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COMMUNICATION 
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The p repa ra t ion  of  spacer-armed s y n t h e t i c  ol  igosaccharides ,  w h i c h  

c a n  be c o u p l e d  t o  e i t he r  p r o t e i n s  o r  p o l y m e r s  f o r  use r e s p e c t i v e l y  a s  
i mmunogens o r  i mmunoadsorbants f o r  a f f i n i t y  chromatography, i s today an 
i m p o r t a n t  f i e 1  d i n  c h e m i s t r y .  T h e  m e t h o x y c a r b o n y l o c t y l  g l y c o s i d e s  
developed by Lemieux and coworkers' a r e  f r e q u e n t l y  used and remain the 

most popul a r .  Other glycosi des w i t h  ami deY2 t h i  oe the rY3  and ether4 type 

s p a c e r  g r o u p s  have  a1 so been employed. Recently,  a n  a1 t e r n a t i v e  t o  
coup1 i n g  t o  p r o t e i n s  appeared when copolymerizat ion o f  a l l y l  glycosides  
w i t h  ac ry l  ami de provided excel 1 ent i mm~nogens .~  

I n  a n  a t t e m p t  t o  combine t h e  p o s s i b i l i t i e s  a f f o r d e d  by these two 
approaches i n the  same space r  molecule, we would 1 ike  t o  r e p o r t  i n  t h i s  

communication the use of 3,6-dioxa-A-8-nonanol-l (monoallyl  diethyl ene  
glycol ,  1, Scheme 1) i n  the synthesis of  spacer-armed glycosides.  One 

o f  the  m o s t  i m p o r t a n t  a d v a n t a g e s  o f  t h i s  compound i s  i t s  e a s y  
p repa ra t ion  from diethylene glycol and either a l l y l  c h l o r i d e  o r  bromide 
u n d e r  p h a s e - t r a n s f e r  c o n d i t i o n s  ( b e n z y l  t r i  e thyl  ammoni urn ch l  o r i  de - 
d i c h l o r o m e t h a n e  - 1 N NaOH) i n  a y i e l d  of  20-30%. 'H N M R  d a t a  65.88 
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GLYCOSIDES OF MONOALLYL DIETHYLENE GLYCOL 533 

(in, l H ,  - C H = ) ,  5.20 ( m y  2H, CH2=), 4.18 ( s ,  l H ,  O H ) ,  3.92 ( m y  Z H ,  CH2 

a l l y l ) ,  3.59 ( s ,  8H, CH20). 

G l y c o s y l a t i o n  of  monoa l ly ld i e thy lene  glycol (1) was evaluated by 

d i f f e r e n t  methods f o r  d i f f e r e n t  compounds. Tetra-O-acetyl  - -a-D- - 

gl  ucopyranosyl bromide (2) and te t ra -0-ace ty l -a -&-gal  - ac topyranosyl  

bromide ( 4 )  were  found t o  reac t  w i t h  a l coho l  1 i n  t h e  presence of 

mercuric cyanide (dichloromethane, room temperature,  24 h )  t o  g i v e  the 
corresponding B-g-glycosi des 3 and 5 i n good yi  el ds. The  correspondi ng 

glycosi de of - N-acetyl-2-deoxy-0-91 - ucosami ne (7) was b e t t e r  prepared from 

the  oxazoline 66 and the alcohol 1 i n  the presence of - p-toluenesulfonic 

a c i d  ( d i c h l o r o e t h a n e ,  80 OC, 1 2  h ) .  T h e  B-1-galactosaminide - 9 was 

prepared from 3,4,6-tri -0-acetyl-2- - a z i  do- 2- deoxy- a-g- gal ac topy ra no sy l  

bromide (817 and s i l v e r  z e o l i t e  i n  t o l u e n e  (room t e m p e r a t u r e ,  48 h ) .  

The a - L - r h a m n o s i  de 11 was p r e p a r e d  f r o m  t e t r a - 0 - a c e t y l  - -a-C- - 

r h a m n o p y r a n o s e  ( 1 0 )  a n d  t h e  a l c o h o l  1 i n  t h e  presence of  t i n  

t e t rachlor ide .  Yields and opt ica l  ro t a t ions  f o r  a1 1 the monosaccharides 

a r e  presented i n  Scheme L8 T h e  13C N M R  spec t ra  (Table 1) f o r  a l l  these 

compounds showed similar characteristic s ignal  s a t  in te rva l  s o f  134-135 

a n d  117-118 ppm f o r  t h e  t w o  a l l y l i c  ca rbons  and f i v e  s i g n a l s  i n  t h e  

regions 68-72 ppm corresponding t o  -CH20-protons. These si gnal s may be 

d i s t i n g u i s h e d  from t h e  skeletal  carbons of t h e  s u g a r  by t he  e f f e c t  o f  

the  t w o  a t tached protons on INEPT spectra.  

Deprotected glycosides were copolymerized w i t h  acryl amide under the 
same condi t ions described f o r  a l lyl  g l y c ~ s i d e s . ~  On the other hand, the 

a1 ly l  i c  double bond was eas i ly  transformed i n t o  a n  a1 dehyde by passing a 
c a l c u l a t e d  q u a n t i t y  of  ozone t h r o u g h  a s o l u t i o n  of the  compound i n  

methanol a t  -25 OC. The r e su l t i ng  aldehyde, without  pur i f ica t ion ,  was 
then coupled t o  bovine serum albumin (BSA) by reduct ive amination w i t h  

sodium cyanoborohydri de. 9 

The success demonstrated w i t h  the monosaccharides encouraged us t o  

apply  t h e  p rocedure  t o  t h e  s y n t h e s i s  of  o l i g o s a c c h a r i d e s .  T h e  B- 
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+ 
H O T 0 1 . 0 6  

I 

13 -c 

Scheme 2 

o c t a a c e t a t e  of l a c t o s e  (12 )  r e a c t s  (Scheme 2 )  w i t h  alcohol 1 i n  t h e  

presence of t r i  methyl s i l y l  t r i f l  a t e  (dichl oromethane, room temperature, 

45 m i n )  t o  give t h e  B-lactoside 13 i n  a y i e l d  of 71% = -25.3'). 

The 13C N M R  spectrum o f  13 agreed well w i t h  the  proposed structure. The 

anomer ic  c a r b o n s  appea red  a t  6100.8 ( C - 1 )  and 101.1 ( C - 1 ' 1 ,  

respectively. The B-acetate of 1 actosami ne (14I1O was transformed i n t o  
the oxazoline 15 by t h e  action of trimethyl s i l y l  tr if1ate.l '  Treatment 

of this oxatoline w i t h  the alcohol 1 i n  dichloroethane, i n  the presence 

of - p-toluenesulphonic ac id  (80 OC, 1 2  h )  gave t h e  B-lactosaminide 16  

- - 
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536 FERNANDEZ-SANTANA ET AL. 

( [ c r l D =  -17O) i n  a 45% o v e r a l l  y i e l d  from the  a c e t a t e .  The anomeric 

c a r b o n s  a p p e a r e d  i n  the 13C N M R  s p e c t r u m  a t  6101.8 (C-1) and  101.0 (C- 
- - 

1' 1. 
After compounds 13 and 16 were deace ty l a t ed  us ing  sodium methoxide 

i n methanol , the  di s accha r ides  were copolymerized w i t h  acryl  ami de under 

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

w e i g h t s  i n  the  r a n g e  of 50 - 100 kDa t h a t  c o n t a i n e d  2 5 3 0 %  of 

carbohydrate a s  determined by the phenol-sul f u r i  c method. Oxidation of  

deace ty l a t ed  13 and 16 w i t h  ozone (methanol, -25 OC) q u a n t i t a t i v e l y  gave 

t h e  c o r r e s p o n d i n g  a1 dehyde. Coup1 i ng w i t h  B S A  was accompl i shed  by 

r educ t ive  ami na t ion  w i t h  sodi um cyanoborohydri d e  (phosphate bu f fe r ,  pH 

7.4, 3 days ,  37 O C ) .  S e v e r a l  p r o p o r t i o n s  o f  t h e  three componen t s  were 

s t u d i e d  i n  a se r ies  o f  react ions,  and a m o l a r  r a t i o  o f  a ldehyde-  

cyanoborohydr i  de-BSANH2 3.5:50: 1 gave  good r e s u l  ts. Neoglycoprotei ns 
were obtained w h i c h  contained from 9 t o  15  mol s o f  hapten/mol of  BSA. 

A d d i t i o n a l  complex a n t i g e n s  were a l s o  o b t a i n e d ,  a f a c t  w h i c h  

demonstrates t he  f l e x i b i l i t y  of  th i s  s t r a t egy .  Thus  s t a r t i n g  from the 

a-L-rhamnoside - 11, a s e q u e n c e  o f  r e a c t i o n s  p r e v i o u s l y  r e p o r t e d 1 2  f o r  

a1 l y l  a-L-rhamnoside was performed 1 e a d i  ng t o  d i  s a c c h a r i d e  d e r i v a t i v e  

17. T h e  a c e t y l a t e d  cogpound showed i n  the  1 3 C  NMR spectrum s i g n a l s  

c o r r e s p o n d i n g  t o  anomeric c a r b o n s  a t  696.9 ( C - 1 )  and  101.0 ( C - 1 ' ) ;  f o u r  

si gnal s c o r r e s p o n d i n g  t o  methoxy c a r b o n s  a t  6 57.1, 58.5, 58.9, and  59.6 

and  o the r  s i g n a l  s w h i c h  a g r e e d  we1 1 w i t h  t h e  p r o p o s e d  structure.8 A 

comparative s tudy of both the copolymer and the neoglycoprotei  n obtained 

from 17 and t h e i r  a b i l i t y  t o  bind s p e c i f i c  a n t i b o d i e s  t o  Mycobacterium 

l e p r a e  are  now i n  progress. 

F ina l ly ,  we should p o i n t  o u t  t h a t  w i t h  the use of  the benzyl group 

i n  the  p r o t e c t i o n  o f  h y d r o x y l s ,  t h e  main i n c o m p a t i b i l i t y  o f  t h i s  

s t r a t e g y  may be  overcome by e i the r  o f  two routes: (1) T h e  s e q u e n c e  o f  

e p o x i d a t i o n ,  removal o f  t h e  benzyl  g roup  by h y d r o g e n a t i o n ,  and  t h e n  

opening of the  epoxide w i t h  a1 l y l  a l coho l ,  or (2) coup1 i ng di r e c t l y  w i t h  
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GLYCOSIDES OF MONOALLYL DIETHYLENE GLYCOL 531 

p o l y v i n y l  a lcohol .  Optimal cond i t i ons  f o r  these two  procedures a r e  now 

under i n v e s t i  g a t i  on. 

I n  conclusion, g lycos ides o f  monoal ly l  d i e t h y l  ene g l y c o l  a r e  use fu l  

a1 t e r n a t i  ve compounds f o r  t h e  p r e p a r a t i o n  o f  n e o g l y c o p r o t e i  ns and 

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

07 i gosacchari des repo r ted  he re i  n, as we1 I as o t h e r  01 i gosaccharides t h a t  

a re  c u r r e n t l y  i n  preparat ion,  w i l l  be pub1 i shed  e l  sewhere. 
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