e c t  r e s u l t s  i n  a 

c o n s i d e r a b l y  r e d u c e d  e l e c t r o n  d e n s i t y  a t  p o s i t i o n  2. 

s t r u c t u r e  2 a l s o  has  a n  u , B -  

T h e s e  s y s t e m s  d e f i n i t e l y  d o  n o t  e x h i b i t  t h e  t y p i c a l  

e l e c t r o n  r i c h  v i n y l  e t h e r '  c h i i ~ a c t e r  b u t  r a t h e r  t h a t .  of (I 

n o r m a l  o r  s l i g h t l y  d e a c t i v a t e d  c y c i i c  o l e f i n .  W h e r e a s  t h e  

q l y c a i  1 0  w i t h  t h e  f r e e  a c i d  g r o u p  and t h e  rnore  s o i u h l e  

te t raai ic  y la innionium s a l t  1 4  r e d c t  s m o o t h l y  w i t h  lower a l c o -  

I I O ~ S ,  t h e  e s t e r i f  l e d  r r l v c a l  1 2  i s  riot  s u t f i c i e n t l y  r e a c t i v e  

t o r  N i odosu  c c i n i ni i d e  (4 1 y c o s  y 1 a t i o ns. 
A t .  t h i s  s t a q e  i t  was d e c i d e d  t o  o v e r - c o m e  t h e  U T I ~ ~ V ~ U ~ -  

ahle c s r b o n v i  a c t i v i t y  b y  a n  i n t e r m e d i a t e  r e d u c t i o n  t o  a 

1 J r i m a r y  a l c . o h o 1  w i t h  t h e  o p t i o r r  of a s u h s e q u e n t  r e o x i d a t . i o r i .  

p r e v i o u s l y ,  Ice- tosides  h a v e  b e e n  r e d u c e d  t o  t h e  correspondinq 

a l c o h o l s  u s i n q  s o d i u m  h o r o h y d r i d e  i n  water- a t  low t e m p e r a -  

t u r e . l b  h v  a p p i y i r i q  t n i s  p r o c e d u r e  t . o  t h e  q lYcal  1 1 .  ilrl 
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 459 

optimized yield o f  L S %  o t  the crystalline alcohol 1 9  

could be obt.ained. The reaction was hampered by C O T I C C I N I ~ ~ ~ ~ I ~  

saponitication of the ester group, and furthermore the 

product 1 9  showed a high viriylic activity and added wa.ter 
under slightly acid conditions to give the ketose 21. I n  

fac-t, treat.ment of 19 i n  U . 0 1  N aqueous hydrochloric a c i d  

gave a fasL and complete conversion to 21. 

methoxy-e thoxylalum inium di hydr i d e  ( V I  tr icie li7 which was 
shown to seiectively reduce even unsaturated carhoxyl corn. 
po u nd s t o a I c o tl o 1 Y , 2 8 * 2 9  ‘The reaction with the f r e e  c a ~ b t r j c y -  

1 i c  acid containing glycal 10 in t . o i u e n e / t e t r a h y d r o r u r u n  

suspension proceeded but the overall yield of 19 did n o t  
exceed 20%. 

An alternative approach was studied using sodium h i s !  2- 

‘The *tI N M R  spectrum of 1 9  s h o w s  II-la anti t k l b  dt b c i . i i4  
and 3.91, respectively, and owing to the alcohol runction at 
C - . l ,  H - 3  is shifted upfield ( b  4.7Y). Furthermore, allvlic 
coupling constants between t h e  protons H--la, H - l h  and tl - J  

are observed. The other coupl iriq coristan t.s art. similar to 
those of the adduct from which correspondinq coniormations 
may be deduced. Iri  t h e  hydr-nted derivative 2 1  similar c o u p  

ling constants t.o those in N-acetylneuraminic acid 
were observed. H-3a and 3e resonate at 6 1.56 and 1.98 
and demonstrate that 21 is saturated. 

After acetylation of 19  to give the solid hexaacetate 
20, Miodosucc 1 ni 111 ide g 1 ycosy lat i on with methanol r-api d 1 y 
produced the anomers 23 and 24 in 70% yield and in a ratio 
of 5 :1 .  The ’H N M H  spect.rum of 23 again revealed a small 
J 3 , 4  = 3.8 Hz coupling constant, 
prevailing diaxial addition which lead to the B-compound. 

The corresponding reaction of 20 and 1 , 2 : 2 , 4 - d i - . g -  
benzvi idene-a-Q-qalactopyranose2’ - si m 1 larl y gave, after 
separation, the crystalline disaccharide derivative 25 in 
2 2 2  yield as the only product. This compound was assiqned a 
6-glycoside structure based on -the J3, 

3.9 Hz. The other N M R  data are nicely in accord with thls 
structure. As a side product the 3-deoxy-3-iodo ketose 2 2  

was obtained in a‘pproximately 30% yield. Evidently its t o r -  

mation must be assigned to the competition of wate r  with the 

which is in accord with the 

coupl i n q  c o n s t a n t  of 
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460 KIRCHNER ET AL. 

Ro+;nR AcHN RO ___, RO* AcHN OR 

RO 
X 

R X  

- 21 H H 

22 Ac I 

Ac HN Acb + AcO*oAc AcHN OC H3 

Ac 0 AcO 
i 

23 - 24 - 
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 461 

6 - h y d r o x y  q r o u p  of t h e  s u g a r  as t h e  n u c l e v p h i l e  r e r 3 c t i n g  

w i . t h  t h e  e n o l  e t h e r  20. Obviously i n  t h e s e  m o d i f i e d  N- 
a c e t y l n e u r a m i n i c  a c i d  d e r i v a t i v e s  t h e  y i e l d s  a r e  m o d e s t  i n  

c o n t r a s t  t o  o t h e r  N - i o d o s u c c i r l i m i d e  y 1 y c o s y l a t i o n s . l "  T h e  

u r e d o m i n a n t  or e x c l u s i v e  r o r m a t i o n  of t h e  t r a n s - d i a x i s l  

a d d i t i o n  p r o d u c t ,  h o w e v e r ,  is i n  a c c o r d  w i t h  p r e v i o u s  r i n d i r l q s .  

F u r t h e r  s t u d i e s  were c o n d u c t e d  t o  i m p r o v e  b o t h  t he  

r e d u c t i o n  p r o c e s s  a n d  t h e  q i y c o s y l a t i o n .  S o l u b i l i t y  p r o b l e m s  

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

e m p l o y i n q  s e l e c t i v e l y  h i o c k e d  p r e c u r  s o c s .  T h u s  t h e  m e t h y l -  

e s t e r  11 was i s o p r o p y l i d e n a t e d  a t  t h e  p o s i t i o n s  8 arid Y t o  

g i v e  t h e  c r y s t a l l i n e  d e r i v a t i v e  2 7 .  T h e  r e g i o c h e m i c a l  s e 1 r c . -  
t i v i t y  i n  t h i s  r e a c t i o n  b e c o m e s  e v i d e n t .  u p o n  a c c t - y l a t , i o n .  I n  

% h e  t r i a c e . t a t e  2 8  t h e  'H N M H  s p e c t r u m  s h o w s  H--7 ( S  5 . 3 7 )  

d o w n f i e l d  a n d  n o t  much c h a n g e  a t  H - 8  a n d  H-9, i n  c o n t r a s t -  ti.> 

c o m p o u n d  2 7 .  
i n  c o n t r a s t  t o  e x p e c t a t i o n ,  d i i s o b u t y l  a l u m i n u m  h y d r i c l e  

i n  t e t r a h y d r o f  u r a n  c a u s e d  c o n c o m m i t a n t  d e g r a d a t i o n s  o f  27. 
T h e  b e s t  r e d u c t i o n  was p e r f o r m e d  w i t h  s o d i u m  b o r o h y d r . t d e  i n  
i s e t h a n o l  s t  0 ° C  w h i c h  a f f o r d e d  t h e  v i n y l i c  a l c o h o l  29  i n  [:a. 

7 0 %  y i e l d .  T h e  p r o t o n  H - 3  n o  l o n g e r  s h o w s  c o n j u g a t i o n  t o  t h e  

BnO 

I 
31 
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462 KIRCHNER ET AL. 

e s t e r  f u n c t i o n  a s  i r i  27 arid t h u s  u n d e r g o e s  a c h a r a c t e r i s t l c  

u p f i e l d  s h i f t  ( 2 7 :  6 5 . 9 1 ,  29: 13 4.40) .  F o i l o w l r i a  

a c e t y l a t i o n  t o  compound 3 0  t h e  N - i o d o s u c c i n i m i d e  q l y c o s y l a -  

t i o n  w i t h  t h e  same 1 , 2 : 3 , 4 - - d i  - O - b e n z y l l d e n e - u - ~  . q d l a c t o p y r - a - -  

nose"  was  p e r f o r m e d .  H i k e r  s e p a r a t i o n ,  t h e  d i sacchar . i t : l r  2 6 ,  

w h i c h  e x h i b i t e d  t h e  ' H  N M H  d a t a  s i n i i l a r  t o  2 5 ,  

i n  a p p r o x i m a t e i y  20'k y i e l d .  

- 

was  o h t a i n e c i  

'The same r e a c b i o r i  was a l s o  p e r f o r m e d  u s i n a  t h e  m i x t u r e  

o r  2 , 4 , 4 , 6 - t e t r a b r o m o c v c  l o h e x a d i e n o n e  ( ' r D 1 : U )  a n d  rod i ne , 
whi1:h is s u p p o s e d  t o  g i v e  t h e  i o c l o n i u m  2 , S , t , - - - t r i b r o m o p h e n o - .  

l a t e  i n  s ~ . t u  a n d  t h u s  inay b e  e m p l o y e d  i n s t e i l c t  of N i o d o s u i :  

c i n i n ~ i d e . ' ~  ~ lowevt . r - .  [he v i e i d s  of  26 were h t ' i ~ w  10:a ,  w h l c t i  

r e n d e r s  t h i s  v a r i a t i o n  l e s s  e f t e c t i v e .  As clncither d g l y c o r i e ,  

L : c n i y l  Z,J,J-tri -9 - - b e n z y l - - n  -LJ - ' ~ a L ~ ~ t ~ : t ; o p y r . ; ~ r i o . . ; ~ d e ' ' ~  was 
e m p l o y e d  a n d  a g a i n  o n l y  t h e  6 - g l y c o s i d i c a l l y  l i n k e d  d i s a c -  

c h a r i d e  3 1  r e s u l t . e d  i n  a p p r o x i m a t e l y  20% y i e l d .  

T h e s e  r e s u l t s  c l e a r l y  d e m o n s t r a t e  t h e  l i m i t s  of t h e  N--. 

i o d o s u c c i n i m i d e  g l y c o s y l a t i o n  p r o c e d u r e  f o r  t h e  f o r m a t i o n  of 
s i a l  ic a c i d  qlycosideu. 'The c a r b o x y  f u n c t i o n a l  g roup  c a u s e s  
a d r a s t i c  d e c r e a s e  i n  t h e  e n o l  e . t h e r  e l e c t r o n  d e n s i t y  arid 

t h u s  t h e  i n t r o d u c t i o n  o f  l e s s  n u c l e o p h i l i c  a g l y c o n e s  is 
ha inpe red .  H a v i n g  o v e r c o m e  t h i s  d r a w b a c k  by  c a r b o x y  r e d u e -  

t i o n ,  t h e  m e t h o d  p r o v e d  u s e f u l  a g a i n  but: gave e x c l u s i v c l v  

t h e  t r a n s  d i a x i a i  a d d i t i o n  p r o d u c t ,  i n  a c c o r d  w i t h  p r e v i o u s  

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

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

h a v e  c a u s e d  p r o b l e m s  i n  o t h e r  s i a l i c  a c i d  d e r i v a t i v e  ylyco..- 

s y  1 a t  i on s . 
N e x t  we t u r n e d  our i n t e r e s t  t o  y l y c o s y l a t i o n s  emplcryinci 

t h i o g i y c o s i d e s  w h i c h  were t o  be  a c t i v a t e d  by  t h i o p h i l i c  

c a t a l y s t s .  'The F o r m a t i o n  of t h i o p h e n y l  q l y c o s i d e s  s e e m e d  t . o  
b e  m o r e  a t t r a c t i v e  t h a n  t h i o a l k y l  d e r i v a t i v e s  b e c a u s e  i n  t n e  

g l y c o s y l a t i o n  t h e  C - S  c l e a v a g e  s t e p  w o u l d  be f a v o r e d  by  t h e  

s t a b i i i z e d  t h i o p h e n o i a t e  l e a v i n g  q r o u p .  
S t a n d a r d  p r  e p a r a t  i o n s  f o r  t h i og 1 y c o  s i d e s  i nvo  1 v e  a c i d 

c a t a l y z e d  t h i  01 y s e s  of p e r a c e t  v l a t e d  c a r b o h y d r a t e s . 3 5  T h u s  
s e v e r a l  N - a c e t y l n e u r a m i r i i c  a c i d  d e r i v a t i v e s  l i k e  t h e  8-- 

a c e t a t e  5 ,  t h e  8 - c h l o r i d e  6 ,  a n d  t h e  8 - t l u o r i d e  3 2 ,  a s  wel l  

a s  t h e  a - g l y c o s i d e  3 3 ,  a l l  oE w h i c h  were p r e p a r e d  f r o m  5 o r  
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 463 

COOCH3 

AcO 

0 Ac 
I 

AcHN 

AcO 

C O O C H ~  SPh 

AcO AcO 

35 - 34 - 

6 ,  respectively," were treated with thiophenol in the 
presence of various Lewis acids. 3 7 - 3 y  As compiled in Table 
1 ,  almost regardless of the leaving group in the starting 
material all entries show the predominant or exclusive f o r -  

mation of the B-thiophenyl glycoside 3 4  with B : n  ratios 
varying f r o m  1:0 to 4 : 5 .  

using titanium t e t r a l l ~ o r i d e , ~ ~  neither the 8 -  nor the U - -  

tiuoride 32 and J3  reacted with thiophenoi i n  the presence 
' r 1 C 1 4 .  !-'inallv p o t a s s i u m  methoxicle ( c f .  lit.41) proved 1.0 tie 

the Dest ~::~~tnlyst in promoting the exclusive tormat i o n  ul: 

the c(-- thioqlvcoside. qiviny 35 a f t e r  reacetylation. 
The structural assignment by 'H NMR is in a c c o r d  with 

In contrast t o  previous findings i n  g l y c o s y l ~ t i o r i o  

the general feature that H-3e is further downfield in the u -  

than the B-glycoides, and H - 4  is shifted in the other direc-- 
t.ion.42F43 Thus H-3e in the a-derivative 35 occurs at 6 2 . 8 5  

and in the 8--anomer 3 4  a t  6 2.62: i n  35 H - - 4  resonates at 
higher field (6 4 . 8 4 )  -than in 3 4  ( 6  5.35). 

Systematic studies employing mercuric salts for qlyco-- 
sylations o f  thioglycosides, according to the Pearson con- 
ception of soft acid-soft base pairs, were performed 
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464 KIRCHNER ET AL. 

T A B L E  1. P r e p a r a t i o n  of T h i o p h e n y l  G l y c o s i d e s  3 4  a n d  35  of 
N - A c e t y l n e u r a m i n i c  Acid,a 

E n t r y  S t a r t i n g  C a t a l y s t  Y i e l d  < % J  R a t i o  
mater ia l  3 4 ( 8 ) : 3 5 \ n ,  

d. i n  c h l o r o f o r m  a t  room t e m p e r a t u r e  

p r e v i o u s l y  by F e r r i e r  e t  a l . 4 4  arid l a t e r  by o t h e r s . 4 5 ' - 4 ' 7  

P h e n y l m e r c u r i c  t r i f l a t e 4 7 , 4 8  s e e m e d  t o  b e  o f  p a r t i c u l a r  

i n t e r e s t  a n d  i t s  a p p l i c a t i o n  was t e s t e d  in v a r i o u s  s o l v e n t  

systems u s i n g  t h e  y a l a c t o s e  d e r i v a t i v e  as a g l y c o n  c o m p o n e n t .  

A s  c o m p i l e d  in T a b l e  2 ,  t h e  a r i o m e r i c  s e l e c t i v i t y  c o u l d  be 

d i r e c t e d  by t h e  s o l v e n t  p o l a r i t y .  I n  t h e  more  p o l a r  m i x t u r e  
[ a c e t o n i t . r i l e / t o l u e n e  ( 1 : I ) J  a p r e d o m i n a n t  f o r m a t i o n  o i  t h e  

a , 2 + b - g l y c o s i d i c a l l y  l i n k e d  d i s a c c h a r i d e  3'7 was o b s e r v e d .  I n  

d i c h l o r o m e t h a n e / t o l u e n e  (1:l j t h e  B , 2 + 6 - d i s a c c h a r i d e  3 6  
c l e a r l y  p r e v a i l e d .  I n t e r e s t i n g l y  t h e s e  r a t i o s  a r e  o b t a i n e d  

more  o r  l e s s  r e g a r d l e s s  of t h e  s t e r e o c h e m i s t r y  of t he  s t a r -  
t i n g  m a t e r i a l  a n d ,  t h e r e i o r e ,  B / a - m i x t u r e s  c o u l d  b e  e m p l o y e d .  

I n  a l l  c a s e s  t h e  y i e l c l s  were s o m e w h a t  r e d u c e d  w i t h  t h e  

a - t h i o q l y c o s i d e  a s  t h e  s t a t i n y  m a t e r i a l .  By r o u g h  c o m p a r i s o n  

i n  a l l  t . h e s e  e n t r i e s  t h e  e l i m i n a t i o n  b v p r o d u c t . ,  t h e  e r lo l  

e t h e r  1 2 ,  r e m a i n e d  i n  t h e  r a n g e  of  1 0 - 2 0 * ,  w h i c h  c o r r e s p o n d s  

t o  o t h e r  g l y c o s y l a t i o n s  i n  s i a l i c  acids. 15  

A s  a n o t h e r  t . h i o p h i l i c  a g e n t ,  l ~ r o m o n i u m  i o n s  f r o m  N-br.craio- 

s u c c i n i m i d e  p r e v i o u s l y  h a v e  b e e n  shown  t o  p r o m o t e  y l y c o s y l a t i u r i s  
o f  t . h i o q l y c o s i d e s  w i t h  a l c o h o l s .  A t - t r a c t i v e  y i e l d s  
c o n  t r a s  t e d  w i t h poo I' s t e r e o  s e  1 e c t i v i t i e s . 
t h e  B - t h i o g l y c o s i d e  3 4  w i t h  t h e  g a l a c t o  d e r i v a t i v e  i n  t h e  

p r e s e n c e  of N - b r o n i o s u c c i n i m i d e  i n  n i t r o m e t h a n e / t o l u e n e  ( ' l : i)  

q a v e  bot.h t h e  d i s a c c h a r i d e s  116 arid 37 i n  2 8 %  yield arid il 

r a t i o  o r  1:1. 

r " 'r r ea t iii e n t o I 
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 465 

TABLE 2. Disaccharide Formation by Glycosylati on  of 
Thiophenyl Glycosides 

Entry Startinq Solvent. Yield Ratio Bypro.-- 

mater ial ( % I  36(81:37(u) duct 12 (ZJ 

. .. .._l_.._.._._. -. - , . . . .- ... .. . . ... 

1 B-thiophenyl acetonitrile/ 
ql ycoside 34 toluene, 1 : 1 30 1:4 Ib 

2 a-thiophenyl acetonitrile1 
qlycoside 35 toluene, 1 : 1 24 1:5 13 

glycosides 34/35 toluene, 1:1 25 2 : 3  5 

qlycoside 34 toluene, 1 : 1 35 5 : 2  21 

qlycoside 35 toluene, 1 : 1 13 1: 1 7 

glycosides 34/35 toluene, 1:1 22 2: 1 i3 

3 B/u-thiophenyl acetonitrile/ 

4 B-thiophenyl d I chl oromethane/ 

5 u-thiophenyl di chloromethane/ 

6 B/a-thiophenyl dichloromethane/ 

QAC 1 
AcHN 

Ac 0 COOCH3 OBn 

/ 
TIPS s 0, 
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466 KIRCHNER ET AL.  

Finally, 3 4  wds reacted with benzyl .&aceiamido-L- 
deoxy-3,4-~-(l,l,.l,~-tetrais~~iro~yldisiloxane-l,~-diyl)-~-~- 
glucopyrar~osidc~~ and phenyliiiercuric trif late. 
modest yield (approximately 1 0 % )  exclusively the 8,2+6- 
disaccharide 3 8  resulted. 'This differed considerably froin 
previous Koeniys-KnoIr reactions in which a precursor to 3 8  

and its a,z+b-anomer were obtained in approximately 50% 
yield and a B:u ratio or' 

in c? very 

4:1.50 
The structural assignments to the disaccharides 3 6  and 

37,  previously described without experimental details,' 01 

incomplete analytical data,l0,l5 are straightforward when '13 

NMH spectroscopy is employed 
resonates at higher field ( 6  

3 7  ( o  2 . 6 2 )  and the opposite 
Hemarkably, the J 7 ' , , 3 9  coup1 

A q a i n  H-3e' 1.n the 8-anomer 3 b  

2.49) than in the a-slycoside 
applies to their H - 4 '  siqnsls. 
ny constant in the B-(Tlycoside 

3 6  is much smaller (4.4 Hz) than in the a-anomer 37 (7.Y Hzi 
which points to a conformational deviation in the side chair! 

dependent on the anonieric conf iyurat ion. 
Mechanistically the thioglycoside glycosylations pro- 

moted by thiophilic agents are understood to proceed b,y an 
SN1 type process. The intermediate oxocarhenium i o n  d s h o u l d  

be more stable than in the normal sugar series becauge 
stabilization is expected by participation of  the lone  

pairs of electrons on the ring oxygen atom (mesomeric form 
e j  as well as the a-carboxyalkyl funct.ion (mesomeric f o r m  
f ) .  Thus, in this case further studies are required which 
involve nucleophiles with enhanced nucleophilicity in order 

- AcHN 

OR' 
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 467 

to increase the overall yields. Attack of nucleophilic 
species from the axial direction at C - 2  is expected and goes 
along with the anomeric eftect. In the case of non-polar 
solvents, the sugar nucleophile is supposed to follow this 
path directly and give axial substitution, that is, the # 

glycoside. Polar solvents, however, inny themselves be 
involved in the formation of an intimate ion pair predomi- 
nantly at the axial face. Consequently the incoming suyar 
nucleophile will be directed preferrably to attack from the 
backside. T h i s  gives rise to a prevailing a-qlycoside formation. 

EXPERIMENTAL 

General Procedures. Keactions were followed by TLC on 
silica gel foils G P 2 5 4  ( M e r c k ) .  Detection was done by UV 
absorption and/or spraying wit.h concd sulfuric acid or ' l C l %  

ethanolic sulfuric acid and subseuuent heating. Prepara.tive 
LC was on silica gel plates 6 0  0.25, (1.5, and 2.0 rrlm 

(Merck). Column chromatoqraphy was on silica gel 6il (Merckj. 

H P L C  was conducted. w 1.t.h a Wa.ters pump 11 45, LC: s p e c t r o p h o  t.onie I CAI. 

I.am bda - Max mode 1 4 8 1 ( Waters) , d 1 i t eren t i a 1 re f  rnc-to ni c't ez' 

t v p e  98.00 iKniiuer), and integrator C R . - 3  A (Shimadzu): 
columns 8 x 2'50 mni, LiChiosorb S i  b U ,  LiChrosorb K P  8 ,  5 prii 

(Mercki. M e i t i n c i  po1nt.s were determined with a Leitz- and  ii 

keichert heatinq microscope (Mettler-.b'P 6 1 )  arid a r e  uncoL.-.. 
r.ected. 0pt.ical rotations were taken on Yerkin-Elmer polori - 
meters (241 and 2 4 3 )  in 'I cim cuvettes at 2 0 ° C  and 53') n m  ( N a  
D-line). 'H NMII spectra were L e c o r d e d  with the Hruker 
instrurnerits WH 270 ( 2 7 U  M H z ) ,  W M  :IUD ( 3 0 0  MI-Jz), and  WM 400 
(400 MHz) and T M 5  as the irit,ernal standard. I n  m o s t  c a s e s  

assignmewts w e r ~  supported b y  d o u h ~ e  resonance experiinerit.::. 

For s p e i y i  i i c  problenis 2 D - C O S Y  me,tsur.emi_.nts were performeci 
usinq the Ejruker software 1985 and an Aspekt--3000 computer. 

5-Acetomido--2,4,8,9-tetra-0-acetyl-8-D-glycero-~-qa~ac- 
to-2-nonulopyranosonic acid-l,7--loctone (7). Follow iny per-- 
acetylation of N-acetylneuramiriic acid dihydrate (1, 4.7 9 ,  

14.2 mniol) with acetic anhydride ( 1 0  m L )  in anhyd pyridlne 
(50 m L )  plus a catalytic amount of  4 - d . i m e t . h y l a m i n o p y r i d i n e  
tor 90 min at 6 O 0 C ,  the clear, yellow solutiorl was Concerl-- 
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468 KIRCHNER ET A L .  

t r a t e d  a n d  t h e n  f r e e z e - d r i e d .  'The r e s i d u e ,  t . a k e n  u p  i n  a q  

s o d i u m  h v d r o r ~ e n c a r b o n a t e ,  was e x t r a c . t e d  w i t h  e t h y l  a c e t - a t e  

t o  q i v e  a f t e r  e v a p o r a t i o n  5 0 0  rnq (7.721, of 7 ,  rnp 204-205'"c,  

l a j z 0  i t i 2 . 1 "  ( c  0 . 5 8 ,  a c e t . o n e ) .  'H N M H  icuc13j B 2 .15  ( d d ,  

H-:a), 2.J8 ( d d ,  H-3e j ,  5 . 1 0  ( d d d ,  H - 4 1 ,  4 . 2 4  ( d d d ,  H - - 5 ) ,  

4.1'1 ( d e ~ ,  l i - - 6 j ,  4 . 6 5  ( d ,  H-71 ,  5 . 4 7  ( d d d ,  H-81 ,  4 . 7 5  ( d d ,  

H - Y a ) ,  4 .29  ( d d ,  H - Y b J ,  b . 0 Y  (d. NH), 2 . 0 6 ,  2 . 0 7 ,  2 . 1 0 ,  

2 . 1 1 ,  2 . 1 2  ( each  s ,  e a c h  3H. NAc arid U A c ) :  J3a,3e - 1 4 . 8 ,  

J i a , 4  = 3 . 8 ,  J ~ b . 4  = 3 . 2 ,  J 4 , 5  = 2 . 2 ,  J ! j , 6  W 2 .U .  J L ; , N H  = 

G . 2 ,  J , , y  % U ,  5 - / , 8  - - 8 . 4 ,  J g , Y o  = 2 . 4 ,  J a , 9 b  = 4 . 4 ,  ~ l ! j , ~ , ~ ~ j  

= ' l 2 . h  Hz. 
T h e  r e m a i n i n s  a q u e o u s  p h a s e  was f u r t h e r  t r e a t e d  ( c f .  l i  t.. 
and g a v e  compound 2 4.55 g ( 6 2 % j ,  r u r t h e r  p r o c e s s e d  a s  

described. 

2 4 )  

Compound 2 ( 4 . 5 5  CJ, 8 . 8  rnmolj was t r e a t e d  f o I l o w i n c j  t . h e  

l i t e r a t u r e  p r o c e d u r e z 4  t o  q i v e  t h e  c r y s t a l l i n e  >--acetomido..  

2,6--anhydro--3,~-dideoxy--0-q~ ycero-L..-qolacto -non--2.- erropyrano 

sonic a c i d  ( 1 0 ) .  'The y i e l d  was 1.35  y i 6 J Z  basell o n  3 i n  

t . ~ i r e e . - n t e p - - o n e - p o t  p r o c e s s )  nip 1 3 9 -  1 4  1 "C decoirip, [ c r ; l i 0  
t 4 1 . 4 "  (c .  0 . 6 6 ,  water )  I:lit.2": 137-14il"C decornp, L U  lu 2 0 

t 4 l . h "  ic. 13.25, w a t e r j ] .  'H N M H  ( u 2 u )  o 5.90 I d ,  H - ' ' I  . t , r  4 . 3 8  

( d d ,  H - 4 ) ,  3.Y5 ( d d ,  H . - S j ,  4 . 1 9  i d d ,  H . - b j ,  J . S 0  ( d d ,  H - 7 1 .  

11.78 ( i l d d ,  H - 8 1 ,  3 . 7 4  i d d ,  H.-Ya) ,  3 . 5 1  I d d ,  H - - Y b j ,  1 . 9 4  ( 9 ,  

d t i ,  NAcj: J c : , ~  = 2 . 1 ,  J 4 , 5  = Y.U, J 5 . 6  = l U . ' j ,  J :  . = 1 . 0 .  
t i ,  1 

J / , 3  = Y . 4 ,  J 8 , 9 a  = 2 . b .  J g , y b  = tb .2 .  "ya,Yb = 1 1 . 8  1-lz. 

i n  c o u r s e  of . t h e  HP1.C s e p n r n t . i o n  ( M r r c k  R F )  8 ,  0 . 1 4 .  

a c e t i c  a c i d )  01 10, a s  il f a s t e r  moviriq r r a c t i c r n  5-acetamido- 

4-0-acetyl - 2 ,  6 -  onhyciro - J ,  5 -drdeoxy --O -q lycero--D--ynlocto- -non - 

2 - e n o u ~ r a n o s o n i c  a c i d  (9) c o u l c ~  b e  i s c i i a t e d  arid c r v s t a l l i z e d  
t r o m  m e t h a n o l  t o  g i v e  5 5 0  mg ( 2 2 %  b a s e d  on  3 i ,  a m o r p h o u s  

s o l i d ,  [a);' + 22.8"C ( c _  0 . 5 ,  m e t h a n o l ) .  'H N M H  ( C U s O D + U 2 U )  

H-6 ) .  3 . 6 3  ( d d ,  H-71, 3.Y0 ( d d d ,  H - 8 1 ,  3.84 ( d d ,  H-Ya), 3 .66  

( d d ,  H - ' j b ) ,  1.99 (s ,  3H, N A c ) ,  2.09 (3, J H .  O A c ) :  J 3 , 4  = 

S 5 . 8 8  ( d ,  H - 3 1 ,  5 . b 7  ( d d ,  H-41 ,  4 . 2 7  ( d d ,  H - S ) ,  4 . 4 0  ( d d ,  

2 . 4 ,  3 4 , s  8 . 4 ,  J g , 6  = 1 1 . 2 ,  5 6 , ~  = 1 . 0 ,  J7,8 = 8 . 2 ,  Jg , ! ja  

= 2 . 8 ,  Jg,yb = 5 . 4 ,  J q a , y b  = 1 1 . 0  H Z .  

Methyl 5 -Aoetamido-2,6--onhydro-3,5-dideoxy-U-~glycero-D- 
galacto-non-Z--enopyranosonnte ( 1 1  ) . 
a) Compound 10 15 .34 ,  18 .0  mmol) a n d  a n  i o n  e x c h a n g e  r e s i n  
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 469 

( L e w a t i t e  S P  1 0 8 0  H k ,  1 .0  g )  i n  m e t h a n o l  ( 2 5 0  m L )  w e r e  
r e f l u x e d  t o r  1 ti. 'The c o l d  mix tu re  was e l u t e d  t h r o u g h  a n  i o n  
e x c h a n g e  c o l u m n  (Lewa t i t e  MP 5 0 8 0 ,  O H ' - )  w i t h  m e t h a n o l  i J O U  

m i 4 ) .  Af'ter e v a p o r a t i o n ,  the  r e s i d u e  was r e c r y s t a l l i z e a  L-roin 

m e t h a n o l  t .o  g i v e  3.9 g ( 7 2 % )  of 11. F u r t h e r  e l u t i o n  w i t h  

a c e t i c  a c i d  ( 2 0 % .  3 0 0  m L f  g a v e  10 (1.1 g ,  2 0 % ) .  
b )  Compound 1 2  (3 .1  g ,  6.4 mmol ) ,  d i s s o l v e d  i n  a n h y d  m e t h a -  

n o l  ( 1 0  m L ) ,  is t r e a t e d  w i t h  a s o d i u m  m e t h y l a t e  s o l u t i o n  i n  
m e t h a n o l  ( 1 % )  a t  room t e m p e r a t u r e .  A f t e r  d e a c e t y l a t i o n ,  t h e  

m i x t u r e  was t r e a t e d  w i t h  a a c i d i c  i o n  e x c h a n g e  r e s i n  (Ijuwex 

50 13' )  a n d  evapora . tec1  t o  g i v e  1 . 0 6  g ( 5 4 2 1 ,  mp 223°C decom'o, 

l a ! ; '  +38.6"  ( c  0 .36 ,  water j  [ l i t . 2 4 :  mp 225..-227"1: decomp,  

4.40 ( d d ,  H - - 4 ) ,  3 . 9 7  i d d ,  H - ' j ) ,  4 . 1 7  ( d d ,  H - b j ,  3 . 5 3  ( c l c l ,  H-.- 

7 ) ,  2.80 i d d d ,  H-81, 3.76 i d d ,  H-CJa), 3 .54  ( d d ,  H - Y b j ,  3,b.J 

( s ,  3 H ,  C D 2 C H 3 ) ,  1.93 ( s ,  3 H .  N A c 1 :  p y r i d i n e - - c l s )  6 6.2ci (13 -  

, j a  . .L) , 2 5  t 4 2 . 3 "  ic 5.5 ,  w a t e r ) ] .  lil  N M K  ( U 2 0 )  6 5.93  i d ,  H ~ - ~ J ,  

3 ) ,  5.UY ( d d ,  H - - 4 1 ,  4.9U ( d d d ,  H - 5 1 ,  S . U 6  (dd, H - . - t d ,  4 . 5 1  

( d d .  H -  71, 4 . 8 2  ( d d d ,  i i - 8 1 ,  4.51 Cdd, H - - 9 a ) ,  4.Il8 i d d ,  H- 
9 b ) ,  3 . 4 6  ( d ,  N H ) ,  3 . 5 6  ( s ,  3h.. C U O C H J ) ,  2 . 0 0  ( s ,  2 H ,  N A c j ;  

[ c o u p l i n g  c a n s t . a n t s :  111 U ~ U  ( i n  p y r i d i n e - c i s ) : ]  ' i3 ,4  = 2 . S  

J i , , 7  = 1.0 ( 1 . 0 1 ,  J . / , g  = Y.3 i Y . 4 ) .  J Q , , ~ ~  = 2 . 8  ( 2 . d j ,  ; i3 , . jb  

= 6 . 1  (5.4, J 9 a , ' l b  .- - 1 1 . 8  C l 1 . U )  H z .  
5 - A c e.La m 1 do -- 4 , 7 , 0  , Y - t e t ra.- 0 -ace t y 1 - 2 ,6  -..an h ydr o - 

3 ,5 -d i. de o x y -.- 1) ,- q 1 y c e r o -. U -q il i a c- t o -. no n -.. 2 ..- e no p yr ano s o n a t c ( 1 2 1 . 
a )  Compound i l  ( 3 . 0  g ,  1 0 . 0  mmvl) d l s s o i v e d  1 1 1  anhvd p y r i - . -  

d i n e  ( 3 0  m L i  was t r e a t e d  w i t h  a c e t i c  a n h y d r i d e  ( h  m L )  a n d  i i  

c a t a l y t i c  amount .  of 4 - d i m e t h y l a m i n o p y r i d i n e  f o r  1 h a t  room 

t e m p e r a t u r e  a n d  3 0  min  a t  6 0 ° C .  Af t e r  a d d i t i o n  o f  m e t h a n o l  

( 1 0  m L )  t h e  m i x t u r e  was e v a p o r a t e d ,  t a k e n  up  i n  e t h y l  ace-  

t a t e ,  washed  w i t h  d i l  s u l f u r i c  a c i d ,  water ,  d r i e d  ( N C ~ ~ S O ~ ) ~  

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

h e x a n e  t o  g i v e  3.3 g ( 7 1 2 ) .  

bj The d - c h l o r i d e  6 (4 .5  q, 8.8 mmol) is d i s s o l v e d  in a r l h y d  

d i o x a n e  ( 3 0  m L )  a n d  t r e a t e d  w i t h  a n h y d  t r i e t h y l a m i n e  ( 3 . 8  

m L j  f o r  3 0  min  a t  room t e m p e r a t u r e .  A f t e r  f r e e z e - d r y i n q  o f  
t h e  m i x t u r e ,  t h e  r e s i d u e  was s e p a r a t e d  a n d  p u r i f i e d  b y  H P L C  

( t o l u e n e / e t h a n o l ,  5 : l ) .  Y i e l d :  3 .16  q ( 7 4 % ) .  mp 130.7"C,  

(a; / ;"  80.0"  ( c  0 .95 ,  'H N M R  (CDClj) b 5.99 ( d ,  

1 2 . 4 1 ,  , J i ~ , s  = 8.8 (8.4), 3 5 . 6  1 1 . 0  ( 1 l l . O ) ,  J s , N H  .z 'Ck?.iIl,  

M e t h y I 

c h 1 o r o f o r . m ) .  
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470 KIRCHNER ET A L .  

H-3) .  5.51 ( d d ,  H - 4 1 ,  4 . 4 1  ( m ,  2 H ,  H - - - 5 , - - b ) ,  5 . 5 2  idd,  H~-7:r, 

5 . 3 5  ( d d d ,  H - 8 ) ,  4 . 6 6  ( d d ,  H - - Y t i ) ,  4 . 2 0  ( d d ,  H-Yb) ,  6.lJ i d ,  

NH), 5.'79 ( s ,  3H, C O O C H 3 ) ,  1 . 9 0 ,  2 . 0 3  ( 2 1 ,  2 . 0 6 ,  2 . 1 0  i e a c h  

8 ,  e a c h  JH, N A c  a n d  U A c ) :  ( C 6 D 6 )  ii h . 0 7  ( d ,  H-31, 5.5;; ( d d ,  

( d d d ,  H-8) .  5.12 ( d d ,  H - 9 a 1 ,  4 . 4 2  (dcl, H-9b) ,  5 .73  ( c l ,  N A ) ,  

H - 4 1 ,  4.71 iddd, H - S ) ,  4.31 ( d d ,  H--6) ,  5.7: (dd , .  H .7), 5. ' /8  

3.4.3 CS, 3H, 3H. C U O C H J ) ,  1 . 6 4 ,  1 . 7 5 ,  1 .76 ,  1 . 8 4 ,  1 . 9 4  (each 

s ,  each J H ,  N A c  a n d  O A c ) :  [ c o u p l i r i q  c o r i s t . a n t s :  i n  C D C l j  ( i n  

I : ~ D ~ ) I  < r 2 , 4  = 3 . 1  ( 2 . 7 1 ,  J ~ , ~  = 7 , 8  ( 8 . 4 ) .  J ~ , ~  = - ( i i i . ( ~ ) ,  

J8,Ya - - 3 . 1  ( 2 . 8 1 ,  J ~ , ~ ~  = 7 . 4  ( 7 . 8 1 ,  J ~ ~ ~ , ~ ~  = 1 2 . 4  ( 1 2 . 4 1  t i 2  

J ~ . N H  = 9 . 0  ( ' l U . u ) ,  J t , 7  2 . 8  ( 2 . 8 1 ,  J 7 , 5  = 4 . 2  < 4 . i J j ,  

S - -Acetamido--2 ,  b--anhydro-.J, 5--dideoxy---D- glyccro.. 

L) - y n  1 Q ct o --no n - Z -en o p yra n o s o n i c A c i d 'I' e .L r a ,- - n - bu t y 1 a 11 m o n  I u m 
Salt (13). 'The a c i d  (10 ,  1 .08  g ,  3.72 mnio l ) ,  d i s s o l v e d  i n  

w a t e r  ( 2  m L 1 ,  was n e u t r a i i z e d  w i t h  arr ilq t E i t r ~ . - - i i - - b u t . y l a i n r t i v  

nium h y d r o x i d e  s o l u t i o n ,  e v a p o r a t e d  a n d  d r i e d  t o  q i v o  1 . 9 h  1 4  

( 9 9 a J ,  c o l o u r - l e s s  c r y s t a l l s ,  mp 9 7 - l i l 2 " c ,  [ u ] E i 1  +11.95" ( c _  

U.7'3, water . ' ) .  'H N M H  i l Jz0)  S 5 . 5 6  ( d ,  H - 3 ) ,  4.34 ( d d ,  H . - 4 1 ,  

H - - 8 ) ,  3.74 ( d d .  H-Yai. 3 . 5 2  idcl, H-Yh) ,  1 .95  ( 8 ,  JH, N k c ) .  

3 . 9 3  ( d d ,  H-51 ,  4 .09  ( d d ,  H - - - b ) ,  J . 4 7  ( d d ,  H-71, .J.82 iddd, 

0.8: ( t - ,  9H, ~ ~ H z - C H Z . - . C H ~ . - - C H , , J ,  .-4 1.25 ( t q ,  bH, Ctl2-' .l ' t l2..-CH~Z 

C H J ) ,  1 . 5 2  ( r n ,  6H, C . H 2 - C H 2 - C H 2 - - C H 3 1 .  3 . 0 7  i r n ,  t l H ,  C!j.H-CHL.- 
C H L - C H 3 j :  J 3 , 4  = 2 . 4 ,  J 4 , 5  = < + . [ I ,  J5,b = 11.U,  J,,7 M 1 . 0 ,  

J H , H ( b u t y l )  = 7.2  a n d  7 . 5  H z .  

d i de o x y - U - y 1 y c er o - D -ga 1 act o - non -- 2 - eno p y r an o s on 1 c A c i d T c t  r ii . ., 
n-butylamnonium Salt ( 1 4 ) .  Compound 13 ( 5 6 0  mg, 1.1 m n i o l )  

dissolved i n  a n h y d  p y r l d l n e  ( 2  m L )  was t r e a t e d  w l t h  a c e t l c  

a n h y d r i d e  ( 1 . 2  mL) f o r  1 2  h a t  room t e m p e r a t u r e .  A f t e r  
r e p e a t e d  c o e v a p o r a t i o n  w i t h  t o l u e n e ,  t h e  r e s i d u e  was d r i e d  i n  

h i g h  v a c u o  t o  g i v e  772  ing ( Y 8 % ) ,  s y r u p ,  

U.86, c h l o r o f o r m ) .  ' H  N M R  ( C D C l 3 )  6 5.85  ( d ,  H-3). 5.31 ( d d ,  

5 . 4 6  ( d d d ,  H - 8 ) .  4 . 5 2  ( d d ,  H-ya), 4 . 2 6  ( d d ,  H - - 9 b ) ,  6.118 ( d ,  

NH), 1.94  ( s ,  3H, Nhc), 2 .03 ,  2.04, 2 .05 ,  2.06 (each  s ,  e a c h  

J 7 , 8  Y . 0 ,  Jg,9a - - 9 . 2 ,  J g , g b  = 6.0, J q a , 9 b  = I l . ' i .  

5-Acetamido-4,7,8,9-tetra--0-acetyl-2,6-~nhy~ro-~,5- 

[ a ] 6 "  - t36 .0"  ( c  

H - 4 1 ,  4.43 ( d d d ,  H-S), 4.34 t d d w t ,  H-61 ,  5.56 ( d d ,  H - J ) ,  

.JH, OAC), '1.00 ( % ,  YH, C H Z - C H Z . - C H ~ - C H J ) ,  1 .42  (t.q, C H l - C H z - .  

C g 2 - C H 3 ) ,  1.64 ( m c ,  C H 2 - C H 2 . - C . H 2 - C H 3 ) ,  3.24 ( m c ,  CHz-CHz-CHa- 
CH:,): J J  4 = 3 . ' 7 ,  d 4 , 5  = 5 . 4 ,  J 5 , 6  = 6 . 2 ,  J ~ , N H  = 9 .0 ,  L J '  6 . 1  
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G L Y C O S Y L A T I O N  OF N-ACETYLNEIJRAMTNIC A C I D  471 

c ' 5 . 8 ,  J ' Y , ~  = 4 . 2 ,  J8,qa = 3 . 6 ,  J 8 " g b  = 7.0, Jqa,yb = 1 2 . 0 ,  
JHH(butyl) = '7.2 and 7.1  Hz. 

"ethyl-- S--acetarnido-3,5-dideoxy-3 -iodo-B-D-. ervthro- L 
rnanno-2-nonulopyronosid)oni~ Acid ( 1 5 ) .  A mixture of  con1 - 

pound 10 (29.1 my, 0.1 rnmoi) arid N-iodosucciriimide ( 2 2 . S  my, 
U.1 mmol) in anhyd acetonitrile ( 3  mL) and anhyd methanoi ( i  

m ~ j  was stirred at b 0 " C  f o r  9ti  min arid then another port.iort 
o t  N-iodosuccinimide (11.3 m g ,  (1.0s mmol) was tidded. After .3 

days the product cryst.al1izec.i froin the mixture arid was 
recrystallized from methanol to give 22.5 mg ( 5 0 % ) .  colour 
less needles, mp 1 7 3 ° C .  ( u ] g O  . -16.4"  ( c  0.56  methmol). 'H 

5 ) ,  3.9'5 ( d d ,  H-61, 5 . 4 b  (dd, H - 7 ) ,  3.77-.3.85 ( n ~ ,  2H, H - - 8 .  

N M R  ( C 1 ~ ~ 0 l l )  6 4.58 ( d ,  H-31, 3.44 ( d d ,  H--4) ,  4 .26 ( d d e t . ,  t i -  

H-.Oa), 3 .65  (dd, H . - 9 t i ) ,  1.99 ( s ,  JH, NAc): 5 3 , 4  z 4 . 0 ,  J q , ,  

= I O . 0 ,  J5,6 z 111.5, 56.7 = '1.0, J 7 , 8  = 9 .2 ,  J8,9b 6.CI, 

~ [ i j ~ , y b  = 1 i i . O  f i z .  
n e t hv I k! e t h y 1 - 5 -. (ice t u m 1 Li o - 4 ,7,8,9 t e.tr a - 0 -ace t y I - 2 , 5  - 

d i d e o x y , .4 -- 1. odo .- 8-0. - e r y t hr o.-.L -ma nn o .- arid (I - - L) .- e r yt h r  o -- L - g 1 u c o - 
2-nonu1opyranosid)onate ( 1 6  and 18) .  Compound 1 2  ( 4 6 . 1  l o g ,  

0.1 nimol) and N - . i o ~ ~ u , ~ i i c c i n i n i i c l t e  "15, 113 mq, U.5 inmol j  were 

dissolved in anhyd acetonitrile ( 5  m L )  and anhyd methanol 
(100 D L ,  0 .25 mmol) and heated with stirring to 80°C.  After 
several further additions of N I S  and methanol, work--up after 
3 days was done by evaporation and extraction o f  the residue 
with dichloromcthane. 'The solution was washed with aq 
sodium thiosulfate solution, water, dried (Na2S04) and con- 
centrated. The remaining 55.4 rnq (90%) of  slightly yellow 
syrup was separated by preparative LC (toluene/i-propariol, 
S:l, threefold development) to give together 41.3 m g  ( 6 7 % )  

of the separated crystalline a n o m e r s  16 and 18. 

0.35 ,  chloroform). ' H  NMH (CDCl3) 8 4.70 ( d ,  H-3), 4.84 (dd, 

5 . 2 9  (ddd, H--8), 4 . 8 5  (dd, H-ga), 4 . 2 0  (dd, H-9b), 5 . 4 0  (d, 
NH), 1.Y3 ( s ,  3 H ,  NAc), 2.04, 2.09 ( 2 3 ,  2.21 (each s ,  e a c h  

3H, OAc), 3.30 ( s ,  J H ,  O C H 3 ) ,  3 .84 ( 5 ,  3H, COOCH3); J 3 , 4  = 

B-Anomer 16: 2Y.f, m g  ( 4 8 % ) ,  mp 2 0 2 " C ,  - t 3 2 . 9 "  (c. 

H - 4 ) ,  4.29 (dddwdd, H - 5 ) ,  4 .09 (dd, H-61, 5 . 3 4  (dd, H - 7 ) .  

4 . 0 ,  J q , 5  = 1 0 . 4 ,  J s , N H  = 9.3, J r , , 6  = 1 0 . 5 ,  J6,7 = 1 . 7 ,  J 7 , ; j  

= 4.6, J a , g a  S 2.4, Ja,gb = 7 . 0 ,  Jga,gb = I 2 . S  HZ. 
u-Anomer 18: 11.7 mg (19%), mp 1 5 3 " C ,  -117.1" (.y 

0 . 1 4 ,  chloroiorm). ' H  NMH (CDCl3) d 4.06 (d, H-31, 5 .44  tdd, 
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472 KIRCHNER ET AL.  

H-4), 4.22 (dddwdq, H-5), 4.5Y (dd, H-6), 5.26 (dd, H.-'/), 
5.34 (ddd, H-81, 4 .24  (dd, H-9a1, 4.05 ( d d ,  H-Yb), 5.3'7 ( d ,  
NHj, 1.90 ( s ,  J H ,  N A c ) ,  2 . 0 3 ,  2.07, 2 .09 ,  2 .14  (each 3, each  

31-1, OAc), 3.52 ( s ,  3H, OCHd). 3.8'; ( s ,  SH, C O O C H J ) :  J J , 4  = 

11.2, 5 4 . 5  .= 10.1, J L ~ , N H  = 1 0 . 0 ,  J g  6 = 1 0 . 8 ,  J -  1 2.0, 
J Y , ~  = 8.6, Jg,va = 2.6,. J g  9b = 6 . 0 ,  Jqa,yb = 1 2 . 4  HZ. 

b , /  

(liethyl-,5--acetamido-4,7,8, ?-tetra-O--acetyl-3,5 -dideoxv-- 
3-iodo--B-D-erythro-L-manno-2-no--~-n~nuiopy~~nosid)~ni~ Acid 

Tetra-n-butylammoniua Salt (17). Compound 14 ( 2 8 . 1  niq,  0 .04  

mmol) arid N.iodosuccinimide (33.8 mg, 0.15 mmol)  d:tssolved 
in anhyd acetonitrile i 5  mL) and anhyd methanol ( 1 0 0  p L ,  

11.25 mniol) were reacted for 3 days and work-up was done as 
described in the previous preparation. 'The raw material was 
purified by preparative TLC (n-propanol/acetic acidlwater. 
9:5:5, twotolcl developmerit). ?'he yield was 21.3 r n q  i 6 2 % j ,  

syrup, [ a ] $ '  i r 1 . 4 ' : '  (,c. 0 . 9 8 ,  chlorofor.mj. ' H  N M R  (CDC:lJ) 6 

61, 5.31 ( m ,  H-7), 5.41 (ddd, H-81, 3 . 9 6  (dd, H-61, 5 . 3 1  ( m ,  

H-7), 5 .41  (ddd, H - 8 ) ,  4.73 (dd, H-9a), 4.17 (dd, H.-Yb), 

5.04 ( d ,  NH), 1 . 9 2  ( s ,  3H. NAc), 2 . 0 3  ( 2 1 ,  2.07, 2.21 (each 
s, each 3H, O A c ) ,  3.22 ( s ,  3H, OCH3), 1.00 ( t ,  YH, C H z - . C H z  - 

CH2-CH3), 1 .42  (tq, 6H, CH2-CH2-CH2-CH3), 1.65 ( m c ,  6H. C H 2 -  

C&2-CH2--CH31, 3.25 (mc, 6H, CH~-CH~-CH~-CHJ); J J  , 4  = c3.8, 

4.76 ( d ,  H-31, 4.85 (dd, H-4). 4 . 3 J  (dd, H--5). 3.96 (dd, H -  

J 4 , 5  = I O . C I ,  J ~ , N H  = 9.4, J5,6 !% 5 . 6 ,  J6,7 !% 1 . 0 ,  J ' T , ~  

5.3, Jg,ya  = 3.4, Jg,?b = 6.3, Jy,,qb = 12.3, JH,H(butyl) 
7.2 and 7.4 H z .  

5-Ace~tanido-2,6-anhydro-3,5-dideoxy-D-gly~ero--~-~q~lac-~ 
to-non-2-eni to1 ( 19 ). 

a) An aq solution of compound 1 1  (915 m q ,  3.LI mmol, 
30  m L )  was added dropwise at 0 ° C  t o  an aq solution o f  : ;udiuni 

borohydride (1.0 q ,  26.5 mmol, 30 mL) and stirred for 9 0  

min. After another 4 h at room temperature, the mixture was 
concentrated to d,ryneus and taken up in methanol. The s c ~ l u - -  
tion was eluted on ion exchange resin Lewatite SP 1080 H". 
and subsequently Lewatite M P  S O 8 0  OH'-, then evaporated arid 

recrvstallized frcini methanol. The yield was 206 rng ( 2 5 % ) .  
b) Sod i urn - b i s ( 2 - rn e t ho x y -e  t ho x y 1 .-a 1 u in 1 n i 11 rn --d 1 h y d r  i de 

(Vi.tride, 60% solution i n  benzene. 0.5 m L ,  cr7. 1.0 riimol) in 

anhyd tetrahydrofuran i 5  mL) was heated under reflux and 
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 473 

t r e a t e d  w i t h  ii s o l u t i o n  o f  1 0  (29 .1  mg, 0.1  mmol'l i n  a n h v d  
t o l u e n e / t e t r a h y d r o f u r a n  C l : 2 ,  5 m L )  t o r  3 0  min.  A t t e r  

a n o t h e r  9 h a t  r o o m  t e i o p e r a t u r . e ,  t h e  m i x t u r e  was n e u t r a l i z e d  

w i t h  a c e t i c  a c i d  u n d e r  c o o l i n g  a n d  c o e v a p o r a t e d  w i ~ h  metki<i - 
no1  s e v e r a l  t .imes. The r e s i d u e  t a k e n  up  i n  i n e t h a r i o i ,  was 
t r e a t e d  a s  i n  d j  a n d  c r y s t a l l i z e d  t o  g i v e  '5.6 m g  ( 2 i 3 % j ,  

colorless n e e d l e s ,  rnp 17Cl"C, [ a ] $ 0  -t42.5" (.c 0 . 2 ,  m e t h a -  

n o l ) .  'H N M R  (D2U) 5' 3.84 arid 3.91 ( A B  system x d ,  2 H ,  H - l a ,  

H - l b ) ,  4.'79 i d ,  k l ~ d j ,  4.25 ( d d t ,  H--4) ,  3.88 ( d d ,  h - 5 1 ,  4.02 

( d d ,  H - - 6 ) ,  2 .46  ( d d ,  ki-.-7j, 3. '72 ( d d d ,  H-81, 3.72 ( d d ,  H.-9aJ, 

.J.4') (r id, ti-Yh), 1.9,)  ( s ,  S H ,  NAc): J A , E ,  1 3 . 2 .  J l a , 4  = 

J l b , 4  1 . 0 ,  J 3 , 4  2 . 0 ,  J 4 . s  = a . 5 ,  J 5 , 6  1 1 . u :  J b , 7  = 

1 . 2 ,  J.?,& 1 ' 3 . 2 ,  J 6 r c j a  I-: 2 . 7 ,  J 8 , y b  = 6 . 8 ,  J q , , y b  -z 1 2 . 4  H Z .  

Anal .  C a l c d  t o r  C l l H I 9 N O 7  ( 2 7 7 . 3 ) :  C ,  47.65; H, 6 . 9 1 ;  

N ,  5 . U 5 ,  Found :  C ,  4 7 , 1 8 :  H ,  6 . 9 6 :  N ,  4 . 7 9 .  

S - A c e t a m i d o - - l ,  4,7,8,9-pt?rita-O-acetyl-.-2,6-anhydro-3, S-  

dideoxy-D-glycero-D-galacto-non-2-enitol  ( 2 0 ) .  Compound 19 
(138 .S  m q ,  0.5 mmol) was d i s s o l v e d  i n  a n h y d  p y r i d i r i e  (1 .5  

m L )  a n d  t rea . ted  w i t h  a c e t i c  a n h y d r i d e  (0.8 m L )  i n  t h e  

p r e s e n c e  of c a t a l y t i c  a m o u n t s  of  4 - d i m e t h y l a m i n o p y r i d i n e  i o r  
45 m i n  a t  room t e m p e r a t u r e  arid for 4s min  at: 60°C. F o l l o w i n g  

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

e t h y l  a c e t a t e ,  washed  w i t h  d i l  h y d r o c h l o r i c  a c i d ,  a q  sodiuni  

h y d r o q e n c a r b o n a t e  s o l u t i o n ,  a n d  w a t e r ,  d r i e d  (Nn2S04)  a n d  

t . h e  s o i v e n t .  e v a p o r a t e d .  From d i o x a n e  t h e  s y r u p  was o b t a i n e d  

a s  a w h i t e  p o w d e r  a t t e r  f r e e z e - d r y i n g .  'The y i e l d  was 1 7 8  inn 
i 7 3 % ) ,  s o f t e n i n q  i n t e r v a 1  48-S2"C, [ a ] E u  1.27.6" (r 0 .72 .  

c h l o r o t o r m j .  ' H - N M R  ( C D C 1 3 )  6 4.38 a n d  4.55 ( e a c h  NI,  2 H ,  r l -  

l a  a n d  H - - l b ) ,  4.97 ( d t ,  H- . .3 ) ,  5.38 ( m ,  43H, H - - 4 ,  H - 5 ,  H-61 ,  

4 . 2 8  ( d d ,  H-61, 5 .47  ( d d ,  H-7) .  5 .38 ( d d d z d t ,  H - 8 ) .  4.41 

( d d ,  t f - 9 a j ,  4.14 ( d d ,  H - q b ) ,  5 . 4 7  i d ,  N H ) ,  1 . 9 5  ( s ,  SH, 
N A c ) ,  2.05, 2.06 ,  2.07, 2.1U, 2 .13  r e a c h  s ,  e a c h  3 H ,  O A c ) :  

6 4.26 a n d  4 . 5 0  ( e a c h  m ,  2 H ,  H-la a n d  M - l h ) ,  4.85 
i d t ,  H-J ) ,  5.37 ( d d d ,  H-41, 4.5t3 ( d d d w d t ,  H.-.5), 4.16 ( d ~ i ,  kl 

6 1 ,  5 . 5 4  ( d d ,  H - 7 1 ,  5 . 5 4  ( d d d ,  H - 8 1 ,  4 . 6 6  ( d d ,  Ii--Ya), 4 . 2 1  
( d d ,  K - Y b ) ,  S . 6 5  ( d ,  NH), 1 . 6 9  ( s ,  3 H ,  NAC), 1 . 7 4 ,  1 . 7 6 ,  

1 .79 ,  1 .83 ,  1.92 ( e a c h  s ,  e a c h  JH, O A c ) :  [ c o u p l i n g  c o r r s t d n t s  
i n  C D C 1 3  ( i n  C 6 D 6 ) ]  J l a , l b  = 1 3 . 6  ( 1 3 . 4 1 ,  J l a , 4  = . / . ( l . C l J ,  

. / . ( 0 . 6 ) ,  J 3 , 4  = 3.0 ( % . t i ) ,  J 4 , 5  . / . ( 8 . L j ) ,  ' J 5 , b  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



474 KIRCHNER ET A L .  

- 9 . 0  ( Y . Y ) ,  J. .  ,- = 3 . 9  ( 2 . b ) , ‘  J / , ~  = b . 0  
b , /  

5.4 ( 1 0 . O ) ,  J ! j . N H  - 

i 4 . 4 ) .  J 8 , ’ j a  = 3.2 i 2 . b ) ,  J 8 , q b  = 6.4 ( 6 . 6 J ,  J 9 , 3 , , j b  = 12.4 
(12.4) Hz. 

Anai. Calcd f o r  C21H2‘3N012 (487.5): c ,  51.74:  H ,  6.11Ll; 

b--Acetarnido--J, 5-dideoxy-a/P-D-yl ycero--lJ--galacto-Z- 
nonulopyranose (21). A solution o i  conivoilnd l’f (22 .7  m g ,  0.1  

~ n i n o i l  was kept i n  0.ill N hydrochloric acid ( 1  mL) f o r  4 5  I n i n  
After coolinq a n d  neutroliziriq with an i o n  C X C h i l I i t J e  

N ,  2.87. Found: C,. 51.48. H ,  5 . 9 7 ;  N ,  2 . 8 5 .  

at  < j U ” ( - .  

resin (OH-), the product was obtained as a syrup. The vielci 
was 29.0 m y  ( 9 8 % ) .  ‘H N M H  ( U 2 0 )  8 3.38 (mc, 2H, H--la, - l b ) ,  
1.S6 (dd, H-3a) ,  1.98 ( d d ,  H-3e), 3.90 (ddd, H-41, 3.68 idd, 
H-51, 3.83 (dd ,  H-6), 3.38 (dd, H-71, 3.61 (ddd, H-8).  3.69 
(dd, H-Ya), 3.46 ( d d ,  H . . - Y b ) ,  1.90 (9 ,  3H, NAc): J3a,je = 

13.0, J3a,4 = 1 1 . 5 ,  Jde,4 = 5 . 0 ,  J 4 , s  = 5.8, J S , ~  = 10.6, 
J t ; , 7  = 1.2,  J 7 , 8  = 8 . 8 ,  J g , y a  = 2 . 7 ,  J8,yb = 6 . 5 ,  Jya,9b 
1 1 . 5  Hz. 

Methyl S-Acetamido-l,4,7,8,9-penta-O-acetyl-J,5--dide- 
o x y - 3 i odo - #?-D - er y t hf o - L -. m anno ( 2 3 1 and cx -- 1) -- er y t hr o - L -- g 1 u c o - .  

2-nonulopyranoside (24). A solution of  the glycul 20  (48.7 
mg, 0.1 m m o l )  in anhyd acetonitrile ( 2  niL)  was treated with 
/Iciodosuccinimide (56.3 m g ,  0.25  mmol) and anhyd methanol 
(0.5 m L )  and left for 1 2  h at room temperature. After evapo- 
ration the residue was dissolved in dichlorowethane, succes-- 
sively washed with aq sodium thiosulfate and water, dried 
(Na2SOq) and concentrated. The crude yield was 45.3 my 

( 7 0 % ) .  Further preparative LC (toluene/ethanol, S : 1 )  gave n 

p u r i f i e d  anomeric mixture of 23:24 = 5 : l .  ‘H N M H  (CDCl3) C J ~  

23: 8 4.15 ( m ,  2H, H-la, H-lb), 4.53 (d, H.-:3), 4.75 (dd, H--. 
4), 4.30 ( d d d n d d ,  H-5). 4.21 ( d d ,  H-6), 5.28 (dd, H 7 ) ,  5.21 
(dddwdt, H-8). 4.48 (dd, H-ga), 4.14 idd, H-9b) ,  5.42 ( d ,  

N H ) ,  3.29 ( 9 ,  3H, U C H j ) ,  1 . 5 6 ,  1 . 9 4 ,  2.04, 2 . 0 8 ,  2.09, 2.1‘3 

(each s ,  each 3H, NAc and OAc): J .3 ,4  = 3.8, J 4 , 1 ,  = 10.0, 
‘ J 5 . 6  = 10 .2 ,  J ! ~ , N H  = 9.0, J 6  7 = 1 . 5 ,  J 7 , a  = 6.2, Jp,,qa = 

2.4, J & , y b  = 6.2, Jq , , qb  = 12.4 HZ. 
1,2:3.4-~i~-0-bcnzylidene--t;~-~--~S-~acetamido--~l,4,7,8,Y--- 

pent a -0 -ace t y 1 .- 3 , 5  - d i deo x y - 3 - i od 0.- B -- e I- vt hr o - L -- mann o - 2 .- 
nonul opyronosy 1 ) --a--l) -galoctopyranose ( 2 5 ) : ‘I he  CJ I yca t 2 0 
(97 .4  m g ,  0.2 m w o l ) ,  dissolved i n  arihyd acetonitrile i 5  r r iL ) ,  

w a3 treated w i th 1 , 2  ; 3 , 4  -di -0 .-benzy 1 idene-a,-) -ga 1 act o p  yra.-. - 
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GLYCOSYLATION OF N-ACETYLNEURAMINIC A C I D  475 

n o s e 2 '  (71 .2  mg, 0.2 mmol) a n d  / Ic iodcisuccir i i lnlde (67 .5  m q ,  

0.3 mmol). Akter 2 h more NiS ( 2 2 . 5  my, 0.1 mmol) was nduccl 

arid t h e  m i x t u r e  h e a t e d  t o  6 0 ° C  f o r  2 h a r i d  t h e n  l e f t  t o r  25 
h a t  rooi i i  t e m p e r a t u r e .  F o l l o w i n y  work--.up a s  d e s c r i b e d  i n  t h c  

p r e v i o u s  e x p e r i m e n t ,  t h e  r e s i d u e  was d i s s o l v e d  i n  me thur io l  

a n d  s e p a r a t e d  by  H P L C  o n  a r e v e r s e d  p h a s e  c o l u m n  (RP-8 ,  

Merck) by  e l u t i o n  w i t h  75.2 aq m e t h a n o l .  l h e  p r ' u t i ~ i c t  L L ' L ~ C T . I O ~ I L ~  

were p o o l e d  a n d  r e c r y s t a l l i z e d  f r o m  methanol  t o  q i v e  4 l . ' j  i n q  

c h l o t o r o r n i ) .  '1-1 N M H  (cLJciJJ b 5 . h 3  i d ,  1-i. I ) .  4 . 4 2  ( d d ,  H - - 2 ) ,  

4 . 7 6  i d d ,  H - 3 3 ,  4 . 2 2  (lid, H . - 4 ) ,  4.2i:i i m ,  & - 5 j ,  i . 7 ~  (nic. H -  

( ~ z x ) ,  c o l o u r l e s s  c r y s t a i l s ,  mp 1 9 2 " ~ ,  [c iJLu - . A ! ~ . L J ~  ig. 11.52, 

6a) ,  3.48 (mc, H-hh) ,  4.11 and  4.20 ( A B ,  2H, H - - l ~ i ' ,  H -lh'), 
4 . 4 8  ( d ,  H - J ' ,  4. '70 i d d ,  H - 4 ' 1 ,  4 . 3 7  idddwdd,  H . - I ) ' ) ,  4 . 1 1  

i d d ,  H - 6 ' ) .  5 .23  ( m ,  2 H .  H-7, H-81, 4.45 ( d d ,  H - Y a ' : l ,  4 . 1 2  

Idd, H - ? b ' ) ,  5.34 ( d ,  N H ) ,  5 . / 8  and 5.85 ( e a c h  S ,  P h L ! i ) ,  

1 . 9 0 .  1 . 9 1 ,  2 . 0 3 .  2 . 0 7 .  2.17 leach s ,  each  3H, N A c  a n d  CiAcI, 

7 . 4 2  a n d  7.54 ( e a c h  nic, IUH,  Rryl-HI; J 1 , L  = 5 . 2 ,  J L , , ;  = 

2 . 4 ,  J j , 4  = 8 . 2 ,  J 4 , 5  = 1 . 8 ,  J I c , r , I k , q  9 . 5 ,  J j f , . 4 ?  = .I.!+. 

J 4 ' , 5 '  = 10 .3 ,  J ! ) + , 6 <  = 10.2,  J S ~ , N H  = Y.8, J ~ V  , 7 '  = 1 . 5 ,  

J , < * , ' J ~ '  = 2 . 4 ,  J g * , v b *  = 6 . 2 ,  J g a * , y h *  = 12 .4  HZ. 

Anal .  Ca lc i l  f o r  CqlH4glNU18 ( 9 6 5 . 7 ) :  C ,  S l l . i 8 :  H .  4 . ? ' . 9 :  

As a s i d e  p r o d u c t  o f  t h i s  r e a c t i o n  5 - - A c e t a m i d o -  

N ,  1 . 4 4 .  Found :  0 ,  5 0 . 7 6 :  t i ,  5 . 0 3 :  N ,  1 . 4 7  

1,4,7,B,I3-pentn-O-acetyl-3,5-dIdeoxy-3-iodo-a/B-D-ery~thr~o~-L- 
manno-2--nvnulopyrnnose (22)  was o b t a i n e d  a n d  s . : ~ ~ ~ l a t e i l  cts one? 

t r a c t i o n ,  54.5 m y  ( 2 8 % ) .  "H N M H  showed  a r a t i o  u : ~ i  2 1 : 4 .  ' t i  

N M l <  ICbC13) 6 4 .52  ( d ,  H - J ) ,  4.82 (cld, t i - 4 1 ,  S . 2 6  ( m .  2H. 
l I - - 7 ,  H-8). 5 . 8 5  ( d ,  N H ) ,  1 . Y 4 .  2 . 0 5 ,  2 . 0 9 ,  2 . i 0 ,  2 . 1 4 ,  2 . 1 3  

(each  s ,  each :lH. N A c  a n d  O A c ) :  J 3 , 4  = 4 . 0 ,  J 4 , 5  = l C i . U ,  

*J c w B , M H  % 6.4  H z .  

12viden . t  f r o m  r e s o n a n c e s  at- 1 . 0 ~ .  L . i i 5 ,  Z . U 9 ,  2 .12 ,  i.14, 

2.15 ( each  6. e a c h  JH, NIIc a n d  OAcj. 

The m i r i o r  c ~ i i i U o ~ i e ~ i i  was t h e  u--.driciiner. CIS is 

net tiyl 5 -.Acetan ido-2,6 --.anhytiro--8, Y i sopropy 1  id^. 'TI e 
3 , 5 - d i d e o x y - D - g l y c e r o - D - g a l a c t o - n o n - 2 - e n ~ ~ ~ r a n o s ~ n a t ~  ( 2 1 ) .  14 

s o l u ' t i o n  o t  compound 1 1  i1.U (1,. . I . J  m m o i )  i n  annyrl a c i ~ l ~ o r i e  

(411 rriL) was t r . e a t e d  w i t h  2 . Z - d i n i e t h o x y p r c ~ u a r i e  a n d  d r v  i o n  

e x c h a n q e  r e s i n  (Oowex. -5 \~  tl') a t  room t e m p e r a t u r e  t o r  n i i n .  

r o 1 1 u w 1 rig f 1 1 t r at 1 on a nd e v a  Do r a t i o n , c 01 ~i m n c n r u  m o t ocq r a p h  v 

c t o l u e n e / e i : h a n o L .  ' 5 :  1 )  q a v e  c o l o r l e s s  i : ry s t ; a l .Ls ,  b l l J  
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476 KIRCHNER ET AL. 

r r i q  . ( : ) 4 z j ,  rnpl 1 7 a " ~ .  i u j i ~  - t i ? . d "  \!;~ ~ . , I L ,  ine.trlclnoi,.  'i-1 N M ~ :  

( p y r i i i i r i e - ( i 5 )  b t 4 . 4 1  i d ,  H - J ) ,  5 . i I i  i . i i ~ l ,  t i - 4 ~ .  4.62 i i r ~ .  H - - 5 )  

4 . 2 Y  (cl~l, tI - 6 j ,  4 . t : ) ' j  t d i i ,  h i I , 4 . 6 2  ( m  . tI - 3 J  , 4 . 4 8  t d d  il- .  

Ya), 4.38 (dd, t i -Yb jp  3.61 ts, 3H, OCHgJ, 2.U4 (3, 2H, N H c j ,  

1 .39 ,  1 . 5 2  ( e a c h  s ,  e a c h  3H. C ( C H 3 J l l ;  J 3 , 4  = 2.5, J 4 , 5  = 

8 . b ,  J s , ~  zz 1 0 . 4 ,  J 6 , 7  = 1 . 2 ,  J 7 , 8  = 7.7, J 8 , y a  = 5 . 6 ,  J 8 , 9 b  
= 6 . 4 .  J y a , 9 b  = 8 . 6  H z .  

Anal. C a l c d  f o r  C15H23N08 ( 3 4 5 . 4 ) :  C ,  52 .12 :  H ,  6 . 7 1 ;  
N ,  4 . 0 6 .  Found :  C ,  5 2 , ' l O :  H ,  6 . 7 4 :  N ,  4 . 1 3 .  

F fe thy l  5-Acetamido-4.7-di -0-acetyl-2.6-anhydro-8.9-0- 
1 so pr o p y 1 i d e no - 3 ,5  . - d 1 de o x y -- D - g 1 y c er o .-.D r~ a I a c.t o --non -. 2 - 
enopyranosonnte ( 2 8 ) .  Compound 27 ( 1 0  mg, 0 .03  mniol) was  

d i s s o l v e d  i n  a n h y d  p y r i d i n e  i U . 5  n i l - ) ,  t r e a t e d  w i t h  a c e t i c  

a n h y d r i d e  (U.1 mL) a n d  l e f t  f o r  12  h a t  room t e m p e r a t u r e .  

After c o e v a p o r a t i o n  w i t h  t o l u e n e ,  9.6 m i 3  ( 7 S % )  was o b t a i n e d ,  
a s y r u p ,  t a l io  . t9 .7"  i c _  U.25, d i c h l o r o r n e t h a n e j .  ' H - - N M H  

i C D C I C l j  6 5.Y1 ( d ,  H--3),  5.64 ( d d ,  H-4) ,  4 . 2 2  ( d d d ,  H - S ) ,  

4.3'3 ( d d ,  H-61 ,  5 . 3 7  ( d d ,  H - - 7 ) ,  4 . 3 6  ( d d d ,  H . - 8 ) ,  4 . 1 2  ( d d ,  

H - Y a ) ,  3 . 9 5  ( d d ,  H - 9 b ) ,  5 . 5 0  ( d ,  N H ) ,  2 . 0 8 ,  2 . 1 2 ,  2 . 1 6  ( e a c h  

s ,  e a c h  3 H ,  NAc and OAc), 3 .79 (s ,  3H, OCH3), 1 . 3 5 ,  1 .37  
( e a c h  s ,  e a c h  3H, C ( C H 3 ) 2 ) :  J 3 , 4  = 2.5,  J 4 , 5  = 8 . 3 ,  J5,NH 
Y.U, J 5 , 6  = I U . 6 ,  J6,7 = 2 . 3 ,  J 7 , g  = 5 . 5 ,  J8,9a = 6 . 2 ,  J g , 9 b  
= 6 . 6 ,  J q a , q b  = 8 . 9  Hz. 

Anal .  C a l c d  f o r  CI9H27NOl0 ( 4 2 9 . 4 ) :  C ,  53 .10 ;  H ,  6.34; 
N ,  3 . 2 6 .  Found :  C ,  5 2 . 9 9 :  H ,  6 . 4 1 ;  N ,  3 . 2 7 .  

5-Aoetamido--2,6-anhydro-8,9-0-isopropylid~ne~-~~,5-~ide- 
ox y -0 --q 1 y cero .-D--ga 1 ac t o --no n - 2 --en i to 1 ( 2 9 1. C o m p o u nd 2 7 ( 5 S U 

ins, 4.6 mmol'i was dissoived i n  a n h y d  n i e t h n n o i  ( 3 0  rnL)  and  

t r e a t e d  a t  0 ° C  s u c c e s s i v e i v  w i t h  s o d i u m  b o r o h y d r i d e  (L)UI)  

I n c r J .  A f t e r  c o m p l e t e  a d d i t i o n ,  t h e  m i x t u r e  was stlrred t o r  I 
h a t  rooni t e m p e r a t u r e ,  t h e n  n e u t r a l i z e d  w i t h  an i o n  exchctnye 

r e s i n  (Dowex-50 ,  H ' j ,  i i l t e r e d  and . t h e  r e s i n  washed  w l t 1 1  
r i i e thanol .  'The c o m b i n e d  f i l t r a t e s  were e v c t p o r a t e d  and  c o e v a -  

p o r a t e d  w i t h  a n h v d  n i e t h a n o l  t o  r e m o v e  m e t h y i  h o r n t c  t o  q i v e  

1144 rng i68%), s y r u p ,  i u i g 0  -27 .0"  i c  1 . 3 9 ,  m e t h a n o l ) .  'H 
( p ? , r i d i r i e . - d 5 )  S 5 . 1 0  (me, 2 H ,  H- l a ,  - I b ) ,  4 . 4 0  ( d ,  H- -3 j ,  
5.112 (dd, H - 4 ) ,  4 . 8 5  ( d d d ,  H . . S j r  4 . 5 5  ( d d ,  H - 6 j ,  4 . 2 2  ( d d ,  

i.U% (s, Jti ,  b i A c j ,  1 . 4 1 ,  2.51 ( e a c h  S ,  e;3ch J H ,  c ( c H j j 2 ) :  
W - 7 1 ,  4.75 (dcld, H-8), 4 . 4 L  ( d d ,  H - 9 a ) .  4.32 ( d d ,  H - 9 b ) ,  
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 47 7 

J3 4 = 2 . 0 ,  ' 1 4 , s  I: 9.0,  J 5 , 6  = IU.b ,  J 6 , 7  = 1 . 7 ,  J Y , ~  = 7 . 6 ,  
J 8 , q a  = 5 . 4 ,  J g , 9 b  = 6 . 3 ,  J g a , 9 b  = 8 . 4  H Z .  

Ana l .  Calcd f o r  C 1 4 H Z 3 N 0 7  ( 3 1 7 . 3 ) :  C ,  52.98: H ,  7 . 3 0 :  

5-Acetamido-i , 4,7--tri--O--acety1--2,6-anhydro-B, 9 -0 .. 

i s o p r o p y l i d e n e - 3 , 5 - d i d e o x y - D - g l y c e r o - ~ - ~ a ~ a c t o - n o n - 2 - e n i t o ~  
( 3 0 ) .  Compound 2 9  ( 6 9 . 8  m q ,  0.22 mmol) was d i s s o l v e d  in 
a n h y d  p y r i d i n e  ( 4  m L ) ,  t r e a t e d  w i t h  a c e t i c  a n h y d r i d e  ( 0 . 3 3  

m L )  a n d  a c a t a l y t i c  a m o u n t  of  4 - d i m e t h y l a m i n o p y r i d i n e .  A f t e r  

12 ti a t  room t e m p e r a t u r e  e v a p o r a t i o n  a n d  c o e v a p o r a t . i o n  w i t h  

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

m e t h a n e / m e t h a n o l ,  2 0 : l )  t o  g i v e  7 5  mg of a c o l o r l e s s  s y r u p  

( 7 7 2 ) ,  [ a ] ; "  +18.6"  (-c 0 . 3 ,  d i c h l o r o r a e t h a n e ) .  'H N M R  (C1)CIJk  

N ,  4 . 4 1 .  F o u n d :  C, 5 2 . 8 1 ;  H, 7 . 2 9 :  N ,  4.46. 

6 4.30 and 4.55 ( (AB)d ,  2H, H--la, -lb), 4.88 ( d ,  H-3). 5.4'3 
( d d t ,  H - 4 ) ,  4 .73  ( d d d ,  H-5), 4 .20  ( d d ,  H--6),  5 .47  ( d d ,  +'I), 

4 . 4 3  ( d d d ,  H-8), 4 . 1 3  ( d d ,  H - 9 a ) ,  3 . Y 8  ( d d ,  H-- .9b) ,  5.1Y ( d ,  

NH), 1 . 6 7 ,  1 . 7 1 ,  1 .97 ,  2.17 ( e a c h  s, e a c h  3 H ,  N A c  a n d  O k c ) ,  

1.37 ,  1.45 ( e a c h  9, e a c h  3 H ,  C(CH3)2): J l a , l b  = 1 3 . 4 ,  J l a , j  

= 2.2, J l a , 4  = 1 .0 ,  J l b , ~ / J l b , 4  1 . 0 ,  J 3 , 4  = 2 . 4 ,  J 4 , 5  = 
8 . 6 ,  J ~ , N H  - - 1 0 . 1 ,  J s , ~  = 1 0 . 6 ,  J6,7 = 2 . 4 ,  J 7 , 8  = 6 .8 ,  

J8 ,Ya  - - 6 . 6 ,  J 8 , 9 b  = 6 . 3 ,  Jqa,9b = 8 . 8  H Z .  

A n a l .  C a l c d  f o r  C 2 0 H 2 9 N 0 1 0  ( 4 4 3 . 4 ) :  C ,  54 .13;  H ,  6.59:  

1,2:3,4-Di-0-benzylidene--6-0-(5-a~et~mido-~,4,~--tr~-~~~- 
acetyl--3,5-dideoxy-3--iodo-..8 ~ Y -O-isopropylidcne-B-D--ery t,h.ro-- 
L-manno-2-nonulopyranosyl)-u-~-qalactopyranose (26) .  
a) The q l y c a l  d e r i v a t i v e  30 ( 4 8  mg, 0.11 m m o l j  a n d  1 , 2 : J , 4 . . -  

di-~-benzyliclene-a-D-galact~~y~anose25 - ( 7 7  mg, 0.22  mniol) 
were d i s s o l v e d  i n  a n h y d  a c e t o n i t r i l e  ( 3  inL)  arid s t i r r - e d  fior 

3 0  m i n  w i t h  m o l e c u l a r  s i e v e s  3 A a n d  4 A .  N - I o d o s u c c i n i m i c i e  

(61 .8  mg, 0 .27  mmol) was a d d e d  a n d  t h e  m i x t u r e  l e f t  a t  roorii 
t e m p e r a t u r e  f o r  1 day .  A f t e r  f i l t r a t i o n  a n d  e v a p o r a t i o n ,  t . he  

r e  s i d u e  w a Y d 1 sso I ved  i II d i c h l o r o  m e t h a  n e  , sui: c e 3s i ve  1 y 
washed  w i t h  aq  sodium t h i o s u l f a t e  arid w a t e r ,  d r i e d  tNa2SU4i  

a nii c o n c e n t r a t e d  ~!..-.v-q.~g.c. t.'o 1 i 11 w i nq ge  I tr i t t r a t  i o rl , sc  par*:[  

t i o n  was e f f e c t e d  t ~ y  HF'LC ( L o l u e n e / e t h a n o l ,  5 : 1 )  ' to  q i v e  

18.2 m q  (17%) oi: 26.  
b) S i m i l a r l y ,  3 0  ( 8 7  mg, 0 . 2 0  m m c i l )  a n d  t h e  g a l a c t o s e  r l e r i -  

v a t i v e  ( 1 0 5  m q ,  0.34 mmol) were d i s s o l v e d  i n  arihyd d i c h l o - - -  

N ,  3 . 1 6 .  Pound:  C, 5 4 . 5 5 ;  H ,  6 . S O :  N ,  3 . 1 9 .  
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475 KIRCHNER ET A L .  

r o m e t . h a n e  ( 1 0  m L )  a n d  s t i r r e d  w i t h  m o l e c u i a r .  s i e v e s  2 A f o r  

3 0  min .  'The m i x t u r e  was t r e a t e d  w i t h  2 , 4 , 4 , b . - - t e t r a b r o m o . . .  

c y c l o h e x a d i e n o n e  ( 'TBCO,  78  my, 0 .19  mmol )  und  i o d i n e  ( 5 6  m y ,  

13.7b mmol) a n d  s t i r r e d  i o r  2 4  h a t  room t e m p e r a t u r e .  After:  

e v a  po [-.a t i o n ,  t ti e r e s i d u e  was d i sso 1 ved  i n tl i ch i O I ' O  m e t ha  n e  , 
washed  w i t h  aq s o d i u m  t h i o s u l f a t e ,  0 .1  N s o d i u m  h y d r o x i d e  

( t o  r e m o v e  t h e  r e s u l t i n g  t r i b r o m o p h e n u l )  a n d  water ,  d r i e d  

( h i l ~ S 0 4 )  a n d  p u r i f i e d a s  d e s c r i b e d  i n  a )  t o  g i v e  1 2 . 4  nig ( 7 % ) .  
c o l o r l e s s  s v r u p ,  [cr:l$' -15 .3"  (g U.Y. c h l o r o f o r n l ) .  'ti N M I I  

( C c 1 C 1 1 )  8 5 . 8 0  f d ,  H - 1 1 ,  4 . 4 1  fdd ,  H - Z ) ,  4 . 7 5  ( d d ,  H - I I ) ,  

4 . 3 2  ( d d ,  H - 4 ) ,  4 . 1 3  i d d d ,  H - - 5 ) ,  J . 6 9  ( d d ,  H - b a ) ,  3 .82  i d t i ,  

H - - 6 b ) ,  4.12 i s ,  H - l a ' ) ,  4 .07  ( s ,  H - l b ' ) ,  4.35 ( d ,  H-3'1, 
4.b7 ( d d ,  H - 4 ' 1 ,  4.18 ( d d d ,  H-5 '1 ,  4.07 ( d d ,  H- . -h ' ) ,  5.05 
( d d ,  H - 7 ' ) .  4 . 2 0  (dc ld ,  H - - 8 ' ) ,  3 .88  ( d d ,  H - 9 a ' ) ,  3 .95  ( d d ,  H -  

Yb'), 5 . 2 1  i d ,  N H j ,  1 . 6 1 ,  1 . 8 8 ,  ' l a y / ,  2 . 1 5  ( e a c h  s ,  cacti  3 H ,  

O A c ,  N A c ) ,  1 . 2 8 ,  1 .34  ( e a c h  s .  e a c h  JH, C(CH2)2), 5.77 arid 

'3.83 ( e a c h  s ,  PhCH), 7 .40  ( m ,  IUH, A r . y l - H f ;  J . 1 , 2  5 . 1 ,  J 2 , 3  

= 2 . 1 .  J 3 , 4  = 8 . 2 ,  J 4 , 5  ;: 1 . 4 ,  J g , h a  .= 4 . 8 ,  J b , b b  G . 2 ,  

J b a , 6 b  = 9.2, J , 3 ~ , 4 t  = LI.9, J 4 ' , 5 '  = 10.4, " S ' , N H  - -' - 9 . d , 

J 5 ~ , 6 *  = I U . U ,  J 6 . , 7 *  = 1 . 8 ,  J y , , i ) *  = 7 . 4 ,  J g * , y t , t  = 6.d,  

\ J g t , 5 b '  7 . 0 ,  J g , t  , 9 b ~  = 8 .8  H Z .  

A n a l .  C a l c  F o r  L42H521N016 ( 9 5 j . 4 ) :  C ,  512.87; H ,  5.bLl: 

1.2.3. 4.-Tetra.--0--benzyI---6.---O-(L,-.-acctarnido--l , 4 , 7 . - . t r i  -0 , .  

N ,  1 . 4 7 .  F C ~ U I . I C ~ :  2 ,  5 3 . 7 2 :  H ,  5 . 2 9 ;  N ,  1 . 4 7 .  

il c e t y I - 3 , 5  -d 1 deo x y -- 3 .- 1 od o - 8 , 9  .- 0 .. I so prop y 1 I den e - -  tr -- D - ery.t hr. o .-- 
L-manno-2 -nonulopyranosyl )--cr.-U-.-yalnctopyrarrose (31 1. 'The 

y i y c a l  3 0  ( 4 8  m q ,  13.11 i n ino i )  a n d  h e n z y l  2 , 3 , 4 - - t r i - - 0 - t 1 e n z y i -  
a - D - g a l n c t o p y r a n o s i d c  t Y /  mq ( 0 . 2 2  mrnol ) ,  d i s s o l v e c i  i n  

a n h v d  a c e t o n i t r i l e  i d  mL),  were s t i r r e d  f o r  30  m i n  w i t h  

inuircii l i ir  s i e v e s  3 A :  t h e n ,  r41S ( 4 2  mq, 11.18 m r n o l )  was aclded 

a n d  s t - i r r i n q  c o p t - i n u e d  a t  rooni t .emperature  f o ~ .  24 11. ' f h e  

w o r k -  u p  a n d  p u r i f i c a t i o r i  w e r e  dorie a s  i n  t .he  p r e v i o u s  preyla- 

r a t i o n  t o  g i v e  1 Y  aiq ( I ~ T J ,  cotourless s y r u p ,  I : , X J ~ ~  - - ~ i . i "  

i.c. 0.95, chlorotorm. 'tl N M K  1CDClJ1 S 4 . 8 4  ( d ,  H - 1 1 ,  3.90 

J 4  ,... 

(mc, 2H, H-3),  2.96 imc, H - - 4 ) ,  3.87 (ddd,  H - . - 5 ) ,  3 .42  (dd ,  H -  
b a ) ,  5 . 3 8  ( d d ,  H - - 6 b ) ,  4.08 ( s ,  H - l a ' ) ,  4.17 ( s ,  H - l b ' ) ,  4.54 

( d ,  H - 3 ' 1 ,  4.64 ( d d ,  H - 4 ' ) ,  4.30 ( d d d ,  H - b ' ) ,  4 .15 ( d d ,  H-- 

6'1, 5.00  ( d d ,  H-7'1, 4.18 ( d d d ,  H - 8 ' j ,  3.91 ( d d ,  H-Ya ' ) ,  

3.86 ( d d ,  H-Yb'), 1 . 5 2 ,  1 . 8 5 ,  1 . 9 8 ,  2 . 1 1  ( e a c h  s, e a c h  JH, 
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479 GLYCOSYLATION OF N-ACETYLNECJRAMINIC A C I D  

OAc, NAc), 1.23, 1.30 (each s ,  each J H ,  C(CH3I2),* 5.18 (d, 
NH, 7.40 (mc, 20H, Aryl-HI, 4.99, 5.28, 5.77, 5.83 (4 A B ,  

each 2H, Aryl-C.H2): J 1 , 2  = 3.4, J4,s = 1.6, J5,6a = 5.4, 
Jg,6b = 6.4, Jba,6b = 8.9, 5 ~ * , 4 v  = 4.0, J 4 v , s +  = 10.2 ,  

Jgv.6~ = 10.6, Jg*  ti = 9.8, J6',-/* = 2 . 2 ,  J77,8t = 7 . 6 ,  

Jg',ya* = 6.0, Jg*,yb* = 6.5, Jga*,ybv = 9.0 Hz. 
Anal. Calcd for C54H641N016 (111U.O): I:, 58.43: H, 

5.81: N ,  1.26. Found: C, 58.41, H, 6.12: N ,  1.30. 
Hethyl (Phenyl-5-acetnmido-4,7,8,9-.tetra-O---aoety 1. - 3  ,!; ... 

dideoxy-2-thio-B-(34) &rid a-0-glycero-D-galacto-2-nonulopv- 

ranosid)onnte (35). 
a )  The 8-acetate 5 ( 1 0 3  mg, 0.19 mmol), dissolved in anhyd 
chloroform, ( 5  m L )  was treated with thiophenol (0.03 r n ~ ,  

0.29 mmol) and portionwise with zirconium tetrachloride ( b t ,  

mq, 0.28 mmol) at room temperature. After 12 h the mixtiire 
was diluted with dichioromethane, washed with aq sodiurn 
hydrogencarbonate and water, dried iNa2SU4) and concentrated 
t v  give 86 mg (76%) of a rnixture of 3 4  and 35 [34:35 = ' j : 2  

('H NMHj]. 
b )  The B-chloride 6 (106.7 m g .  0.2 mmol) in arihyd chlarofurm 
( S  m L )  was treated with thiophenol ( 0 . 3  niL, 2.92 m n i o i j .  A t -  

5 - 1 U " C  nnhyd zinc chloride (44 mg, 3.2 mmol) was added  

portionwise, and the niix.ture L u r t - h e r  stirred tor 12 h s t  

room temperature. Work-up as  TI a) gave 86 m g  ( 7 3 ~ )  C J ~  

product [ 3 4 : 3 5  = 2:1 (lH NMK)]. 
c )  The 8-fluoride 3 2  ( 6 0  mg, 11.12 n i m o l )  in dnhyd c h l u r o t o r m  

i S  m L ) ,  thiophenol ( 0 . 0 2  m L ,  13.19 rnmol) and horon tri- 
tluoride etherate iU.4 m L )  were kept at room temperature: tor 

24 h. Work-.up as previously described gave 56.1 iiiq ( d C 1 X . j  o f  

product i:34:35 = 4 : 3  ('H N M F 0 ; t .  

d )  'The a-fluoride 3 3  ( b U  mg, 0.12 mmol) was reacted and 
worked up as in cJ to qive 21 my ( 2 9 % )  of  product [34:35 = 

3:2 (lH NMR)]. 
e )  The B-acetate 5 ( 7 0 0  m g ,  1.2 mmol) dissolved iri anhyd 
chloroform (100 m L ) ,  was treated with thiophenol ( 0 . 2 5  m L ,  

2.4 mmol) and boron trifluoride etherate ( 8  m L ,  48.8 mmol) 
at room temprature for 12 h. Work-up as in a) and a s u b s e -  

quent column chromatography (toluene/ethanol, 5 : l )  qave 505 
mg ( 6 6 % ) ,  colorless crystalls, mp 84--87"C, -99.6" (.c. 

0.29, chloroform), 'H NMH ( C 6 D 6 )  8 2.03 (dd, H-Ja) ,  2.81 
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480 KIRCHNER ET AL. 

( d d ,  H-3e) .  5.29 ( d d d ,  H - 4 ) ,  4.50 ( d d ,  H-5) ,  4.67 ( d d ,  H . - - 6 ) .  

5 . 7 5  ( d d ,  H-71, 5 . 4 3  i d d d ,  H-81, 5 . 0 0  ( d d ,  H - y a ) ,  4 . 3 8  i d d ,  

H - 9 b ) ,  4 . 8 6  ( d ,  N H ) ,  3 . 2 6  i s ,  3H, C O O C H 3 ) ,  1 . 6 4 ,  1 . 6 8  ( 2 j ,  

1.8Y, 1 - 9 5  ( e a c h  s ,  e a c h  3 H ,  OAc, NAc), 7 .60 ,  7.06 ( m ,  1011, 

Aryl -H) :  J 3 a , 3 e  = 14.Up J 3 a , 4  = 1 2 . 0 ,  J 3 e , 4  = 4 . 8 ,  J 4 , s  = 

J 8 , y a  2 . 1 ,  J g , 9 b  = 8 . 8 ,  J y a , q b  = 12.4 Hz. 'H N M H  (CIJC1;j) h 

2.00 ( d d ,  H-3a) .  2.62 ( d d ,  H-3e ) ,  5.35 ( d d d ,  H - - 4 ) ,  4 . l l j  

1 1 . 1 ,  J s , N H  = 1 0 . 4 ,  J 5 , b  = 1 0 . 6 ,  J6,7 = 1 . 7 ,  J 7 , 8  = 4 . 0 ,  

( d d d ,  H-5) ,  4.55 ( d d ,  H-6 ) ,  5.40 ( d d ,  H-7), 5.49 ( d d d ,  14-81, 

3.Y3 ( d d ,  H-Ya) ,  4 . 4 3  ( d d ,  H - y b ) ,  5 . 4 5  (d, N H 1 ,  x x  ( 5 ,  JH,  

C O O C H 3 ) ,  1 . 8 5 ,  1 . 9 0 ,  1 . 9 6 ,  2 . 0 4 ,  2.08 ( e a c h  s ,  e a c h  CIH,  UAc, 

NAc), 7.35 (mc, 10H,  Ary l -HI ,  J j a , 3 e  = 1 3 . 9 ,  J , 3 n , 4  = 1 1 . 4 ,  

J j e , 4  = 4 . 8 ,  J 4 , 5  = 1 0 . 8 ,  J ~ , H H  = 1 0 . 2 ,  J r , , 4  :: 1c1.6, j 1 ; , 7  2 

2 . 5 ,  J7,8 = 1 . 8 ,  J 8 , y a  = 2 . 1 ,  J 8 , 9 b  2 8 . 3 ,  J q a , y b  - 1 2 . 4  H Z .  

f )  The 6 - c h l o r i d e  6 ( 1 7 5  m q ,  0.S4 inmol) c l i s s o l v e c l  i n  anhvc l  

c h l o r o f o r m  ( 5  m L ) ,  was t r e a t e d  w i t h  t h i o p h e n o l  (0.134 niL, 

0.24 m r n o l )  a n d  m e t h a n o l i c  p o t a s s i u m  h y d r o x i d e  (0.S M ,  1.0 

m L )  a t  room t e m p e r a t u r e .  A f t e r  a n o t h e r  2 4  h t h e  m i x t u r e  was 
f 11 t e r e d ,  washed  w i t h  m e t h a n o l  / c h  1 o r o f  orm , d r  i e d  (Na 2SU 1 

a n d  t h e  s o l v e n t  e v a p o r a t e d .  The r e s i d u e  was d i r i s o l v e c i  1 r . 1  

anhycl p y r i d i n e  ( 3  m L )  a n d  t . r e a t e d  w i t h  a c e t i c  a n h y d r i d e  ( 1  

m L 1  t o r  1 2  h a t  room t e m p e r a t u r e ,  'The m i x t u r e  was evapoK~i i ; ed  

and c o e v a p o r a t e d  w i t h  t o l u e n e  L o  g i v e  1 2 0  m q  ( 6 0 % ) ,  c o l o r -  
l e s s  c r y s t a i l s ,  mp '37 - 1 0 2 * ~ ,  IajE'j -t-10.1" (.< 4.43 ,  c t i l o r o -  
f o r m ) .  ' H  N f l ~  ( C 6 D 6 )  B 2.CIU (me, t i - j a ) ,  2.98 ( d d ,  i-i.-2e), 

4.81 iddd,  H - 4 j ,  4 . 3 3  ( d d t i ,  ~ - 5 1 ,  4 . 3 1  ( d d ,  ~ - . 6 ) ,  5 . 5 2  i d d ,  

3 . 2 3  ( s ,  J H ,  C O O C H J ) ,  1 . 5 9 ,  1 . 6 0 ,  1 . 7 9 ,  1 . 9 3 ,  1 . 9 4  ( e a c h  s ,  

e a c h  JH, OAc, N A c ) ,  '7.64 (mc,  10H, Aryl -HI :  J3a ,3e  = 1 2 . 5 ,  

H-7). 5.64 (ddd ,  H-81, 4.76 ( d d ,  H-9a ) ,  4.45 (dd, H--9b) ,  

J3,,4 = 1 0 . 0 ,  J < J ~ , ~  = 4.5,  J 4 , 5  = 8 . 5 ,  J ~ , H H  = 1 0 . 0 ,  J g , 6  = 

9 .0 ,  J 6 , 7  = 2 . 0 ,  J 7 , 8  = 7 . 0 ,  J 8 , q a  = 2 . 5 ,  J g , q b  = 6 . 5 ,  
J q a , y b  = 12 .5  HZ. 'H  N M H  ( C 1 ) C l j )  6 2.00 ( d d ,  H - 3 a ) ,  2 - 8 3  

idrl, H - J e ) ,  4.84 ( d d ,  H - 4 ) ,  3.98 ( d d d ,  H - S ) ,  4 . 2 1  ( d d ,  H . - b ) ,  

5 . 2 9  ( d d ,  H - 7 ) ,  5 . 2 9  (ddc l ,  H-81 ,  4 . 4 U  ( d d ,  h - g a ) ,  3 . 9 2  (dcl, 

H - g b j ,  5 . 2 7  ( d ,  NH), 3 . 5 7  ( s ,  3H,  COUCH:,), 1 . 8 7 ,  2 . 0 2 ,  2 . 0 5 ,  
2 . 1 4 ,  2.15 ( e a c h  s ,  e a c h  3H, OAc, N A c ) ,  7.48  imc, IOH, A r v l -  

H ) :  J j a , d e  = 1 2 . 5 ,  J j a , 4  = 1 0 . 5 ,  J J ~ , ~  
J5,HH = 1 0 . 5 ,  J 5 , 6  = 11 .5 ,  J6,7 = 5 . 0 ,  J g , y a  -- - 2.0.  Jg,9b = 

8 . 5 ,  J q a , y  = 1 2 . 5  H Z .  

4 . S ,  J 4 , 5  = 9 . 5 ,  
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GLYCOSYLATION OF N-ACETYLNEURAMINIC A C I D  481 

Anal .  C a l c d  f o r  C26H33NU12S ( 5 8 3 . 6 ) :  C ,  5 S , 5 0 :  H, 5.t4'j;  

N ,  2.3'3. Found f o r  3 4 :  C ,  53 .36:  H ,  5.61: N ,  2 . 3 ' / .  Found t o r  
3 5 :  C ,  5 3 . 1 2 :  H ,  5 . 5 3 ;  N ,  2 . 3 1 .  

1,2:3.4-Di - 0 - i s o p r o p y l i d e n e - - 6 - O - ( m e t ~ ~ l  S- -ace tan t ido - - -  
4,7 , 8  , 9  - t e t ra  - 0 -ace t y 1 - 3 . 5 -d i deo x y -- 8 -- ( 3 6 ) a - D --q 1 y c er o - lJ - 

ga 1 a c t  o -2-nonulopyranosonate)-a-D-galactopyranose ( 37). 
a )  T h e  B - t h i o p h e n y l  g l y c o s i d e  3 4  ( 9 9 . 2  m u ,  0.17 m r n o l )  Lind 

1 , 2 :  3 , 4 - - d i  - g - i s o p r o p y l  i d e n e - a - ~ - - g n l a c t o p y r a n o ~ e  (65 mg, t j .25 

m i l )  d i s s o l v e d  i n  a n h y d  a c e t o n i t r i l e / t o l u e n e  ( l : l ,  4 m L i ,  

w e r e  t r e a t e d  wi . th  p h e n y l n i e r c u r i c  t r i f l a t e  ( 8 5  eq, 0 . 2 0  ininoiJ 

f o r  2 4  h at .  room t e m p e r a t . u r e .  A f t e r  a d d i t i o n  of a f ew d r o p s  

o r  p y r i d i n e ,  d i c h l o r o m e t h a n e  was a d d e d  a n d  the s o l u t i o n  
washeci s u c c e s s i v e l y  w i t h  a q  e t . h y l e n e d i a m i n e  t e t r a a c e t a t e  
(EU'l'A, 5 % ) ,  s a t u r a t e d  a q  s o d i u m  h y d r o q e n c a r b o n a t e  a n d  wa te r ,  
I:hen d r i e d  (Na2S04J  a n d  c o n c e n t r a t e d .  'The r e s i d u e  was s e p a -  
r a t . e d  bv HPLC ( t o l u e n e / e t h a n o l ,  5 : l )  t o  g i v e  17 .2  my u n r e a c -  

t e d  q a l a c t o s e  d e r i v a t e  , ') mg (6%) 3 6 ,  10 m g  3 4 ,  2 8  m y  (24a .1  

3 7 ,  a n d  4 mg ( ' 3 % )  1 2  ( c f .  e n t r y  1 ,  T a b l e  2 ) .  K e a c t . i o n s  i n  

e n t r i e s  2 a n d  3 ( T a b l e  2 )  were p e r f o r m e d  i n  a c o r r e s p o n -  

d i n g  manner .  
L )  A m i x t u r e  of t h e  g a l a c t o s e  d e r i v a t i v e  ( 7 1  rng, 11.27 mino l ) ,  
p h e n y l m e r u r i c  t r i t ' i a t e  (1015.2 mg, 0 . 2 5  m m o l )  a n d  some ntoie-~ 
c u l i l r  s i e v e s  3 a n d  4 A were d r i e d  i n  h i g h  v a c u o .  1 ' o l l o w i n q  
n i t r o g e n  a t  room t e m p e r a t u r e ,  a s o l u t i o n  o f  34 (123 .6  my, 

10.21 mmol) i n  t h e  same s o l v e n t  (1 m L j  was a d d e d  d r o p w i s e  a n d  

t h e n  t h e  r e a c t i o n  m i x t u r e  was l e f t  f o r  1 2  h. 'The work -up  a n d  
s e p a r a t i o n  f o l l o w e d  a )  a n d  a f f o r d e d  u n r e a c t e d  g a l a c t o s e  
d e r i v a t i v e  1 2 . 3  mq,  38.4 mg ( 2 5 % )  36, 15.1 m g  (10%) 37 ,  a n d  

2 1 . 4  mg ( 2 1 % )  12. ( c f .  e n t r y  4 ,  'Table  2 )  R e a c t i o n s  i n  

e n t r i e s  5 and 6 (Tab le s  2 )  w e r e  d o n e  i n  a s i m i l a r  manner .  
c j  Compound 3 4  ( 5 0  mg, 0 .09  mmol) a n d  t h e  g a l a c t o s e  c l e r i v a - -  

t i v e  (34 mg, 0 .13  mmol) were c o e v a p o r a t e d  s e v e r a l  t i m e s  w i t h  

a n h y d  t o l u e n e ,  t h e n  d i s s o l v e d  i n  a n h y d  n i t r o m e t h a n e / t o l u e n u ,  

1 : l  a n d  s t i r r e d  f o r  30 m i n  w i t h  m o l e c u l a r  s i e v e s  ( c a .  100  mg 

3 A a n d  4 A). After a d d i t i o n  o f  N - b r o m o s u c c i n i m i d e  ( 1 7  mg, 

0.1 m m o l )  t h e  r e a c t i o n  was l e f t  a t  room t e m p e r a t u r e  f o r  2 4  

h .  F o r  work -up  i t  was d i l u t e d  w i t h  e t h e r  a n d  f i l t e r e d ,  t h e n  

w a s h e d  w i t h  a q  s o d i u m  h y d r o y e n s u l f l t e  ( l o % ) ,  water ,  a n d  a q  
s o d i u m  h y d r o g e n c a r b o n a % e ,  d r i e d  ( N a 2 S 0 4 ) ,  c o n c e n t r a t e d  and 

and 

- 
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482 KIRCHNER ET AL. 

p u r l  f l e d  c h r o m a t o g r a p h i c a  1 l y  ( t o  L u e n e / e t h y l  a c e t a t e ,  I : J 1 t.0 

g i v e  17.5 m g  ( 2 8 % )  of p r o d u c t  [ 3 6 : 3 7  = 1:1 ( l H  N M R ) j .  

-47.0" (c- 1 .92 ,  d i c h l o r n n i e t h a n e ) .  ' H  N M K  ( C D C 1 3 )  b 5.50 k d ,  

( d d d ,  H - S ) ,  3 .45  ( d d ,  H - 6 a ) ,  2.99 ( d d ,  H-.6h),  2.10 ( m c ,  11- 

J a ' ) ,  2.4'3 idd,  H--Ae'), 5 .28  ( d d d ,  H-4'), 4.1II ( c l a d ,  ti 3 ' 1 1 .  

Compound 3 6 :  c o l o u r l e s s  s o l i d ,  s o f t e n i n g  mp YO"C, [ t ~  ID 2 u 

H - l ) ,  4 -34  ( d d ,  H - - 2 ) ,  4.b7 ( d d ,  H - 3 1 ,  4.20 (mc, H-4) ,  3.9;  

4.37 ( d d ,  1-1-6'). 5 .45  ( d d ,  H - 7 ' ) ,  5 . 2 0  ( d d d ,  H - 8 ' ) ,  4 . 8 4  

( d d ,  H-Ya'), 4 .2U ( d d ,  H - 9 b f ) ,  5 . 2 6  Id, NH), 3.84 ( s ,  3H. 

C O O C H J ) ,  1.Y7, 2.02, 2 .03 ,  2.06, 2.15 (each  s ,  each S i i ,  iilrc, 
NAc): 1 . 3 4 ,  1 . 4 3 ,  1 .48 ,  1 . 5 7  ( e a c h  s ,  e a c h  S H ,  C ( C H 3 1 Z ) :  
J I , ~  = 5 . 1 ,  J 2 , 3  = 2 . 4 ,  J J , ~  = 8 . 0 ,  J 4 , 5  = l . b ,  J L , b a  .. - < J . J ,  

J 5 , 6 b  = 8 .6 ,  J b a , 6 b  - - 9 .5 ,  J j a t , 3 e *  = l > . U ,  J j a ,  , 4 '  = 1 z . u .  

J J e  1 , 4 '  5 .4 ,  J 4 7 , 5 t  = 10.2,  J g *  , ~ f [  = 10.0 ,  Jcjt , 6 '  = &.U, 

compound 3.1:  c o l o u r l c s s  s y r u p ,  I .I;' -40.00 ( c  u. t i7 .  
d i c h l o r o m c t ~ h a n e .  'H N M H  (CULl3) 3 5.51  ( d ,  H - 1 I 3  4 .2 '7  idcl ,  

( d d ,  H - b a ) ,  3.90 (mc, H-6b) ,  2.10 ( d d ,  H - J a ' ) ,  2 . 6 2  ( d d ,  H- 
3 e ' ) ,  4.88 ( d d d ,  H - - 4 ' ) ,  4 .09  ( d d d ,  H-5 '1 ,  4.10 (cld, H - 6 ' ) ,  

Jg t ; / *  = 2 . 0 ,  J . / t , 8 .  = 4 . 2 ,  J&I,ya* = 2 . 4 ,  J 8 t , ' ) b t  = 8 . 0 ,  

+ J g a *  , c j t l t  = 12.5 Hz. 

H - - 2 ) ,  4.6U ( d d ,  H - J ) ,  4.24 ( d d ,  H - 4 ) ,  3 .81  ( d d d ,  H - - 5 ) ,  J.53 

5.32 i d d ,  H-7 '1 ,  S . 4 1  ( d d d ,  H - 8 ' ) ,  4.29 ( d d ,  H - Y a ' ) ,  4.17 

( d d ,  H - 9 b ' ) ,  5 .15  ( d ,  N H ) ,  3.78 ( S ,  3H, C O O C H J ) ,  1 . 8 8 ,  2 . 0 2 ,  

2.04, 2.13 ( 2 ) ,  ( e a c h  s ,  e a c h  3H, OAc, N A c ) ,  1 . 3 2 ,  1 . 3 3 ,  
1 . 4 2 ,  1.54 ( e a c h  s ,  e a c h  3 H ,  C ( C H J ) ~ ) :  J1,2 = 5.0,  J 2 , . 3  = 

2 . 4 ,  J 3 , 4  .= 7 . 6 ,  J 4 , 5  = 2.0, J 5 , b a  = 5 . 5 ,  J 3 , 6 b  = 7.4, 
J b a , i ; b  = 8 . 4 ,  J 3 n *  , 3ev  = 1 2 . 0 ,  J ~ ~ 1 , 4 *  = 1 1 . 4 ,  J3e*,4v = 

4 . 5 <  J 4 9 , 5 v  = 8 . 6 ,  J s t , N H  = 9.9,  J 5 * , 6 *  = 9 . 6 ,  ; l 6 1 , 7 *  = 2 . 0 .  
J ? v , ~ ~ *  = 7 . 9 ,  J g *  , Y e t  = 2.8,  J g * , g b *  = 5 . 4 ,  J < j a r , 9 b r  = 11.4 

Hz. 
Ana l .  C a l c d  f o r  C 3 2 H 4 7 N 0 1 8  ( 7 3 3 . 7 ) :  C ,  5 2 . 3 8 :  H ,  6 .46 :  

h l ,  1.91 .  Found f o r  3 6 :  C ,  52.41: H, 6.41:  N ,  1 .85 .  Fourid f o r -  

37: C ,  5 2 . 5 3 ,  H, 6 . 5 1 :  N ,  1 . 8 7 .  
Benzy  1 2 -Acetam 1 do - 2 -deo xy-3,4 -0 - ( 1 , 1 , 3 , 3  - t etrai sopro .- 

p y 1 d i s i l o x a n e - 1 , 3 - d i y 1 ) - 6 - 0 - ( m e t h y l  5 - a c e t a m i d o - 4 , 7 , 8 , 9 - -  
t e t r a  - 0 -ace t y 1 -- 3 , 5  - d i de o x y.- LI - U -9 1 y c er o -. D - ga 1 a c t o  .- 2 ..-no nu  1 o p y.-- 

r a n o s o n a t e  )-a-D--ql u c o p y r a n o s i d e  (38 1. A rn 1 x t u r s  of pheny  1 ._ 

m e r c u r i c  t r i f l a t e  ( 9 5  mg, 0 . 2 2  mrnol) a n d  b e n z y l  2 - . a u e t a m i d o -  
Z - d e o x y - 3 , 4 - 0 - ( 1 , 1  ,3,3-tetraisopropyidisiloxane-l , 3 - d i y l  )--c 
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GLYCOSYLATION OF N-ACETYLNEURAMINIC ACID 483 

D - g l ~ c o p y r a n o s i d e ~ ~  ( 4 ' 3  rng, 0 . 1  rnrnol) d i s s o l v e d  i n  a n h y d  t o - .  

l u e n e / a c e t o n i t r i l e  (1 :1 ,  3 r n L ) ,  was s t i r r e d  w i t h  mo lecu la r  

s i e v e s  ( 3  ti a n d  4 A )  f o r  3LJ niin u n d e r  n i t r o q e n .  'The m i x t u r e  

was t r e a t e d  d r o p w i s e  w i t h  a s o l u t i o n  of 3 4  f l l l  my,  0 .19  

mrnol) i n  a n h y d  t o l u e n e / a c e t o n i t r i l  (1:1, 2 m L ) ,  k e p t  a t  r~om 

t e m p e r a t u r e  f o r  2 4  h arid worked  u p  a s  b e f o r e ,  a.nd t.tie m i x - -  
L u r e  s e p a r a t e d  by  HPLC I t o l u e n e / e t h a n o l ,  5 : l l .  O b t a i n e d  were 

t h e  a q l y c o n e  s u q i i r  c o m p o n e n t  4 .7  rnq, 36.2  rnq (112'6, 3 4 ,  2 1  [Iiq 

( 2 2 s )  1 % .  a n d  '1.3.6 rng ( 8 ' % )  of: p r o d u c t  a s  a c o l o r i e s s  s v r u p ,  

l ~ t r ~ l $ U  1.611.4'' ( c  0 . 2 4 ,  c l ~ c h l o r o r n e L h a n e ) .  'H NM1I (CbC1;) b 

4 . 8 . 3 ,  i d d ,  M - - Z ) ,  . j . 9 3  t d d ,  H - 6 a ) ,  3 . 8 8  ( d d ,  l i - 6 b ) ,  6 . i l  i d ,  

N H ) .  l.[i!> cmc. 2 8 H ,  i - C j H - / ) .  2 . U 4  ( d d ,  H.-2a '  ) ,  2.47 ( d d ,  H 

J e f f ,  5 . U l  ( I I I C ,  H - 4 ' ) .  4.18 (dtlcl. H - 5 ' 1 ,  4.48 idd,  H - b ' j ,  

5 . ~ l 5  ~ d c l ,  H - - 7 ' ) ,  5 . 4 s  t rnc,  H-8'1, 5.27  ( c l c l .  H - ~ 9 a ' ) ,  5 .45  

( r n c . 1 ,  N H J ,  3:i6 i s ,  J t l .  C O O C H j ) ,  1 .81 . ,  1 . 8 2 ,  1 . 8 ' 7 ,  ' 1 . i f I ) .  Z . U l  

( e a c h  s ,  each  3H, C J A C .  NAc),  4 .48  U r i c 1  4 . 7 6  ( A H ,  2 H ,  t'hl:Hi),  

7.36 ( rn ,  5H, A r y l . . H ) :  J 1 , 2  = . 3 . 6 ,  J 2 , N H  = 1 0 . 8 ,  ' J s , ~ ~  - 2./, 
J b , 6 b  = 2.1,  ~ 1 6 a , 6 b  = 11 .0 ,  J'Ja' , J e '  = 13.5,  J 3 a ' , 4 '  = 11.1,  
J J ~ V , ~ ~  = 5 . 4 ,  J 4 1 , 5 *  = 9 . 0 ,  J g ,  , 6 '  = 10 .0 ,  J ~ ~ , ~ ~  = 1 0 . 8 ,  

J g * , 7 t  = 2 . 4 ,  J - . , 8 '  / z 9.0, J g * , y a *  = 2.4 Hz. 
Anal .  C o l c d  t o r  C47H74N2OI9Si2 ( 1 0 2 7 . 3 )  C ,  54 .95 :  H ,  

7 . 2 6 :  N ,  2 . 7 3 .  F o u n d :  C ,  5 4 . 9 9 :  H, 7.38:  N ,  2 . 5 2 .  
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