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ABSTRACT 

Trisaccharide [B (C) A], pentasaccharide [B (C) AB'C' I and 

hexasaccharide [B (C) AB' (C' A' 1 segments of the cell-wall polysaccharide 

of the P-hemolytic Streptococci Group A (shown below) have been prepared 

1 
A' B ' A B 

-a-L-Rhap- (1-2) -a-L-Rhap- (1-3) -a-L-Rhap- (1-2) -a-L-Rhap- (1-3) 

1; 
-P-D-GlcpNAc 

1; 
-P-D-GlcpNAc 

C' C I 
by means of a series of Konigs-Knorr glycosylations. The synthesis of a 

fully functionalized branched trisaccharide sequence, is also described; 

this unit has served as a key intermediate in an efficient, convergent 

block synthesis of a hexasaccharide portion of the polysaccharide. The 

trisaccharide and pentasaccharide moieties were prepared as both propyl 

and 8-(methoxycarbonyl)octyl glycosides, the former for use as haptens in 

antigenlantibody binding studies, and the latter for use in the 

preparation of synthetic antigens. All synthetic intermediates and 

final products were fully characterized by a full complement of 

2-dimensional NMR experiments. Glycocon jugates of [AB'C' I ,  [B (C) A] and 

[B(C)ABtC'] segments of the polysaccharide with the proteins bovine serum 

albumin (BSA) and horse hemoglobin (horse-Hb) were prepared from the 

corresponding 8-(methoxycarbonyl)octyl glycosides. Polyclonal antisera 

against the BSA glycoconjugates were raised in rabbits, and a panel of 

disaccharide through pentasaccharide haptens were used in a series of 

indirect inhibition ELISAs to characterize the binding profiles of the 

antisera. A panel of monoclonal antibodies was generated by using a 

culture of heat-killed Streptococci Group A bacteria as an immunogen. 



The BSA and Horse-Hb glycoconjugates were used as screening reagents in 

the monoclonal antibody protocol to identify carbohydrate-directed 

antibodies. The binding profiles of the chosen monoclonal antibodies 

were characterized by a series of indirect inhibition ELISAs, 

incorporating the glycoconjugates as solid phase antigens and a panel of 

disaccharide through pentasaccharide sequences of the polysaccharide as 

inhibitors. A monoclonal antibody (SA-2C) with greater affinity for the 

pentasaccharide sequence than the smaller hapten sequences was identified 

for use as an immunodiagnostic reagent. In a separate study, a 

heptasaccharide sequence of the Shigella f l exner i  variant Y 

lipopolysaccharide antigenic determinant was fully characterized by 

2-dimensional NMR techniques. Transient nOe effects in the rotating 

frame were used to infer a model of hapten conformation. 
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CHAPTER 1 

I: INTRODUCTION 

The f i e l d  of carbohydrate  chemistry i s  a r a p i d l y  expanding and 

e x c i t i n g  branch of chemistry today.  Much of t h e  i n t e r e s t  is  a r e s u l t  of 

t h e  inc reased  understanding of t h e  r o l e  of carbohydrates  i n  b i o l o g i c a l  

systems.' Carbohydrates a r e  commonly known t o  have important r o l e s  a s  

s t r u c t u r a l  elements ( c e l l u l o s e  and c h i t i n )  and energy s t o r a g e  compounds 

( s t a r c h  and g lycogen) .  In  a d d i t i o n  t o  t h e s e  func t ions ,  carbohydrates ,  

i n  t h e  form of g lycopro te ins  and g lyco l ip ids ,  a r e  known t o  be involved 

i n  many important i n t e r - c e l l u l a r ,  and in te r -molecular  i n t e r a c t i o n s .  

These i n t e r a c t i o n s  inc lude  c e l l - c e l l  recogni t ion ,  hormone i n t e r a c t i o n s ,  

c e l l - d i f f e r e n t i a t i o n ,  and immune recogni t ion .  

Many of t h e  s t u d i e s  of t h e s e  processes  c a r r i e d  out  today have been 

made p o s s i b l e  due t o  advances i n  s y n t h e t i c  carbohydrate  chemistry.2 The 

techniques  which have been developed, p a r t i c u l a r l y  those  f o r  

s t e r e o s p e c i f i c  g lycosy la t ion  r eac t ions ,  have made p o s s i b l e  t h e  s y n t h e s i s  

of many b i o l o g i c a l l y  important o l igosacchar ides .  The p re sen t  s tudy  

d e s c r i b e s  such s y n t h e t i c  e f f o r t s  and f a l l s  under t h e  ca tegory  of 

ant igen-ant ibody i n t e r a c t i o n s ;  s p e c i f i c a l l y ,  t h e  i n t e r a c t i o n  of 

Streptococci Group A c e l l - w a l l  po lysacchar ides  with complementary 

a n t i b o d i e s .  The long-term o b j e c t i v e  of t h e  p re sen t  work i s  t o  develop 

an antibody-based immunodiagnostic reagent  f o r  use i n  t h e  r a p i d  

d e t e c t i o n  of s t r e p t o c o c c a l  i n f e c t i o n s  and a l s o  f o r  s tudy  of t h e  

i n t e r a c t i o n s  of a n t i - s t r e p t o c o c c a l  an t ibod ie s  with var ious  human 

t i s s u e s .  



A: St rep tococc i  Group A Infections 

The Gram p o s i t i v e  P-hemolytic S t r ep tococc i  Group A i s  one of t h e  

primary i n f e c t i v e  agents  i n  humans, caus ing  streptococcal pharyngi t i s t  

3 Commonly known a s  s t r e p  t h r o a t .  In  a small  number of cases t h e  i n i t i a l  

s t r e P t 0 ~ 0 ~ c a l  i n f e c t i o n  can develop i n t o  t h e  more serious condit ion of 

4 rheumatic f eve r .  S tep tococca l  i n f e c t i o n s  a r e  a l s o  implicated i n  t h e  

development of o t h e r  d i s e a s e  condi t ions  such a s  heart-valve d isease ,  

g lomerulonephr i t i s ,  rheumatoid a r t h r i t i s ,  and o the r  rheumatic 

5 d i s o r d e r s .  The d e t e c t i o n  of s t r e p t o c o c c a l  d i seases  and t h e i r  r ap id  

t rea tment  is t h e r e f o r e  important .  The i n i t i a l  impetus f o r  t h i s  p r o j e c t  

was t h e  development of reagents  f o r  use i n  r a p i d  detect ion methodso 

The c e l l - w a l l  of S t r ep tococc i  b a c t e r i a  i s  composed of protein!  

carbohydrate ,  and mucopept i d e  . The c e l l - w a l l  carbohydrates a r e  t h e  

s t r u c t u r e s  r e spons ib l e  f o r  t h e  s e r o l o g i c a l  c l a s s i f i c a t i o n  of 

S ~ ~ ~ P ~ O C O C C ~  i n t o  t h e  va r ious  groups. The ce l l -wa l l  carbohydrates of 

t h e  Group A St rep tococc i  have been found t o  be comprised of a !Awnnose 

backbone c o n s i s t i n g  of a l t e r n a t i n g  a-L-(1-2) and a-L-(1-3) l inkages ,  

with P-D-N-acetylglucosamine r e s idues  a t t a c h e d  t o  t h e  3-positions the 

rhamnose backbone6. These c e l l - w a l l  po lysacchar ides  can Serve a s  

markers f o r  t h e  d e t e c t i o n  of S t r ep tococc i  Group A i n f e c t i o n s -  

The d i agnos i s  of s t r e p t o c o c c a l  i n f e c t i o n s  a r e  u s u a l l y  c a r r i e d  out  



from t h e  p a t i e n t  and growing b a c t e r i a l  c u l t u r e s  from t h e  swab. 

Microbio logica l  and immunological t echniques  a r e  then used t o  i d e n t i f y  

t h e  r e s u l t i n g  c o l o n i e s .  These methods u s u a l l y  r e q u i r e  overnight  o r  

longer  t o  o b t a i n  t h e  r e s u l t s .  This  d e l a y  i n  time o f t e n  means t h a t  

t r ea tmen t  i s  postponed, o r  i s  i n i t i a t e d  without p roper  conf i rmat ion  of 

i n f e c t i o n ;  a r a p i d  d i a g n o s t i c  reagent  i s  t h e r e f o r e  d e s i r a b l e .  Severa l  

r a p i d  d e t e c t i o n  methods have been developed7 which can d e t e c t  

s t r e p t o c o c c a l  an t igen  d i r e c t l y  from a t h r o a t  swab. For t h e  most p a r t ,  

t h e s e  tests r e l y  on t h e  e x t r a c t i o n  of b a c t e r i a l  an t igen  from a p a t i e n t ' s  

t h r o a t  swab, u s ing  enzymatic o r  n i t r o u s  a c i d  e x t r a c t i o n ,  and d e t e c t i o n  

of t h e  e x t r a c t e d  po lysacchar ide  an t igen  by macroscopic a g g l u t i n a t i o n  of 

ant ibody-coated l a t e x  p a r t i c l e s .  C l i n i c a l  e v a l u a t i o n  8-10 of t h e s e  

methods has  i n d i c a t e d  good s p e c i f i c i t y  a s  compared with t h e  c u l t u r e  

method.'' The s e n s i t i v i t y  of some of t h e s e  tests 9 , l O  was, however, 

s i g n i f i c a n t l y  lower t han  t h a t  ob ta ined  us ing  t h e  s t anda rd  c u l t u r e  

techniques ,  r e q u i r i n g  t h e  conf i rmat ion  of nega t ive  r e s u l t s  ob ta ined  with 

t h e  k i t s  by t h e  c u l t u r e  method. 

One of t h e  g o a l s  of t h i s  r e sea rch  was t o  syn thes i ze  a pane l  of 

o l i gosaccha r ides  corresponding t o  t h e  c e l l - w a l l  po lysacchar ide  of 

S t r ep tococc i  Group A, a s  well a s  t o  p repa re  glycoconjugates  of t h e s e  

sequences.  These compounds would be used i n  i n h i b i t i o n  b inding  s t u d i e s  

with a n t i - S t r e p t o c o c c i  Group A a n t i b o d i e s  t o  i d e n t i f y  an o l i gosaccha r ide  

sequence corresponding t o  a h igh ly  de f ined  S t r ep tococc i  Group A an t igen .  

Once such an o l igosaccha r ide  sequence was i d e n t i f i e d ,  t h e  corresponding 

glycoconjugate  ( i . e .  a r t i f i c i a l  an t igen )  could  be used i n  an ELISA 

p r o t o c o l  t o  d i r e c t l y  d e t e c t  an t i -S t r ep tococc i  Group A an t ibod ie s  i n  a 

p a t i e n t ' s  serum sample (see Figure  1-1). 
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Monoclonal an t ibod ie s  d i r e c t e d  aga ins t  a Streptococci Group A 

an t igen  were t o  be generated,  us ing  t h e  s y n t h e t i c  o l igosacchar ides  and 

glycocon juga tes  i n  t h e  hybridoma-monoclonal ant ibody protocol12 t o  

s e l e c t  a s u i t a b l e  monoclonal ant ibody.  The s e l e c t e d  monoclonal 

ant ibody could then  be incorpora ted  i n t o  an E L I S A  p ro toco l  t o  d e t e c t  

e x t r a c t e d  Streptococci Group A an t igen  from a p a t i e n t ' s  t h r o a t  swab ( see  

F igure  1 - 2 ) .  It was envisaged t h a t  a de t ec t ion  method based on a 

monoclonal ant ibody,  d i r e c t e a  aga ins t  a h ighly  de f ined  carbohydrate  

ep i tope ,  would be both more s p e c i f i c  and more s e n s i t i v e  than  those  

c u r r e n t l y  i n  use which a r e  based on polyc lona l  a n t i s e r a .  The above 

a r t i f i c i a l  an t igens  and monoclonal an t ibod ie s  could be used t o  improve 

o r  r ep l ace  e x i s t i n g  reagents  i n  c u r r e n t l y  a v a i l a b l e  d i a g n o s t i c  t e s t -  

k i t s .  

Another important  use of a monoclonal ant ibody d i r e c t e d  aga ins t  a 

Streptococci Group A ep i tope  would be t h e  i n v e s t i g a t i o n  of t h e  

r e l a t i o n s h i p  between an i n i t i a l  Streptococci Group A i n f e c t i o n  and t h e  

development of rheumatic h e a r t  d i s e a s e .  P a t i e n t s  with rheumatic 

d i s e a s e s  show an abnormal immune response t o  ce l l -wa l l  an t igens  of 

Streptococci Group A .  The an t igens  a r e  known t o  be c r o s s  r e a c t i v e  with 

h e a r t  and o t h e r  muscle t i s s u e  an t igens .  Components of t h e  Streptococci 

Group A c e l l - w a l l  which have been impl ica ted  i n  immunological c r o s s  

r e a c t i o n s  inc lude  t h e  type - spec i f i c  M proteins13 and t h e  group-spec i f ic  

carbohydrates .  14-16  The group-spec i f ic  carbohydrates  have a l s o  been 

shown t o  be immunologically c r o s s  r e a c t i v e  with t h e  s t r u c t u r a l  
1 4 , 1 5  A g lycopro te ins  of bovine and human h e a r t  va lve  t i s s u e s .  

monoclonal ant ibody with a h ighly  de f ined  binding s p e c i f i c i t y  would 

provide a va luable  probe i n  t h e  search  f o r  common ep i topes  i n  human 
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tissues and Streptococci Group A cell-wall components. 

B: Thesis Overview 

In Chapter 2 of this thesis, the synthesis of trisaccharide, 

pentasaccharide, and hexasaccharide sequences of the Streptococci Group 

A cell-wall polysaccharide structure are detailed. A highly efficient, 

convergent synthesis of a fully functionalized hexasaccharide from a key 

trisaccharide intermediate is described. The syntheses made use of the 

ally1 group as a protecting group for the anomeric centres, permitting 

the ready preparation of glycosyl chlorides for use as glycosyl donors. 

Benzyl ethers and benzoate esters were used as persistent hydroxyl 

blocking groups, and the acetate and P- (trimethlysilyl) ethoxymethyl 

groups were used as temporary hydroxyl protecting groups. NMR analysis 

of the synthetic intermediates and the final compounds was performed 

using a variety of one- and two-dimensional NMR methods. 

Glycoconjugates of oligosaccharide portions of the polysaccharide 

structure were prepared from two different trisaccharides, and from a 

pentasaccharide sequence. The latter syntheses afforded the necessary 

reagents to initiate immunochemical studies of the Streptococci Group A 

group-specific cell-wall carbohydrates. 

In Chapter 3 of this thesis, the immunochemical studies of both 

polyclonal and monoclonal antibodies are described. The 

glycoconjugates, prepared in Chapter 2, were used to immunize a series 

of rabbits. The binding specificities of the polyclonal antibodies thus 

obtained were characterized by inhibition ELISA studies, using a panel 

of synthetic oligosaccharide inhibitors. These studies served to 

demonstrate that the glycoconjugates could be used as synthetic 



an t igens ,  and t h a t  an t ibod ie s  s p e c i f i c  t o  t h e  carbohydrate  po r t ions  of 

t h e  glycoconjugates  could be genera ted .  Following t h i s ,  a monoclonal 

ant ibody product ion p ro toco l  was i n i t i a t e d .  A s e r i e s  of monoclonal 

an t ibod ie s  was genera ted  us ing  a Streptococci Group A b a c t e r i a l  vaccine; 

t h e  s y n t h e t i c  i n h i b i t o r  o l igosacchar ides ,  i n  conjunct ion with t h e  

glycoconjugates ,  were used t o  s e l e c t  a monoclonal ant ibody with high 

binding s p e c i f i c i t y  f o r  a pentasacchar ide  sequence. The s e l e c t e d  

monoclonal ant ibody f u l f i l l s  t h e  requirements f o r  an imrnunochemical 

d i a g n o s t i c  reagent .  S tud ie s  w i l l  be ongoing i n  t h i s  l abo ra to ry  which 

make use of t h i s  ant ibody i n  t h i s  capac i ty .  

Chapter 4 of t h i s  t h e s i s  desc r ibes  t h e  f u l l  c h a r a c t e r i z a t i o n  by NMR 

spectroscopy of a heptasacchar ide  po r t ion  of t h e  Shigella flexneri  

Variant  Y l ipopolysacchar ide  (LPS) a n t i g e n i c  determinant .  This,  and 

r e l a t e d  compounds, have been synthes ized  i n  our  l abo ra to ry  a s  p a r t  of a 

s tudy  of t h e  i n t e r a c t i o n s  between t h e  Shigella flexneri  Variant  Y LPS 

an t igen  and complementary monoclonal an t ibod ie s .  With t h e  syn thes i s  of 

eve r  i n c r e a s i n g l y  complex carbohydrate  s t r u c t u r e s ,  c h a r a c t e r i z a t i o n  by 

NMR methods of t h e  s y n t h e t i c  in te rmedia tes  and f i n a l  products  i s  an 

expanding a n a l y t i c a l  technique.  In  a d d i t i o n  t o  t h e  confirmation of 

s t r u c t u r e ,  more examples of t h e  use  of NMR methods f o r  t h e  

conformational  a n a l y s i s  of carbohydrates  a r e  appearing i n  t h e  

l i t e r a t u r e . ' '  The heptasacchar ide  was submit ted t o  a d e t a i l e d  a n a l y s i s  

u s ing  s e v e r a l  r e c e n t l y  developed 2-dimensional NMR techniques,  and a 

model of hapten conformation has been i n f e r r e d .  This  s tudy  se rves  a s  an 

example of t h e  na tu re  of ana lyses  which a r e  p o s s i b l e  us ing  modern NMR 

methods. 

Many problems c u r r e n t l y  being addressed by chemists r e q u i r e  



c o l l a b o r a t i o n  with workers i n  o t h e r  f i e l d s  of s c i ence .  The s y n t h e t i c  

compounds prepared i n  t h e  chemist ' s  l abo ra to ry  o f t e n  provide t h e  key 

elements i n  some o t h e r  s tudy  i n  another  f i e l d  of endeavor, such a s  

biology,  biochemistry or immunology. This  t h e s i s  i s  an example of t h e  

i n t e r d i s c i p l i n a r y  approach which i s  r equ i r ed  i f  one wishes t o  

i n v e s t i g a t e  many of t h e  i n t e r e s t i n g  b i o l o g i c a l  i n t e r a c t i o n s  of 

carbohydra tes .  



-10- 

CHAPTER 2 

I: INTRODUCTION 

The Streptococci Group A cell-wall polysaccharide is composed of a 

rhamnose backbone consisting of a-L-(1-2) and a-L-(1-3) linkages with 

P-D-N-acetylglucosamine units at the 3-positions of every other rhamnose 

residue.6 Thus far, workers in our laboratory have synthesized 

disaccharide (BC) 18, trisaccharide (AB'C' ) I s I  and tetrasaccharide 

[AB' (C' ) A' I segments of this polysaccharide structure as their propyl 

glycosides. In addition, the synthesis of the disaccharide (BC) as its 

8- (methoxycarbonyl)octyl glycoside has been reported.20 This chapter 

describes the synthesis of trisaccharide [B(C)A], pentasaccharide 

[B (C) AB'C' ] and hexasaccharide [B (C) AB' (C' ) A' ] segements of this 

polysaccharide structure. Of particular significance is the synthesis of 

a branched trisaccharide which is suitably functionalized to serve as a 

common intermediate in the synthesis of higher order oligosaccharides of 

the Streptococci Group A polysaccharide. The preparation of protein 

glycoconjugates of the trisaccharide and the pentasaccharide sequences is 

also described. 

A: Glycoside Synthesis 

The synthetic problems encountered in glycoside synthesis are those 



of s e l e c t i v e  p r o t e c t i o n  and dep ro t ec t i on  of hydroxyl func t iona l  groups a t  

s p e c i f i c  p o s i t i o n s ,  a c t i v a t i o n  of s p e c i f i c  c e n t r e s ,  and t h e  c o n t r o l  of 

t h e  s te reochemica l  outcome of t h e  coupl ing r e a c t i o n s .  The p r o t e c t i o n  of 

f u n c t i o n a l  groups21 fo l lows  from o t h e r  f i e l d s  of o rgan ic  syn thes i s ;  

however, t h e  s p e c i f i c  a c t i v a t i o n  of t h e  anomeric c e n t r e s ,  and t h e  

coupl ing  of two sugar  r e s idues  a r e  s y n t h e t i c  methods which a r e  unique t o  

carbohydrate  chemis t ry .  The techniques  used i n  t h e  syntheses  desc r ibed  

i n  t h i s  t h e s i s  a r e  common t o  modern s y n t h e t i c  carbohydrate  chemistry,  and 

t h e s e  methods a r e  well desc r ibed  i n  s e v e r a l  review a r t i c l e s ; 2 2  however, a 

b r i e f  d e s c r i p t i o n  of some of t h e  s a l i e n t  f e a t u r e s  of  g lycos ide  s y n t h e s i s  

is  given below. 

The a c e t a l  l i nkage  between two sugar  r e s idues  i s  termed a g l y c o s i d i c  

l i nkage .  The bond i s  formed between t h e  C-1 ( t h e  anomeric carbon) of one 

r e s idue ,  and a hydroxyl group of t h e  o t h e r  r e s idue  ( t h e  ag lycone ) .  

Monosaccharides a r e  polyhydroxyl compounds; t h e r e f o r e ,  t h e  s e l e c t i v e  

a d d i t i o n  of another  monosaccharide u n i t  u s u a l l y  r e q u i r e s  t h a t  a l l  but  one 

hydroxyl group be p r o t e c t e d  by b locking  groups.  I n  gene ra l ,  t h e  chemical 

s y n t h e s i s  of a g l y c o s i d i c  bond involves  t h e  n u c l e o p h i l i c  a t t a c k  of a 

hydroxyl group of one r e s idue  on t h e  a c t i v a t e d  anomeric carbon of another  

r e s i d u e .  I n  t h e  nomenclature of carbohydrate  chemistry,  t h e  p r o t e c t e d  

sugar  u n i t  with t h e  a c t i v a t e d  anomeric c e n t r e  is  c a l l e d  t h e  g lycosy l  

donor, and t h e  sugar  u n i t  with one hydroxyl group f r e e  i s  termed t h e  

g lycosy l  accep to r  (see Figure  2-1) .  Three main problems must be overcome 

i n  t h e  formation of a g l y c o s i d i c  bond; f i r s t l y ,  t h e  p r o t e c t i o n  of  t h e  

va r ious  hydroxyl groups of t h e  two r e a c t i n g  s p e c i e s ,  with s e l e c t i v e  

dep ro t ec t i on  of t h e  d e s i r e d  hydroxyl group of t h e  g lycosy l  acceptor ,  

secondly,  t h e  a c t i v a t i o n  of t h e  anomeric c e n t r e  of t h e  g lycosy l  donor, 



and t h i r d l y ,  c o n t r o l  of t h e  s te reochemis t ry  of t h e  coupl ing r e a c t i o n .  

Glycosyl Ccnor I ~ l y c o s g i  Acceptor 

Glycosidic Linkage 
Figure 2-1: A g e n e r a l i z e d  scheme f o r  a g lycos ide  s y n t h e s i s .  

B:  Protecting Groups in  Carbohydrate Chemistry 

The hydroxyl groups of t h e  sugar  r e s idues  a r e  t h e  primary f u n c t i o n a l  

groups r e q u i r i n g  p r o t e c t i o n  and s e l e c t i v e  dep ro t ec t i on .  The blocking 

groups used, a r e  f o r  t h e  most p a r t ,  i n  common usage i n  t h e  var ious  f i e l d s  

of s y n t h e t i c  o rgan ic  chemisty.  S ince  s e v e r a l  hydroxyl groups u s u a l l y  

need t o  be p ro t ec t ed ,  with one p o s i t i o n  remaining f r e e ,  a v a r i e t y  of 

hydroxyl p r o t e c t i n g  groups a r e  r equ i r ed .  D i f f e r e n t  p r o t e c t i n g  groups a r e  

s t a b l e  t o  d i f f e r e n t  r e a c t i o n  cond i t i ons ,  and may be  removed by use  of a 

range of cond i t i ons .  By c a r e f u l  s e l e c t i o n  of t h e  combination of 

p r o t e c t i n g  groups, s p e c i f i c  hydroxyl groups wi th in  a molecule may be  

s e l e c t i v e l y  dep ro t ec t ed  du r ing  a s y n t h e t i c  sequence. Severa l  d i f f e r e n t  

. c l a s s e s  of hydroxyl p r o t e c t i n g  groups a r e  commonly used, i nc lud ing  

va r ious  a c y l  groups, e t h e r s ,  a c e t a l  groups, and o r t h o e s t e r s .  A 



comprehensive l i s t  of p r o t e c t i n g  groups f o r  var ious  funct ional  groups, 

and d e s c r i p t i o n s  of t h e i r  use may be found i n  r e f e r ence  21. In  many 

sugars ,  one of t h e  hydroxyl groups i s  s u b s t i t u t e d  with an amino group, 

and t h i s  group r e q u i r e s  p r o t e c t i o n  a s  well. Various pro tec t ing  groups 

have been used f o r  t h i s  purpose i nc lud ing  t h e  a c e t y l  group and t h e  

phthal imido group.  In  add i t i on ,  an az ide  group may be reduced i n  t h e  

f i n a l  s t a g e s  of t h e  s y n t h e s i s  t o  y i e l d  t h e  amino suga r .  

C: Stereochemical Control of Glycosylation Reactions 

There a r e  two g e n e r a l  types  of g l y c o s i d i c  l inkages ,  1,2-cis and 1,2- 

t r a n s ,  where t h e  hydroxyl group a t  t h e  two p o s i t i o n  of t h e  sugar u n i t  i s  

e i t h e r  cis o r  t r a n s ,  r e s p e c t i v e l y  t o  t h e  exocyc l i c  oxygen atom a t  t h e  

1 -pos i t i on  (see Figure  2-2) .  D i f f e r e n t  s t r a t e g i e s  a r e  used f o r  t h e  

oti 

1,2-cis linkage i,2-trans linkage 

R= another sugar residue 

Figure 2-2: Two main t ypes  of g l y c o s i d i c  l i nkages .  
- -- 

prepa ra t i on  of t h e s e  two types of l inkages ;  i n  gene ra l ,  t h e  1 ,2 - t r ans  

l i nkages  a r e  e a s i e r  t o  form than  t h e  1 , 2 - c i s  l inkages .  The usua l  method 

f o r  t h e  formation of 1 ,2 - t r ans  l i nkages  i s  t o  have an ac t i va t ed  g lycosy l  



,
 . -A

Y 
R'

OH
 

F:"i
'."" 

AX
 

CHIO
R 

j;)@ 
y- 

OR
 

OR
 
-
 d
r
fO

 
Y-

 
OR

 
0 \[

"/
o 

0 '
[
A

 
oJ, 

I 
ox

oc
ar

be
ni

um
 i

on
 

di
ox

oc
ar

be
ni

um
 

I 
io

n 
CH

3 

CH
3 

CH
3 

I
 

CH
20

R 

R 
= 

pr
ot

ec
tin

g 
gr

ou
p 

R'
 =

 a
lc

oh
ol

 a
cc

ep
to

r 
X 

= 
le

av
in

g 
gr

ou
p 

AY
 =

 L
ew

is 
ac

id
 

1 i
nk

ag
e 

Fi
gu
re
 2
-3
: 

Fo
rm

at
io

n 
of
 a

 
1,

2-
tr

an
s 

gl
yc

os
id

ic
 l

in
ka
ge
. 



donor which has  a t  t h e  2-pos i t ion ,  a p a r t i c i p a t i n g  group such a s  an 

a c e t a t e  o r  a benzoate  group. Under Lewis a c i d  c a t a l y s i s  t h e  l eav ing  

group a t  t h e  anomeric p o s i t i o n  d e p a r t s  and r e s u l t s  i n  t h e  formation of an 

oxocarbenium i o n .  This  oxocarbeniurn i o n  i s  s t a b i l i z e d  by t h e  

p a r t i c i p a t i o n  of t h e  carbonyl  oxygen of t h e  s u b s t i t u e n t  a t  t h e  2-pos i t ion  

t o  g i v e  a dioxocarbenium ion .  The a l coho l  component of t h e  acceptor  

s u b s t r a t e  then  opens t h e  dioxocarbenium r i n g  i n  an SN2 fash ion ,  with t h e  

neighbouring-group p r o t e c t i n g  t h e  cis f a c e  of t h e  r i n g  from nuc l eoph i l i c  

(see Figure  2-3) .  A p a r t i c u l a r l y  e f f e c t i v e  p r o t e c t i n g  group f o r  

t h e  product ion  of 1 ,2 - t r ans  l i nkages  i n  2-amino sugars  i s  t h e  phthal imido 

2 4 group. 

Formation of 1 , 2 - c i s  g l y c o s i d i c  l i nkages  can be  achieved by use of 

b locking  groups a t  t h e  two p o s i t i o n  which a r e  i n a c t i v e  i n  neighbouring 

group p a r t i c i p a t i o n .  Blocking groups such a s  benzyl  e t h e r s  a r e  o f t e n  

used f o r  t h i s  purpose, o r  i n  t h e  c a s e  of 2-amino suga r s  t h e  az ido  group 

may be used.  The g l y c o s y l a t i o n  r e a c t i o n  i s  then  c a r r i e d  ou t  such t h a t  

t h e  hydroxyl group of t h e  g lycosy l  accep to r  d i s p l a c e s  t h e  l eav ing  group 

(which i s  t r a n s  t o  t h e  group a t  t h e  2-pos i t ion)  of t h e  g lycosy l  donor i n  

an SN2 f a sh ion  and r e s u l t s  i n  i nve r s ion  of con f igu ra t i on  a t  t h e  anomeric 

c e n t r e .  I f  g lycosy l  h a l i d e s  a r e  be ing  used a s  donors,  t hen  t h e  very  

r e a c t i v e  p-anomers a r e  r equ i r ed  f o r  t h e  formation of  1 , 2 - c i s  l i nkages  i n  

t h e  gluco- and g a l a c t o - s e r i e s  of suga r s .  The use of t h e  r e a c t i v e  

P-hal ides  may be problematic;  a method which circumvents t h i s  problem i s  

t h e  use of t h e  "ha l ide- ion  ca t a lyzed  g lycosy la t i on"  r e a c t i o n  of Lemieux 

e t  a 1  .25 By use of t h i s  approach one can form an a -g lycos id i c  l i nkage  

s t a r t i n g  from t h e  more s t a b l e  a -ha l ide .  The i somer iza t ion  of t h e  

a -ha l ide  t o  t h e  more r e a c t i v e  p-hal ide i s  ca t a lyzed ,  i n  s i t u ,  by h a l i d e  



i ons  and s i l v e r  s a l t s .  The a l coho l  acceptor  then r e a c t s  w i t h  t h e  more 

r e a c t i v e  P-hal ide,  and proceeds with i nve r s ion  t o  g ive  an a-glycoside. 

Another method f o r  t h e  gene ra t i on  of 1 ,2 -c i s  l inkages  has been 

developed by Kochetkov e t  I n  t h i s  method a t r a n s  glycosyl  

t h iocyana t e  i s  prepared,  and i s  r e a c t e d  t oge the r  with an acceptor  which 

has  i t s  a l coho l  func t ion  p r o t e c t e d  a s  a t r i t y l  e t h e r ;  t h e  reac t ion  i s  

ca t a lyzed  by t r iphenylmethyl ium p e r c h l o r a t e ( s e e  Figure 2-41, The 

1 , 2 - c i s  l i n k a g e  
R1 = an@ t h e ?  % g a r  u n i t  

R2= e t h e r  p r o t e c t i n g  g r o u p  

T r =  -C (Phl,, ( T r  @ i s  c a t a l y t i c ]  

Figure 2-4: Formation of 1 ,2 -c i s  g l y c o s i d i c  l inkages ,  by use of glycosyl  
t h iocyana t e s .  

mechanism i s  thought  t o  involve  s imultaneous a t t a c k  of t h e  

triphenylmethyliurn i on  on t h e  n i t rogen  atom of t h e  th iocyana te  group, and 

backs ide  a t t a c k  of t h e  n u c l e o p h i l i c  oxygen of t h e  0 - t r i t y l  group on t h e  

anomeric carbon, and r e s u l t s  i n  an  SN2 displacement of t h e  th iocyana te  

group and inve r s ion  of con f igu ra t i on  a t  t h e  anomeric cen t r e ,  t o  y i e l d  t h e  

1 , 2 - c i s  g lycos ide  . 



D :  Activation of The Anomeric Centre 

Many s t r a t e g i e s  have been developed f o r  t h e  ac t iva t ion  of the  

anomeric cen t r e ;  some of t h e  most common methods a r e  the use of g l ~ c o s ~ l  

ha l ides ,  t h e  imidate  method22b, and a c t i v a t i o n  by use of 

t h iog lycos ides .  2 7 

1: Glycosyl Halides 

The use Of  g lycosyl  h a l i d e s  t o  a c t i v a t e  t h e  anomeric cent re  was one 

of t h e  f i r s t  methods used t o  prepare  ~ l i ~ o s a c c h a r i d e s , ~ ~  and i s  s t i l l  

s u c c e s s f u l l y  used i n  a  wide v a r i e t y  of a p p l i c a t i o n s .  ~ l y c o s y l  ha l ides  

may be genera ted  i n  a  v a r i e t y  of ways; one of t h e  most common is  t h e  

r e a c t i o n  of a  p ro t ec t ed  1-0-acetate  with a  s t r o n g  a c i d  such a s  H C 1  o r  

HBr .  The subsequent g lycosy la t ion  r e a c t i o n  i s  promoted with a  v a r i e t y  of 

Lewis a c i d s  such a s  s i l v e r  s a l t s  o r  mercury s a l t s .  ~f s i l v e r  s a l t s  a r e  

used a s  g lycosy la t ion  promoters t h e  r eac t ion  i s  termed a Konigs Knorr 

2 8a r eac t ion ,  whereas He l f e r i ch  condi t ions2  u t i l i z e  mercury s a l t s  a s  

g lycosy la t ion  promoters.  The choice  of g lycosy la t ion  promoter in f luences  

t h e  r e a c t i v i t y  of t h e  g lycosyl  donor, and t h e r e f o r e  t h e  stereochemical 

outcome of t h e  r e a c t i o n  i s  a l s o  o f t e n  a f f e c t e d .  In  general ,  with more 

r e a c t i v e  g lycosyl  donor spec i e s ,  it i s  more d i f f i c u l t  t o  con t ro l  t h e  

s te reochemis t ry  of t h e  g lycos ide  syn thes i s .  The o rde r  of r e a c t i v i t i e s  of 

t h e  va r ious  g lycosyl  h a l i d e s  is  F<Cl<Br,  with t h e  glycosyl  ch lo r ides  and 

bromides t h e  most commonly used s p e c i e s .  One of t h e  disadvantages of t h e  

g lycosyl  h a l i d e s  is  t h a t  t hey  a r e  r e l a t i v e l y  uns tab le ,  and gene ra l ly  

cannot be s t o r e d  f o r  long per iods  of t ime.  The s t r e n g t h  of t h e  var ious  

g lycosy la t ion  promoters a r e  AgTfl> AgC104 > HgBr2 > Hg(CNI2. 



2: Glycosyl Imidates 

A s  an a l t e r n a t i v e  t o  t h e  g lycosyl  ha l ide  method, ac t iva t ion  of t h e  

3 0 anomeric c e n t r e  by use of g lycosyl  imidates  has been developed. 

G ~ Y C O S Y ~  imida tes  may be prepared by t r e a t i n g  a  blocked hemiacetal with 

t r i c h l o r o a c e t o n i t r i l e  under mild b a s i c  condit ions,  t o  give an O - g l ~ c o s ~ l  

t r i c h l o r ~ a c e t i m i d a t e ~ ~ ~  ( s e e  F igure  2 - 5 ) .  ~ 0 t h  t h e  a- and the  P-anomers 

of t h e  g lycosy l  imida te  may be prepared; t h e  a-anomer i s  the  

thermodynamic product and t h e  P-anomer t h e  k i n e t i c  product. The g l ~ c o s ~ l  

imida tes  may be used a s  g lycosyl  donors by use of BF3*EtZ0 o r  M ~ ~ S ~ C E ' ~  a s  

g lycosy la t ion  c a t a l y s t s .  The genera l  r u l e s  f o r  t he  formation of 112-  

t r a n s  and 1 , 2 - c i s  g lycos ides  apply t o  t h e  use of glycosyl 

t r i c h l o r o a c e t i m i d a t e s  a s  g lycosyl  donors.  One of the  advantages of 

g lycosy l  imida tes ,  over  g lycosyl  ha l ides ,  i s  t h a t  they a r e  more s t ab l e t  

a l lowing f o r  t h e  i s o l a t i o n  and s to rage  of e i t h e r  of the  a- o r  p-anomers. 

I t  is  noteworthy t h a t  a c t i v a t i o n  of a  t e t r a saccha r ide ,  by means of a  

g lycosyl  imidate ,  has  l e d  t o  t h e  successfu l  synthes is  of a  b i sec t ed  

undecasaccharide s t r u c t u r e .  3 1 

3: Thioglycosides 

The use of t h iog lycos ides  a s  g lycosyl  donor s u b s t r a t e s  i s  becoming 

one of t h e  main g lycosy la t ion  methods c u r r e n t l y  i n  use.  27 ~ h i o g l y c o s i d e s  

may be prepared  from t h e  corresponding l-o-acyl sugars,  by t r e a t i n g  t h e  

a c y l a t e d  sugar  with t h e  app ropr i a t e  t h i o l  (u sua l ly  methanethi01 o r  

e t h a n e t h i o l )  under Lewis a c i d  c a t a l y s i s .  32 The resul t ing th ioglycos ides  

a r e  s t a b l e  and can be p u r i f i e d  by chromatography, and i n  some cases  

r e c r y s t a l l i z a t i o n .  The a c t i v a t i o n  of t h e  th ioglycos ide  i s  achieved 

through t h e  gene ra t ion  of a  sulfonium ion  and r e s u l t s  i n  a  good leaving  





group. A v a r i e t y  of reagents  have been used t o  a c t i v a t e  t h e  s u l f u r  atom 

of t h e  t h iog lycos ide  i nc lud ing  methyl t r i f l a t e  27c, 33 
I 

dimethyl(methylthio)sulfonium t r i f l a t e  27b, 27c, 3 4  and methylsu l fenyl  

t r i f l a t e 3 5 ,  benzeneselenenyl  t r i f  l a t e 3 6  and n i t r o s y l  t e t r a f l u o r o b o r a t e .  3 7 

Good r e s u l t s  a r e  ob ta ined  with t h e s e  t h i o p h i l i c  g lycosy la t i on  promoters 

however, t h e i r  use i s  somewhat hazardous due t o  t h e  t o x i c i t y  of some of 

t h e s e  r eagen t s .  A novel  method f o r  t h e  i n  s i t u  a c t i v a t i o n  of 

t h iog lycos ides  with bromine has  been developed.38 In  t h i s  method a  

g lycosy l  bromide i s  genera ted  from t h e  t h iog lycos ide  by t rea tment  with 

27c, 39 bromine. The r e s u l t i n g  g lycosy l  bromide i s  then  a c t i v a t e d  by t h e  

presence  of s i l v e r  t r i f l a t e .  The r e a c t i o n  i s  performed i n  one po t ,  

con ta in ing  t h e  t h iog lycos ide ,  t h e  a l coho l  acceptor ,  bromine and an a c i d  

accep to r  such a s  t e t r a m e t h y l  u r ea .  This  method promises t o  be an  

e f f i c i e n t  a l t e r n a t i v e  t o  t h e  use of t o x i c  t h i o p h i l i c  promoters.  

4 :  Emerging Techniques 

One new method of g lycos ide  s y n t h e s i s  i s  t h e  o x i d a t i v e  coupl ing  of 

g l y c a l s  r e c e n t l y  r epo r t ed  by Danishefsky e t  al. 40 The a d d i t i o n  of 

a l coho l s  t o  t h e  double  bonds of g l y c a l s  was f i r s t  c a r r i e d  out  by 

~emieux' '  and   hi ern^^ by use  of iodonium p e r c h l o r a t e  o r  N-iodosuccinimide 

a s  promotors.  Danishefsky has  used t h i s  method t o  couple two g l y c a l s  

t oge the r ,  where one g l y c a l  i s  p r o t e c t e d  with e t h e r  p r o t e c t i n g  groups, and 

t h e  accep to r  g l y c a l  is  p r o t e c t e d  with a c y l  groups.  Since t h e  g l y c a l  with 

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

ester groups, g lycos ide  formation r e s u l t s  wi th  no s e l f  condensat ion of 

t h e  accep to r  g l y c a l .  The r e s u l t i n g  d i s accha r ide  i s  i t s e l f  a  g l y c a l ,  and 

replacement of t h e  ester b locking  groups with e t h e r  groups aga in  



activates the glycal allowing for further rounds of glycal addition (see 

Figure 2-6). This manipulation of protecting groups of the newly formed 

product is one of the disadvantages of this method. Glycoside formation 

results in a-stereoselectivity with a 1,2-trans iodine atom at the 

g1ycosy; 
donor 

g!ycosyl 
acceptor 

repla[! S e n x a t e s  
with ben:yl 
protect in; gnoups 

1 

P 
further r o m i s  
of glycal addition 

Figure 2-6: Haloetherification synthesis of glycosides. 

2-position of the former donor moiety. There is some difficulty in 

replacing the 2-iodo groups of the growing oligosaccharide product with 

oxygen and nitrogen hete~oatoms~~, requiring up to four additional steps 

to incorporate these functionalities. 

A more direct route to 2-amino P-linked glycosides starting from 

glycals has also been developed by Danishefsky et a1 (see Figure 2-7). 4 3 

The glycal is first treated with benzenesulfonamide in the presence of 

iodonium di-symcollidine perchlorate to give the 2-P-iodo-l-a- 

sulfonamidohexoses. When this species was treated with an excess of base 

in the presence of an acceptor saccharide, 2-a-sulfonamido-1-P-linked 

glycosides were formed. The N-acetylated products could be formed by 







oxocarbenium i o n  in t e rmed ia t e s  may be t r apped  with t h e  hydroxyl group of 

an accep to r  a l coho l ,  and r e s u l t s  i n  g lycos ide  formation.  4 8  The use of 

e t h e r  p r o t e c t i n g  groups on t h e  donor res idue ,  and ester p r o t e c t i n g  groups 

on t h e  accep to r  r e s idue ,  g i v e s  t h e  s o  c a l l e d 4 '  "armed" and "disarmed" 

pent-4-enyl g lycos ides .  Addit ion of t h e  "armed" r e s idue  t o  t h e  

"disarmed" r e s idue  g i v e s  a "disarmed" d i saccha r ide .  In  an analogous 

f a sh ion  t o  Danishefsky's work with t h e  g l y c a l s ,  replacement of t h e  ester 

b locking  groups with e t h e r  groups, t hen  g ives  t h e  "armedw d i saccha r ide  

ready f o r  f u r t h e r  rounds of g lycosy la t i on .  The same idea  of "armed" 

donors and "disarmed" accep to r s  has  been extended t o  t h e  use  of 

t h iog lycos ides  by van Boom e t  a l I S 0  where t h e  donor t h iog lycos ide  i s  

blocked with e t h e r  groups and t h e  acceptor  t h iog lycos ide  i s  blocked with 

ester groups.  

E: Use of Enzymes in Glycoside Synthesis 

Chemical s y n t h e s i s  is  s t i l l  t h e  most common method used when 

s p e c i f i c  o l i gosaccha r ide  sequences a r e  requi red .  Recent ly ,  t h e  use of 

enzymes has  been coupled wi th  chemical s y n t h e s i s  f o r  t h e  p repa ra t i on  of 

carbohydrate  ~ t r u c t u r e s . ~ ~  There a r e  two types  of enzymes which have 

been used i n  t h e  s y n t h e s i s  of carbohydrates;  t h e  

g l y c o s y l t r a n s f e r a s e s ,  52' 53 and t h e  g lycos idases  . 53,54 

1: Glycosyltransferases 

The g l y c o s y l t r a n s f e r a s e s  make up a group of enzymes t h a t  a r e  

r e spons ib l e  f o r  t h e  s y n t h e s i s  of s p e c i f i c  g l y c o s i d i c  l i nkages  i n  

b i o l o g i c a l  systemss2. The r e a c t i o n  c o n s i s t s  of t h e  t r a n s f e r  of an 

a c t i v a t e d  monosaccharide u n i t  t o  an acceptor  s u b s t r a t e  (see Figure  2 - 9 ) .  
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The a c t i v a t e d  monosaccharide i s  u s u a l l y  i n  t h e  a nucleot ide sugar  form of 

with t h e  nuc l eo t ide  moiety a diphosphonucleoside; ur id  

diphosphosugars a r e  t h e  most common donor s u b s t r a t e s .  

ine  and guanosine 

The acceptor  group 

may be a p r o t e i n  o r  a l i p i d ,  o r  i n  a growing p01ysacchari.de chain,  a 

W A c c e p t o r  Subs t ra te  
C b 

Donor S u b s t r a t e  
(Sugar n u c l e o t  i d e )  

i / G l y c o s y l t r a n s f e r a s e  
I Enzyme 
I 

Newly Formed G l y c o s i d e  

Figure 2-9 A g e n e r a l i z e d  scheme f o r  t h e  glycosyl t ransf  e rase-ca ta lyzed  
t r a n s f e r  of a g lucosy l  u n i t  t o  a g lycosyl  acceptor .  

hydroxyl group of t h e  non-reducing end i n  t h e  polysaccharide cha in .  

G lycosy l t r ans fe ra se s  may be  used i n  t h e  i n  v i t r o  prepara t ion  of 

o l i gosaccha r ide  s t r u c t u r e s .  This  r e q u i r e s  t h a t  t h e  donor monosaccharide 

u n i t  be a v a i l a b l e  i n  t h e  a c t i v a t e d  diphosphonucleoside form. The 

g l y c o s y l t r a n s f e r a s e  s p e c i f i c  f o r  t h e  d e s i r e d  g lycos id i c  l inkage  may then  

be used t o  c a t a l y z e  t h e  t r a n s f e r  t o  a s u i t a b l e  acceptor  molecule. The 

g l y c o s y l t r a n s f e r a s e s  show a high degree of s p e c i f i c i t y  f o r  both t h e  donor 

molecule and t h e  accep to r  molecule, y i e l d i n g  both regio- and 



and s t e r e o s p e c i f i c  g l y c o s i d i c  l i nkages .  These enzymes have, however, been 

shown t o  accept  modif ied donorss5 and accep to r s  56' " where t h e  

mod i f i ca t i ons  a r e  s t e r i c l y  conserva t ive  (eg.  deoxygenated s u b s t r a t e s ) .  

2 : Glycosidases 

The g lycos idases  a r e  a group of enzymes t h a t  c a t a l y z e  t h e  cleavage 

of g l y c o s i d i c  bonds i n  vivoS4.  The endo-glycosidases  c leave  bonds w i th in  

a po lysacchar ide  segment, and t h e  exo-glycosidases  c l eave  t h e  g l y c o s i d i c  

bonds of t e rmina l  monosaccharide u n i t s .  The mechanism of c leavage of t h e  

g l y c o s i d i c  bond i s  thought  t o  occur  i n  t h e  same f a sh ion  a s  a c i d  ca t a lyzed  

Donor Subs t ra te  

X= h a l i d e  
X= OPh 
X= sugar u n i t  

Accept o r  
Subs t ra te  

\ ,& Enzyme-H 
Newly Formed G lycos ide  

Figure 2-10 A gene ra l i zed  scheme f o r  a g lycos idase-ca ta lyzed  t r a n s f e r  
of a g lucosy l  donor t o  a g lycosy l  accep to r .  

c leavage,  going through an oxocarbocat ion in t e rmed ia t e .  The hydro lys i s  

r e a c t i o n  g e n e r a l l y  proceeds with n e t  r e t e n t i o n  of c o n f i g u r a t i o n  meaning 

t h a t  e i t h e r  t h e  r e a c t i o n  i s  a double  displacement  r e a c t i o n  going through 

an enzyme bound in te rmedia tes8  o r  t h a t  t h e  ca rboca t ion  in t e rmed ia t e  i s  



s t a b i l i z e d  and s h i e l d e d  by t h e  enzyme such t h a t  on ly  one f a c e  of t h e  

i n t e rmed ia t e  i s  a v a i l a b l e  f o r  a t t a c k .  In  e i t h e r  of t h e s e  mechanisms t h e  

i n t e rmed ia t e  could  be  t r apped  by a nuc leophi le  o t h e r  than water,  l ead ing  

t o  t h e  t r a n s f e r  of t h e  g lycosy l  moiety t o  t h e  i n t e rven ing  nuc leophi le .  

I f  t h e  nuc l eoph i l e  i s  another  carbohydrate  moiety, a t r ansg lycosy la t i on  

r e a c t i o n  occurs59 (see Figure  2-10)  . Glycosidases  may be made t o  

c a t a l y z e  t h e  r eve r se  r e a c t i o n  ( t h e  formation of g lycos ides )  by a d j u s t i n g  

t h e  r e a c t i o n  cond i t i ons  s o  t h a t  t h e  equ i l i b r ium is  d r iven  towards t h e  

formation,  r a t h e r  t han  t h e  hyd ro lys i s ,  of g l y c o s i d i c  bonds. 

R-OH + Rr-X R-0-R' + HX 
Acceptor Donor Glycoside 

I n  g e n e r a l  t h e  g lycos idases  show high s p e c i f i c i t y  f o r  t h e  g lycosy l  

moiety and f o r  t h e  g l y c o s i d i c  l inkage ,  but  show l i t t l e  s p e c i f i c i t y  f o r  

t h e  aglycone moiety.  5 1 , 5 4  Glycosidases  have been shown t o  accept  a 

v a r i e t y  of g lycosy l  donors o t h e r  than  t h e  f r e e  monosaccharides. 59 These 

i nc lude  a r y l  g lycos ides ,  g lycosy l  f l u o r i d e s ,  and d i saccha r ides .  Because 

of t h e  low s p e c i f i c i t y  of t h e  g lycos idases  f o r  t h e  aglycone, 

regiochemical  isomers may be formed when g lycos idases  a r e  used 

s y n t h e t i c a l l y .  

The p rospec t s  f o r  t h e  use of enzymes i n  o l i gosaccha r ide  s y n t h e s i s  

a r e  i n c r e a s i n g  a s  more enzymes become a v a i l a b l e .  The combined use  of 

chemical s y n t h e s i s ,  i n  conjunc t ion  with s t e r e o s p e c i f i c  enzymatic coupl ing  

of t h e  s y n t h e t i c  i n t e rmed ia t e s ,  i s  becoming a v i a b l e  a l t e r n a t i v e  t o  

t r a d i t i o n a l  t o t a l  chemical s y n t h e s i s .  57 The developments occur ing  i n  

both chemical g lycosy la t i on  methods, and i n  enzymatic g lycosy la t i on  

s y n t h e s i s ,  g i v e  t h e  chemist va luab le  new t o o l s  with which t o  p repa re  

complex carbohyra te  s t r u c t u r e s  f o r  b i o l o g i c a l  o r  phys i ca l  s t u d i e s .  



11: RESULTS AND DISCUSSION 

A: Synthesis 

Ret rosyn the t i c  a n a l y s i s  of t h e  c e l l - w a l l  po lysacchar ide  of 

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

t r i s a c c h a r i d e  could  be used t o  prepare  h igher  o r d e r  sequences of t h e  

a n t i g e n i c  de te rminant .  A t r i s a c c h a r i d e  u n i t  such a s  (1) would be  

s u i t a b l e  (Scheme 1). This  t r i s a c c h a r i d e  f e a t u r e s  d i f f e r e n t  p a r t i c i p a t i n g  

groups a t  t h e  2- and t h e  2 ' -pos i t ions ,  with p e r s i s t e n t  blocking groups a t  

a l l  remaining p o s i t i o n s .  The s y n t h e s i s  of t h i s  u n i t  would r e l y  on 

convent iona l  b locking  group chemistry,  a s  well a s  some of t h e  

monosaccharide b locks  u t i l i z e d  i n  prev ious  syntheses  c a r r i e d  ou t  i n  our  

l a b o r a t o r y  on t h e  Shigella f lexneri  v a r i a n t  Y @ant igen .  60 The 

t r i s a c c h a r i d e  (1) could  be made t o  func t ion  a s  e i t h e r  a  g lycosy l  donor o r  

a  g lycosy l  accep to r  i n  f u t u r e  g lycosy la t i on  r e a c t i o n s .  Removal of t h e  

1-0-a l ly1  group by i somer i za t i on  t o  t h e  prop-1-enyl group, 61 followed by 

hydro lys i s  t o  t h e  hemiace ta l s ,  62 and conversion of t h e  herniacetals t o  t h e  

g lycosy l  h a l i d e  (21) by use  of Vilsmeier-Haack reagents ,  63 would allow 

t h e  t r i s a c c h a r i d e  t o  func t ion  a s  a  g lycosyl  donor i n  g lycosy la t i on  

r e a c t i o n s .  A l t e r n a t i v e l y ,  s e l e c t i v e  removal of t h e  2'-0-acetyl group t o  

g i v e  t h e  f r e e  hydroxyl,  would a f f o r d  t h e  t r i s a c c h a r i d e  acceptor  ( 2 b ) .  

Glycosyla t ion  of t h e  t r i s a c c h a r i d e  donor (2a)  with t h e  t r i s a c c h a r i d e  

accep to r  (2b) would y i e l d  a  hexasaccharide (3)  which could  be manipulated 

i n  t h e  same f a sh ion  a s  t h e  paren t  t r i s a c c h a r i d e  (1) ( see  Scheme 1); hence 

o l igosaccha r ides  of i n c r e a s i n g  s i z e  could  be syn thes i zed .  

The r equ i r ed  t r i s a c c h a r i d e  (1) would have t o  con ta in  p e r s i s t e n t  

b locking  groups a t  t h e  2 , 3 , 4 ,  and 6-pos i t ions  of t h e  P-D-GlcpNAc u n i t  and 







at the 4-position of the rhamnose units, leaving the 2,-position of the 

rhamnose unit accessible for glycosylation. We envisaged the use of 

benzyl ethers as the persistent blocking groups for the hydroxyl 

functions, 6 4  a phthalimido group for protection of the amino function, 

and an acetate as the latent blocking group on the 2,-position of 

rhamnose . 
Accordingly, allyl 2-deoxy-2-phthalimido-/3-D-glucopyranoside ( 4 )  60b 

was converted to its tri-0-benzyl derivative (5) with sodium hydride and 

benzyl bromide in 64% yield (Scheme 2). Conversion of the allyl group in 

(5) to the prop-1-enyl group by use of Wilkinson's catalyst6' and 

subsequent hydrolysis62 of the vinyl ether then afforded the hemiacetals 

(6). Treatment of the hemiacetals (6) with 

N, N-dimethyl (chloromethylene) ammonium chloride63 then gave the glycosyl 

chloride (7) [68% yield from (5)]. To the best of our knowledge, 

compound (7) has never been used as a glycosyl donor; although a related 

donor, namely 4-0-acetyl-3,6-di-0-benzyl-2-deoxy-2-phthalimido-a,/3-D- 

glucopyranosyl chloride, has been used in glycosylation reactions. 65 

Glycosylation of allyl 2-0-acetyl-4-0-benzyl-a-l-rhamnopyranoside ( 8 )  

with the donor (7) under silver trifluoromethanesulfonate promotion in 

the presence of ~ o l l i d i n e ~ ~  afforded the disaccharide (9) in 61% yield 

(Scheme 3) . Removal of the allyl group of (9), as with (6) above, gave 

the disaccharide hemiacetals which could be converted into the 

disaccharide donor (lo), as with (7) above. Glycosylation of the 

60a rhamnosyl monosaccharide acceptor (ll), would then give the key 

trisaccharide (1). This reaction, however, did not proceed with the 

desired stereochemistry, yielding a preponderance of the p-anomer rather 

than the desired a-anomer. The stereochemistry was assigned by 





comparison of t h e  NMR s p e c t r a l  d a t a  wi th  t hose  of t h e  a u t h e n t i c  a-anomer. 

The a u t h e n t i c i t y  of t h e  a-anomer was confirmed, i n  t u r n ,  by examination 
1 of t h e  J13C-1H values  (see exper imenta l )  of t h e  completely deblocked 

compound. I n  a d d i t i o n  t o  t h e  p-anomer being formed, a s i g n i f i c a n t  amount 

of t h e  1-2 p-e l imina t ion  product  was i s o l a t e d ,  t h i s  s p e c i e s  i s  presumably 

t h e  r e s u l t  of a b s t r a c t i o n  of t h e  proton a t  t h e  2-pos i t ion  of t h e  

d i s accha r ide  donor du r ing  t h e  g lycosy la t i on  r e a c t i o n .  This  r e s u l t  l e d  us 

t o  conclude t h a t  t h e  d i s accha r ide  donor was t o o  r e a c t i v e  a s p e c i e s .  An 

analogous d i s accha r ide  donor was prepared  with t h e  2-0-acetyl group 

r ep l aced  by a benzoate  ester. This  d i s accha r ide  donor was then  added t o  

t h e  same monosaccharide accep to r  (11) a s  before .  This  r e a c t i o n  was 

c a r r i e d  ou t  t o  determine t h e  e f f e c t i v e n e s s  of t h e  a c e t y l  group a s  a 

p a r t i c i p a t i n g  group, r e l a t i v e  t o  t h e  benzoate group. The g lycosy la t i on  

went wi th  very good s t e r e o s e l e c t i v i t y ,  and r e s u l t s  i n  exc lus ive  

product ion  of t h e  d e s i r e d  a-anonter. However, t h e  t r i s a c c h a r i d e  produced 

i n  t h i s  manner could  no t  be  e l a b o r a t e d  i n t o  l a r g e r  s t r u c t u r e s  s i n c e  i t  

conta ined  a benzoate  group a t  bo th  t h e  2- and t h e  2 ' -pos i t ions ,  but  t h e  

r e s u l t  d i d  show t h a t  t h e  benzoate  group was a b e t t e r  p a r t i c i p a t i n g  group 

than  t h e  a c e t a t e  group. A t  t h i s  po in t ,  it was decided t o  abandon t h e  

r o u t e  t o  t h e  key t r i s a c c h a r i d e  (1) and in s t ead ,  u t i l i z e  t h e  d i s accha r ide  

( 9 )  a s  t h e  p recu r so r  t o  a d i s accha r ide  g lycosyl  acceptor ,  by removal of 

t h e  2-0-acetyl group. 

S ince  it was a l s o  d e s i r a b l e  t o  p repa re  t h e  o l i gosaccha r ides  i n  a 

form s u i t a b l e  f o r  t h e  coupl ing  t o  c a r r i e r  p r o t e i n s  (p repa ra t i on  of 

s y n t h e t i c  a n t i g e n s ) ,  an analogous d i s accha r ide  t o  (9)  was prepared.   his 

d i saccha r ide  i nco rpo ra t ed  t h e  8- (methoxycarbonyl) o c t y l  cha in6  f o r  t h e  

cova len t  a t tachment  t o  p ro t e in67  i n  t h e  subsequent p r epa ra t i on  of t h e  



glycoconjugates. Glycosylation of 8-(methoxycarbonyl)octyl 2-0-benzoyl- 

4-0-benzyl-a-L-rhamnopyranoside (12) with the donor (7) under silver 

trif luoromethanesulf onate promotion in the presence of collidine2* 

afforded the disaccharide (13) in 57% yield (see Scheme 3). 

Transesterification of (9) and (13) then yielded the required 

disaccharide acceptors, (14) and (IS), respectively. 

Treatment of the glycosyl acceptors (14) or (15) with 2-0-acetyl-3,4- 

di-0-benzyl a-L-rhamnopyranosyl chloride (16) 68 under silver 

t r i f luoromethanesul fonate  promotion in the presence of 1,1,3,3- 

tetramethylurea6' afforded the desired branched trisaccharides (17) and 

(18) in 81 and 62% yield, respectively (Scheme 4). Elaboration of the 

pentasaccharide unit now required a suitable trisaccharide donor. Thus, 

deallylation of trisaccharide (19) ,I8 and conversion of the resultant 

hemiacetals (20) to the glycosyl chloride (21), as described above, 

furnished the desired compound (Scheme 5). Glycosylation of the acceptor 

(15) with the trisaccharide chloride (21) under analogous conditions to 

those described for the preparation of (17) and (18) then gave the 

pentasaccharide (22) in 43% yield. 

Deprotection of compounds (IT), (l8), and (22) was accomplished by 1) 

base-catalyzed methanolysis of the ester functions, 2) hydrogenolysis of 

the benzyl ethers [and hydrogenation of the ally1 ether in the case of 

(17)], 3) hydrazinolysis of the phthalimido group, and 4) selective 

N-acetylation of the resultant amine. Thus, the deblocked trisaccharides 

7 0 
(23) and (24), and the pentasaccharide (25) were obtained. 

Another attempt at the synthesis of a key trisaccharide intermediate, 

such as (1) was made where the benzyl groups on the glucosamine moiety 







were r ep l aced  with benzoate  esters. It was envisaged t h a t  t h e  2-0-acetyl 

group of t h e  proposed t r i s a c c h a r i d e  could  be s e l e c t i v e l y  removed in t h e  

presence of t h e  benzoate  esters. I t  was thought t h a t  t h e  replacement of 

t h e  benzyl  groups with benzoates  might render  t h e  d i s accha r ide  donor l e s s  

r e a c t i v e  than  t h e  d i s accha r ide  donor (10 )  . The f i r s t  s t e p  then  was the 

p r e p a r a t i o n  of a s u i t a b l y  blocked glucosamine moiety.  

The glucosamine d e r i v a t i v e  (26) was benzoylated by t rea tment  wi th  

benzoyl c h l o r i d e  i n  p y r i d i n e  (55% y i e l d ) ,  i n  an analogous f a sh ion  t o  t h e  

p r e p a r a t i o n  of t h e  well known tetra-O-acetyl-2-deoxy-2-phthalimido-~-D- 

glucopyranoside24 (Scheme 6 ) .  It was d i scovered  t h a t  t h e  

carboxybenzamido group of (26 ) ,  had f a i l e d  t o  condense t o  t h e  phthalimido 

group a s  was expected.  The mixed anhydride group of (27) was converted 

t o  t h e  phthal imido group by r e f l u x i n g  with a c e t i c  anhydride i n  a so lu t ion  

of py r id ine ;  t h e  mixed anhydride r e a d i l y  condensed t o  g i v e  t h e  te t ra -0-  

benzoyl-2-deoxy-2-phthalimido-P-0-glucopyranoside (28) i n  91% y i e ld .  The 

s y n t h e s i s  of t h i s  block i s  cons iderab ly  more s t r a i g h t f o r w a r d  than  tha t  of 

t h e  corresponding perbenzyla ted  d e r i v a t i v e  (5 ) ;  it r e q u i r e s  a t h r e e  s t e p  

s y n t h e s i s  by use  of r e l a t i v e l y  inexpensive s t a r t i n g  m a t e r i a l s ,  and a l l  

s y n t h e t i c  i n t e rmed ia t e s  a r e  s o l i d  compounds, e l i m i n a t i n g  t h e  need f o r  

chromatography. 

The i n i t i a l  p l a n  was t o  use t h e  g lucosy l  donor a s  i t s  thioglycoside:  

t h e r e f  o r e ,  t h e  t h iog lycos ide  (29) was p repa red ,  by t r e a t i n g  a so lu t ion  of 

t h e  te t ra-0-benzoyl  compound (28) and e t h a n e t h i o l  i n  dichloromethane with 

t i t a n i u m  t e t r a c h l o r i d e .  27a The r e a c t i o n  proceeded t o  g ive  t h e  

c r y s t a l l i n e  compound (29) i n  66% y i e l d  (Scheme 6). Attempts t o  use t h e  

t h iog lycos ide  (29) a s  a g lycosy l  donor, with t h e  rhamnosyl acceptor  (8)  I 

proved t o  be unsuccess fu l .  Act iva t ion  of t h e  t h iog lycos ide ,  by use of 





methyl t r i f  l a t e  27c, 33 a s  a t h i o p h i l i c  promoter gave some of t h e  des i r ed  

product ,  but  a l a r g e r  amount of a second m a t e r i a l  was i s o l a t e d  which was 

found t o  be t h e  a l l y l  g lycos ide  of t h e  g lycosyl  donor; namely a l l y l  

3,4,6-tri-0-benzoyl-2-deoxy-2-phthalimido--D-glucopyranoside. Kihlberg 

and Bundle's method of i n  s i t u  gene ra t i on  of g lycosy l  bromides from 

th iog lycos ides  was a l s o  at tempted.38 I n  t h i s  procedure a dichloromethane 

s o l u t i o n  of t h e  t h iog lycos ide  ( 2 9 ) ,  t h e  acceptor  a l coho l  ( 8 ) ,  and s i l v e r  

t r i f luoromethanesulfonate were s t i r r e d  t o g e t h e r .  This  mixture  was then  

t r e a t e d  with bromine, and r e s u l t s  i n  t h e  i n  s i t u  gene ra t i on  of t h e  

g lycosy l  bromide, and then  t h e  subsequent a c t i v a t i o n  of t h e  g lycosyl  

bromide by t h e  s i l v e r  t r i f luoromethanesul fona te  i n  t h e  u sua l  fash ion .  

This  r e a c t i o n  a l s o  proved t o  be unsuccessful ,  wi th  on ly  a smal l  amount of 

t h e  d e s i r e d  d i s accha r ide  be ing  produced. This  was thought t o  be due t o  

t h e  a d d i t i o n  of bromine t o  t h e  double bond i n  t h e  a l l y l  group of ( 8 ) ,  and 

r e s u l t s  i n  degrada t ion  of t h e  a l coho l  accep to r .  With t h e s e  r e s u l t s  i n  

hand, it was decided t o  gene ra t e  t h e  g lycosy l  bromide s e p a r a t e l y ,  and 

then  r e a c t  t h e  a c t i v a t e d  glucosamine donor with t h e  a l coho l  acceptor  (81, 

i n  t h e  u sua l  f a sh ion  by use  of s i l v e r  t r i f l uo rome thansu l fona te  a s  

g l y c o s y l a t i o n  promoter.  I n i t i a l l y ,  t h e  g lycosy l  bromide (30) was 

gene ra t ed  from t h e  t h iog lycos ide  (29) by t r e a t i n g  a dichloromethane 

s o l u t i o n  of t h e  t h iog lycos ide  wi th  bromine. 27c'39 A more d i r e c t  rou t e  t o  

t h e  g lycosy l  bromide was provided by t rea tment  of a dichloromethane 

s o l u t i o n  of t h e  te t ra-0-benzoyl  d e r i v a t i v e  (28) wi th  a s o l u t i o n  of 

hydrogen bromide i n  g l a c i a l  a c e t i c  a c i d  (48%) ;  t h e  r e a c t i o n  proceeded 

q u a n t i t a t i v e l y  and t h e  3,4,6-tri-0-benzoyl-2-deoxy-2-phthalimido-~-D- 

glucopyranosyl  bromide (30)  t hus  genera ted  was used d i r e c t l y  i n  t h e  

subsequent g lycosy la t i on  r e a c t i o n  without f u r t h e r  p u r i f i c a t i o n .  





Glycosyla t ion  of a l l y 1  2-0-acetyl-4-0-benzyl-a-L-rhamnopyranoside 

60a ( 8 ) ,  prepared  i n  analogous f a sh ion  t o  t h e  2-0-benzoyl der iva t ive ,  w i t h  

t h e  donor (30) under s i l v e r  t r i f l uo rome thanesu l fona t e  promotion i n  t h e  

2 4 presence of c o l l i d i n e  a f fo rded  t h e  d i s accha r ide  (31)  i n  57% y i e l d  

(Scheme 7 ) .  The c r u c i a l  t e s t  of t h i s  s y n t h e t i c  sequence was whether one 

could  s u c c e s s f u l l y  remove t h e  2-0-acetyl  group of t h e  disaccharide (31) 

without removing any of t h e  benzoyl groups on t h e  glucosyl  moiety. There 

was precedent  f o r  t h i s  t ype  of r e a c t i o n  i n  which a secondary a c e t a t e  was 

removed i n  t h e  presence of o t h e r  secondary benzoates ,  71 but no precedent  

f o r  a r e a c t i o n  i n  which a secondary a c e t a t e  was removed i n  the presence  

of a primary benzoate,  a s  would be  r equ i r ed  with t h e  removal of t h e  

a c e t a t e  i n  ( 3 1 ) .  This  s e l e c t i v e  dep ro t ec t i on  was achieved by mi ld  

t r a n s e s t e r i f  i c a t i o n  cond i t i ons .  The d i saccha r ide  (31) was t r e a t e d  with 

3% methanol ic  HC1 t o  g ive  t h e  d i s accha r ide  (32) with t h e  f r e e  2-h~droxy1,  

i n  76% y i e l d .  

A pentasacchar ide  sequence was r equ i r ed  f o r  use a s  a hapten i n  

i n h i b i t i o n  b inding  s t u d i e s ;  f o r  t h e s e  s t u d i e s  it was p re fe r ab l e  t o  have 

t h e  pentasacchar ide  a s  i t s  propyl  g lycos ide ,  ( i n  i t s  deblocked form) 

r a t h e r  t han  a s  i t s  8- (methoxycarbonyl) o c t y l  g lycos ide .  In an analogous 

f a sh ion  t o  t h e  p repa ra t i on  of pentasacchar ide  (22 ) ,  g lycosyla t ion  of t h e  

d i s accha r ide  accep to r  (32) with t h e  t r i s a c c h a r i d e  ch lo r ide  (21) a f fo rded  

t h e  pentasacchar ide  (33) i n  68% y i e l d  (Scheme 8 ) .  ~ e p r o t e c t i o n  of 

pentasacchar ide  (33) was accomplished by sodium methoxide ca t a lyzed  

t r a n s e s t e r i f i c a t i o n  of a l l  t h e  a c y l  groups, fol lowed by c a t a l y t i c  

hydrogenolysis  of t h e  benzyl  e t h e r s ,  a s  well a s  reduc t ion  of t h e  a l l y 1  

group t o  t h e  propyl  group. The phthal imido group was removed by 

t rea tment  with hydrazine, and t h e  r e s u l t i n g  free amine was s e l e c t i v e l y  





acetylated by treatment with acetic anydride in methanol to give the 

fully deblocked pentasaccharide as its propyl glycoside (34) in 50% 

yield. 

The question still remained as to whether the disaccharide (31) 

could be used to prepare a linear trisaccharide such as (1). To 

determine this, the ally1 group of (31) was removed [as described above 

for (6)] to give the hemiacetals (35) in 80% yield from (31) (Scheme 7 ) .  

Treatment of the hemiacetals (35) with N, N- 

dimethyl (chloromethylene) ammonium chloride63 then gave the glycosyl 

chloride (36) in quantitative yield which was not isolated but was used 

immediately in the subsequent glycosylation reaction without further 

purification. Glycosylation of the rharnnosyl monosaccharide acceptor 

(11) 60a with the disaccharide (36), by use of silver 

trifluoromethanesulfonate as promoter, in the presence of tetramethyl 

urea, gave a mixture of products, with the major product being the 

unwanted f3-anomer (36% yield; a/p 1:6) (Scheme 9). The stereochemistry 

was confirmed as described earlier (see page 33). This result was 

identical to the result obtained earlier by use of the disaccharide (10) 

as the glycosyl donor. The failure to prepare the linear trisaccharide 

(37) with a-stereoselectivity led us to abandon the route to a key linear 

trisaccharide. 

One more possibility existed for the synthesis of a common 

trisaccharide building block for use in the synthesis of higher order 

structures. This was the preparation of a [B-(C)-A] branched 

trisaccharide synthetic intermediate. Accordingly, the disaccharide 

acceptor (32) was glycosylated with the monosaccharide glycosyl chloride 

(381'~ (Scheme 9) in an analogous fashion to the synthesis of 





t r i s a c c h a r i d e s  (17 )  and (18) . The r e a c t i o n  proceeded with 

a - s t e r e o s e l e c t i v i t y  t o  g i v e  t r i s a c c h a r i d e  (39)  i n  a 61% y i e l d .  This  

t r i s a c c h a r i d e  could  se rve ,  i n  p r i n c i p l e ,  a s  both a glycosyl  donor and 

accep to r  i n  f u t u r e  g lycosy la t i on  r e a c t i o n s .  Previous work i n  our 

l a b o r a t o r y  had i n d i c a t e d  t h a t  t h e  SEM a c e t a l  could be s e l e c t i v e l y  removed 

i n  t h e  presence  of benzoate  esters. Indeed, t h e  3 ' -posi t ion of (39)  was 

7 2 deblocked by t rea tment  with methanol ic  HC1, t o  g ive  t he  t r i s a c c h a r i d e  

acceptor  (40 )  i n  82% y i e l d  (Scheme 1 0 ) .  The key quest ion remaining was 

whether t h e  g lycosy l  c h l o r i d e  de r ived  from t h e  t r i s a c c h a r i d e  (39)  would 

func t ion  adequate ly  a s  a g lycosy l  donor.  The concern was t h e  absence of 

a p a r t i c i p a t i n g  group a t  t h e  2-pos i t ion  of t h e  proposed g lycosyl  donor; 

t h i s  be ing  rep laced  by a rhamnosyl u n i t .  There was a precedent i n  t h e  

l i t e r a t u r e  f o r  t h i s  s o r t  of a r e a c t i o n .  Bundle e t  a173 had prepared  

s e v e r a l  homo-polymers of 1-2 a - l inked  purosamine (4,6-dideoxy-4- 

formamido-D-mannose) u n i t s .  I n  t h e s e  g lycosy la t i on  reac t ions ,  t h e r e  were 

no p a r t i c i p a t i n g  a c y l  groups such a s  benzoate  o r  a c e t a t e  esters, i n s t e a d  

t h e r e  were g lycosy l  r e s idues  a t  t h e  2-pos i t ions  of t h e  g lycosyl  donors.  

Good a - s t e r e o s e l e c t i v i t y  was observed i n  t h e s e  reac t ions ,  t h e  

s t e r e o s e l e c t i v i t y  be ing  due presumably t o  t h e  s teric bulk of t h e  

purosamine r e s idues  a t  t h e  2-pos i t ions  of t h e  g lycosyl  donors.  Other 

examples of t h e  s y n t h e s i s  of a - l inkages  i n  t h e  mannose series, u t i l i z i n g  

mannosyl donors without  neighbouring group p a r t i c i p a t i o n ,  can be found. 

Ogawa e t  a1 have used both a-D-mannosyl bromides, 7 4  and a-D-mannosyl 

t r i c h l o r o a ~ e t i m i d a t e s ~ ~  t o  p repa re  o l i gosaccha r ides  with 

a - s t e r e o s e l e c t i v i t y ;  i n  bo th  c a s e s  t h e  rnannosyl donors had o t h e r  sugar  

r e s idues  a t  t h e  2 -pos i t i ons .  The r e a c t i o n  we planned was analogous t o  t h e  

ones desc r ibed .  Accordingly, t h e  t r i s a c c h a r i d e  (39) was conver ted  t o  t h e  



Scheme 10 

O A l l  

BzO 

OSEM 

(a) 3% HCl i n  MeOH, CH2C12 

Ib) Rh [PPh,l3 Cl ,  EtOH-H20 (9: I ) ,  r e f  lux 

kl Hg0/HgC12, acetone-H20 110: 11 



hemiace ta l s  (41)  [69% y i e l d  from ( 3 9 ) ]  and then  t o  the glycosyl  c h l o r i d e  

( 4 2 ) ,  i n  an analogous f a sh ion  t o  (6 )  above. 

Glycosyla t ion  of t h e  t r i s a c c h a r i d e  accep to r  (40) w i t h  t h e  

t r i s a c c h a r i d e  donor (42) was at tempted t o  determine whether t h e  branched 

t r i s a c c h a r i d e  (39) would s e r v e  a s  a common s y n t h e t i c  intermediate  f o r  t h e  

p repa ra t i on  of higher-order  s t r u c t u r e s .  The glycosylat ion r e a c t i o n  

(Scheme 11) was performed i n  an analogous f a sh ion  t o  the s y n t h e s i s  of 

pen tasacchar ide  (33) , and proceeded with exc lus ive  a - s t e r e o s e l e c t i v i t y  t 

g i v e  (43)  i n  50% y i e l d .  The hexasaccharide (43)  t hus  prepared had t h e  

same f e a t u r e s  a s  t h e  pa ren t  t r i s a c c h a r i d e  ( 3 9 ) ;  namely an a l l y 1  group a s  

t h e  aglycone which could  be  removed t o  gene ra t e  a glycosyl donor, and t h e  

SEM group which could  be s e l e c t i v e l y  removed t o  generate  a g lycosyl  

accep to r .  This  r e s u l t  conf i nns  t h e  u se fu lnes s  of t h e  key t r i s a c c h a r i d e  

i n t e rmed ia t e  (39)  a s  a common s y n t h e t i c  i n t e rmed ia t e  i n  t h e  s y n t h e s i s  of 

h igher -order  s t r u c t u r e s  of t h e  Streptococci Group A cel l -wal l  

po lysacchar ides  and d e f i n e s  an e f f i c i e n t  convergent syn the t i c  r o u t e .  The 

hexasaccharide (43) r e s u l t s  from only t h r e e  g lycosyla t ion  r e a c t i o n s  and a 

nonasaccharide could, i n  p r i n c i p l e ,  be de r ived  from a fou r th  

g l y c o s y l a t i o n  r e a c t i o n  [i. e. removal of t h e  SEM group of hexasaccharide 

(43)  and g l y c o s y l a t i o n  wi th  t h e  t r i s a c c h a r i d e  ( 4 2 ) l .  

A n a l y t i c a l l y  pure  samples of t h e  dep ro t ec t ed  compounds were 

g e n e r a l l y  ob ta ined  fo l lowing  success ive  chromatography On s i l i c a  g e l  and 

sephadex LH20. Owing t o  t h e  hygroscopic n a t u r e  of t h e  compound, 

s a t i s f a c t o r y  combustion microana lys i s  r e s u l t s  were not ob ta ined  f o r  

compounds (24) and (34)  d e s p i t e  s e v e r a l  a t t empt s .    here fore, plasma 

deso rp t ion  mass spectra7 '  were obta ined  a s  a confirmation of composition. 

The peaks appearing a t  m/e 707 and 927 i n  t h e  s p e c t r a  were ass igned  t o  
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t h e  M+ i o n s  of t h e  sodium s a l t s  of compounds ( 2 0  and ( 3 0 ,  r e s p e c t i v e l y .  

M t ~ a '  i o n s  a r e  commonly observed i n  plasma desorp t ion  mass s p e c t r a ,  

p a r t i c u l a r l y  of compounds con ta in ing  l a b i l e  hydrogens o r  an ion ic  

m o i e t i e s .  7 6 

B:  Preparation of synthetic antigens 

The glycoconjugates  of t h e  t r i s a c c h a r i d e s  (24) , (44) , la and 

pentasacchar ide  (25) with bovine serum albumin (BSA) and with horse  

hemoglobin (Horse-Hb), were prepared by t h e  modified a c y l  az ide  

methodology of P i n t o  and B ~ n d l e . ~ '  Thus, t h e  e s t e r s  (24 ) ,  (44) and (25)  

were conver ted  i n t o  t h e i r  hydrazides ,  and t h e  l a t t e r  were then  t r e a t e d  

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

a z i d e s  were then  t r e a t e d  immediately wi th  BSA ( o r  horse  Hb) i n  b u f f e r  

s o l u t i o n  t o  provide  t h e  corresponding glycoconjugates ,  (45) - (50)  (see 

Scheme 1 2 ) .  Levels  of hapten inco rpo ra t i on  ranging from 13 t o  30%, were 

achieved,  and a f fo rded  glycoconjugates  possess ing  between 8 and 18 

7 7 haptens p e r  molecule of p r o t e i n .  These s y n t h e t i c  an t igens  were used i n  

t h e  hybrid-myeloma p r o t o c o l  a s  immunizing an t igens  and a l s o  a s  s c r een ing  

agen t s  f o r  monoclonal a n t i b o d i e s  (see Chapter 3 ) .  

C: NMR Spectroscopic Results 

1: General 

The a s s igned  s t r u c t u r e s  were i n  accord  wi th  e i r  'H and 13c NMR 

s p e c t r a l  d a t a .  Compounds were c h a r a c t e r i z e d  by use  of r o u t i n e  'H, 13c 

and 13c{ 'H) NMR s p e c t r a .  l ~ - ~ o m o n u c l e a r  chemica l - sh i f t  c o r r e l a t e d  (COSY) 

experiments78 were performed on compounds (13) , 1 , (221, (23) I ( 2 0  I 



(25), (33), (34) and (43) in order to facilitate assignments, and 13c-lH 

chemical-shift correlated experiments7' were performed on compounds (18), 

13 (22), (25), (331, (34) and (43) . The C-IH chemical-shift correlated 

experiments performed on compounds (22), (251, (33), (34) and (43) were 

carried out in the inverse mode, thereby taking advantage of the 

sensitivity of the 'H nucleus. The spectra were measured on samples of 

approximately 10mg. The proton chemical-shifts were displayed along the 

F2-axis and the carbon chemical-shifts were displayed along the F1-axis. 

The experiments were carried out without carbon-decoupling during 

acquisition, permitting the measurement of the one-bond 13c-lH coupling 

I constants ( J13C-1H) for the anomeric carbons. 

The stereochemical integrity of the trisaccharides (23) and (24) and 

the pentasaccharides (22), (25) and (34) and the hexasaccharide (43) was 

confirmed by examination of the one-bond 13c-'H coupling constants, 

1 J13C-1HI for the anomeric carbons. 8 1 

The vicinal coupling constants of the ring-protons in the mono- 

4 saccharide units within oligosaccharides were consistent with a C1 (D) 

1 conformation for the N-acetylglucosamine ring and with a C4 (L) 

conformation for the rhamnopyranosyl units. 

Full characterization of the NMR spectra of the various compounds 

was crucial in confirming their structure. The analysis of the NMR 

spectra for the monosaccharide up to the trisaccharide structures was, 

for the most part, straightforward and could be carried out by use of 

conventional 1-dimensional NMR techniques. Assignment of the spectra of 

the monosaccharides aided in the assignment of the spectra of the 

disaccharides, which in turn, allowed for the assignment of the 

trisaccharide spectra. In this fashion, trends in chemical shifts could 



be noted and used f o r  t h e  assignment of t h e  more complicated s p e c t r a .  

For t h e  pentasacchar ides  and hexasaccharide, a s  wel l  a s  a l l  the deblocked 

1 s t r u c t u r e s ,  t h e  over lap  of H-NMR s i g n a l s  wi th in  t h e  spectra  made 

complete assignment of s i g n a l s  impossible  from t h e  ana lys is  of only 

1-dimensional s p e c t r a .  To f a c i l i t a t e  t h e  assignment of these crowded 

s p e c t r a  s e v e r a l  2-dimensional NMR s p e c t r a  were recorded. 

2: Assignment of 'H- and "c-NMR Spectra of Pcntasaccharide 

The complete assignment of t h e  'H- and 13c-NMR spect ra  

(34) 

of t h e  

deblocked pentasacchar ide  (34) is  descr ibed  below a s  an example of t h e  

ana lyses  which have been c a r r i e d  out  on t h e  va r ious  syn the t i c  

in te rmedia tes ,  and f i n a l  deblocked compounds. 

The f i r s t  experiment c a r r i e d  out  was t h e  COSY experiment; t h e  

spectrum i s  shown i n  Figure 2 - l l a ,  with an expanded region shown i n  

Figure 2 - l l b .  The anomeric proton s i g n a l s  a r e  seen between 4.5 ppm and 

5 .2  ppm, with one s i g n a l  most ly obscured by t h e  r e s i d u a l  HDO peak. The 

rhamnosyl H-Z's, seen between 4.0 and 4.3 ppm, a s  well a s  t he  rhamnosyl 

methyl s i g n a l s ,  a r e  a l l  r e l a t i v e l y  well  reso lved .  The remaining r i n g  

proton s i g n a l s  of t h e  va r ious  r i n g s  f a l l  i n t o  a crowded envelope of 

s i g n a l s  between 3.4 and 3 .9  ppm. The a n a l y s i s  of a COSY spectrum usua l ly  

s t a r t s  with t h e  i d e n t i f i c a t i o n  of a c l e a r l y  reso lved  s igna l  which can be 

ass igned  t o  a p a r t i c u l a r  pro ton  wi th in  t h e  molecule.  By fol lowing t h e  

p a t t e r n  of off-diagonal  cross-peaks, t h e  complete s p i n  system t o  which 

t h e  i s o l a t e d  s i g n a l  belongs may be i d e n t i f i e d .  The spectrum of t h e  

pentasacchar ide  should con ta in  f i v e  sepa ra t e  spin-systems (not  count ing 

t h e  aglycone) ,  each corresponding t o  a p a r t i c u l a r  rhamnose o r  N-acetyl 

glucosamine r ing ;  t h e  f i r s t  s t e p  i n  t h e  a n a l y s i s  was then t o  i d e n t i f y  t h e  
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l iwn  2-11. : 400 MHz 2~-'H-NMR COSY spectrum of pentasaccharide (34 1 . 



Figure 2-llb: Partial 400 MHz 2~-'H-NMR COSY spectrum of pentasaccharide 
(34) 



f i v e  s p i n  systems. 

One cross-peak p a t t e r n  f o r  one of t h e  rhamnosyl spin systems i s  

shown i n  ~ i g u r e  2 - l l b .  The rhamnosyl H-1 a t  5.0 ppm shows a cross-peak 

a t  4.23 ppm i n d i c a t i n g  t h e  chemical s h i f t  of t h e  H-2 of t he  same s p i n  

system. A v e r t i c a l  l i n e  drawn a t  t h i s  chemical s h i f t ,  perpendicular t o  

:he F2-axis i d e n t i f i e s  t h e  cross-peak between t h e  H-2 and the H-3, t o  

g ive  t h e  chemical s h i f t  of t h e  H-3. In  s i m i l a r  fash ion  t h e  chemical 

s h i f t  of t h e  H-4  of t h e  same sp in  system could be determined. The cross-  

peak between t h e  H-4 and t h e  H-5 could not  be unambiguously assigned due 

t o  t h e  high degree of over lap  i n  t h a t  region of t h e  spectrum, meaning 

t h a t  t h e  assignment of t h e  H-5 and t h e  H-6 methyl s i g n a l s  could not be 

made. The s i t u a t i o n  i s  t h e  same f o r  t h e  o t h e r  two s e t s  of rhamnosyl 

s i g n a l s ;  i n  add i t i on ,  t h e  s i g n a l s  f o r  t h e  two N-acetyl glucosamine r i n g s  

very nea r ly  over lap  one another .  To make t h e  a n a l y s i s  e a s i e r  it was 

decided t o  acqu i r e  a TOCSY spectrums2, TOCSY s tanding  f o r  "Total 

Cor re l a t ion  Spectroscopyv. 

In a TOCSY spectrum, by use of long  mixing t imes,  each proton s i g n a l  

shows c o r r e l a t i o n  cross-peaks with every  o t h e r  s i g n a l  within t h e  same 

s p i n  system. For example an anomeric s i g n a l  (H-1) w i l l  have a cross-peak 

f o r  t h e  ad jacent  H-2, a s  we l l  a s  f o r  t h e  H-3 which is  J-coupled t o  t h e  

H - 2  bu t  not  d i r e c t l y  t o  t h e  anomeric H-1;  i n  add i t i on ,  cross-peaks f o r  

t h e  H-4 and t h e  remaining s i g n a l s  of t h e  s p i n  system may be seen.  An 

expanded reg ion  of t h e  TOCSY spectrum of t h e  pentasaccharide i s  shown i n  

Figure 2-12. Cor re l a t ion  cross-peaks between t h e  rhamnosyl H-2's and t h e  

H-3's, H-4's and H-5's can c l e a r l y  be seen .  In  f a c t  a s l i c e  of t h e  

2-dimensional spectrum, p a r a l l e l  t o  t h e  F2-axis,  a t  t h e  chemical s h i f t s  

of t h e  rhamnosyl H-2's, g i v e s  t h r e e  1-dimensional s p e c t r a  showing t h e  
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Figure 2-12: P a r t i a l  400  MHz ZD-'H-NMR TOCSY spectrum of pentasaccharide 

(34)  
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Figure 2-13: One-dimensional "slices" of the TOCSY spectrum of 
pentasaccharide (34) . 



complete s p i n  systems of t h e  t h r e e  rhamnosyl r i n g s .  These 1-dimensional 

s l i c e s  of t h e  TOCSY spectrum a r e  shown i n  F igure  2-13. S l i c e s  were a l s o  

taken  a long  t h e  F2-axis a t  t h e  chemical s h i f t s  of t h e  two N-acetyl 

glucosamine H-1's t o  g ive  t h e  s p i n  systems f o r  t h e s e  two r i n g s .  In  t h i s  

f a sh ion ,  t h e  f i v e  s e p a r a t e  s p i n  systems could  be i d e n t i f i e d  i n  a 

s t r a i g h t f o r w a r d  and unambiguous f a sh ion .  

Completion of t h e  assignment of t h e  'H-NMR spectrum now requ i r ed  t h e  

assignment of t h e  i n d i v i d u a l  s p i n  systems t o  p a r t i c u l a r  r i ngs  w i th in  t h e  

molecule .  The sets of s i g n a l s  due t o  t h e  N-acetyl glucosamine r i n g s  were 

c l e a r l y  d i s t i n g u i s h e d  from t h e  sets of s i g n a l s  due t o  the rhamnosyl r i n g s  

on t h e  b a s i s  of  t h e i r  c h a r a c t e r i s t i c  coupl ing  cons tan ts ;  i n  p a r t i c u l a r ,  

t h e  l a r g e  coupl ing  cons t an t  (approx. 8.5 Hz) of t h e  anomeric pro tons .  

The assignment of t h e  sets of N-acetyl glucosaminyl and rhamnosyl s i g n a l s  

t o  s p e c i f i c  r i n g s  was no t  a s  s t r a igh t fo rward .  To accomplish t h i s ,  a 

R O E S Y * ~  spectrum was ob ta ined;  t h e  term ROESY s t and ing  f o r  r o t a t i n g  frame 

n . 0 . e .  spec t roscopy .  I n  a ROESY spectrum, pro ton  s i g n a l s  which sha re  a 

d i p o l a r  coupl ing,  r a t h e r  t han  a s c a l a r  coupl ing  a r e  c o r r e l a t e d .  I n  

o l i gosaccha r ide  systems it i s  commonly observed t h a t  t he  anomeric pro tons  

show d i p o l a r  coupl ing  t o  t h e  pro tons  which a r e  a c r o s s  t he  g l y c o s i d i c  

l inkage ,  i n  a d d i t i o n  t o  t h e  expected i n t r a - r i n g  d i p o l a r  c o n t a c t s .  This  

in format ion  may be used t o  l o c a t e  s p i n  systems r e l a t i v e  t o  one another ,  

hence p e r m i t t i n g  sequence assignment.  

The ROESY spectrum of t h e  pentasacchar ide  is  shown i n  F igure  2-14. 

Five sets of cross-peaks,  each l y i n g  on a l i n e  p a r a l l e l  t o  t h e  F2-axisI 

can be s een .  These sets of cross-peaks a r e  due t o  d i p o l a r  coupl ing  

between t h e  anomeric pro tons  and o t h e r  pro tons  c l o s e  i n  space.  The f i v e  

sets of cross-peaks l i e  on l i n e s  which g ive  t h e  chemical s h i f t s  of t h e  



Figure 2-14: Partial 400 MHz PD-'H-NMR ROESY spectrum of pentasaccharide 
(34) . 



corresponding anomeric signals in the F,-direction. The anomeric signal 

due to the B-ring can be identified as the signal at 4.74 ppm, since the 

cross-peaks between this anomeric signal and the proton signals at 3.68 

and 3.45 ppm are due to a dipolar coupling to the diastereotopic protons 

of the propyl aglycone. The rhamnosyl H-2 at 4.10 ppm may then be 

assigned to the B-ring as well, based on the expected intra-ring dipolar 

coupling between rhamnosyl H-1's and H-2's. The rhamnosyl H-2 at 4.10 

ppm has an additional cross-peak, this one due to an interglycosidic 

contact with the anomeric signal of the A-ring. The anomeric signal of 

the A-ring is thus identified as being the signal at 5.10 ppm. The 

remaining rhamnosyl anomeric signal may then be assigned to the Br-ring; 

the expected inter- and intra-ring cross-peaks are observed. 

The two sets of signals due to the N-acetyl glucosamine rings may be 

assigned in a similar fashion. The more downfield H-1 signal of the two 

shows an interglycosidic cross-peak to the H-3 of the Bf-ring, allowing 

for the assignment of this H-1 signal to the C1-ring. The remaining set 

of N-acetyl glucosamine signals may then be assigned to the C-ring. This 

then completes the assignment of all the ring proton signals in the 

'H-NMR spectrum of pentasaccharide (34) . 
The assignment of the signals followed directly from a 

13c-'8 correlation spectrum. Furthermore, an inverse detected l3c-~I4Fi 

1 spectrum, without H decoupling during acquisition, was used to confirm 

the stereochemical integrity of the pentasaccharide (Figure 2-15). Thus, 

1 1 the one-bond 13c- H coupling constants ( J13C-1H ) ,  measured in the 

F2-direction of the Fourier transformed spectrum, were used to confirm 

the configuration about the anomeric centres. 81 The anomeric signals 

attributed to the rhamnose units had coupling constants of 172-175 Hz, 



c o n s i s t e n t  w i t h  a n  a -L-conf igura t ion .  The c o u p l i n g  c o n s t a n t s  f o r  t h e  

anomeric c a r b o n s  of  t h e  N-acetyl  g lucosamine u n i t s  were found t o  be 

163Hz, which were c o n s i s t e n t  w i t h  a P-D-conf igurat ion about  t h e s e  

c e n t r e s  . 

3:  Assignment o f  NMR Spectra of the Remaining Compounds 

The NMR exper iments  d e s c r i b e d  i n  t h e  p r e c e d i n g  s e c t i o n  f o r  t h e  c a s e  

1 of t h e  p e n t a s a c c h a r i d e  ( 3 4 ) ,  were used,  a s  n e c e s s a r y ,  t o  a s s i g n  t h e  H- 

and ' 3 ~ - ~ ~ ~  s p e c t r a  of  t h e  s y n t h e t i c  i n t e r m e d i a t e s  and t h e  o t h e r  f i n a l  

p r o d u c t s .  The d a t a  f o r  t h e  r i n g  p r o t o n s  and  c a r b o n s  a r e  summarized i n  

Tab les  2-1 th rough  2-VIII .  The remain ing  s i g n a l s  a r e  r e c o r d e d  i n  t h e  

Exper imenta l  s e c t i o n .  



Figure 2-15: Inverse  13c- '~  c o r r e l a t i o n  spectrum of pentasacchgside ( 3 0 ,  
i n d i c a t i n g  t h e  c o r r e l a t i o n s  between t h e  anomeric C- and 

H-signals.  
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1 Table 2-111 H and 13c NMR ~ a t a ~  for ( 2 0 ) ,  (22)  and ( 25 )  

3 . 7 0  multiplet 



(Table 2 -111 Continued) 

'H-NMR 1 3 ~ - ~ ~ ~  
Ring (20)  (22)  (25)  (20)  ( 2 2 )  (25)  

a I n  CDC13 f o r  20 and 22, and i n  D 2 0  f o r  25.  The numbers i n  p a r e n t h e s e s  

d e n o t e  c o u p l i n g  c o n s t a n t s  i n  Hz. 

I n d i c a t e s  t h e  r i n g  t o  which t h e  ag lycone  i s  a t t a c h e d .  

C The v a l u e s  a r e  t h e  sums of  t h e  i n d i v i d u a l  c o u p l i n g  c o n s t a n t s ,  JAx+Jsx. 

These v a l u e s  a r e  t h e  one-bond l 3 c - ' ~  c o u p l i n g  c o n s t a n t s  (J13C-1H) i n  

Hz.  





Table 2-V 1 H and 13c NMR ~ a t a ~  f o r  Compounds (31) (35) and (32) 

1 H-NMR Data 1 3 ~ - ~ ~ ~  Data 
Ring (31) (35) d (32) (31) (35) d (32) 

a I n  CDC13.  The numbers i n  p a r e n t h e s e s  d e n o t e  c o u p l i n g  c o n s t a n t s  i n  Hz. 

I n d i c a t e s  t h e  r i n g  t o  which t h e  aglycone i s  a t t a c h e d .  

C The v a l u e s  a r e  t h e  sums of t h e  i n d i v i d u a l  c o u p l i n g  c o n s t a n t s ,  JAxtJBx. 

The d a t a  is g i v e n  f o r  t h e  a-anomer o n l y .  



Table 2-VI 'H and 13c NMR ~ a t a ~  f o r  Compounds (39) ( 4 0 )  and ( 4 1 )  

'H-NMR - Data -~ Data 
Ring (39) (40) (41) (39) ( 4 0 )  



Footnotes for Table 2-VI 

a I n  CDC13. The numbers i n  p a r e n t h e s e s  d e n o t e  coupl ing constants  in Hz. 

~ n d i c a t e s  t h e  r i n g  t o  which t h e  ag lycone  i s  a t t a c h e d .  

C The v a l u e s  a r e  t h e  sums of t h e  i n d i v i d u a l  c o u p l i n g  constantst  JM+JBX. 



Table 2-VII 'H and 13c NMR ~ a t a ~  for Compounds (33) and ( 3 4 )  

1 H-NMR Data 1 3 ~ - ~ ~ ~  Data 
Ring ( 3 3 )  ( 3 4 )  

- 
(33 )  ( 3 4 )  



-74-  

Table 2 -VI I  Cont h u e d  

Ring 

lB1 

2B1 

38' 

1 
H-NMR Data  1 3 ~ - ~ ~ ~  Data  

( 3 3 )  (34)  (331 (34)  

5 . 2 9  5 .00  98.7 104 .4  
( 1 . 8 )  (175)  

5 . 5 1  4.24 72.0  7 2 .  6e 
1 . 8 ,  3 . 2 )  

a ~n C D C ~ )  f o r  33  and  i n  D*O f o r  34.  The numbers i n  p a r e n t h e s e s  

d e n o t e  c o u p l i n g  c o n s t a n t s  i n  HZ. 

b 
I n d i c a t e s  t h e  r i n g  t o  which t h e  aglycone i s  a t t a c h e d .  

C 
The v a l u e s  a r e  t h e  sums o f  t h e  i n d i v i d u a l  c o u p l i n g  cons tants ,  J ~ x + J ~ x .  

d 
These a s s i g n m e n t s  may b e  i n t e r c h a n g e d  between l i k e  carbons  within like rings. 

e 
These a s s i g n m e n t s  may b e  i n t e r c h a n g e d .  



Table 2-VIII 'H and 13c NMR Ilataa f o r  Compound (43) 

1 
C M R  Data 1 3 ~ - ~ ~ ~  Data 

Ring (43)  (43) 



Table 2-VIII Continued 

'H-NMR Data 13 C-NMR Data 
Ring (43) (43) 

1B' 5.14 100 . %  
(171) 

2B' 4.34 80.1 



Footnotes for Table 2-VIII 

a In CDC13. The numbers in parentheses denote coupling constants in Hz. 

Indicates the ring to which the aglycone is attached. 

C 
The values are the sums of the individual coupling constants, JAx+JBx- 

These values are the one-bond 13c-'~ coupling constants (J13C-1H ) in 

Hz. 



111: EXPERIMeNTAL SECTION 

A: General 

Mpfs were determined on a Fisher-John's mel t ing  poin t  appara tus  and 

a r e  uncorrec ted .  'H NMR and 13c NMR s p e c t r a  were recorded on e i t h e r  a 

Bruker WM-400 o r  a Bruker AMX-400 NMR spectrometer  a t  400.13 and 100.6 

MHz, f o r  pro ton  and carbon r e s p e c t i v e l y .  A l l  s p e c t r a  were recorded i n  

deuterochloroform un le s s  o therwise  s t a t e d ,  and chemical s h i f t s  a r e  given 

i n  ppm downfield from TMS. For t hose  s p e c t r a  measured i n  deuterium 

oxide, chemical s h i f t s  a r e  given i n  ppm downfield from 2,2-dimethyl-2- 

s i lapentane-5-su l fona te  (DSS). Chemical s h i f t s  and coupling cons t an t s  

were obta ined  from a f i r s t - o r d e r  a n a l y s i s  of t h e  s p e c t r a .  

The L~-homonuclear  chemica l -sh i f t  c o r r e l a t e d  (COSY) spec t r a  were 

acqui red  by use  of t h e  p u l s e  sequence dl-90'-do-45'-FID with quadra ture  

d e t e c t i o n  i n  both dimensions. The i n i t i a l  d a t a  s e t s  of 512x2048 da t a  

p o i n t s  were z e r o - f i l l e d  once i n  t h e  F1 d i r e c t i o n  t o  g ive  a f i n a l  da t a  s e t  

of 1024x1024 r e a l  d a t a  p o i n t s .  A non-shif ted s i n e  b e l l  func t ion  was 

app l i ed  p r i o r  t o  Four ie r  t ransformat ion .  The magnitude spec t r a  were 

symmetrized about t h e  d iagonal  be fo re  a n a l y s i s .  

The TOCSY spectrum was recorded by use of t h e  pulse  sequence 

dl-90'-do-[MLEV spinlock]-FID, with a so lven t  p r e s a t u r a t i o n  pu l se  of 2 s 

dur ing  d l .  The power l e v e l  used f o r  t h e  sp in lock  gave a 25 ps  90' pu l se .  

The sp in lock  (MLEV-17) was app l i ed  f o r  a pe r iod  of 250 ms. 512 

experiments of 24 scans  each were acqui red  t o  g ive  an i n i t a l  d a t a  s e t  of 

512x2048 d a t a  p o i n t s .  The i n i t i a l  d a t a  s e t  was z e r o - f i l l e d  once i n  t h e  

F,-direction t o  g ive  a f i n a l  d a t a  set of 1024x1024 r e a l  d a t a  p o i n t s .  A 

cos2 func t ion  was app l i ed  t o  t h e  phase s e n s i t i v e  d a t a  s e t  p r i o r  t o  

Four i e r  t ransformat ion ,  t h e  spectrum was then  phase c o r r e c t e d  and a base- 



l i n e  c o r r e c t i o n  r o u t i n e  was app l i ed  p r i o r  t o  a n a l y s i s ,  by use of Bruker 

UXNMR sof tware .  

The ROESY spectrum was acquired by use of t h e  pulse  sequence 

dl-90-do-spin lock-FID, wi th  a p r e s a t u r a t i o n  p u l s e  of 2 s during t h e  

r e l a x a t i o n  de l ay  d l .  The CW spin-lock was a p p l i e d  f o r  250 msec a t  0 .5  

wa t t s  of power a t  t h e  frequency of t h e  HDO peak. 512 experiments of 24 

scans  each were recorded by use of phase s e n s i t i v e  de t ec t i on .  The d a t a  

set was phase co r r ec t ed ,  and a base l ine  c o r r e c t i o n  was appl ied  p r i o r  t o  

a n a l y s i s  by use  of t h e  s t anda rd  Bruker UXNMR sof tware  rou t ines .  

For t h e  i nve r se  d e t e c t i o n  experiments a 4-pulse sequence 

inco rpo ra t i ng  a BIRD pu l se  i n  t h e  p repa ra t i on  per iod ,  with phase 

s e n s i t i v e  d e t e c t i o n  was used. The da ta  set of 512x2048 d a t a  p o i n t s  was 

z e r o - f i l l e d  once i n  both t h e  F,- and t h e  F2-d i rec t ions ,  t o  g ive  a f i n a l  

d a t a  set of 1024x2048 r e a l  d a t a  po in t s ,  with a d i g i t a l  r e s o l u t i o n  of 

9.3HzIpt and 1.5Hz/pt i n  t h e  F,- and t h e  F2-d i rec t ions ,  r e s p e c t i v e l y .  

The d a t a  set was phase co r r ec t ed ,  and a base- l ine  c o r r e c t i o n  a p p l i e d  

p r i o r  t o  a n a l y s i s .  

The CF-252 plasma deso rp t ion  mass s p e c t r a  were obtained on a BIN-1OK 

instrument  from BIO-ION Nordic (Uppsala, Sweden). The samples were 

prepared  i n  s o l u t i o n s  of methanollwater and e l ec t ro sp rayed  onto alumhum 

f o i l s .  The spectrum was acqui red  and t h e  mass was ass igned  by use  of t h e  

BIO- ION d a t a  system, based upon t h e  PDP 11/73 processor .  The 

experimental  masses were obta ined  by de te rmina t ion  of t h e  time c e n t r o i d  

of each peak above t h e  b a s e l i n e  and by comparison of t h e s e  with t h e  times 

of f l i g h t  of H+ and ~ a +  peaks appearing i n  t h e  spectrum. Mass accuracy 

i s  approximately +1 amu i n  t h e  mass range of 500-1000 amu. 

Ana ly t i ca l  t h i n - l a y e r  chromatography (TLC) was performed on pre- 



aluminum p l a t e s  precoated with Merck s i l i c a  g e l  60~-254 as  t h e  adsorbent .  

The developed p l a t e s  were a i r -d r i ed ,  exposed t o  w light  andlor  sprayed 

with 5% s u l f u r i c  a c i d  i n  e thanol ,  and heated a t  150 . A l l  compounds were 

p u r i f i e d  by medium p res su re  column chromatography on ~ i e s e l g e l  60 (230- 

400 mesh) according t o  a publ ished procedure.84 pu r i f i ca t ion  a t  each 

s t a g e  was c r u c i a l  t o  t h e  success  of subsequent g l y c o ~ y l a t i o n  r e a c t i o n s .  

Solvents  were d i s t i l l e d  before  use and were dr ied ,  as  neCeSSSarY, by 

l i t e r a t u r e  procedures .  Solvents  were evaporated under reduced p re s su re  

and below 40 '~ .  

Reactions performed under n i t rogen  were a l s o  ca r r i ed  out i n  

deoxygenated s o l v e n t s .  Transfers  under n i t rogen  were e f f e c t e d  by means 

of s tandard  Schlenk-tube techniques.  

B: Experimental Procedures 

Ally1  3,4,6-tri-O-benz~l-2-deoxy-2-phthalimido-~-~-~luco~~ranos~de (5 )  . -- 
60b 

-A s o l u t i o n  of a l l y 1  2 - d e o x y - 2 - p h t h a l i m i d o - ~ - ~ - ~ l ~ ~ ~ ~ ~ r a n 0 ~ ~ d  ( 4 )  

( 4 .  80gl l 3 . 7 m o l )  i n  anhydrous te t rahydrofuran  (30mL) was added by means 

of a cannula under n i t rogen  t o  a cold suspension of NaH (2.09, 4 2 m o l )  i n  

t e t r ahydro fu ran  (20mL). The f l a s k  was r insed  with add i t i ona l  po r t ions  of 

t e t r ahydro fu ran  (2x3m.L) and t h e  contents  were t r a n s f e r r e d  a s  be fo re .  The 

mixture was s t i r r e d  f o r  15min and then benzyl bromide (5 . lmL 42mol )  was 

added dropwise dur ing  45min t o  t h e  cold so lu t ion .  The mixture was 

s t i r r e d  under n i t rogen  f o r  24h a t  room temperature a f t e r  which t ime an 

a d d i t i o n a l  po r t ion  of NaH (0.20g1 4 .lmmol) was added followed by t h e  

dropwise a d d i t i o n  of benzyl bromide (0.51mLl 4.6mmol) . Af te r  12h t h e  

mixture was poured i n t o  a co ld  so lu t ion  of 2N HC1 and e x t r a c t e d  with 



e t h y l  a c e t a t e .  The o rgan ic  l a y e r  was washed with water u n t i l  n e u t r a l  pH 

and d r i e d  (Na2S04).  The f i l t r a t e  was concent ra ted  and t h e  r e s u l t i n g  

syrup  was chromatographed by use of nexane-ethyl a c e t a t e  ( 2 : l )  a s  e l u a n t .  

Compound ( 5 )  was obta ined  a s  a  c l e a r  c o l o r l e s s  syrup (5.499, 6 4 % ) ;  [aID 2 5 

1 +I . l 3 '  ( c  1 . 9  i n  CH2C12)  ; H-NMR(400.13MHz) : 67.8-6.85 (19H, m, A r H )  ; 

5.18 ( l H I  d l  J1 ,2=8 .5H~I  1 - H )  , 4.37 ( l H I  dd, J2,3=10.2Hz, J 3 , 4 = 9 H ~ I  3-H) , 
4.22 ( l H ,  dd, Jl 2=8.5, J2,3=10.2Hz, 2-H), 3.78 (3H, m, 4-HI  6-Ha and 6- 

Hb)  , and 3.65 ( 1 H I  d t ,  J,, ,,=3.0, J5, ,,2 .7=Hz, 5-H) ; 1 3 ~ 1 1 ~ 1 - ~ ~ ~  

(100.6MHz) : 6133.9 (CH2CH=CH2), 117.1 (CH2CH=CH2), 97.5 ( C - 1 )  , 7 9.8, 79.4 

and 75 .1  (PhCH*), 74.8 and 74.7 (C-5 and C - 4 ) ,  73.5 (C-3), 69.6 

(CH2CH=CH2), 68.8 (C-6), and 55.9 (C-2) .  Anal. Calcd. f o r  C38H38N07: C, 

73.64; H I  6.18; N, 2 .26.  Found: C, 73.76; H I  6.15; NI  2.10. 

3f4f6-Tr i -O-benzy l -2-deoxy-2-phthal i rn i~-D-gl  ucopyranose ( 6 )  . --- 
Tris ( t  r iphenylphosphine)  rhodium ( I )  c h l o r i d e  (0.809, O.87mmol) was added 

t o  a  s o l u t i o n  of t h e  a l l y 1  g lycos ide  (5) ( 5 . 4 ~ ~ ~  8.7mmol) i n  e thanol-water  

( 9 : l )  (300mL) and t h e  mixture  was hea ted  a t  r e f l u x  f o r  18h under 

n i t r o g e n .  Removal of t h e  so lven t  l e f t  a  l i g h t  brown r e s idue  which was 

t aken  up i n  e t h y l  a c e t a t e  and f i l t e r e d  through a  column of s i l i c a  g e l .  

Evaporat ion of t h e  so lven t  gave a  syrup which was d i s s o l v e d  i n  acetone- 

water  ( 1 0 : l )  (250mL) con ta in ing  yellow mercury (11) oxide ( l . 88g I  

8.68mmol). To t h i s  s o l u t i o n  mercuric  (11) c h l o r i d e  (2.36gI 8.69mmol) i n  

acetone-water ( 1 0 : l )  (50m.L) was added dropwise,  fol lowed by dropwise 

a d d i t i o n  of acetone-water (10 : l )  (20mL). The mixture  was s t i r r e d  f o r  18h 

fo l lowing  which t h e  so lven t  was evaporated,  and t h e  r e s u l t i n g  syrup was 

taken  up i n  e t h y l  a c e t a t e .  The s o l u t i o n  was f i l t e r e d  through Celite, and 

t h e  f i l t r a t e  was washed succes s ive ly  wi th  s a t u r a t e d  aqueous potassium 



i od ide  (2x1, aqueous sodium t h i o s u l f a t e  ( 2 x ) ,  and water (2x1 . The 

organic  l a y e r  was d r i e d  (Na2S04), and t h e  solvent was removed by 

evapora t ion .  The r e s u l t i n g  syrup was p u r i f i e d  by chromatography by use 

of hexane-ethyl a c e t a t e  ( 2 : l )  a s  e luan t  t o  g ive  compound (6) a s  a c l e a r  

1 c o l o r l e s s  syrup (3.53g, 70%) ; H - N M R ( ~ ~ O . ~ ~ M H Z )  : 67.67-6.84 (19H, m, 

A r H ) ,  5.36 ( 1 H I  b r  t ,  J1 2tJ1,0H16=Hz, 1 - H ) ,  4 . 4 2  ( 1 H t  dd, J1,2=8H~I 

J 2 , 3 = 1 1 H ~ ,  2-H), 4 . 1 1  ( l H I  dd, J2 3 = l l H ~ ,  J3 8.5=Hzr 3-H)t 3 - 5 6   HI m, 

4-HI  5-HI 6-Ha and 6-Hb) , and 3.46 ( l H I  b r  d, J1 0H=8H~, D 2 0  

1 3  exchangeable, OH);  c { ' H } - N M R ( ~ O O . ~ M H Z ) :  6168.2 ( c a r b o n ~ l ) ,  92.9 (C-111 

79.6, 79.1 and 75.0 (PhCH2), 74.8 and 74.6 (C-4 and C-51, 73.4 (C-31, 

68.7 (C-6), and 57.6 ((2-2) . 

3,4,6-Tri -0-benzyl-2-deoxy-2-ph t h a l i r n i d o + - ~ - ~ i  ucopyranosyl c h l o r i d e  

( 7 )  .---Oxalyl c h l o r i d e  (2.  lmL, 24mmol) was added t o  a s t i r r e d  s o l u t i o n  of 

DMF (1.7mL, 24mmol) i n  anhydrous dichloromethane (15mL) and t h e  mixture 

was kept under n i t rogen  f o r  5min. The so lvent  was evaporated under 

reduced p re s su re  and t h e  white s a l t  was d r i e d  i n  vacuo f o r  0.75h. The 

NN-dimethyl(chloromethylene)ammonium c h l o r i d e  was then d i s so lved  i n  

anhydrous dichloromethane and the  s o l u t i o n  was cooled t o  O'C.  A s o l u t i o n  

of t h e  hemiacetals  ( 6 )  (3.5gI 6.0mrnol) i n  anhydrous dichloromethane 

(15mL) was t r a n s f e r r e d  by means of a double t i pped  needle.  The f l a s k  was 

r i n s e d  with an a d d i t i o n a l  por t ion  ( 5 m ~ )  of so lvent  and t h e  con ten t s  were 

t r a n s f e r r e d  a s  before .  The mixture was s t i r r e d  under n i t rogen  f o r  2h 

a f t e r  which t ime t h e  r eac t ion  was quenched by t h e  addi t ion  of c o l d  

aqueous sodium hydrogen carbonate ( 1 5 m ~ ) .  The organic  l a y e r  was d i l u t e d  

with dichloromethane, then  washed with sodium hydrogen carbonate  and 

water,  and d r i e d  (Na2S04). Evaporation of t h e  so lvent  gave t h e  g l ~ c o s ~ l  



c h l o r i d e  ( 7 )  a s  a yellow syrup (3.489, 97%) . The syrup  was dried i n  

vacuo and used d i r e c t l y  i n  subsequent g lycosy la t i on  r e a c t  ions  ; 'H- 

NMR(400.13MHz) : 66.25 (0.4H, d,  JIt23=Hz, 1,-H),  and 5.98 (0.6HI d, 

J,, *=8HzI l p - H )  . 

Allyl 2-0-acetyl-4-0-benzyl-a-L-rhamnopyranoside ( 8 )  .---Ally1 4-0-benzyl- 

a - ~ - r h a m n o ~ ~ r a n o s i d e ~ ~ ~  ( 5 .  189, 17.6mmo1) was d i s s o l v e d  i n  a c e t o n i t r i l e  

(25mL) con ta in ing  methylor thoace ta te  (3mL). p-Toluenesulphonic a c i d  

(0.125g) was added, t h e  mixture  was p a r t i a l l y  concent ra ted  under vacuum 

a t  50'C on a r o t a t o r y  evapora tor ,  and then  s t i r r e d  a t  room temperature  

f o r  12h. Triethylamine (2.2mL) was added and t h e  mixture  was 

concent ra ted  t o  g i v e  a syrup.  The syrup was d i s so lved  i n  80% aqueous 

a c e t i c  a c i d  (20mL) and a f t e r  5min t h e  s o l u t i o n  was evaporated t o  dryness .  

The r e s idue  was chromatographed on s i l i c a  g e l  by use of hexane-ethyl 

a c e t a t e  ( 3 : l )  a s  e l u a n t  t o  y i e l d  t h e  title compound (8 )  a s  a yellow syrup 

1 (5 ,029,  85%) ; [alD2' t 5 . 5 '  ( c  2.8 i n  CH2C12)  ; H-NMR(400.13MHz) : 67.39- 

7.27 (5H, m, A r H ) ,  5.11 ( l H ,  dd, J1,2=1.75Hz, J2,3=3.8Hz, 2-H), 4.77 ( l H I  

d f  J1,2=1.75HzI 1 - H )  4.12 ( l H f  dd, J2 3 ~ 3 . 8 ,  J3,4=9.5HzI 3-H), 3.75 ( l H I  

m, 5-H), 3.36 ( l H I  t ,  J3 *tJ4 5=19H~,  4 - H I ,  2.15 (3H, s, 0COCH3), and 

1 .36  (3Hf d I  J5, 6=6 .5H~I  6-H3) ; ' 3 ~ { ' ~ ) - N M R ( 1 ~ ~ . 6 ~ ~ ~ )  : 6133.5 (CH=CH2) I 

117.4 (CH=CH2),  96.6 (C- l ) ,  81.7 (C-4) 75.1 (CH2Ph) 72.9 (C-2) I 70.2 

(C-3), 68.1 (CH2CH=CH2) , 67.5 (C-5) 20.9 (OCOCH3) and 17.9 (C-6) . 
Anal. Calcd f o r  C18H2406: C, 64.27; HI 7.19. Found: C, 64.33; H I  7 .11.  

Allyl 2-0-a~etyl-4-0-benzy1-3-0-(3~ 6-tri-O-benzyl-Z-deoxy-2- 

phthalimido-~-D-glucopyranosyl)-a-L-rhamnopyranoside (9).---A mixture  of 

a l l y 1  2-0-acetyl-4-0-benzyl-a-L-rhamnopyranoside (8)  (1.279, 3.7 %nrnol) , 



silver t r i f l uo rome thanesu l fona te  (1.46gI 5.68mmol), collidine 

5.7mmol) and 4A molecular sieves in anhydrous dichloromethane 

(0.75mL, 

(5mL) was 

stirred under nitrogen and cooled to -78'C. A solution of 3,4,6-tri-0- 

benzyl-2-deoxy-2-phthalimido-PD-glucopyranosyl chloride (7) (3.40gI 

5.68mmol) in anhydrous dichloromethane (8mL), previously stirred with 4A 

molecular sieves for 0.5h under nitrogen and cooled to -78*C, was added 

dropwise over 0.5h. The flask was rinsed with additional portions of 

dichloromethane (2x2mL) and the contents were transferred as before. The 

mixture was allowed to warm to room temperature and was stirred for 36h. 

The solids were removed by filtration and the filtrate was washed 

successively with aqueous sodium hydrogen carbonate and aqueous sodium 

chloride. The organic layer was dried (Na2S04) and concentrated to give 

a syrup which was purified by chromatography by use of hexane-ethyl 

acetate (2:l) as eluant. Compound (9) was obtained as a clear colorless 

syrup ( 2 . 0 7 ~ ~ ~  61%). An analytically pure sample was obtained as white 

prisms from methanol, m.p. 106-107.C; -4.04' ( c  1.09 in CH2C12) ; 

'H-~~~(400. ~ ~ M H Z )  : 87.52-6.85 (24HI m, ArH) 1 and 2-13 (3H, St OCH,) See 

Table 2-1 also; 1 3 ~ { 1 ~ ) - ~ ~ ~ ( 1 0 0 . 6 ~ ~ z ) :  8170.7 (carbonyl), 117.6 (CH=CH2), 

75.0, 74.8, 74.7 and 74.6 (PhCH2), 67.2 (CH2-CH=CH2), and 20.9 (OCOCH3) 

see Table 2-11 also. Anal. Calcd. for C53H55N0,2: C, 70.88; HI 6.17; NI 

1.56. Found: C,70.65; HI 6.15; NI 1.48. 

8- (Methoxycarbonyl) octyl 2-0-benzoyl-4-0-benzyl -a-L-rhamnopyranoside 

(12) . -- 8- (~ethox~carbon~l) octyl-a-~-rhamnopyranoside68 (10. Og; 0.030 

mmol) in acetone (200mL), p-toluenesulphonic acid (0.05Og) , and 2,2- 
dimethoxypropane were stirred at room temperature for lh. ~riethylamine 

(4.0mL) was added and the mixture was concentrated to a syrup. The syrup 



was d r i e d  over P205 f o r  l h .  A s o l u t i o n  of t h e  syrup i n  THF (50mL) was 

added t o  a suspension of sodium hydride (1.33g, 60. Ommol) . A f t e r  

s t i r r i n g  f o r  lomin., benzyl bromide (5.09; 30. Ommol) was added dropwise 

and t h e  s t i r r i n g  was cont inued a t  20'C overn ight .  ~ d d i t i o n a l  sodium 

hydr ide  (0.89; 8mmol) was added t o  t h e  s t i r r e d  so lu t ion .  The r e a c t i o n  

mixture  was added r a p i d l y  t o  a s t i r r e d  s o l u t i o n  of HC1 ( 0 . 1 N )  a t  O'C.  

E thyl  a c e t a t e  (150mL) was added and t h e  organic  layer  was removed. The 

aqueous phase was e x t r a c t e d  with e t h y l  a c e t a t e  (3X150mL). The combined 

o rgan ic  l a y e r  was washed with sodium bicarbonate ,  d r ied  (MgS04) and was 

t hen  concent ra ted  t o  a syrup.  Chromatography on s i l i c a  g e l ,  wi th  hexane- 

e t h y l  a c e t a t e  ( 6 : l )  a s  e l u a n t ,  gave a c o l o r l e s s  syrup (11.2g; 80.6%) . A 

p o r t i o n  of t h i s  syrup (10.0g; 21.5mmol) was taken up i n  HC1 (0.5NI 

l O O m L ) ,  and methanol (100mL) and r e f luxed  f o r  l h .  TLC, hexane-ethyl 

a c e t a t e  ( 3 : 1 ) ,  i n d i c a t e d  t h a t  t h e  r e a c t i o n  was e s s e n t i a l l y  q u a n t i t a t i v e .  

The cooled  r e a c t i o n  mixture  was quenched with s o l i d  K2C03t f i l t e r e d ,  and 

t h e  f i l t r a t e  was e x t r a c t e d  with dichloromethane (3~50mL) . The combined 

o rgan ic  l a y e r  was d r i e d  (MgSO,), and concent ra ted  t o  a r e s idue .  The 

r e s idue  was p u r i f i e d  on a s h o r t  column of s i l i c a  g e l  column by use  of 

hexane-ethyl a c e t a t e  ( 3 : l )  a s  e l u a n t .  The so lven t  was removed and p a r t  

of t h e  syrup  ob ta ined  (3.0g; 7 .  Ommol) , was d i s so lved  i n  a c e t o n i t r i l e  

(80mL) con ta in ing  t r imethylor thobenzoa te  (1.59; 8.0rnmol) . P- 

Toluenesu l fonic  a c i d  (0.25g) was added and t h e  mixture  was p a r t i a l l y  

concen t r a t ed  a t  50'C on a r o t a r y  evapora tor  and then  s t i r r e d  a t  20.C f o r  

18h. Triethylamine was added and t h e  r e a c t i o n  mixture  was concent ra ted  

t o  g ive  a syrup.  The syrup was d i s so lved  i n  a c e t i c  a c i d  (80%1 50mL) I and 

a f t e r  Smin., t h e  s o l u t i o n  was evaporated t o  d rynes s .  The residue was 

chromatographed on s i l i c a  g e l  with hexane-ethyl a c e t a t e  (3:1)  a s  e l u a n t .  



Pure (12) was obtained as a light yellow syrup (2.57g; 70%) ; [a], 25 - 
1 13.6' (c 3.4 in CH2C12) ; H-NMR(400.13MHz) : 85.17 (lH, dd, Jl,2=1.8Hz, 

J,,~=~.~Hz, H-2), 4.83 (lHI d, J1,2=1.8Hz, H-I), 4.86 and 4.78 (2H, ABq, 

0CH2CH2 (CH,) ,CH2CH2C02CH3) , 1.38 (3HI dl J=6. OHz, H-6), and 1.3 [8HI m, 
0CH2CH2 (CH2) 4CH2CH2C02CH3] ; 13c{l~) -NMR (100. ~MHZ) : 8174 and 165 

(carbonyl), 97.4 (C-l), 81.4 (C-4), 76.6 (OCH,Ph), 75.2 (C-3), 70.6 (C- 

29.4, 29.1, 28.98, 28.9, 26.1 and 24.9 [OCH2(CH2),C02CH3], and 18.2 (C- 

6). Anal. Calcd. for C30H4008: Cf 68.16; H, 7.63. Found: C,67.98; H, 

7.48. 

8- (Methoxycarbonyl) octyl 2-0-benzoyl-4-0-benzyl-3-0- (3,4,6-tri-0-benzyl- 

2-deoxy-2-phthalimido-~D-glucopyranosyl)-a-L-rhamnopyranoside (13).---A 

mixture of the monosaccharide (12) (0.703g; 1.33mol), silver 

t r i f luoromethansul fonate  0.606g; 2.36mmol), and collidine (0.32mL; 

2.4mmol) in dichloromethane (3mL) was stirred under nitrogen with 4A 

molecular sieves and cooled to -78'C. To this mixture was added dropwise 

a cooled solution (-78'C) of the glycosyl chloride (7) (1.4lg; 2.36mmol) 

in dichloromethane (3mL), previously stirred with 4A molecular sieves. 

The reaction mixture was stirred under nitrogen and in the dark and 

allowed to warm to room temperature. After 72h the reaction mixture was 

worked up, as with ( 9 ) ,  and the resulting syrup was chromatographed on 

silica gel by use of hexane-ethyl acetate (3:l) as eluant. The title 

compound (13) (R,0.38) was obtained as a syrup (0.8269; 57%) ; [a],,, - 



12.8.  ( c  0.73 i n  CHC13) ; 'H-NMR(~oo. 1 3 ~ ~ 2 )  : 64.72 and 4.61 (2xlH, AB,, 

J,,=lO. ~ H z ,  0CH2Ph), 4.73 and 4.38 (2x1HI ABqI JAB=12 . O H Z I  0CH2Ph), 4.36 

and 4.26 (ZxlH, ABgI Jm=11.5Hz, 0CH2Ph), 4.39 and 4.24 (ZxlH, ABqI 

JA,=12. OHz, 0CH2Ph), 3.67 (3H, S, 0 (CH2) 8C02CH3) , 3.57 and 3.39 (2x1HI 

1 3  overlapped m, 0CH2 (CH2) ,C02CH3) , see Table 2- I a l s o ;  c ( 'H I  - 
NMR(100.6MHz) : 6174.2 ( O ( C H 2 )  ,C02CH3), 171.0 (OCOCH3) I 75.2, 74.6, 74.5 

and 73.4 (OCH2Ph), 67.2 (Om2 (CH,) ,C02CH3) I 51.3 ( 0  (CH2)  8CH2CH3) I 34.11 

29.4, 29.3, 29 .1  (2 ca rbons ) ,  26.0 and 24.9 (OCH2(CH2),C02CH3), s e e  Table 

2-11 a l s o .  Anal. Calcd. f o r  C65H,101,N: C, 71.61; H I  6.56; N, 1.28. 

Found: C ,  71.54; H I  6.76; N, 1.11. 

Ally1  4-O-benzyl-3-O-(3,4,6-tri-O-benzyl-2-deoxy-2-phthalimido-~-D- 

glucopyranosyll-a-L-rhamnopyranoside (14)---A s o l u t i o n  of t h e  

d i s accha r ide  ( 9 )  (l.OOgI l . l lmmol)  i n  methanol ic  H C 1  (25mL) [prepared by 

t r e a t i n g  anhydrous methanol (25mL) with a c e t y l  c h l o r i d e  (1.45mL)I was 

kept  a t  room temperature  f o r  4h. The mixture  was n e u t r a l i z e d  by t h e  

a d d i t i o n  of t r i e t h y l a m i n e .  The so lven t  was removed and t h e  r e s idue  

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

f i l t r a t i o n .  Evaporat ion of t h e  f i l t r a t e  gave a syrup  which was 

chromatographed by use  of hexane-ethyl a c e t a t e  (1:l) a s  e l u a n t .  Compound 

(14)  was ob t a ined  a s  a c l e a r  c o l o r l e s s  syrup ( 0 .  86gI 90%) ; 'H- 

NMR(400.13MHz): 67.51-6.81 (24H, m, A r H ) ,  and 3.18 ( l H I  D20 exchangeable, 

OH) , see Table 2-1 a l s o ;  13c ('HI-NMR ( 1 0 0 . 6 ~ ~ ~ )  : 6167.9 (carbonyl )  , 117.3 

(CH=CH2),  74.80, 74.78, 74.4 and 73.5 (PhCH2), and 67.7 (CH2-CH=CH2) see 

Table 2-11 a l s o .  Anal. Calcd. f o r  CSlH53011N: C, 71.56; H I  6.24; N, 

1 .64 .  Found: C, 71.40; H, 6.24; NI  1 .52 .  



-88- 

8- (Methoxycarbonyl) o c t y l  4-0-benzyl-3-0- (3,4,6-tri-0-benzyl-2-deoxy-2- 

ph thalimido-P-D-glucopyranosyl) -a-L-rhamnopyanosde (15) .---A sample of 

t h e  d i s accha r ide  (13) (0.051g; 0.047mmol) was taken  up i n  sodium 

methoxide i n  methanol (5.0mI; 0.1M). The s o l u t i o n  was l e t  s t and  a t  room 

temperature  under n i t rogen  f o r  36h. The r e a c t i o n  mix ture  was poured i n t o  

HC1 (0.15M), and t h e  s o l u t i o n  was e x t r a c t e d  wi th  dichloromethane 

(5xlOmL). The combined o rgan ic  f r a c t i o n s  were washed with aqueous sodium 

hydrogen carbonate  fol lowed by aqueous sodium c h l o r i d e .  The o rgan ic  

l a y e r  was then  d r i e d  (Na2S0,), and f i l t e r e d .  Evaporat ion of t h e  f i l t r a t e  

gave a syrup  which was chromatographed by use of hexane-ethyl a c e t a t e  

( 2 : l )  a s  e l u a n t .  The t i t l e  compound (15) (Rf0.36) was ob ta ined  a s  a 

c l e a r  c o l o r l e s s  syrup (27mg; 58%) ; [a]D22 -12.8. ( C  0.39 i n  CHC13) ; 'H- 

NMR(400.13MHz) : 64.84 and 4.64 (2x1HI ABqI JA,=ll. O H Z ,  0CH2Ph), 4.77 and 

4 . 4 1  (2xlH, ABqI J,=11.9HzI 0CH2Ph), 4.59 and 4.52 (2xlH, ABqI 

JA,=12 .OHz, 0CH2Ph), 4.33 and 4.21 (2xlH, ABq, J,=11 .7Hz, 0CH2Ph), 3.66 

(3H, s, 0 (CH,) ,C02CH3), 3 .53 and 3.30 (2xlH, d t ,  J t s = 7 .  1 and 10. O H Z ,  

OCH, (CH,) ,C02CH3), and 3.18 ( l H ,  b r  s, exchangeable OH) see Table  2-1 

a l s o ;  1 3 ~ { ' ~ ) - ~ ~ ~ ( 1 0 0 .  ~ M H Z )  : 6174.2 (O(CH,)  ,C02CH3), 173.6 (OCOCH3) I 

74.9, 74.8,  74.63 and 74.59 (OCH,Ph), and 67.5 (OCH,(CH2),C02CH3), see 

Table 2-11 a l s o .  Anal. Calcd. f o r  C,,H,,013N: C,  70.64; H I  6.85; N, 

1 .42 .  Found: C,  70.40; H I  7.10; N I  1.22 .  

Al ly1  2-0- (2-0-acetyl-3,4-di-0-benzyl-a-L-rhamnopyranosyl) -3-0- (3,4, 6- 

tri-0-benzyl-2-deoxy-2-phthalimido-~-D-glucopyranosyl) -4-0-benzyl -a-L- 

rhamnopyranoside (17)  ---A mixture  of t h e  d i s accha r ide  ( 14 )  ( 0 .  85gI 

0.99mmol), s i l v e r  t r i f luoromethanesul fona te  (0.763gI 2.97mmol), 1 ,1 ,3 ,3-  

t e t r ame thy lu rea  (0.35mLI 3 .  Ommol) and 4A molecular  s i e v e s  i n  anhydrous 



dichloromethane (5mL) was s t i r r e d  under n i t rogen  f o r  0.5h. The r e a c t i o n  

mixture  was cooled  t o  -78' and a s o l u t i o n  of 2-0-acetyl-3,4-di-0-benzyl- 

a-L-rhamnopyranosyl c h l o r i d e  (16) 68 (1.204, 2.97mmol) i n  anhydrous 

dichloromethane (3mL), p r ev ious ly  stirred with 4A molecular  s i e v e s  f o r  

0.5h under n i t rogen  and cooled  t o  -78'C, was added by means of a cannula 

under n i t r o g e n .  The f l a s k  was r i n s e d  with a d d i t i o n a l  p o r t i o n s  of 

dichloromethane (2x2mL) and t h e  con ten t s  were t r a n s f e r r e d  a s  be fo re .  The 

mixture  was al lowed t o  warm g r a d u a l l y  t o  room temperature  and was s t i r r e d  

f o r  36h. The s o l i d s  were removed by f i l t r a t i o n  and t h e  f i l t r a t e  was 

washed succes s ive ly  with sodium hydrogen carbonate  s o l u t i o n  and sodium 

c h l o r i d e  s o l u t i o n .  The o rgan ic  l a y e r  was d r i e d  (Na2S04) and concent ra ted  

t o  g ive  a syrup  t h a t  was chromatographed by use  of hexane-ethyl a c e t a t e  

( 3 :  1) a s  e l u a n t .  Compound (17) was ob t a ined  a s  a white  foam (0.957g, 

2 4 1 8 1 % ) ;  [a], -3.4'  ( c  0.95 i n  CH2C12) ;  H-NMR(400.13MHz): 67.44-6.71 

(34H, m, A r H ) ,  and 2.12 (3H, s, 0COCH3), see Table 2-1 a l s o ;  1 3 ~ { ' ~ ) -  

NMR(lOO.6MHz) : 6169.9 ( ca rbony l ) ,  117.1 (CH2CH=CH2), 74.7, 74.5, 74.2, 

73.6 and 71.3 (OCH2Ph) , 67.6 (CH2-CH=CH,) , and 21.0 (OCOCH3) , see Table 

2-11 a l s o .  Anal. Calcd. f o r  C73H77016N: C, 71.60; H I  6.34; N I  1 . 1 4 .  

Found: C, 71.63; H I  6.40; NI  1 .04 .  

8- (Methoxycarbonyl) o c t y l  2-0- (2-0-acetyl-3,4-di-0-benzyl -a-L 

rhamnopyranosyl) -3-0- (3,4,6- tri -0 -benzyl-2-deoxy-2-ph t h a l  imido-PD- 

g1ucopyranosyl)-4-0-benzyl-a-L-rhamnopyranoside ( l a ) . - - - A  mixture  of t h e  

d i s accha r ide  (15) (O.109g; O.llOmmol), s i l v e r  t r i f luoromethanesul fonate  

(0.16g; 0.62mmol) , 1,1 ,3 ,3- te t ramethylurea  (80pL; 0.67mmol) , and 4A 

molecular  s i e v e s  i n  anhydrous dichloromethane (2.0mL) was s t i r r e d  under 

n i t rogen  f o r  30min. and cooled  t o  -78'C. A cooled  (-78'C) s o l u t i o n  of 



t h e  rharnnopyranosyl c h l o r i d e  (16) 68 (0.1779; 0.436mmol) i n  anhydrous 

dichloromethane (2.0rnL) , prev ious ly  s t i r r e d  with 4A molecular s i e v e s ,  was 

added dropwise t o  t h e  a l coho l  s o l u t i o n .  The r e a c t i o n  mixture was s t i r r e d  

i n  t h e  dark  and under n i t r o g e n .  The temperature  of t h e  s o l u t i o n  was 

allowed t o  reach  room tempera ture .  A f t e r  34h t h e  r e a c t i o n  mixture  was 

f i l t e r e d ,  and t h e  f i l t r a t e  was evapora ted  t o  dryness  t o  g ive  a syrup  

which was chromatographed by use of hexane-ethyl a c e t a t e  ( 3 : l ) .  The 

t i t l e  compound (18) (Rf0.18) was ob ta ined  a s  a clear c o l o r l e s s  syrup  

(0.93g; 62%) ; 'H-NMR ( 4 0 0 . 1 3 ~ ~ ~ )  : 64.95 and 4.61 (IxlH, AB,, Jm=ll. OHz, 

O C V h ) ,  ,4.87 and 4.60 (2x1HI AB,, Jm=11.5Hz, 0CH2Ph), 4.85 and 4.65 

(2xlH, ABq, JAB=ll. OHZ, 0CH2Ph), 4.78 and 4.45 (2xlH, AB,, JAB=12 .2Hz, 

0CH2Ph), 4.59 and 4.52 (2x1HI AB,, Jm=ll .5Hz, 0CH2Ph), 4.16 and 4.05 

(2x1HI AB,, JA,=ll. 9Hz, 0CH2Ph) , 3.66 (3H, s, 0 (CH2) 8C02CH3) , 3.50 and 

3.26 (2xlH, d t ,  Jrs=7.1Hz and 10.OHzI 0CH2 (CH2) ,C02CH3), and 2 .11  (3H, s 

0COCH3), see Table 2-1 a l s o ;  1 3 ~ ( 1 ~ ) - ~ ~ ~ ( 1 0 0 .  6MHz) : 6174.0 

(O(CH2)8C02CH3), 169.6 (OCOCH3), 75.0, 74.5, 74.3, 74.1, 73.4 and 71.1 

(OCH2Ph) , 67.2 (Om2 (CH,) ,C02CH3), 51.1 ( 0  (CH2) ,C02CH3) I 33-81 29.11 

28.95, 28.88 (2 ca rbons ) ,  25.8 and 24.7 (OCH2(CH2),C02CH3), and 20.9 

( O C O C H ~ ) ,  see Table 2-11 a l s o .  Anal. Calcd. f o r  C8,H,,018N: C I  70.93; H I  

6.77; N I  1.03.  Found: C, 71.51; H I  6.87; N I  0.72. 

3-0- (3-0- (3,4,6-Tri-O-acetyl-2-deoxy-2-phthalimido-~D-glucopyranosyl) -2- 

0-benzoyl-4-0-benzyl -a-L-rhamnopyranosyl) -2-0-benzoyl-4-0-benzyl -a-L- 
18  

rhamnopyranose (20)  .---A sample of t r i s a c c h a r i d e  (19)  (1.96g; 1.70mmol) 

was t aken  up i n  e thanol-water  ( 9 : l ;  55mL). 

Tris ( t r iphenylphosphine)  rhodium ( I )  c h l o r i d e  (0.085g; 0.092mmol) was 

added and t h e  s o l u t i o n  was s t i r r e d  a t  r e f l u x  under n i t rogen  f o r  12h. The 



so lven t  was removed by evapora t ion  and t h e  r e s u l t i n g  dark brown syrup was 

taken  up i n  e t h y l  a c e t a t e  and f i l t e r e d  through a s h o r t  column of s i l i c a  

g e l .  The f i l t r a t e  was evaporated t o  dryness  and t h e  r e s u l t i n g  foam was 

d i s s o l v e d  i n  90% aqueous ace tone  (70mL). To t h e  s o l u t i o n  was added 

yellow mercury( I1)  oxide (0.543g; 2.5lmrnol), fol lowed by t h e  dropwise 

a d d i t i o n  of a s o l u t i o n  of mercury( I1)  c h l o r i d e  (0.6769; 2.49mmol) i n  90% 

aqueous acetone (10mL). The r e a c t i o n  mixture  was s t i r r e d  f o r  12h, t h e  

so lven t  was evaporated,  and t h e  r e s idue  was taken  up i n  e t h y l  a c e t a t e  and 

f i l t e r e d  through c e l i t e .  The f i l t r a t e  was washed succes s ive ly  with 

s a t u r a t e d  aqueous potassium iod ide  (Zx) ,  aqueous sodium t h i o s u l f a t e  (Zx) ,  

and water ( 2 x ) .  The o rgan ic  l a y e r  was d r i e d  (Na2S0,), t h e  so lven t  was 

evapora ted  and t h e  yellow syrup was chromatographed by use of hexane- 

e t h y l  a c e t a t e  (1:l) a s  e l u a n t .  The t i t l e  compound (20) Rf 0.36 was 

ob t a ined  a s  a c l e a r  l i g h t  yellow syrup (1.37g; 72%) ; ' H - ~ ~ ~ ( 4 0 0 .  l3MHz) : 

65.11 and 4.78 (2xlH, ABqI JAB=11.2Hz, 0CH2Ph), 4.34 and 4.21 (2xlH, ABqI 

JA,=12.5Hz, 0CH2Ph), 2.79 ( l H I  s, exchangable OH),  1.95, 1 .76 and 1 .71  

(3x3HI s t  s, 0COCH3), see Table 2-111 a l s o ;  ' 3 ~ { ' ~ } - ~ ~ ~ ( 1 0 0 .  6MHz) : 6l7O.7, 

170.1,  169.2 and 165.7 (2 carbons)  ( ca rbony l ' s ) ,  75.1 and 73.8 (OCH2Ph), 

20 .5  and 20.3 (2 carbons)  (OCOCH3), see Table 2-111 a l s o .  Anal. Calcd. 

f o r  C6,H6,02,N: C, 64.57; H I  5.51; NI  1 .25.  Found: C, 64.54; H I  5.52; N I  

1 .26 .  

3-0- (-3-0- (3,4,6-Tri-O-acetyl-2-deoxy-2-phthalimido-~D-glucopyranosyl) - 
2-0-benzoyl -4 -0 -benzyl -a-L-rhamnopyranosyl) -2-0 -benzoyl - 4 -0-benzyl -a-L- 

rhamnopyranosyl c h l o r i d e  (21) .---Compound (21)  was prepared i n  a s i m i l a r  

f a sh ion  a s  desc r ibed  above f o r  ( 7 ) .  Oxalyl c h l o r i d e  (O.lOmL, 1.lmmol) 

was added t o  a s t i r r e d  s o l u t i o n  of DMF (0.090mL; 1.lrmnol) i n  anhydrous 



dichloromethane (3.0mL) , and t h e  mixture was s t i r r e d  under nitrogen f o r  

5min. The so lven t  was removed by evaporation and t h e  white s a l t  was 

d r i e d  i n  vacuo f o r  1 .5h.  The N, N-dimethyl ( c h l ~ r o m e t h ~ l e n e )  ammonium 

c h l o r i d e  was then  taken up i n  dichloromethane ( 1 . 5 m ~ )  and a solut ion of 

(20) (0.248g; 0.223mmol i n  2.0mL dichloromethane) was t ransferred t o  t h e  

s a l t  s o l u t i o n ;  t h e  f l a s k  was r i n s e d  with a d d i t i o n a l  portions of 

dichloromethane (3x0.75mL) and t h e  washings added t o  the reaction 

mixture.  The mixture was s t i r r e d  under ni t rogen f o r  2h, and then 

quenched by t h e  a d d i t i o n  of co ld  aqueous sodium hydrogen carbonate. The 

organic  l a y e r  was d i l u t e d  with dichloromethane and was washed 

succes s ive ly  with aqueous sodium hydrogen carbonate  and aqueous sodium 

c h l o r i d e .  The organic  l a y e r  was d r i e d  over potassium bicarbonate and t h e  

so lvent  was evaporated t o  g ive  a c l e a r  l i g h t  yellow syrup (0.2489; 98%) 

which was d r i e d  i n  vacuo, and used d i r e c t l y ,  without c h r ~ m a t o g r a P h ~ ~  i n  

subsequent g lycosy la t ions .  

8- (Methoxycarbonyl) o c t y l  2-0- (3-0- (3-0- (3,4,6-tri-0-acetyl-Z-deox~-2- 

phthalimido-~-D-glucopyranosyl)-2-0-benzoyl-4-0-benzyl-a-~- 

rhamnopyranosyl) -2-0-benzoyl -4-0-benzyl -a-L-rhamnopyranosyll -3-0- (3,416- 

t ri -0-benzyl-2-deoxy-2-phthal i m i d o - P - ~ - ~ l u c o ~ ~ r a n o s ~ )  -4-0-benz~l -a-L- 

rhamnopyranoside (22) .---A sample of t r i s a c c h a r i d e  ch lor ide  (21) (0.248g; 

0.218mmol) and l , l , 3 ,  3- tetramethylurea (0.060mL; 0. SOmmol) i n  anhydrous 

dichloromethane (1.5mL) was s t i r r e d  with 4A molecular  s ieves  f o r  30min1 

and then  cooled t o  -78'C. This s o l u t i o n  was added drop wise^ under 

n i t rogen ,  t o  a cooled mixture (-78'C) of d i sacchar ide  alcohol (15) 

(0.135g; 0.137mmol), s i l v e r  t r i f  luoromethanesulfonate and 4A molecular 

s i e v e s  i n  dichloromethane (2.0mL) . The f l a s k  was r in sed  with additional 



p o r t i o n s  of dichloromethane (3xl.OmL) and t r a n s f e r r e d  a s  be fo re .  The 

r e a c t i o n  mixture  was s t i r r e d  i n  t h e  dark under n i t rogen  and allowed t o  

warm t o  room tempera ture .  Af t e r  48h t h e  mixture  was f i l t e r e d  and t h e  

f i l t r a t e  evaporated t o  dryness .  The r e s u l t i n g  syrup  was p u r i f i e d  by 

chromatography by use  of hexane-ethyl a c e t a t e  (1:l) fol lowed by 

chromatography by use of to luene-e thy l  a c e t a t e  ( 3 : l )  a s  e l u a n t s .  The 

t i t l e  compound (22)  was ob t a ined  a s  a c l e a r  c o l o r l e s s  syrup  (0.124g; 

1 43%) ; [ a lD22  -20.8'  (c  0.83 i n  C H C l , ) ;  H-NMR (400.13 MHz) see Table 2- 

111; 1 3 ~ { 1 ~ } - ~ M R  (100.6 MHz) see Table 2-111. Anal. Calcd.  f o r  

C,1,H12,032N2: C, 68.00; H I  6.09; N I  1 .34 .  Found: C, 67.85; H, 6.16; N, 

1 .39.  

Propyl  2-0- (a-L-rhamnopyranosyl) -3-0- (2-acetarnido-2-deoxy-PD - 
glucopyranosyl)  -a-L-rhamnopyranoside (23) .---The f u l l y  blocked 

t r i s a c c h a r i d e  (17) (0.180g; 0.147mmol) was d i s s o l v e d  i n  methanol ic  HC1 

( 6mL) [prepared  by t r e a t i n g  anhydrous methanol (100mL) with a c e t y l  

c h l o r i d e  (5.7mL)l and t h e  s o l u t i o n  was l e t  s t a n d  under N2 f o r  16h. 

Triethylamine was added dropwise t o  t h e  stirred s o l u t i o n  u n t i l  n e u t r a l  

pH. The s o l u t i o n  was concen t r a t ed  and t h e  p r e c i p i t a t e d  s a l t  was removed 

by f i l t r a t i o n  i n  e t h y l  a c e t a t e .  The f i l t r a t e  was evapora ted  t o  dryness  

and t h e  r e s u l t i n g  syrup  was p u r i f i e d  by column chromatography by use of 

hexane-ethyl a c e t a t e  (2 .5 : l )  a s  e l u a n t ;  Rf0.30. The syrup was t hen  taken  

up i n  80% aqueous a c e t i c  a c i d  (14mL) and hydrogenolyzed over  10% 

palladium-carbon (0.120g) a t  a hydrogen p r e s s u r e  of 52 p . s . i .  f o r  5 days.  

The s o l i d s  were removed by f i l t r a t i o n  through ce l i te  and t h e  f i l t r a t e  was 

evapora ted  t o  dryness .  The r e s idue  was evapora ted  wi th  e t h a n o l  (3x75mL) 

t o  remove excess  a c e t i c  a c i d  and then  d r i e d  i n  vacuo f o r  16h. The 



r e s u l t i n g  l i g h t  brown syrup was taken up i n  e thanol  (20mL) t o  which was 

added hydrazine hydra te  (100%) (0.3mL). The so lu t ion  was heated a t  

r e f l u x  under N2 f o r  24h. F i l t r a t i o n  of a f i n e  grey p rec ip i t a t e ,  followed 

by evaporat ion of t h e  f i l t r a t e ,  gave a c l e a r  co lo r l e s s  syrup which was 

taken up i n  methanol (16mL) and then  t r e a t e d  with ace t i c  anhydride ( 4 m L ) .  

The s o l u t i o n  was l e t  s t and  under N2 a t  RT f o r  1 2 h  a f t e r  which t ime TLC 

i n d i c a t e d  t h a t  t h e  r e a c t i o n  was complete.  Removal of the  so lvent ,  

followed by s i l i c a  g e l  chromatography of t h e  residue,  by use of e t h y l  

acetate-methanol-water ( 7  : 2 : 1) a s  e l u a n t  ( R ~  0 .34) ,  gave a white s o l i d  

which was passed through a column of Sephadex LH20 by use of methanol a s  

e l u a n t .  Compound (23) was obta ined  a s  a white amorphous powder (0.040g; 

49%) ;  [alD2'  8 .1.  ( c  1.78 i n  H20) ; ~ H - N M R ( ~ O O . ~ ~ M H Z ,  D20) : 53.60 ( 1 H ,  

J,, b = l O .  OHZ,  J,, ,,,=6. ~ H z ,  0CHaHbCH2CH3), 3.46 ( o c H , H ~ C H ~ C H ~ )  1 98 (3Ht 

s, NHCOCH,) , 1.56 (2H, m, 0CH2CH2CH3), and 0.87 (3H, t r  J=7.5Hz, 

13 0CH2CH2CH3), s e e  Table 2-1 a l so ;  C { ' H } - ~ ~ ~ ( 1 0 0 .  ~ M H Z ,  D20) : 6177.5 

(NHCOCH,) , 72.9, 72.8, 72.7 and 72.5 (OCH2CH2CH3, C-dc C-2,t and C - ~ , I )  1 

25.0 (NHCOCH3) , 24.7 (OCH2CH2CH3) , 19.4 (C-6, and C-6At ) , and 12.6 

(OCH2CH2CH3), s e e  Table 2-11 a l s o .  Anal. Calcd. f o r  C23H41014N: C, 

49.72; H,  7.43; NI  2.52. Found: C, 49.44; H,  7.20; N, 2.37. 

8- (Methoxycarbonyl) o c t y l  2-0- (a-L-rhamnopyranosyl) -3-0- (2-acetamido-2- 

deoxy-j3-D-gl ucopyranosyl) -a-L-rhamnopyranoside (24) . ---A sample of t h e  

blocked t r i s a c c h a r i d e  (18) (0.121g, 0.0893mmol) was taken up i n  sodium 

methoxide (14mL; O.l3M) . The r e a c t i o n  mixture was s t i r r e d  a t  room 

temperature under n i t rogen  f o r  10h and was then  neu t r a l i zed  by s t i r r i n g  

with Amberlyst 15 ( H + )  r e s i n  beads. The r e s i n  was removed by f i l t r a t i o n  

and t h e  f i l t r a t e  was evaporated t o  dryness .  The r e s u l t i n g  syrup was 



chromatographed by use of hexane-ethyl a c e t a t e  (2 :1) a s  e luan t  (R, 0.45) . 
The p u r i f i e d  syrup  (0.974g) was then  taken  up i n  80% aqueous a c e t i c  a c i d  

(15mL); e thano l  (2mL) was added t o  completely d i s so lve  the sample. To 

t h i s  s o l u t i o n  was added 10% pal ladium on carbon (0.125g) .  The r e a c t i o n  

mixture  was s t i r r e d  under hydrogen ( 5 2 p . s . i . )  a t  room temperature f o r  

14h. The r e a c t i o n  mixture  was f i l t e r e d  through a pad of C e l i t e ,  t h e  

f i l t r a t e  was concent ra ted ,  and t h e  syrup  co-evaporated s e v e r a l  times with 

e thano l  t o  remove t r a c e s  of a c e t i c  a c i d .  The d r i e d  syrup was then taken  

up i n  e thano l  (20mL) and hydrazine hydra te  (100%; 0.15mL) was added. The 

c l e a r  l i g h t  brown s o l u t i o n  was hea ted  a t  r e f l u x  under n i t rogen  f o r  18h. 

The r e a c t i o n  mixture  was t hen  f i l t e r e d  t o  remove a f i n e  grey  p r e c i p i t a t e  

and t h e  f i l t r a t e  evapora ted  t o  dryness .  The r e s u l t i n g  syrup was then  

d r i e d  i n  vacuo f o r  2h t o  remove t r a c e s  of hydrazine.  The d r i e d  syrup was 

t hen  taken  up i n  methanol(l2mL) and a c e t i c  anhydride was added (3.0mL). 

The s o l u t i o n  was s t i r r e d  under n i t rogen  f o r  24h. The so lven t  was reduced 

t o  ha l f  volume, a d d i t i o n a l  methanol was added and t h e  volume aga in  

reduced t o  h a l f .  This  was r epea t ed  s e v e r a l  times i n  order  t o  remove t h e  

a c e t i c  anhydride without  a l lowing  t h e  s o l u t i o n  t o  g e t  concentrated,  t h u s  

avoid ing  t h e  formation of t h e  corresponding hydrazide from t h e  methyl 

ester of t h e  aglycone.  F i n a l l y ,  t h e  so lven t  was evaporated t o  dryness  

and t h e  r e s idue  was chromatographed by use of e t h y l  acetate-methanol- 

water  (7 :2 : 1) a s  e l u a n t  (R, 0.54) . Fur the r  p u r i f i c a t i o n  was c a r r i e d  ou t  

by pas s ing  t h e  sample through a column of Sephadex LH20 by use of 

methanol a s  e l u a n t .  The t i t l e  compound (24)  was ob ta ined  a s  a white  

1 amorphous powder (20mg; 3 3 % ) ;  H-NMR(400.13MHz, D 2 0 ) :  63.62 

( 0  (CH2) 8C02CH3) , and 2.00 (NHCOCH,) , see Table 2-1 a l s o ;  1 3 ~ { 1 ~ )  - 
NMR(10O.6MHzI D 2 0 ) :  8180.6 ( O ( C H 2 ) 8 ~ 2 C H 3 ) r  177.5 (NHCOCH~), 72-81  72.7 



and 72.6 (C-2, C-2,, and C-4,), 71.9 and 71.7 (~ -5 , andc -5 ,# ) ,  70 .8  

(OmZ (CH2) 7C02CH3) , 54.8 ( O ( C H Z )  gC02CH3) 36.5, 31.1, 3 0 . 9 4 ,  30.88 ( 2  

carbons)  . 28.0 and 27.0 (OCHZ (CHI) ,CO,CH,) , and 25.0 ( N H c O ~ ~ )  see 

2-11 a l s o .  PD-MS Calcd. f o r  C30H53N016Na: m/e 707. E'ound: m/e 7 0 8  

W a )  +. 

8- (Methoxycarbonyl) o c t y l  2-0- (3-0- (3-0-2-acetamid~-~-deox~-P-~' 

g l u c o ~ ~ r a n o s y l )  -a-L-rhamn opyran osy l )  -a-l-rhamopyranosyl) -3-0- IZ- 

a ce  t amido-2-deoxy-p-~ -glucopyranosyl) -a-~-rhamopyrano~ide (25) ----A 

sample of t h e  f u l l y  blocked pentasacchar ide  (22)  (0  .l4lg; 0.0677m01) was 

deblocked a s  desc r ibed  above f o r  (24) . Following by use 

of e t h y l  acetate-methanol-water (7  :2 : 1) e l u a n t  R 0.18 the t i t l e  compound 
f 

2 2 
(25) was ob t a ined  a s  a white  amorphous powder (18.2mg; 2 6 % ) ;  [ a ] ~  - 

1 52.2. (C 0.21 i n  H20); H-NMR (400.13 MHz, ~ ~ 0 )  see  able 2-111; "c{lH)- 

NMR (100.6 MHz, D 2 0 )  see Table 2-111. Anal. Calcd. for  C44H76025N2: 

51.16; H I  7.42; N, 2.71. Found: C, 50.74; H, 7.39; N, 2.80. 

Benzoyl 3,4,6-t ri -0-benzoyl -2-deoxy-2- (2-benzoyl oxycarbon~~be~zamidO) -P- 

D-glucopyranoside (27)  .---TO a sample of (26)  (g.69gI 29  o 6m01) I 

d i s s o l v e d  i n  p y r i d i n e  (BOrnL), was added benzoyl chlor ide (22rm) Over  a 

p e r i o d  of l0min. Upon a d d i t i o n  of t h e  benzoyl the yel low 

r e a c t i o n  mixture  changed t o  a semi-so l id  yellow-red The 

r e a c t i o n  mixture  was s t i r r e d  a t  room tempera ture  f o r  a further 3h. The 

semi-so l id  mix ture  was t hen  poured i n t o  ice ( 4 0 0 d )  , and t h e  ice mixture 

e x t r a c t e d  with dichloromethane (3~150mL) . The extracts were 

d r i e d  (Na2S0,) , and evapora ted  t o  dryness  t o  g ive  a pink The 

s o l i d  was t aken  up i n  dichloromethane (150mL), and washed with 



hydrochlor ic  a c i d  ( I N ) ,  u n t i l  n e u t r a l ,  and then  washed with water .  The 

o rgan ic  l a y e r  was d r i e d  (Na2S04), and evaporated t o  dryness  t o  g ive  a 

s o l i d  compound. The s o l i d  was suspended i n  d i e t h y l  e t h e r ,  and c o l l e c t e d  

by f i l t r a t i o n .  The title compound (27) was ob t a ined  a s  a white amorphous 

1 s o l i d  (12.1gI 5 5 % ) ;  m.p. 218-220.C; [a]D23 - 4 4 . 4 .  ( c  2.4 i n  C H C 1 3 ) ;  H- 

) :  6166.3, 165.5, 

Anal. Calcd. f o r  

.73; H I  4.28; NI  

'; 13c( l ~ } - ~ M R ( l ~ ~ .  6MHz 

see Table 2-IV a l s o .  

N I  1 .65.  Found: C, 69 

NMR(400.13MHz): see Table 2-IV 

165.4, 164 (benzoyl carbonyl)  , 
C49H3,NO13: C I  69.42; H I  4.40; 

1 .77 .  

1,3,4,6-tetra-O-Benzoyl-2-deoxy-2-phthalimido-~-D-glucopyranoside (28) . -- 
- To a sample of (27)  (6.58gI 8.85mmol) i n  p y r i d i n e  (112mL) was added 

a c e t i c  anhydride (56mL). The s o l u t i o n  was r e f luxed  under n i t rogen  f o r  

25h. Following r e f l u x ,  t h e  s o l u t i o n  was poured i n t o  ice (250mL), and t h e  

r e s u l t i n g  mixture  e x t r a c t e d  with dichloromethane (2x75mL). The o rgan ic  

l a y e r  was dried (Na2S04) and evapora ted  t o  dryness .  The r e s u l t i n g  syrup  

was t aken  up i n  dichloromethane, and washed succes s ive ly  with 

hydrochlor ic  a c i d  (2N), and aqueous sodium hydrogen carbonate .  The 

o rgan ic  l a y e r  was d r i e d  (Na2S0,) and t h e  so lven t  was evaporated t o  g ive  a 

yellow foam. The foam was then  t r i t u r a t e d  with e t h a n o l  ( l o o % ) ,  a f f o r d i n g  

a cream co lo red  s o l i d  (28) (5.85gI 91%) ; m.p. 170-172.C; 24.8. ( c  
1 5.2 i n  C H C l j )  ; H-NMR(400.13MHz) see Table 2-IV; 1 3 ~ { 1 ~ ) - ~ M R ( 1 0 0 .  ~ M H Z )  : 

6167.5 (2 C's, phthal imido carbonyl)  166.0, 165.5, 165.1, 164.1 (benzoyl 

carbonyl )  see Table 2-IV a l s o .  Anal. Calcd. f o r  C42H3,NOll: C, 69.51; H I  

4.31; N, 1 .93.  Found: C, 69.34; H I  4 . 4 1 ;  NI 1.96. 



Ethyl  t h i o  3,4,6-tri-0-benzoyl-2-deoxy-2-phthalimido-P-D-gl ucopyranoside 

(29)  .---To a sample of (28)  (6.35g, 8.75mmol) i n  anhydrous 

dichloromethane with 4A molecular  s i e v e s ,  was added e t h a n e t h i o l  (1. 3mL, 

17.5mmol). The s o l u t i o n  was maintained under an atmosphere of n i t rogen  

and cooled  t o  O'C.  Titanium t e t r a c h l o r i d e  (1.3mL, 11.8mmol) was added, 

and t h e  s o l u t i o n  removed from t h e  ice-ba th  and al lowed t o  warm t o  room 

tempera ture .  Following 2h of r e a c t i o n  time, t h e  r e a c t i o n  mixture  was 

f i l t e r e d  through a pad of C e l i t e  and t h e  f i l t r a t e  washed with ice-co ld  

s u l f u r i c  a c i d  ( I N ) .  The o rgan ic  l a y e r  was t hen  washed succes s ive ly  with 

aqueous sodium hydrogen carbonate ,  and water .  The o rgan ic  l a y e r  was 

d r i e d  (Na2S04), and t h e  so lven t  was removed by evapora t ion .  The 

r e s u l t i n g  syrup  was c r y s t a l l i z e d  from e thano l  (100%) t o  g i v e  t h e  t i t l e  

compound (29) (3.86g, 66%) ; m.p. 142-143-C; 57.4.  ( c  2 .3  i n  

CHCl,) ; 'H-NMR (400.13MHz) : 62.76 and 2.68 (2x1H1 ABdq, J=7.5Hz and 

J=12.7Hz1 SCH2CH3), 1 .23  (3H, t ,  J=7.5HzI SCH2CH3), see Table 2-IV a l s o ;  

1 3 ~ [ 1 ~ ) - N M R ( 1 0 0 , 6 ~ ~ z )  : 6166.1, 165.7, 165.2 (benzoyl  ca rbony l ) ,  24.4 

(SCH2CH3), 15.0 (SCH2CH3), see Table 2-IV. Anal. Calcd.  f o r  C37H31N09S: 

C, 66.76; H I  4.69; N, 2 .10.  Found: C, 66.61; H, 4.72; NI  2 .19.  

3,4,6-Tri-O-benzoyl-2-deoxy-2-phthalirnido-~D-glucopyranosy1 bromide 

(30) .---To a sample of compound (28) ( 7  .31g, 10. lrnrnol) i n  anhydrous 

dichloromethane ( 50mL), was added a s o l u t i o n  of 48% hydrogen bromide i n  

a c e t i c  a c i d  (15mL). The r e a c t i o n  mixture  was s t i r r e d  under n i t rogen  a t  

room temperature  f o r  2h. The r e a c t i o n  mixture  was worked up by washing 

succes s ive ly  (by use of i ce -co ld  s o l u t i o n s )  wi th  d i s t i l l e d  water,  and 

aqueous sodium hydrogen carbonate .  The dichloromethane f r a c t i o n  was 

d r i e d  (Na2S04), and t h e  so lven t  was removed by evapora t ion  t o  g ive  a 



white  foam. The r e a c t i o n  proceeded q u a n t i t a t i v e l y ,  and t h e  product was 

used i n  t h e  subsequent g lycosy la t i on  r e a c t i o n  without f u r t h e r  

1 p u r i f i c a t i o n ;  H-NMR(400.13MHz): s e e  Table 2-IV. 

Ally1  3-0- (3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimido-~-D-glucopyranosyl) - 
2-0-acetyl-4-0-benzyl-a-L-rhamnopyranoside (31) .---A sample of 3 ,4 ,6 - t r i -  

O-benzoyl-2-deoxy-2-phthalimido-~-D-glucopyranosyl bromide (30) (6.84g, 

10 .  Ommol) i n  anhydrous dichloromethane (12.0mL) was s t i r r e d  with 4A 

molecular  s i eves ,  under n i t rogen  a t  room temperature  f o r  30min. t o  t h i s  

s o l u t i o n  was added s i l v e r  t r i f luoromethanesul fonate  (2.60g, l0.lmmol 

The s o l u t i o n  was s t irred f o r  a f u r t h e r  lomin, t hen  c o l l i d i n e  (1.34mL 

10.2mmol) was added. The s o l u t i o n  of (30) was t hen  cooled t o  -30•‹C, 

a s o l u t i o n  of a l l y 1  2-0-acetyl-4-0-benzyl-a-L-rhamnopyranoside ( 8 )  

(2.26~3, 6.72mmol) i n  anhydrous dichloromethane ( l l . O m L ) ,  p r ev ious ly  

s t i r r e d  with 4 A  molecular  s i eves ,  was added dropwise under n i t rogen .  

dropping funne l  was r i n s e d  with a d d i t i o n a l  p o r t i o n s  of anhydrous 

dichloromethane and t h e  washings added t o  t h e  r e a c t i o n  mixture .  The 

1 .  

I 

and 

The 

r e a c t i o n  mixture  was removed from t h e  coo l ing  ba th ,  and s t i r r e d  i n  t h e  

dark  under n i t rogen  f o r  8h. The r e a c t i o n  mixture  was t hen  f i l t e r e d  t o  

remove t h e  s o l i d s ,  and t h e  f i l t r a t e  was washed succes s ive ly  with 

hyd roch lo r i c  a c i d  ( I N ) ,  aqueous sodium hydrogen carbonate ,  and d i s t i l l e d  

water .  The o rgan ic  l a y e r  was d r i e d  (Na2S0,), and t h e  so lven t  removed by 

evapora t ion .  The r e s u l t i n g  syrup was p u r i f i e d  by chromatography by use 

of t o luene -e thy l  a c e t a t e  ( 1 5 : l )  a s  e l u a n t .  Compound (31) was ob ta ined  a s  

a c l e a r  c o l o r l e s s  syrup  ( 3  .82g, 57%) ; [alD2) 16.3.  (c  2 .6  i n  CHCl,) ; 'H- 

NMR(400.13MHz) : 65.82 ( l H I  m, CH2CH=CH2), 5.25 ( l H I  m, J ,,,,, =15.5HzI 

CH2CH=CHH t r a n s ) ,  5.17 ( l H ,  m, Jci,=lO. 5Hz, CH2CH=CHH c i s ) ,  4 . 4 1  and 4.26 



(2x1H1 ABq, JA,  ,=12. OHzI 0CH2Ph), 4.07 and 3.90 (2x1H1 ABql JA, ,=12.5HzI 

CH2CH=CH2), 2 . O 1  (3HI s, OCOCH,) , see Table 2-V a l s o ;  1 3 ~ ( 1 ~ ~ -  

NMR(100.6MHz): 6170.1 ( a c e t y l  ca rbony l ) ,  166.1 154.7, 165.1 (benzoyl 

carbonyl )  117.7 (OCH2CH=CH2) ,  72 .1  (OCH2Ph), 68.3 (OCH2CH=CH2) , 20.9 

(OCOCH3),  see Table 2-V a l s o .  Anal. Calcd. f o r  C53H49N015: Cl  67.72; H I  

5.25; N I  1 .49.  Found: C, 67.94; H I  5.33; N I  1.42. 

Al ly1  3- (3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimido-~-D-glucopyranosyl) - 4 -  

0-benzyl -a-L-rhamnopyranoside (32)  .---To t h e  d i s saccha r ide  (31)  (3.599, 

3.82mmol) was added methanol ic  H C 1  (35mL) [prepared by t r e a t i n g  anhydrous 

methanol (100mL) with a c e t y l  c h l o r i d e  (4mL)I. Anhydrous dichloromethane 

(25mL) was added t o  t h e  s o l u t i o n  t o  completely d i s s o l v e  t h e  sample. The 

r e a c t i o n  mixture  was s t i r r e d  under n i t rogen  a t  room temperature  f o r  72h. 

Some s t a r t i n g  m a t e r i a l  s t i l l  remained, however, some breakdown products  

were forming, s o  t h e  r e a c t i o n  was worked up a t  t h i s  p o i n t .  The r e a c t i o n  

mixture  was washed with aqueous sodium hydrogen carbonate  u n t i l  n e u t r a l .  

The o rgan ic  l a y e r  was d r i e d  (Na2S04), and then evaporated t o  dryness .  

The r e s u l t i n g  syrup was p u r i f i e d  by chromatography by use of hexane-ethyl 

a c e t a t e  ( 3 : l )  a s  e l u a n t .  Compound (32) was obtained a s  a c l e a r  c o l o r l e s s  

syrup  which was d r i e d  i n  vacuo t o  g ive  a white foam (2.61gI 76%) ;  [ a ] ,  
2 3 

1 .43.  (c  2 . 1  i n  CHC13) ; ' H - N M R ( ~ O O .  1 3 ~ ~ z )  :65.77 ( l H I  m, CH2CH=CH2), 5 .21 

( l H I  m, J ,,,,, =15.5HzI CH2CH=CHH t r a n s ) ,  5.15 ( l H I  m, Jci,=10.5Hz, 

CH2CH=CHH cis)  4.39 and 4.26 (2x1hI ABq, JA, ,=12. O H Z ,  0CH2Ph) I 4 02 and 

3.7 9 (2xlH, ABq, JA, ,=12.5HzI CH2CH=CH2) , see Table 2-V a l so :  13c t 'H - 
NMR(lOO.6MHz) : 6166.1, 165.5 165.2 (benzoyl carbonyl)  , 117.4 

(OCH,CH=CH,) , 74.5 (OCH2Ph) , 67.8 (OCH,CH=CH,) , see Table 2-V a l s o .  



~nal. Calcd. for C51H47N014: C, 68.22; HI 5.27; N, 1.56. Found: C, 68.04; 

HI 5-40: 1.47. 

Ally1 2-0- (3-0- (3-0- f3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-/3-D- 

gl ucopyranosyl) -2-0-benzoyl -4-0-benzyl -a-L-rhamnopyran~s~l) -2-0-benzoyl- 

4-0-benzyl -a-L-rhamnopryanosyl) -3-0- (3,4,6- tri-O-benzoyl-2-deoxy-2- 

phthalimido-P-D-glucopyranosyl) -4-0-benzyl -a-L-rhamnopyranoside (33) . ---A 
sample of the trisaccharide chloride (21) (0.442g, 0.390mmol) in 

anhydrous dichloromethane (3.0mL) was stirred with 4A molecular sieves 

for 30min, then transferred to a dropping funnel and cooled to -78'C. 

This solution was added dropwise to a cooled (-78'C) solution of the 

disaccharide alcohol (32), in anhydrous dichloromethane (1.5mL), 

containing silver t r i f luoromethanesul fona te  (0.15g, 0.408mmol), and 

1,1,3,3-tetramethylurea (0. OSOmL, 0.42mmol) . The dropping funnel was 

rinsed with additional portions of dichloromethane (3xl.OmL) and the 

washings were added to the reaction mixture. The reaction mixture was 

stirred in the dark, under a nitrogen atmosphere, and allowed to warm to 

room temperature. After 60h and lOOh reaction time, additional portions 

of silver t r i f luoromethanesulphonante (O.lOg, 0.39mmol) and 1,1,3,3- 

tetramethylurea (0. 05mL, 0.42mmol) were added to the reaction mixture. 

After llOh reaction time the reaction mixture was filtered and the 

filtrate was washed with hydrochloric acid (IN). The organic layer was 

dried (Na2S04), and the solvent evaporated to give a syrup which was 

purified by chromatography by use of toluene-ethyl acetate (5:l) as 

eluant. The title compound (33) was obtained as a clear, light- yellow 

syrup which was dried in vacuo to give a foam (0.301gI 68%) ; -6.7' 

(c 4.3 in CHC13); 1~-~~~(400.13MHz): 65.65 (lH, m, CH2CH=CH2)t 5-16 and 



4.81 (2x1HI ABq, JAIB=11.2HzI 0CH2Ph), 5.  5 ( l H I  mI J ,,,,, =15.5HzI 

CH2CH=CHH t r a n s ) ,  5.08 ( l H ,  m, Jci,=10.5Hz, CH2CH=CHH c i s ) ,  4.42 and 4.27 

(2xlH, ABq, JA,,=12.5Hz, 0CH2Ph), 4.18 and 4.13 (2x1HI ABq, JA,,=12.0Hz, 

0CH2Ph), 3.96 and 3.75 (2xlH, ABq, J,, ,=l2.5Hz 0CH2CH=CH2) see  Table 2- 

VII a l s o ;  ' 3 ~ { ' ~ ) - ~ ~ ~ ( 1 0 0 .  6 ~ ~ 2 )  : 6170.6, 169.9 and 169.1 ( a c e t y l  

carbonyls )  , 165.9, 165.6 (2 ca rbons ) ,  165.5 and 165.1 (benzoyl 

c a r b o n y l s ) ,  117.1 (OCH,CH=CH2) 75.1, 74.3 and 73.7 (OCH2Ph), 67.6 

(OCH2CH=CH2), 20.4 and 20.2 (OCOCH3) see Table 2-VII a l s o .  Anal. Calcd. 

f o r  ClllH106N2033: C, 66.79; H I  5.35; N ,  1 .40 .  Found: C, 66.87; H I  5.58; 

N, 1 . 4 1 .  

Propyl  2-0- (3-0- (3-0- (2-acetarnido-2-deoxy-P-D-glucopyransyl) -a-L- 

rhamnopyranosyl) -a-L-rhamnopyranosyl) -3-0- (2-acetarnido-Z-deoxy-P-D- 

g l  ucopyranosyl) -a-L-rhamnopyranoside (34) . - - -A sample of t h e  f u l l y  

p r o t e c t e d  pentasacchar ide  (33) (0.075gI 0.0383mmol) was d i s s o l v e d  i n  

sodium methoxide i n  methanol ( l . O M I  3.0mL). The s o l u t i o n  was s t i r r e d  a t  

room tempera ture  under n i t rogen  f o r  40h, and then  n e u t r a l i z e d  by s t i r r i n g  

with Amberlyst 15 (H') r e s i n  beads.  The r e s i n  was removed by f i l t r a t i o n ,  

and t h e  f i l t r a t e  evapora ted  t o  dryness .  The r e s u l t i n g  syrup  was taken  up 

i n  80% aqueous a c e t i c  a c i d  (10mL) and was s t i r r e d  a t  room temperature  

wi th  10% pal ladium on carbon (0.10g) under a hydrogen atmosphere 

( 5 2 p . s . i . )  f o r  20h. The r e a c t i o n  mixture  was t hen  f i l t e r e d  through a pad 

of Celite with e thano l  (100%) .  The f i l t r a t e  was evapora ted  t o  dryness ,  

and t h e  r e s u l t i n g  syrup  evapora ted  s e v e r a l  times wi th  e thano l  (100%) t o  

remove t r a c e s  of a c e t i c  a c i d .  The d r i e d  syrup  was t hen  t aken  up i n  

e thano l  (100%) (15mL) t o  which was added hydrazine hydra te  (100%) 

(0.lOmL). The s o l u t i o n  was r e f luxed  under n i t rogen  f o r  10h. Following 



r e f l u x ,  t h e  s o l u t i o n  was f i l t e r e d  t o  remove a f i n e  grey  prec ip i ta te ,  and 

t h e  f i l t r a t e  was evaporated s e v e r a l  t imes with methanol t o  remove t r a c e s  

of hydrazine hyd ra t e .  The r e s u l t i n g  syrup was t hen  taken up i n  methanol 

(8  .OmL) t o  which was added a c e t i c  anhydride (1.5mL) . After  lOmin TLC 

(EtOAc-MeOH-H20 6 : 3 : 1) i n d i c a t e d  t h a t  t h e  r e a c t  i on  was complete. The 

r e a c t i o n  mixture  was evaporated t o  dryness and t h e  res idue  was evaporated 

with e t h a n o l  (100%) t o  remove t r a c e s  of a c e t i c  anhydride.  The r e s u l t i n g  

syrup was p u r i f i e d  by chromatography by use of  e t h y l  acetate-nethanol- 

water  (6 :  3:  1) a s  e l u a n t .  The p u r i f i e d  sample was t hen  taken up i n  water 

(1.Om.L) and passed through a sy r inge  f i l t e r  ( 0 . 2 2 ~ )  t o  remove t r a c e s  of 

d i s s o l v e d  s i l i c a  g e l .  The f i l t r a t e  was then lyoph i l i zed ,  and t h e  t i t l e  

1 compound (34) (0.01759, 50%) was obtained a s  a white  amorphous s o l i d ;  H- 

NMR (400.13MHz) : see Table 2-VII; 1 3 ~ { 1 ~ } - ~ ~ ~ ( 1 0 0 ,  ~ M H Z )  : see  Table 2-VII. 

PD-MS Calcd.  f o r  C37HSrN2023Na: m/e 928. Found: m/e 927 ( M N ~ )  +. 

3-0- (3,4,6-tri-O-benzoyl-2-deoxy-2-phthalimido-~-~-glucopyranos~) -2-0- 

acetyl-4-0-benzyl -a-L-rhamnopyranose (35) .---To a sample of t h e  

d i s accha r ide  (31) (0.249g, 0.265mmol) i n  e thanol-water  ( 9 : l )  (35m.L), was 

added t r is  ( t r iphenylphosphine)  rhodium ( I )  ch lo r ide  ( 60mg) . The r e a c t i o n  

mixture  was r e f luxed  under n i t rogen  f o r  24h. Following r e f l u x  t h e  

r e a c t i o n  mixture  was evapora ted  t o  dryness and t h e  r e s u l t i n g  syrup was 

taken  up i n  e t h y l  a c e t a t e  and f i l t e r e d  through a s h o r t  column of s i l i c a  

g e l .  Evaporation of t h e  f i l t r a t e  gave a syrup which was taken  UP i n  

acetone-water (10 : 1) ( 9 . 0 m ~ )  conta in ing  yellow mercury (11) oxide (0.086gt 

0.39i'mmol) . To t h i s  s o l u t i o n  was added mercury (11) c h l o r i d e  (0 .  108gt 

0.397mrnol). The r e a c t i o n  mixture  was s t i r r e d  f o r  40h and t h e  so lvent  was 

then  removed by evapora t ion .  The yellow syrup was taken  up i n  e t h y l  



a c e t a t e  and f i l t e r e d  through a pad of C e l i t e .  The f i l t r a t e  was washed 

s u c c e s s i v e l y  w i t h  s a t u r a t e d  aqueous potass ium i o d i d e  (2x1 , aqueous sodium 

t h i o s u l f a t e  (2x1, and water  ( 2 x ) .  The e t h y l  a c e t a t e  l a y e r  was dried 

(Na,SO,), and c o n c e n t r a t e d  t o  a sy rup ,  which was p u r i f i e d  by 

chromatography by use  of hexane-ethyl  a c e t a t e  (2  : 1) a s  e l u a n t .  Compound 

(35) was o b t a i n e d  a s  a c l e a r  l i g h t  ye l low foam (0.192gI 80%) : 'H- 

NMR(400.13MHz) : s e e  Table 2-V; 1 3 ~ { 1 ~ ) - ~ ~ ~ ( 1 ~ ~ .  6MHz) : 6170.2 ( a c e t y l  

c a r b o n y l ) ,  166.1,  165.6, 165.0  (benzoyl  c a r b o n y l ) ,  74.5 (OCH2Ph) I 20.8 

(OCOCH3), see Table  2-V a l s o .  Anal. Calcd.  f o r  C50H45N015 : C ,  66.74; HI 

5.04;  N, 1 .56 .  Found: C, 66.52; HI 5.26; NI 1 .47 .  

3-0- f3,4,6-Tri-O-benzoyl-2-deoxy-2-phthalimido-~-D-glucopyranosyl) -2-O- 

acetyl-4-0-benzyl-a-L-rhamnopyranosyl chloride (36).---To a s o l u t i o n  of  

DMF (0 .  08mL, 1. Ommol) i n  anhydrous dichloromethane (1. O m L )  was added 

o x a l y l  c h l o r i d e  ( 0 .  lOmL, 1. lmmol) . The mix tu re  was s t i r r e d  under  

n i t r o g e n  f o r  5min, t h e n  t h e  s o l v e n t  was e v a p o r a t e d  under r educed  

p r e s s u r e ,  and t h e  r e s u l t i n g  whi te  s a l t  was d r i e d  in vacuo f o r  l h .  To t h e  

NN-dimethyl (chloromethylene)  ammonium c h l o r i d e  s a l t  was added a s o l u t i o n  

of t h e  d i s a c c h a r i d e  hemiace ta l  (35) (0.164g, 0.182mmol) i n  anhydrous 

d ich lo romethane  (1. OmL) ; t h e  f l a s k  was r i n s e d  w i t h  a d d i t i o n a l  p o r t i o n s  of 

d ich lo romethane  (3x0.75mL)and t h e  washings added t o  t h e  b u l k  r e a c t i o n  

m i x t u r e .  The r e a c t i o n  mix tu re  was s t i r r e d  under  n i t r o g e n  f o r  2 .5hI  a f t e r  

which time t h e  r e a c t i o n  was quenched by t h e  a d d i t i o n  o f  i c e - c o l d  aqueous 

sodium hydrogen ca rbona te .  The o r g a n i c  l a y e r  was t h e n  washed w i t h  

s a t u r a t e d  aqueous sodium c h l o r i d e  s o l u t i o n ,  and d r i e d  (K2CO3) I and t h e  

s o l v e n t  was removed by e v a p o r a t i o n .  The r e a c t i o n  p roceeded  n e a r l y  

q u a n t i t a t i v e l y  ( 0 .  lS8gI 95%) ,  and t h e  p roduc t  (36)  was u s e d  immediate ly ,  



without f u r t h e r  p u r i f i c a t i o n ,  i n  t h e  subsequent g lycosy la t i on  r e a c t i o n .  

Al ly1  3-0- (3-0- (3,4,6-tri-0-benzoyl-2-deoxy-2-phthalimido-P-D- 

g l  ucopyranosyl ) -2-0-ace tyl -4-0-benzyl -L-rhamnopyranosyl) -2-0 -benzoyl -4 -0- 

benzyl-a-L-rhamnopyranoside (37).---A sample of t h e  d i s accha r ide  c h l o r i d e  

(36)  (0.158gI 0.173mmol) i n  anhydrous dichloromethane (3.5mL) was s t i r r e d  

with 4A molecular  s i e v e s  f o r  30min. The s o l u t i o n  was t r a n s f e r r e d  t o  a 

dropping funne l  and cooled t o  -78'C, and added dropwise t o  a cooled 

mixture  (-78.C) of t h e  a l coho l  acceptor  (11) 60a (0.0800gI 0.200mmol), 

s i l v e r  t r i f luoromethanesul fonate  (0.160gI 0.623mmol) and 1,1,3,3-  

t e t r ame thy lu rea  (0.70mLI 0.58mmol). The dropping funne l  was r i n s e d  with 

a d d i t i o n a l  p o r t i o n s  of dichloromethane (3x0.75mL) and t h e  washings were 

added t o  t h e  r e a c t i o n  mix ture .  The r e a c t i o n  mixture  was s t i r r e d  i n  t h e  

dark,  under n i t rogen ,  and allowed t o  warm t o  room tempera ture .  Af t e r  

36h, t h e  r e a c t i o n  mixture  was f i l t e r e d  t o  remove t h e  s o l i d s ,  and t h e  

f i l t r a t e  was evapora ted  t o  dryness .  The r e s u l t i n g  syrup was p u r i f i e d  by 

chromatography, by use  of hexane-ethyl a c e t a t e  ( 3 : l )  a s  e l u a n t .  A co- 

e l u t i n g  mixture  of p roducts  was ob ta ined ,  c o n s i s t i n g  of a mixture  of t h e  

a- and p-anomers of t h e  d e s i r e d  t r i s a c c h a r i d e ;  with t h e  p-anomer, t h e  

major product  (a:P= 1 : 6 ) .  Compound (37)  was ob t a ined  a s  a white foam 

(0.796gI 36% a/p combined) ; ~ H - N M R ( ~ O O .  13MHz) (p-anomer un l e s s  o therwise  

no ted)  : 65.94 ( l H I  dd, J2 3=10.6Hz, J3 4=9 .5H~I  H-3c)t 5.74 ( 1 H t  dd, 

J1 ,2=2.0H~I  J 2 , 3 = 3 . 4 H ~ I  H - Z A ) ,  5.65 ( l H I  t, J3 4+J4 5'19*OHz~ H - ~ , ) I  5.64 

( l H I  d I  Jl t2=8.5HzI 1 I 5 - 4 3  ( l H I  dd, Jl,2=2.5Hz, - 1 )  I 4-80  HI d, 

J l t2=2 .OHz, H - l A ) ,  4.76 and 4.57 (2xlH, ABq, JAtB=11.3Hz, 0CH2Ph) I 4 -73  

( l H ,  dd, J1, 2 ~ 8 .  ~ H z ,  J2 3=10. ~ H z ,  H-2c) 4 -58 ( 1 H t  dd, J1, 2 = 2 - 5 H ~ ,  

J2, )=4 .  OHz, H-2B) , 4.45 and 4.27 (2x1HI ABq, JA, B=12. 2Hzt 0CH2Ph) I 4.28 



(lHI ddI J2 3=3.4H~I J3, 4=9.5HzI H-3,) I 3.92 (lHI dd, J2 3=4.0H~I 

J3, 4=9.5H~I H-3,) 3.90 (lHI dqI J4 5=9.5HzI J5, 6=6.2H~, H-5,) 3.57 (lHI 

tI J3, 4tJ4, 5=19.0H~, H-4,) 3.43 (lHI t, J3 4tJ4, 5=18.5H~I H-4,) I 3-32 

(lHI dq, J4, 5 ~ 9 .  OHZ, J5, 6=6.2H~I H-5g) I 2.86 (1HI dtr J4, 5=1O. OHzr H-5C) 

1.44 (3H, d, J,, 6=6.2H~I H3-6,), 1.10 (3H, d, J5 6=6.2Hz~ H3-6,) . Anal. 

Calcd. for C73HS9N020: C ,  68.48; HI 5.43; N, 1.09. Found: C, 68.37; HI 

5.59; N, 1.18. 

Ally1 2-0- (2-0-benzoyl-4-0-benzyl-3-0- ( (P- (trimethylsilyl) eth0xy)methyl) - 
a-L-rhamnopyranosyl) -3-0- (3,4,6-tri-0-benzoyl-2-deoxy-2-phthalimido-P-D- 

gl ucopyranosyl) -4-0-benzyl -a-L-rhamnopyranoside (39) .---A sample of the 

disaccharide alcohol (32) ( 2 . 6 1 ~ ~ ~  2.91mmol) in anhydrous dichloromethane 

(15mL) with silver t r i f luoromethanesul fonate  (2.24g, 8.72mmol) and 

1,1,3,3-tetramethylurea (1. OmL, 8.36mmol), was stirred with 4A molecular 

sieves for 30min, and then cooled to -78'C. A solution of the 

monosaccharide chloride (38) 72 (2.219. 4.36~~1101) in anhydrous 

dichloromethane (7.0mL) , previously stirred with 4A molecular sieves for 

30min and then cooled to -78'C, was added dropwise to the stirred 

solution of (32). The dropping funnel containing (38) was rinsed with 

additional portions of dichloromethane (3x3.0mL) and the washings were 

added to the reaction mixture. The reaction mixture was stirred under 

nitrogen, in the dark, and allowed to warm to room temperature. After 

17h of reaction, the mixture was filtered through a pad of Celite, and 

the filtrate was washed successively with hydrochloric acid (IN), and 

saturated aqueous sodium chloride solution. The organic phase was dried 

(Na2S04) and the solvent was evaporated. The remaining syrup was 

purified by chromatography, by use of hexane-ethyl acetate (3:l) as 



e l u a n t .  The t i t l e  compound (39) was ob ta ined  a s  a c l e a r ,  l ight-yel low 

syrup which was d r i e d  i n  vacuo (2.248, 61%) ; [a] ,23 -19.8' ( c  4.8 i n  

J, ,,,, =15. 5Hz, 0CH2CH=CHH t r a n s ) ,  5.10 ( l H ,  m, Jc i ,= lO.  5Hz, 0CH2CH=CHH 

c i s ) ,  5.03 and 4.88 (2xlH, ABq, JA ,=7. O H Z ,  0CH20C~2C~,Si (CH,) ,) I 4.97 

and 4.71 (2x1HI ABq, JAIB=ll.OHzI 0CH2Ph), 4.38 and 4 . 2 1  (2x1HI ABqt 

JA,,=12. 5Hz. 0CH2Ph), 4.00 and 3.80 (2xlH, ABq, JA, ,=12.5HzI 0CH2CH=CH2), 

3 .71 (2H, m, 0CH20CH2CH2Si (CH,) ,) , 1.00 (2H, m, OCH,OCH,CH,S~ (CH,) , - 
0.075 (9H, s, 0CH20CH2C::,Si (CH,) ,) see Table 2-VI  a l s o ;  l3c{'H1- 

NMR(100.6MHz) : 6168.3, 166.9, 166.0, 165.7, 165.6 and 165.2 (carbonyls )  I 

117.3 (OCH2CH=CH2), 94.1 (OCH20CH2CH2Si (CH,) ,), 75.1 and 74.4 (OCH,Ph) I 

67.7 (OCH2CH=CH2), 65.6 (OCH20CH2CH2Si (CH,) ,) , 19.9 

(OCH,OCH,CH,Si (CH,) ,) , - 1 . 4  (OCH20CH2CH2Si (a3) ,) , see  Table 2-VI a l s o .  

Anal. Calcd. f o r  C77H81N020: C I  67.58; H I  5.96; N I  1.02.  Found: CI 

67.81; H I  6.01; N I  0.98. 

Al ly1  2-0- (2-0-benzoyl-4-0-benzyl -a-L-rhamnopyranosyl) -3-0- f3f 4f 6-tri-O- 

benzoyl-2-deoxy-2-phthalimido-~D-glucopyranosyl)-4-O-benzyl-a-L- 

rhamnopyranoside (40)  .---A sample of t h e  t r i s a c c h a r i d e  (39) (0.906g1 

0.662mmol) was d i s s o l v e d  i n  methanol ic  HC1 (20mL) [prepared by t r e a t i n g  

anhydrous methanol (100mL) with a c e t y l  c h l o r i d e  (4.0mL) 1 . This s o l u t i o n  

was d i l u t e d  by t h e  a d d i t i o n  of anhydrous methanol ( 2 0 m ~ ) ,  and anhydrous 

dichloromethane (5.0mL). The r e a c t i o n  mixture  was s t i r r e d  a t  room 

temperature ,  under n i t rogen ,  f o r  3h. The r e a c t i o n  was quenched by adding 

aqueous sodium hydrogen carbonate .  This  s o l u t i o n  was e x t r a c t e d  with 

dichloromethane, and t h e  o rgan ic  l a y e r  d r i e d  (Na2SOq), and t h e  so lven t  

removed by evapora t ion .  The remaining syrup was p u r i f i e d  by 



chromatography by use of hexane-ethyl a c e t a t e  ( 2 : l )  as  e l u a n t .  The t i t l e  

compound was ob t a ined  a s  a c l e a r  c o l o r l e s s  syrup  which was d r i e d  i n  vacuo 

2 3 t o  g ive  a white foam (0 .  675g, 82%) ; [aID -22.7. ( c  2.7 i n  CHC13) ; 'H- 

NMR(400.13MHz) : 65.68 ( l H ,  m, 0CH2CH=CH2), 5.18 ( l H ,  m, J ,,,,, =15.5HzI 

0CH2CH=CHH t r a n s ) ,  5.09 ( l H I  m, Jci,=10.05Hz, OCH,CH=CHH c i s ) ,  4 . 9 4  and 

4.77 (2xlH, ABq, JA,,=ll.OHz, 0CH2Ph), 4.24 and 4 . 1 4  ( l H ,  ABq, 

J,, ,=12. OHZ,  0CH2Ph) , 3.99 and 3.80 (2xlH, ABq, J,, ,=12.5HzI 0CH2CH=CH2), 

2.62 ( l H I  d, Jo,, ,,=5 .3HrI OH) s ee  Table 2-VI a l s o ;  " C { ' H ) N M R ( ~ O O .  ~ M H Z )  : 

6166.2, 166.0, 165.7 and 165.1 (benzoyl ca rbony l s ) ,  117.3 (OCH2CH=CH2) ,  

74.5 and 73.8 (OCH2Ph), 67.8 (OCH2CH=CH2),  see Table 2-VI a l s o .  Anal. 

Calcd. f o r  C71H67N019: C, 68.87; HI 5.45; N I  1 .13.  Found: C, 68.64; H I  

5.45; NI 1.13. 

gl ucopyranosyl) -4-0-benzyl -a-L-rhamnopyranose (41)  .---To a sample of t h e  

t r i s a c c h a r i d e  (39) (1.36g, 0.994mmol) i n  e thanol-water  ( 9 :  1) (60mL) was 

added t r i s  ( t r iphenylphosphine)  rhodium(1) c h l o r i d e  (0.2 65g) . The r e a c t i o n  

mixture  was r e f luxed  under n i t rogen  f o r  14h. Following r e f l u x ,  t h e  

so lven t  was removed by evaporat ion,  and t h e  r e s idue  was taken  up i n  

e t h y l - a c e t a t e  and f i l t e r e d  through a s h o r t  column of s i l i c a  g e l .  The 

f i l t r a t e  was evapora ted  t o  dryness,  and t h e  r e s u l t i n g  syrup was d i s so lved  

i n  acetone-water ( 1 0 : l )  (40mL). To t h i s  s o l u t i o n  was added yellow 

mercury (11) oxide (0.323g, 1.49mmol), fol lowed by t h e  a d d i t i o n  of 

mercury (11) c h l o r i d e  (0.  405gI 1.49mmol) . The r e a c t i o n  mixture was 

s t i r r e d  a t  room temperature  f o r  40h. The so lven t  was then  removed by 

evapora t ion  and t h e  r e s idue  was taken up i n  e t h y l - a c e t a t e  and f i l t e r e d  



th rough  a pad of C e l i t e .  The f i l t r a t e  was washed s u c c e s s i v e l y  w i t h  

s a t u r a t e d  aqueous po tass ium i o d i d e  (2x) , aqueous sodium t h i o s u l f  a t e  (2x1 , 
and water  (2x1. The o r g a n i c  l a y e r  was d r i e d  (Na2S04) and t h e  s o l v e n t  was 

removed by e v a p o r a t i o n .  The remaining syrup was p u r i f i e d  by 

chromatography by use  of hexane-ethyl  a c e t a t e  ( 2 : l )  a s  e l u a n t .  The t i t l e  

compound was o b t a i n e d  a s  a c l e a r ,  l i g h t  yellow syrup,  which was dried i n  

vacuo t o  g i v e  a foam ( 0 .  9O9g, 0.685mmol) ; ' H - N M R ( ~ O O . ~ ~ M H Z )  : 65.01 and 

4.87 (ZxlH, ABq, JA, ,=7. OHZ,  0CH20CH2CH2Si (CH,) ,) , 4.96 and 4.70 (2x1HI 

ABqr JA, ,=I1 . P H z ,  0CH2Ph), 4.25 and 4.18 (2xlH, ABq, JA,,=12. O H Z I  

0CH2Ph), 3.70 (2H, m, 0CH20CH2CH2Si (CH3) 3 ) ,  2.75 ( l H ,  d, J,,, l B = 3 . 3 H ~ ~  

OH), 0.98 ( Z H ,  m, 0CH20CH2CH2Si(CH3) -0.10 (9h, S, 

0CH20CH2CH2Si (CH,) ,) see Table  V I  f o r  o t h e r  s i g n a l s ;  13c( 'HI-  

NMR(100.6MHz) : see Table  2-VI a l s o .  Anal. Calcd. f o r  C , ~ H , , N O ~ ~ S ~ :  C, 

66.90; H I  5.84; N I  1 .05.  Found: C, 66.94; H I  6.03; N I  1.01.  

2-0- (2-0-Benzoyl-4-0-benzyl- ( (P- t r i rne thy l s i ly l )  eth0xy)rnethyl) -a-L- 

rhamnopyranosyl) -3-0- (3,4, 6-tr i-benzoyl -2-&oxy-2-phthalirnido-W- 

glucopyroanosyl)  -4-0-benzyl -L-rhamnopyranosyl c h l o r i d e  (42 . ---To a 

s o l u t i o n  of DMF ( 0 .  23mL, 2.97mmol) i n  anhydrous dichloromethane (5.0mL) 

was added o x a l y l  c h l o r i d e  (0.26mLI 2.98mmol). The mix ture  was s t i r r e d  

under  n i t r o g e n  f o r  5min, t h e n  t h e  s o l v e n t  was evapora ted  under reduced 

p r e s s u r e ,  and t h e  r e s u l t i n g  whi te  s a l t  d r i e d  in vacuo with  g e n t l e  h e a t i n g  

f o r  25min. To t h e  NN-dimethyl (chloromethylene) ammonium c h l o r i d e  s a l t  was 

added a s o l u t i o n  of t h e  t r i s a c c h a r i d e  hemiaceta l  (41)  (0.774!31 0.582mmol) 

i n  anhydrous d ich lo romethane  (5.0mL) ; t h e  f l a s k  was r i n s e d  wi th  

a d d i t i o n a l  p o r t i o n s  of d ichloromethane (3x1. OmL) . The r e a c t i o n  mix ture  

was stirred under  n i t r o g e n ,  a t  room temperature  f o r  30min, a f t e r  which 



time t h e  r e a c t i o n  was quenched by t h e  a d d i t i o n  of i c e - co ld  aqueous sodium 

hydrogen carbonate .  This mixture  was d i l u t e d  with dichloromethane and 

t h e  o rgan ic  l a y e r  was then  washed with s a t u r a t e d  aqueous sodium c h l o r i d e  

s o l u t i o n ,  and d r i e d  ( K 2 C 0 3 ) ,  and t h e  so lven t  was removed by evapora t ion .  

The r e a c t i o n  proceeded n e a r l y  q u a n t i t a t i v e l y  a s  determined by TLC 

(0.775gI 9 8 % ) ,  and t h e  product  (42)  was used immediately, without f u r t h e r  

p u r i f i c a t i o n ,  i n  t h e  subsequent g lycosy la t i on  r e a c t i o n .  

A l l y l  2-0- (3-0- (2-0- (2-0-benzoyl-4-0-benzyl-3-0- ( (p- 

t r i m e t h y l s i l y l )  ethoxy)methyl) -a-L-rhamnopyranosyl) -3-0- (3,4,6-tri-0- 

benzoyl-2-deoxy-2-phthalimido-~-D-glucopyranosyl) -4-0-benzyl -a-L- 

rhamnopyranosyl) -2-0 -benzoyl-4-0-benzyl -a-L-rhamnopyranosyl) -3-0- (3,4,6- 

tri-0-benzoyl-2-deoxy-2-phthalimido-~D-glucopyranosyl) -4-O-benzyl-a-L- 

rhamnopyranoside (43)  . - - -A sample of t h e  t r i s a c c h a r i d e  a l coho l  (40)  

(0.198g, 0.149mmol) i n  anhydrous dichloromethane (3.0mL) with s i l v e r  

t r i f luoromethanesulfonate (0.102g, 0.397mmol) and c o l l i d i n e  (0.6mL), was 

s t i r r e d  with 4A molecular  s i e v e s  f o r  30min, and then  cooled t o  -78'C. A 

s o l u t i o n  of t h e  t r i s a c c h a r i d e  c h l o r i d e  (42) (0.345gI 0.256mmol) i n  

anhydrous dichloromethane (4.0mL) , prev ious ly  s t i r r e d  with 4A molecular  

s i e v e s  f o r  30min and then  cooled t o  -78'C, was added dropwise t o  t h e  

s t i r r e d  s o l u t i o n  of ( 4 0 ) .  The dropping funne l  con ta in ing  (42) was r i n s e d  

wi th  a d d i t i o n a l  p o r t i o n s  of dichloromethane (3x0.75mL) which were added 

t o  t h e  r e a c t i o n  mixture .  The r e a c t i o n  mixture  was s t i r r e d  under 

n i t rogen ,  i n  t h e  dark,  and al lowed t o  warm t o  room temperature .  A f t e r  

24h of r e a c t i o n ,  t h e  mixture  was f i l t e r e d ,  and t h e  f i l t r a t e  was washed 

succes s ive ly  wi th  hydrochlor ic  a c i d  (IN), aqueous sodium hydrogen 

carbonate ,  and water .  The o rgan ic  phase was d r i e d  (Na2S0,) and t h e  



solvent was evaporated to dryness. The remaining syrup was purified by 

chromatography, by use of hexane-ethyl acetate (2:l) as eluant. The 

t i t l e  compound (43) was obtained as a clear light yellow syrup which was 

dried i n  vacuo (0.190g, 50%); [alDz3 -14.6. ( c  2.8 in CHCl,); 'H- 

NMR(400.13MHz) : 65.92 (lHI mI 0CH2CH=CH2), 5.18 (lHI mI J ,,,,, =15.5Hz, 
0CH2CH=CHH trans) , 5.10 (lH, m, Jci,=lO. 5Hz, 0CH2CH=CHH cis) , 4.99 and 
4.62 (2xlH, ABq, JAI ,=11. OHz, 0CH2Ph), 4.97 and 4.81 (2xlH, ABqI 

JAl ,=7. OHZ, 0CH20CH2CH2Si (CH,) ,) , 4.94 and 4.69 (2xlH, ABqI JAl ,=11.5HzI 
0CH2Ph), 0.94 and 0.91 (2H, m, 0CH20CH2CH2Si (CH,) ,) , -0.13 (9H, s, 

0CH20CH2CH2Si(CH3),) see Table 2-VIII also; '3~{'~l-~~~(100.6MHz) : 

6168.3, 166.0, 165.7 (2 carbons), 165.5, 165.4, 165.1 and 164.9 (benzoyl 

carbonyls) , 117.2 (OCH2CH=CH2), 93.8 (OCH20CH2CH2Si (CH,) ,), 75.2, 74.8, 

74.4 and 73.7 (OCH2Ph), 67.7 (OCH2CH=CH2), 65.5 (OCH,OCH,CH,S~ (CH,) , 
17.9 (OCH,OCH,CH,S~ (CH,) ,) , -1.5 (OCH20C~2C~2Si (CH3) ,) , see Table 2-VIII 
also. Anal. Calcd. for C145H142N2038Si: C, 68.33; HI 5.61; N, 1.09. 

Found: C, 68.12; HI 5.58; NI 1.10. 



Prepa ra t i on  of BSA-glycocon juga t e  (45) . ---The 8- (methoxycarbonyl) o c t y l  

g lycos ide  (44)  Is (8.9mg, l3.Opmol) was d i sso lved  i n  e thanol  (2OOpL) , and 

hydrazine hydra te  (100pL) was added. The r e a c t i o n  mixture was l e t  s t a n d  

a t  room temperature ,  and a f t e r  12h, TLC by use of e t h y l  acetate-methanol- 

water (7 :2 :1)  i n d i c a t e d  t h a t  a l l  of t h e  s t a r t i n g  e s t e r  had been consumed, 

t o  y i e l d  a more-polar component. The so lvent  was removed by evapora t ion ,  

t h e  r e s idue  was evaporated with water (2xlmL), and then taken up i n  water 

and l y o p h i l i z e d .  The white  powder was used d i r e c t l y  i n  t h e  subsequent 

r e a c t i o n .  The l y o p h i l i z e d  hydrazide was taken up i n  f r e s h l y  d i s t i l l e d  

N, N-dimethylf ormamide (400pL) and t h e  s o l u t i o n  was cooled t o  - 4 0  ' C .  A 

s o l u t i o n  of N 2 0 4  i n  CH2C12 (54pL, 19.5pm01, 0.36M) was added by means of 

a pre-cooled s y r i n g e .  The s o l u t i o n  was s t i r r e d  f o r  15min. This s o l u t i o n  

was then  added dropwise t o  a s t i r r e d  s o l u t i o n  of bovine serum albumin 

(BSA) ( 3.64mLI lOmg mL-I) i n  b u f f e r  (0.O8M i n  Na2B407 and 0.35M i n  

KHC03) a t  O'C.  The BSA s o l u t i o n  was s t i r r e d  a t  O'C f o r  12h and then  

d i a l y z e d  a g a i n s t  d i s t i l l ed  water (6x6mL) by use  of an Amicon 

u l t r a f i l t r a t i o n  c e l l  equipped wi th  a PM-10 membrane. The res idue  was 

taken  up i n  water  and l y o p h i l i z e d  t o  g ive  (45) a s  a white powder (39mg) 

wi th  a l e v e l  of hapten inco rpo ra t i on  of 13% (wi th  t h e  assumption of 60 

l y s i n e  r e s i d u e s  p e r  BSA molecule) ,  o r  8 haptens p e r  molecule of BSA. The 

inco rpo ra t i on  l e v e l  was e s t a b l i s h e d  on t h e  b a s i s  of carbohydrate conten t ,  

a s  determined by t h e  method of Dubois e t  a1,77 by use of rhamnose a s  t h e  

s t anda rd  sugar .  

P repa ra t i on  of Horse Hb-glycoconjugate (46).---The 8- 

(methoxycarbonyl) o c t y l  g lycos ide  (44) (19.44mgI 2 8 . 4 p o l )  was d i s s o l v e d  

i n  e t h a n o l  (400pL), and hydrazine hydra te  (200pL) was added. The 



r eac t ion  mixture was l e t  s t and  a t  room temperature,  and a f t e r  l6h,  TLC by 

use of e t h y l  acetate-methanol-water (7:2:1) i n d i c a t e d  t h a t  a l l  of t h e  

s t a r t i n g  e s t e r  had been consumed, t o  g ive  a more-polar component. The 

so lvent  was removed by evaporat ion,  t h e  r e s idue  was evaporated with water 

(3x2rnL), and then taken up i n  water and lyoph i l i zed .  The white powder 

was d iv ided  i n t o  two po r t ions ,  p a r t  of which (9.94mgI 14.5mmol) was used 

d i r e c t l y  i n  t h e  subsequent r eac t ion .  The l y o p h i l i z e d  hydrazide was taken 

up i n  f r e s h l y  d i s t i l l e d  N, N-dimethylformamide (400pL) and the  s o l u t i o n  

was cooled t o  -40'C. A s o l u t i o n  of N204 i n  CHzClz  (0.51M) was added by 

means of a pre-cooled sy r inge .  Addit ional  p o r t i o n s  of N204 i n  CH2C12 

were added u n t i l  t h e  r e a c t i o n  was complete ( t o t a l  volume added: 500yL, 

255pmol). The s o l u t i o n  was s t i r r e d  f o r  approximately 60min. This  

s o l u t i o n  was then  added dropwise t o  a s t i r r e d  s o l u t i o n  of Horse 

Hemoglobin (Hb) (3.8mL, lOmg ml-l) i n  b u f f e r  (O.08M i n  Na,B40, and 0.35M 

i n  KHC03) a t  O 'C .  The Horse-Hb s o l u t i o n  was s t i r r e d  a t  O'C f o r  12h. 

Af t e r  t h i s  s t e p  i t  was no t i ced  t h a t  some of t h e  p r o t e i n s  had p r e c i p i t a t e d  

out  of s o l u t i o n .  The s o l u t i o n  was then d i a lyzed  a g a i n s t  d i s t i l l e d  water 

(Zx200mL), a f t e r  which t h e  p r e c i p i t a t e d  p r o t e i n s  were once again 

resuspended, t o  g ive  a c l e a r  red  so lu t ion .  The s o l u t i o n  was removed from 

t h e  d i a l y s i s  t ub ing  while r i n s i n g  with d i s t i l l e d  water;  l y o p h i l i z a t i o n  

a f fo rded  a red  s o l i d  ( 4 6 ) ,  with a l e v e l  of hapten incorpora t ion  of 23% 

(with t h e  assumption of 44  l y s i n e  res idues  p e r  molecule of Horse-Hb), O r  

10 haptens pe r  molecule of Horse-Hb. The inco rpora t ion  l e v e l  was 

e s t a b l i s h e d  on t h e  b a s i s  of carbohydrate content ,  a s  determined by t h e  

method of Dubois e t  by use of rhamnose a s  t h e  s t anda rd  Sugar.  



Prepa ra t ion  of BSA-glycocon jugate  (47) .---The 8- (methoxycarbonyl) o c t y l  

g lycos ide  (24) (11.7mgI 17. lumol) was d i s so lved  i n  ethanol (200pL1, and 

hydrazine hydra te  (100pL) was added. The reac t ion  mixture was l e t  s t and  

a t  room temperature,  and a f t e r  1 2 h ,  TLC by use of e thyl  acetate-methanol- 

water (7 :2 :1)  i n d i c a t e d  t h a t  a l l  of the s t a r t i n g  e s t e r  had been consumed, 

t o  g ive  a  more-polar component. The so lvent  was removed by evaporat ion,  

t h e  r e s idue  was evaporated with water (3xlmL), and then taken up i n  water 

and lyoph i l i zed .  The white  powder was used d i r e c t l y  i n  t he  subsequent 

r e a c t i o n .  The lyoph i l i zed  hydrazide was taken  up i n  f resh ly  d i s t i l l e d  

N, N-dimethylformamide (0.4mL) and the  s o l u t i o n  was cooled t o  -40.C. A 

s o l u t i o n  of N204 i n  CH2C12 ( 9 5 p ~ ,  34pm01, 0 . 3 6 ~ )  was added by means of a  

pre-cooled sy r inge .  The s o l u t i o n  was s t i r r e d  f o r  15min and an a d d i t i o n a l  

po r t ion  of N204 i n  CH2C12 ( 4 5 p ~ ,  0.36M) was added. After a  f u r t h e r  20min 

t h e  r e a c t i o n  mixture was poured i n t o  a  stirred so lu t ion  of bovine serum 

albumin (BSA) ( 4 .7mLI  lOmg i n  b u f f e r  (0.08M i n  Na2B,07 and 0.35M 

i n  KHC03) a t  O'C.  The BSA s o l u t i o n  was s t i r r e d  a t  O'C f o r  12h and then  

d i a lyzed  a g a i n s t  d i s t i l l e d  water (6x6mL) by use of an Amicon 

u l t r a f i l t r a t i o n  c e l l  equipped with a  PM-10 membrane. The r e s idue  was 

taken up i n  water and lyoph i l i zed  t o  g ive  (47) a s  a  white powder (36.2mg) 

with a  l e v e l  of hapten incorpora t ion  of 15% (with t h e  assumption of 60 

l y s i n e  r e s idues  pe r  BSA molecule) ,  o r  9 haptens per  molecule of BSA. The 

inco rpora t ion  l e v e l  was e s t a b l i s h e d  on t h e  b a s i s  of carbohydrate content  I 

a s  determined by t h e  method of Dubois e t  a1.77,  by use of r h ~ o s e  a s  t h e  

s tandard  sugar .  

P repa ra t ion  of Horse Hb-glycocon jugate  (48) . ---The 

8- (methoxycarbonyl) o c t y l  g lycos ide  (24) (5.65mgI 8 . 2 6 ~ 0 1 )  was d i s so lved  



i n  e t h a n o l  (150pL), and hydrazine hydra te  (75pL) was added. The r e a c t i o n  

mixture  was l e t  s t a n d  a t  room temperature ,  and a f t e r  16h, TLC by use of 

e t h y l  acetate-methanol-water (7:2:1)  i nd i ca t ed  t h a t  a l l  of t h e  s t a r t i n g  

e s t e r  had been consumed, t o  g ive  a more-polar component. The so lven t  was 

removed by evapora t ion ,  t h e  r e s idue  was evaporated with water (3xZmL), 

and then  taken  up i n  water and lyoph i l i zed .  The white  powder was d iv ided  

i n t o  two p o r t i o n s ,  p a r t  of which (2.95mg ,4.31mrnol) was used d i r e c t l y  i n  

t h e  subsequent r e a c t i o n .  The lyoph i l i zed  hydrazide was taken  up i n  

f r e s h l y  d i s t i l l e d  N,N-dimethylformamide (200pL) and t h e  s o l u t i o n  was 

cooled t o  -40'C. A s o l u t i o n  of N204 i n  CH2C12 (0.51M) was added by means 

of a pre-cooled s y r i n g e .  Addi t iona l  po r t i ons  of N204 i n  CH2C12 were 

added u n t i l  t h e  r e a c t i o n  was complete ( t o t a l  volume added: 2 0 0 ~ L ,  

102pmol). The s o l u t i o n  was s t i r r e d  f o r  approx. 60min. This  s o l u t i o n  was 

t hen  added dropwise t o  a s t i r r e d  s o l u t i o n  of Horse Hemoglobin (Hb) 

(1. 12mL, lOmg i n  b u f f e r  (0.O8M i n  Na2B40, and 0.35M i n  KHCO,) a t  

O'C.  The Horse-Hb s o l u t i o n  was stirred a t  O'C f o r  12h. The s o l u t i o n  was 

t hen  d i a lyzed  a g a i n s t  d i s t i l l e d  water ( 2 x 6 a ) ,  by use of an Amicon 

u l t r a f i l t r a t i o n  ce l l  equipped with a PM-10 membrane. During t h i s  

procedure,  it was no t i ced  t h a t  t h e r e  was some damage t o  t h e  membrane by 

t h e  s o l v e n t s  conta ined  i n  t h e  o r i g i n a l  so lu t ion ,  and r e s u l t e d  i n  some 

leakage through t h e  membrane. A s  a r e s u l t ,  ex t ens ive  d i a l y s i s  was not  

c a r r i e d  ou t ,  which r e s u l t e d  i n  t h e  p o s s i b i l i t y  of some unbound hapten 

remaining i n  t h e  sample; t h e  carbohydrate  conten t  of t h i s  sample was 

t h e r e f o r e  no t  determined. The s o l u t i o n  was removed from t h e  f i l t r a t i o n  

ce l l ,  t h e  ce l l  was r i n s e d  with d i s t i l l e d  water,  and t h e  combined s o l u t i o n  

was l y o p h i l i z e d  t o  g i v e  a r ed  s o l i d  ( 4 8 ) .  



Prepa ra t i on  of BSA-glycocon juga t e  (49)  . ---Pentasaccharide (25 )  ( 7 .  Omg, 

6.8pmol) was d i s s o l v e d  i n  e thano l  (200pL) and hydrazine hydrate (100PL) . 
Af te r  12h t h e  r e a c t i o n  mixture  was worked up a s  with (48)  and the  

l y o p h i l i z e d  powder was d i s s o l v e d  i n  f r e s h l y  d i s t i l l e d  N,N- 

dimethylformamide (0.4mL) . The s o l u t i o n  was cooled t o  -40'C and a 

s o l u t i o n  of N204 i n  CH2C12 (70pL, 0 . 3 6 ~ )  was added. Af t e r  30min t h i s  

I i n  

. water 

mixture  was poured i n t o  a stirred s o l u t i o n  of BSA (1.8mL, lOmg m ~ - '  

b u f f e r  (O.08M i n  Na2B40, and 0.35M i n  KHC03) a t  O 'C .  A f t e r  12h of 

s t i r r i n g  a t  O'C t h e  r e a c t i o n  mixture  was d i a l y z e d  a g a i n s t  d i s t i l l e d  

(6x6mL), by use of an Amicon u l t r a f i l t r a t i o n  ce l l  equipped with a PM-10 

membrane, t o  remove any unbound hapten.  The r e s idue  was taken UP i n  

d i s t i l l e d  water and l y o p h i l i z e d  t o  g ive  a white  powder (18.7mg) with a 

hapten inco rpo ra t i on  l e v e l  of 30%, o r  18 haptens p e r  molecule of BSA. 

P repa ra t i on  o f  Horse Hb-glycoconjugate (50).---The 

8- (methoxycarbonyl) o c t y l  g lycos ide  (25) (8 .  85mg, 8.57~~1101) was d i s so lved  

i n  e thano l  (200pL1, and hydrazine hydra te  (100pL) was added. The 

r e a c t i o n  mixture  was l e t  s t a n d  a t  room temperature ,  and a f t e r  16hI TLC by 

use of e t h y l  acetate-methanol-water (7 : 2 : 1) i n d i c a t e d  t h a t  a l l  of t h e  

s t a r t i n g  ester had been consumed, t o  g i v e  a more-polar component. The 

so lven t  was removed by evapora t ion ,  t h e  r e s idue  was evaporated with water 

(3xZmL), and then  taken  up i n  water and l y o p h i l i z e d .  The white powder 

was d iv ided  i n t o  two po r t i ons ,  p a r t  of which (4.41mgI 4.27mmol) was used 

d i r e c t l y  i n  t h e  subsequent r e a c t i o n .  The l y o p h i l i z e d  h ~ d r a z i d e  was taken  

up i n  f r e s h l y  d i s t i l l e d  N, N-dimethylf ormamide (200pL) and t h e  s o l u t i o n  

was cooled  t o  -40'C. A s o l u t i o n  of N,O, i n  C H ~ C ~ ~  ( 0 . 5 1 ~ )  was added by 

means of a pre-cooled sy r inge .  Addi t iona l  p o r t i o n s  of N204 i n  CH2C12 



were added u n t i l  t h e  r e a c t i o n  was complete ( t o t a l  volume added: 250yL, 

127pmol). The s o l u t i o n  was s t i r r e d  f o r  approximately 60min. This 

s o l u t i o n  was then  added dropwise t o  a  s t i r r e d  s o l u t i o n  of Horse 

Hemoglobin (Hb) ( l . l 6 m L ,  lOmg i n  buffer  (O.08M i n  Na2B,07 and 0.35M 

i n  KHC03) a t  O 'C .  The Horse-Hb so lu t ion  was s t i r r e d  a t  O'C f o r  12h .  The 

s o l u t i o n  was then  d i a lyzed  aga ins t  d i s t i l l e d  water (2x6mL), by use of an 

Arnicon u l t r a f i l t r a t i o n  c e l l  equipped w i t h  a  PM-10 membrane. During t h i s  

procedure, a s  with compound ( 4 8 ) ,  it was not iced  t h a t  t h e r e  was some 

damage t o  t h e  membrane. Extensive d i a l y s i s  was not  c a r r i e d  out ,  and 

r e s u l t e d  i n  t h e  p o s s i b i l i t y  of some unbound hapten remaining i n  the 

sample; t he re fo re ,  t h e  carbohydrate  content of t h i s  sample was not 

determined. The s o l u t i o n  was removed from t h e  f i l t r a t i o n  c e l l ,  the c e l l  

was r i n s e d  with d i s t i l l e d  water, and the  combined s o l u t i o n  was 

lyoph i l i zed  t o  g ive  a  red  s o l i d  (50) .  



CHAPTER 3 

I: INTRODUCTION 

The Gram p o s i t i v e  P-hemolyt ic  S t r e p t o c o c c i  ~ r o u p  A a r e  widespread 

b a c t e r i a ,  which a r e  p a t h o g e n i c  i n  humans. I n f e c t i o n  wi th  t h i s  organism can 

r e s u l t  i n  t h e  commonly known c o n d i t i o n  of s t r e p t o c o ~ ~ a l  p h a r y n g i t i s ,  o r  s t r e p  

t h r o a t . 3  The i n i t i a l  s t r e p t o c o c c a l  i n f e c t i o n  has been impl ica ted  i n  t h e  
4 

development of t h e  more s e r i o u s  c o n d i t i o n  of rheumatic f e v e r .  I n  a d d i t i o n ,  

t h e r e  a p p e a r s  t o  be  a c o n n e c t i o n  between t h e  i n i t i a l  ~ t r e p t o c o c c i  i n f e c t i o n  

and  t h e  development o f  o t h e r  d i s e a s e s  such  a s  acute  g l o m e r u l o n e p h r i t i s ,  and 

5 rheumatoid  a r t h r i t i s .  One of t h e  g o a l s  of t h e  p r e s e n t  work was t o  g e n e r a t e  

an  a n t i b o d y  d i r e c t e d  a g a i n s t  t h e  S t r e p t o c o c c i  Group A c e l l - w a l l  

p o l y s a c c h a r i d e ,  which c o u l d  b e  used  i n  a d i a g n o s t i c  test k i t  f o r  t h e  r a p i d  

d e t e c t i o n  of s t r e p t o c o c c a l  i n f e c t i o n s ,  lo by u s e  of s y n t h e t i c ,  c h e m i c a l l y  

d e f i n e d  h a p t e n s  t o  select and /o r  c h a r a c t e r i z e  i t s  b i n d i n g  p r o p e r t i e s .  

A: Background 

1 : Antibody P r o d u c t i o n  

When a f o r e i g n  a n t i g e n  is  i n j e c t e d  i n t o  a s u i t a b l e  r e c i p i e n t  ( i . e .  

immunization w i t h  a n  a n t i g e n ) ,  an  immune response  is  i n i t i a t e d  i n  t h e  

r e c i p i e n t  a g a i n s t  t h e  a n t i g e n .  The a n t i g e n  may be a complex biomolecule  w i t h  

s e v e r a l  unique m o l e c u l a r  f e a t u r e s  on i t s  s u r f a c e .  Each of  t h e s e  un ique  

f e a t u r e s  r e p r e s e n t s  a d i s t i n c t  a n t i g e n i c  de te rminan t ,  o r  e p i t o p e .  The 

a n t i b o d y  p roduc ing  cel ls  (B- and T-lymphocytes) of t h e  immunized i n d i v i d u a l  

w i l l  b e  s t i m u l a t e d  by  t h e  v a r i o u s  e p i t o p e s  p r e s e n t  on t h e  a n t i g e n ,  w i t h  e a c h  

e p i t o p e  c a u s i n g  t h e  s t i m u l a t i o n  o f  a p a r t i c u l a r  c l o n e  of  a n t i b o d y  p roduc ing  

ce l l .  Thus, a m u l t i v a l e n t  a n t i g e n  w i l l  c a u s e  t h e  s t i m u l a t i o n  of a v a r i e t y  o f  



B- and T-lymphocytes, and r e s u l t s  i n  t h e  product ion of s eve ra l  d i f f e r e n t  

c lones  of t h e  ant ibody.  I f  a  serum sample i s  ob ta ined  from the  immunized 

i n d i v i d u a l ,  then t h e  serum w i l l  be found t o  con ta in  a  v a r i e t y  of an t ibod ie s  

w i t h  s p e c i f i c i t i e s  f o r  t h e  var ious  ep i topes  on t h e  o r i g i n a l  an t igen;  such a  

serum sample i s  termed "polyclonal  serum" s i n c e  it r e s u l t s  from s e v e r a l  

d i f f e r e n t  lymphocyte c lones .  

In  recent  years ,  t h e  product ion of a n t i b o d i e s  has  been r evo lu t ion i zed  by 

t h e  development of methods f o r  t h e  product ion of an t ibod ie s  r e s u l t i n g  from a 

s i n g l e  ant ibody producing clone of lymphocytes. l2 These an t ibod ie s  a r e  

termed monoclonal an t ibod ie s ,  and s i n c e  t hey  a l l  r e s u l t  from t h e  same pa ren t  

lymphocyte, t hey  have i d e n t i c a l  s p e c i f i c i t i e s  and a f f i n i t i e s .  A schematic 

diagram i l l u s t r a t i n g  monoclonal ant ibody product ion  i s  shown i n  Figure 3-1. 

The f i r s t  s t e p  i s  t h e  immunization of a  mouse with t h e  an t igen  of i n t e r e s t .  

A f t e r  a  s e r i e s  of immunizations designed t o  s t i m u l a t e  t h e  B-lymphocytes, t h e  

an t ibody  producing cells  a r e  e x t r a c t e d  from t h e  sp l een  of t h e  immunized 

mouse. The B-lymphocytes from t h e  mouse sp l een  a r e  fused  with malignant B- 

lymphocytes c a l l e d  myeloma cells.  The fu s ion  product ,  termed a  hybridoma, 

w i l l  grow i n  t i s s u e  c u l t u r e  l i k e  a  tumor ce l l ,  bu t  w i l l  now produce t h e  

immunoglobulin determined by t h e  a c t i v a t e d  B-lymphocyte. Under s e l e c t i v e  

t i s s u e  c u l t u r e  cond i t i ons ,  t h e  hybridoma con t inues  t o  grow and d iv ide ,  

whereas t h e  unfused sp l een  cells and myeloma cells d i e  o u t .  The hybridoma 

co lon ie s  a r e  d i l u t e d  and p l a t e d  ou t  such t h a t  new co lon ie s  which r e s u l t  a r e  

descended from a s i n g l e  hybridoma fus ion  product ,  hence each new colony 

produces a  p a r t i c u l a r  immunoglobulin. The hybridoma co lon ie s  a r e  then  

screened,  g e n e r a l l y  i n  an ELISA (see below),  wi th  a  p u r i f i e d  an t igen  t o  

i d e n t i f y  co lon ie s  which a r e  producing t h e  a n t i b o d i e s  with t h e  d e s i r e d  binding 

s p e c i f i c i t i e s .  Larger  amounts of t h e  an t ibody  may then  be produced by 
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propaga t ing  t h e  hybridoma by use of fe rmenta t ion  technologies ,  o r  by r a i s i n g  

a s c i t e s  f l u i d  i n  s u i t a b l e  animals .  

2 : Immunoassays 

Severa l  methods e x i s t  f o r  t h e  c h a r a c t e r i z a t i o n  of ant igen-ant ibody 

b inding  i n t e r a c t i o n s .  When a s o l u b l e  m u l t i v a l e n t  an t igen  i s  mixed with a 

s o l u t i o n  of ant ibody,  a t  an optimum concen t r a t i on  of both,  i n s o l u b l e  immune 

complexes c o n s i s t i n g  of c ros s - l i nked  an t igens  and a n t i b o d i e s  w i l l  p r e c i p i t a t e  

ou t  of s o l u t i o n ;  t h i s  r e a c t i o n  i s  known a s  t h e  p r e c i p i t i n  r e a c t i o n .  85 The 

immune complex i s  t h e  r e s u l t  of more t han  one an t ibody  molecule b ind ing  t o  

t h e  same mul t i va l en t  an t igen  molecule.  I f  t h e  an t igen  i s  p re sen t  i n  

s u f f i c i e n t  excess ,  t hen  only  a few of t h e  e p i t o p e s  of t h e  an t igen  w i l l  be 

bound, and no c ros s - l i nk ing  w i l l  occur .  Conversely,  i f  t h e  ant ibody i s  i n  

excess ,  t hen  most ant ibody molecules w i l l  have on ly  one of t h e i r  b ind ing  

s i tes  occupied, and aga in  l i t t l e  c ros s - l i nk ing  w i l l  t a k e  p l a c e .  A t  an 

optimum concen t r a t i on  of an t ibody  and an t igen ,  t h e  s o  c a l l e d  equivalence 

po in t ,  t h e  number of e p i t o p e s  i s  roughly equ iva l en t  t o  t h e  number of b ind ing  

s i tes  and c ros s - l i nk ing ,  o r  l a t t i c e  formation,  can occur .  The amount of 

p r e c i p i t a t e  formed may be equated t o  t h e  amount of an t igen  i n  a t e s t  

s o l u t i o n .  This  r e a c t i o n  may be c a r r i e d  ou t  i n  s o l u t i o n  o r  semi-sol id  

suppor t s  such a s  aga r  g e l s ,  t h e  l a t t e r  a r e  used i n  immunodiffusion and 

immunoelectrophoresis t echniques .  

Other immunoassays may involve  t h e  l a b e l l i n g  of e i t h e r  ant ibody o r  

an t igen  with a cova l en t ly  l i nked  r a d i o a c t i v e  l a b e l ,  o r  enzyme l a b e l .  I n  

radioimmunoassays ( R I A )  e i t h e r  t h e  ant ibody o r  t h e  an t igen  is  r a d i o a c t i v e l y  

l a b e l l e d ;  i n  F igure  3-2, one such assay  i s  i l l u s t r a t e d .  I n  t h e  f i r s t  s t e p ,  

t h e  an t ibody  i s  adsorbed t o  a s o l i d  suppor t .  The s o l i d  suppor t  i s  then  
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Figure 3-2: Competitive radioimmunoassay (RIA) by use of radioactively 
labelled antigen. 



washed t o  remove any unbound an t ibody ,  fo l lowed by t h e  addit ion of a  s o l u t i o n  

c o n t a i n i n g  t h e  a n t i g e n  of i n t e r e s t ,  and a  r a d i o a c t i v e l y  l abe l l ed  a n t i g e n  wi th  

t h e  same s p e c i f i c i t y .  The l a b e l l e d  and t h e  u n l a b e l l e d  antigen compete f o r  

t h e  b i n d i n g  s i t e s  on t h e  a n t i g e n ;  a  second wash then removes any unbound 

a n t i g e n .  The amount of r a d i o a c t i v i t y  remaining bound t o  the p l a t e  may t h e n  

be measured, wi th  t h e  r a d i o a c t i v i t y  l e v e l  i n v e r s e l y  propor t ional  t o  t h e  

amount of a n t i g e n  i n  t h e  t e s t  sample.  

I n  enzyme l i n k e d  immunosorbant a s s a y s  ( E L I S A ) ,  86 the  r a d i o a c t i v e  l a b e l  

i s  r e p l a c e d  wi th  an  enzyme l a b e l .  ~ l t h o u g h  no t  a s  s e n s i t i v e  a s  t h e  R I A  t h e  

ELISA u t i l i z e s  non- rad ioac t ive  r e a g e n t s  which a l s o  have a  longer l i fe  

t h a n  t h e  r a d i o a c t i v e l y  l a b e l l e d  r e a g e n t s .  The RIA and t h e  may b o t h  be 

c a r r i e d  o u t  i n  an i n d i r e c t  f a s h i o n .  One such i n d i r e c t  ELI% i s  i l l u s t r a t e d  

i n  F i g u r e  3-3. An a n t i g e n  i s  adsorbed  t o  a  s o l i d  support1 by the 

a d d i t i o n  of a  test s o l u t i o n  c o n t a i n i n g  an t ibody .  The presence the 

a n t i b o d y  i s  t h e n  d e t e c t e d  by t h e  a d d i t i o n  of a  second antibody which has a 

b i n d i n g  s p e c i f i c i t y  f o r  an e p i t o p e  of t h e  an t ibody  i n  t h e  t e s t  s a m p l e .  T h i s  

secondary an t ibody  i s  l a b e l l e d  w i t h  a  c o v a l e n t l y  a t t a c h e d  enzyme. 

of t h e  enzyme s u b s t r a t e  r e s u l t s  i n  a  c o l o r  change i n  t h e  solution, with the 

i n t e n s i t y  of t h e  c o l o r  change which i s  p r o p o r t i o n a l  t o  t h e  

i n  t h e  test  s o l u t i o n .  
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Figure 3-4 : Competitive indirect ELISA. 



v a r i o u s  i n h i b i t o r s  may be r e l a t e d  t o  t h e  molar amounts of i n h i b i t o r  r e q u i r e d  

t o  a c h i e v e  50% i n h i b i t i o n  of t h e  binding.* '  The e q u i l i b r i u m  between t h e  

a n t i b o d y  b i n d i n g  s i t e  and an  i n h i b i t o r  hapten i s  g i v e n  i n  equa t ion  (1) .  

The e q u i l i b r i u m  c o n s t a n t  ( K )  i s  t h e n  g iven  by ( 2 )  

[AbeI1 
K = (2 

[Abl [I1 

The d i f f e r e n c e  i n  f r e e  e n e r g i e s  of b i n d i n g  f o r  two d i f f e r e n t  i n h i b i t o r  

molecu les  i s  t h e n  g i v e n  by ( 3 )  . 
A A G  =AG,-AG2 ( 3 )  

This  d i f f e r e n c e  i n  f r e e  e n e r g i e s  may be e x p r e s s e d  i n  t e rms  of e q u i l i b r i u m  

c o n s t a n t s ,  by use  of t h e  Gibb 's  f r e e  energy  r e l a t i o n s h i p  (AG=-RTlnK) : 

AAG = -RTlnK1- (-RTlnK2) (4) 

AAG = RT (lnK2-lnK,) 

AAG = RTln(K2/K1) 

S u b s t i t u t i n g  t h e  c o n c e n t r a t i o n s  

AAG = RTln 

f o r  K,  and K 2 ,  e q u a t i o n  ( 6 )  i s  d e r i v e d .  

A t  50% i n h i b i t i o n  [Ab] = [Ab* I ]  , and  e q u a t i o n  ( 6 )  s i m p l i f i e s  t o  ( 7 )  . 
AAG = RTln ( [ I , ]  / [ I 2 ]  ) ( 7 )  

o r  
AAG = RTln(Krel) 

where t h e  r e l a t i v e  a s s o c i a t i o n  c o n s t a n t  (Kre l )  i s  g i v e n  by t h e  r a t i o  of 

c o n c e n t r a t i o n s  of a p a r t i c u l a r  i n h i b i t o r  t o  a r e f e r e n c e  i n h i b i t o r  a t  50% 

i n h i b i t i o n  (Kre l=  [ I , ]  ,,,/ [I,] ,,,) . ~f r2  is chosen a s  a r e f e r e n c e  i n h i b i t o r ,  



then  p o s i t i v e  va lues  forAAG i n d i c a t e s  poorer  binding f o r  I1. 

3 : The Binding of  Carbohydrate Antigens By P r o t e i n s  

The i n t e r a c t i o n s  of carbohydrate  s t r u c t u r e s  with ant ibody combining 

s i t e s  i s  a f i e l d  of i nc reas ing  i n t e r e s t ,  a s  t h i s  s tudy  a l s o  has impl ica t ions  

f o r  t h e  i n t e r a c t i o n s  of carbohydrates  with o t h e r  c l a s s e s  of p r o t e i n s .  The 

na tu re  of t h i s  i n t e r a c t i o n  was f i r s t  suggested by E m i l  F i she r  when he 

proposed h i s  now famous lock and key hypothes is  of t h e  b inding  of small  

molecules by p r o t e i n s  .** The gene ra l  f e a t u r e s  of t h e  na tu re  of t h e  

i n t e r a c t i o n s  of an t ibod ie s  and carbohydrates  have been e l u c i d a t e d  by Kabat. 8 9 

Ear ly  work with human a n t i s e r a  r a i s e d  aga ins t  l i n e a r  dext rans  

(homopolymers of glucose with predominantly a-1-6 l inkages )  gave some gene ra l  

information on t h e  s i z e  of a binding s i t e .  Disaccharide through 

heptasacchar ide  p o r t i o n s  of t h e  dext ran  polymer were a v a i l a b l e ,  and could be 

used t o  compet i t ive ly  d i s p l a c e  t h e  dext ran  polymer from i t s  binding s i t e  on 

t h e  an t i -dext ran  ant ibody.  The r e l a t i v e  i n h i b i t o r y  s t r e n g t h  of var ious  s i z e d  

i n h i b i t o r s  was determined on a molar b a s i s .  The i n h i b i t o r  s t r e n g t h  was seen 

t o  i nc rease  with i n c r e a s i n g  s i z e  of t h e  i n h i b i t o r ,  approaching a p l a t eau  with 

a heptasacchar ide  i n h i b i t o r .  I f  t h e  a n t i s e r a  were f r a c t i o n a t e d ,  

subpopulat ions of an t ibod ie s  were found with varying s i z e s  of combining 

s i t e s ;  t h e  upper l i m i t  had a binding s i t e  a b l e  t o  accommodate a 

hexasaccharide o r  heptasacchar ide .  

Work on t h e  b inding  of blood group an t igens  t o  l e c t i n s  and monoclonal 

an t ibod ie s  permi t ted  t h e  i d e n t i f i c a t i o n  of some of t h e  f o r c e s  involved, and a 

model f o r  t h e  mechanism of t h e  b inding  between a carbohydrate  an t igen  and a 

p r o t e i n  b inding  s i te  has been advanced by Lemieux. I n h i b i t i o n  s t u d i e s  were 

c a r r i e d  out  with modified blood group an t igens  and t h e  b inding  p r o t e i n s .  BY 



s y s t e m a t i c a l l y  a l t e r i n g  s p e c i f i c  r e s idues  on t h e  an t igen  molecules,  and by 

use of t h e s e  modif ied s t r u c t u r e s  i n  i n h i b i t i o n  b inding  s t u d i e s ,  t h e  

c o n t r i b u t i o n  of i nd iv idua l  r e s idues  t o  t h e  o v e r a l l  binding energy was 

e l u c i d a t e d .  The fol lowing model (termed t h e  "hydrated polar-group g a t e  

e f f e c t " )  of an t igen  ant ibody binding emerged. Two o r  t h r e e  hydroxyl groups 

on t h e  carbohydrate  an t igen ,  u sua l ly  from d i f f e r e n t  sugar  res idues ,  comprise 

a c l u s t e r  of p o l a r  groups termed t h e  "key p o l a r  grouping". The r e s t  of t h e  

an t igen  c o n s i s t s  of e s s e n t i a l l y  a non-polar s u r f a c e .  Severa l  of t h e  hydroxyl 

groups of t h e  an t igen  a r e  thought t o  be involved i n  in t ramolecular  hydrogen 

bonds, render ing  p o l a r  reg ions  of t h e  o l igosaccha r ide  more hydrophobic. I t  

i s  thought t h a t  t h e  key p o l a r  group is  r e spons ib l e  f o r  t h e  i n i t i a l  h igh ly  

s p e c i f i c  i n t e r a c t i o n  of t h e  an t igen  with a complementary p o l a r  grouping i n  

t h e  combining s i t e  of t h e  ant ibody o r  l e c t i n .  The p o l a r  grouping i n  t h e  

combining s i t e  was termed t h e  "hydrated ga t e" .  This  hydrated g a t e  was 

thought t o  occupy a p o s i t i o n  near  t h e  edge of t h e  binding s i t e ,  with t h e  

remainder of t h e  binding s i t e  comprised mainly of a l i p o p h i l i c  reg ion .  The 

i n i t i a l  b inding  i n t e r a c t i o n  is  thought t o  be between t h e  key p o l a r  group of 

t h e  o l igosacchar ide  and t h e  po la r  grouping of t h e  b inding  s i t e ,  hence t h e  

term hydrated polar-group g a t e  e f f e c t .  On binding of t h e  an t igen ,  t h e  waters  

of hydra t ion  of both t h e  p o l a r  "gate"  i n  t h e  b inding  s i t e ,  and t h e  p o l a r  

grouping of an t igen ,  a r e  r e l ea sed  i n t o  t h e  bulk so lven t ,  and r e s u l t s  i n  

in te rmolecular  hydrogen bonding between t h e  p r o t e i n  and t h e  an t igen .   his 

in te rmolecular  hydrogen bonding i s  p o s t u l a t e d  t o  be r e spons ib l e  f o r  t h e  

s p e c i f i c i t y  of t h e  i n t e r a c t i o n .  The s t a b i l i t y  of t h e  i n t e r a c t i o n ,  o r  t h e  

a f f i n i t y  of t h e  binding s i t e  f o r  t h e  l igand ,  i s  thought t o  be due mainly t o  

non-polar i n t e r a c t i o n s  between l i p o p h i l i c  reg ions  on t h e  p r o t e i n  and t h e  

an t igen .  Complementarity between t h e  two hydrophobic reg ions  on t h e  an t igen  



and t h e  p r o t e i n  binding s i t e  i s  r equ i r ed  f o r  t h i s  hydrophobic binding t o  be 

e f f e c t i v e .  

Recently,  t h e  c r y s t a l  s t r u c t u r e  of t h e  l e c t i n  G r i f f o n i a  s i r n p l i c i f ~ l i ~ ,  

and t h a t  of i t s  complex with t h e  Lewis b t e t r a s a c c h a r i d e ,  was determined. 9 2 

The c o n t a c t s  observed between t h e  p r o t e i n ,  and t h e  Lewis b an t igen ,  support  

t h e  conclus ions  drawn from binding s t u d i e s  of t h e  same l e c t i n  with s e v e r a l  

modified Lewis b t e t r a s a c c h a r i d e s .  Other examples of support  f o r  t h e  main 

t e n e t s  of t h e  "hydrated polar-group g a t e  e f f e c t "  model f o r  t h e  binding of 

carbohydrate  an t igens ,  come from t h e  r e s u l t s  of i n h i b i t i o n  s t u d i e s  of 

monoclonal an t ibod ie s  r a i s e d  aga ins t  t h e  Sh ige l l a  f l e x n e r i  v a r i a n t  Y 

93 l ipopolysaccahr ide  an t igen  with var ious  o l igosaccha r ide  i n h i b i t o r s .  Key 

p o l a r  hydroxyl groups a r e  seen on t h e  su r f ace  of t h e  an t igen ,  replacement of 

which r e s u l t s  i n  a marked decrease  i n  i n h i b i t o r  potency; a s  wel l ,  extended 

hydrophobic reg ions  can be i d e n t i f i e d  on t h e  s u r f a c e  of  t h e  o l igosacchar ide .  

The above s t u d i e s  suggest  t h a t  t h e  binding of carbohydrate  an t igens  by 

p r o t e i n s  i s  a r e s u l t  of a combination of s p e c i f i c  p o l a r  i n t e r a c t i o n s  between 

reg ions  of t h e  an t igen  and i t s  binding s i t e ,  and t h e  complementary f i t  of 

hydrophobic reg ions  of t h e  an t igen  and t h e  b inding  s i te .  

In c o n t r a s t  t o  t h e  view t h a t  hydrophobic b inding  i s  t h e  main s t a b i l i z i n g  

f a c t o r  i n  carbohydrate-protein i n t e r a c t i o n s ,  i s  t h e  view t h a t  hydrogen 

bonding i s  t h e  dominant s t a b l i z i n g  f a c t o r .  Study of t h e  high r e s o l u t i o n  

c r y s t a l  s t r u c t u r e  of t h e  arabinose-binding pro te in-sugar  complex by Quiocho 

e t  a 1  94  revea led  an ex tens ive  network of hydrogen bonds between t h e  p r o t e i n  

and t h e  bound sugar .  On binding of t h e  sugar  t o  t h e  p r o t e i n ,  t h e  so lva t ion  

s h e l l  of both t h e  p r o t e i n  and t h e  sugar  i s  r e l eased  i n t o  t h e  bulk so lvent  and 

new hydrogen bonds a r e  formed between t h e  p r o t e i n  and t h e  sugar .  It i s  

argued t h a t  t h e  hydrogen bonds formed between t h e  sugar  and t h e  p r o t e i n  a r e  



s t r o n g e r  t h a n  t h o s e  between t h e  bu lk  s o l v e n t  and t h e  p r o t e i n  and t h e  unbound 

s u g a r ;  t h i s  i s  due t o  t h e  s t a b l e  arrangement of hydrogen bonds wi thin  t h e  

b i n d i n g  s i te .  Other  examples of t h e  involvement of hydogen bonding i n  

complex fo rmat ion  can be  found i n  t h e  s t u d i e s  of t h e  glycogen phosphorylase- 

95 g l u c o s e  complex. C l e a r l y  s e v e r a l  f a c t o r s  a r e  important  i n  carbohydrate  

p r o t e i n  i n t e r a c t  i o n s ,  i n c l u d i n g  hydrogen bonding, hydrophobic bonding, and 

van d e r  Waals f o r c e s .  The r e l a t i v e  c o n t r i b u t i o n s  o f  t h e  ind iv idua l  f a c t o r s  

may v a r y  depending on t h e  sys tem which is  under i n v e s i g a t i o n .  

B: Production of Antibodies to a Streptococci Group A Antigen 

The Streptococci Group A c e l l - p o l y s a c c h a r i d e  c o n s i s t s  of a ~ 0 1 ~ - L -  

rhamnopyranosyl backbone composed of a l t e r n a t i n g  a-L- (1-2) ,  and a-L- (1-3) 

l i n k a g e s .  The 3 - p o s i t i o n s  of t h e  po ly  rhamnopyranosyl backbone have 

b r a n c h i n g  P-D-N-acetylglucosamine r e s i d u e s .  1t was hoped t h a t  a v a r i e t y  of 

monoclonal a n t i b o d i e s  c o u l d  be g e n e r a t e d  t o  v a r i o u s  e p i t o p e s  p resen t  w i t h i n  

t h i s  s t r u c t u r e .  Towards t h i s  end, o l i g o s a c c h a r i d e  p o r t i o n s  of t h i s  s t r u c t u r e  

were p r e p a r e d  by chemical  s y n t h e s i s  ( s e e  Chapter 2 ) .  TWO t r i s a c c h a r i d e  

sequences ,  and a p e n t a s a c c h a r i d e  sequence were p r e p a r e d  with t h e  

8- (methoxycarbonyl)  o c t y l  l i n k i n g  arm a s  t h e  aglycone.  66 This l i n k i n g  arm 

67 
a l lowed  f o r  t h e  a t t achment  of t h e  o l i g o s a c c h a r i d e s  t o  a p r o t e i n  c a r r i e r  

r e n d e r i n g  t h e  o l i g o s a c c h a r i d e  f ragments  immunogenic, and gave 

L C' 
t h e  a r t i f i c i a l  a n t i g e n s  shown i n  F igure  3-5 

C J n 
The c a r r i e r  p r o t e i n s  chosen 



were bovine serum albumin (BSA) and horse hemoglobin. The f i r s t  ques t ion  t o  

be answered was whether an t ibodies  could be genera ted  aga ins t  t h e  

carbohydrate port ions of t h e  a r t i f i c i a l  an t igens .  This quest ion was 

addressed by use of the  glycoconjugates a s  immunizing agents t o  genera te  

polyc lona l  rabbi t  a n t i s e r a .  Previous work with a r t i f i c i a l  blood group 

an t igens  , 66br 96 and more recent ly ,  w i t h  an a r t i f i c i a l  ant igen prepared from 

p l a n t  ce l l -wal l  components, 97 have shown t h a t  po lyc lona l  s e ra  a s  wel l  a s  

monoclonal ant ibodies  can be successfu l ly  genera ted  by immunizing with 

a r t i f i c i a l  ant igens.  

The BSA glycocon jugates (45) , (47) and (49) , were used t o  immunize t h r e e  

groups of r abb i t s ;  each group of r abb i t s  were immunized with a d i f f e r e n t  

glycoconjugate .  The purpose of t h e  immunizations was t o  determine whether 

t h e  s y n t h e t i c  an t igens  would e l i c i t  an immune response s p e c i f i c  f o r  t h e  bound 

o l igosacchar ides ,  and t o  determine the  binding s p e c i f i c i t i e s  of t h e  r e s u l t i n g  

a n t i s e r a .  The binding s p e c i f i c i t i e s  of t h e  polyc lona l  a n t i s e r a  were 

determined by a s e r i e s  of i n h i b i t i o n  E L I S A  s t u d i e s  i n  which o l igosacchar ide  

po r t ions  (d isacchar ide  through pentasaccharide)  of t h e  ce l l -wa l l  

polysaccharide were used a s  i n h i b i t o r s  of t h e  antibody-glycoconjugate 

binding.  

The next goal  of t h i s  work was t o  genera te  a monoclonal ant ibody with 

high s p e c i f i c i t y  f o r  t h e  Streptococci Group A ce l l -wa l l  polysaccharide.  I t  

was hoped t h a t  such an ant ibody could be used i n  a v a r i e t y  of d i a g n o s t i c  

schemes t o  e i t h e r  d e t e c t  s t r ep tococca l  i n f e c t i o n s ,  o r  t o  l o c a t e  c ross -  

r e a c t i n g  an t igens  i n  human t i s s u e s .  These c ros s - r eac t ing  an t igens  may be 

important i n  autoimmune d i s o r d e r s  such a s  rheumatoid a r t h r i t i s  and o t h e r  

rheumatoid d i s o r d e r s .  A monoclonal ant ibody is  i d e a l  f o r  t h e s e  s o r t s  of 

s t u d i e s  s i n c e  t h e  binding s p e c i f i c i t i e s  may be wel l  cha rac t e r i zed  and 



determined i n  a q u a n t i t a t i v e  fash ion .  Towards t h i s  end, monoclonal 

an t ibod ie s  were prepared aga ins t  a s t r e p t o c o c c a l  group A vaccine.  

Mice were immunized with a vaccine prepared from a hea t -k i l l ed ,  pepsin 

t r e a t e d  c u l t u r e  of Streptococci Group A b a c t e r i a .  Following immunization, a 

s e r i e s  of monoclonal ant ibody fus ion  experiments12 were performed. The 

glycoconjugate  s t r u c t u r e s  proved t o  be v i t a l  elements i n  t h e  screening  f o r  a 

monoclonal ant ibody.  In  o rde r  t o  ensure  t h e  i s o l a t i o n  of an ind iv idua l  

monoclonal ant ibody,  a h igh ly  p u r i f i e d  an t igen  i s  r equ i r ed  i n  t h e  screening 

p ro toco l ;  t h e  s y n t h e t i c  an t igens  provided such r eagen t s .  Several  antibody 

producing hybridomas were i s o l a t e d ,  and fou r  of t h e s e  were s e l e c t e d  f o r  

product ion of a s c i t e s  f l u i d .  The binding s p e c i f i c i t i e s  of t h e  monoclonal 

an t ibod ie s  t hus  produced were i n v e s t i g a t e d  by a s e r i e s  of i n h i b i t i o n  s t u d i e s  

by use of va r ious  o l igosacchar ide  i n h i b i t o r s  i n  an i n d i r e c t  i n h i b i t i o n  E L I S A  

p ro toco l .  



11: RESULTS AND DISCUSSION 

A: PolyclonaP Antisera to Oligosaccharide Glycoconjugates 

1: Immunizations of Rabbits With Glycoconjugates 

Three groups of four  New Zealand White r a b b i t s  were immunized with t h e  

g l ~ ~ ~ ~ ~ n j u g a t e s ,  (45) , (47) and (49) shown i n  F igure  3-5. P r io r  t o  

immunization, serum samples were obta ined  from each of t he  r a b b i t s .  The s e r a  

were screened by use of an i n d i r e c t  ELISA, by use of t h e  th ree  BSA- 

glycoconjugates  a s  coa t ing  an t igens .  The pre-immunization screen was c a r r i e d  

out  t o  determine i f  t h e r e  was any background ant ibody a c t i v i t y  t o  t h e  

glycoconjugates  p r i o r  t o  t h e  immunizations. A l l  of t h e  s e ra  t e s t e d  showed no 

a c t i v i t y  toward t h e  t h r e e  glycoconjugates ,  t h e r e f o r e  t h e  immunization 

procedures  were cont inued.  Af te r  a s e r i e s  of subcutaneous i n j e c t i o n s  of t h e  

glycoconjugates  of two t imes per  week f o r  t h r e e  weeks, t r i a l  b leed  s e r a  were 

obta ined  from each of t h e  r a b b i t s .  The t r i a l  b leed  s e r a  were screened by use  

of an ELISA. Since it was expected t h a t  t h e r e  would be a s u b s t a n t i a l  immune 

response t o  t h e  BSA c a r r i e r  p r o t e i n  moiety of t h e  glycoconjugates ,  t h e  t h r e e  

o l igosacchar ide  haptens were coupled t o  a d i f f e r e n t  c a r r i e r  p r o t e i n ,  namely 

Horse Hemoglobin. The hemoglobin glycocon jugates ,  (46 ) ,  (48) and (50) , were 

used a s  t h e  coa t ing  an t igen  i n  t h e  E L I t A  sc reening  of t h e  t r i a l  b leed  s e r a .  

A l l  of t h e  t r i a l  b l eed  s e r a  showed a c t i v i t y  toward t h e  complementary 

hemoglobin glycoconjugates ,  s o  t h e  r a b b i t s  were exsanguinated, and t h e  s e r a  

c o l l e c t e d .  The b inding  of t h e  a n t i s e r a  t o  t h e  hemoglobin glycoconjugates  

i n d i c a t e d  t h a t  t h e r e  were an t ibod ie s  p re sen t  i n  t h e  a n t i s e r a  which recognized 

t h e  hapten p o r t i o n s  of t h e  glycoconjugates  and not  j u s t  t h e  p r o t e i n  c a r r i e r .  

The r a b b i t  s e r a  were pooled, with each pool  from t h e  immunization of a group 



45: P r o t e i n =  Bovine Serum Albumin 

46: P r o t e i n =  Horse Hemoglobin 

47: P r o t e i n =  Bovine Serum Albumin 

48: P r o t e i n =  Horse Hemoglobin 

49: P r o t e i n =  Bovine Serum Albumin 

50: P r o t e i n =  Horse Hemoglobin 

Figure  3-5 : Glycocon juga tes  incorpora t ing  s y n t h e t i c  o l igosacchar ide  haptens.  



of four  r a b b i t s  with a given glycoconjugate.  The a n t i s e r a  pools "A", "BW and 

"C" r e s u l t e d  from t h e  immunization w i t h  BSA-glycoconjugates (451 ,  ( 4 7 )  and 

( 4 9 )  , r e spec t ive ly .  

Before f u r t h e r  s tud ie s  of t h e  binding c h a r a c t e r i s t i c s  of t he  t h r e e  pools  

of a n t i s e r a  were c a r r i e d  out ,  t h e  a n t i s e r a  were p u r i f i e d .  The f i r s t  s t e p  i n  

t h e  p u r i f i c a t i o n  was t o  i s o l a t e  t h e  IgG c l a s s  of immunoglobulins from t h e  

o the r  serum components. This was achieved by pas s ing  t h e  se ra  through a 

p r o t e i n  A a f f i n i t y  column. P ro t e in  A i s  a p ro t e in  which w i l l ,  under 

app ropr i a t e  s a l t  and pH condi t ions ,  bind the  heavy cha in  por t ion  of IgG 

molecules.98 The bound immunoglobulins can then  be separa ted  from t h e  o t h e r  

serum c o n s t i t u e n t s .  The bound IgG molecules were then  e l u t e d  from t h e  

P ro t e in  A a f f i n i t y  column by a d j u s t i n g  t h e  s a l t  and pH balance of t h e  e l u t i n g  

bu f fe r ,  t o  g ive  t h e  p u r i f i e d  IgG f r a c t i o n  of t h e  s e r a .  A major component of 

t h e  p u r i f i e d  f r a c t i o n s  contained an t ibodies  d i r e c t e d  towards t h e  BSA po r t ion  

of t h e  a r t i f i c i a l  an t igens  used i n  t h e  immunizations. To remove t h e s e  

an t ibod ie s ,  t h e  p r o t e i n  A p u r i f i e d  an t i - sera  was then  passed through a BSA 

a f f i n i t y  column. This  column cons i s t ed  of a Sepharose g e l  t o  which BSA 

molecules were cova len t ly  a t t ached .  Anti-BSA IgG molecules bound t o  t h e  

column, whereas an t ibod ie s  d i r e c t e d  a t  t h e  hapten p o r t i o n s  of t h e  

glycocon jugates  passed on through t h e  column. The ant ibody conta in ing  

f r a c t i o n s  from t h e  column were pooled, and d i a lyzed  a g a i n s t  a ~ r i s - ~ C l  b u f f e r  

by u l t r a f i l t r a t i o n  t o  g ive  a s o l u t i o n  of IgG enr iched  i n  an t ibod ie s  d i r e c t e d  

aga ins t  t h e  o l igosacchar ide  haptens.  The p r o t e i n  concent ra t ions  of t h e  

pooled a n t i s e r a  were determined by measuring t h e  absorbances a t  280 nm. 

2 :  T i t r a t i o n  of Rabbi t  Polyclonal  Ant i se ra  

The pooled a n t i s e r a  were t i t r a t e d  by means of an ELISA, by use of t h e  



t h r e e  hemoglobin glycoconjugates  (461, (48) and (50)  a s  coa t ing  an t igens  on 

t h e  s o l i d  suppor t ,  (see Figures  3-6 through 3-8) .  The concen t r a t i on  of 

ant ibody r equ i r ed  t o  g ive  an absorbance read ing  of 0 . 1  o r  g r e a t e r  ( t i t r a t i o n  

end-point)  i n  t h e  ELISA was compared f o r  t h e  va r ious  pools  of an t ibod ie s  . 
The t i t r a t i o n  end-point i s  an approximate i n d i c a t i o n  of t h e  a f f i n i t y  of t h e  

an t ibod ie s  which were t e s t e d ,  f o r  t h e  an t igen  used i n  t h e  ELISA as say .  The 

t i t r a t i o n s  of t h e  t h r e e  a n t i s e r a  pools  with t h e  l i n e a r  t r i s a c c h a r i d e  

glycoconjugate  (46) (F igure  3-6) , gave almost i d e n t i c a l  t i t r a t i o n  curves  f o r  

pool  "A" and pool  "C" a n t i s e r a .  Antiserum "B" t i t r a t e d  ou t  a t  a g r e a t e r  

concen t r a t i on  than  t h e  o t h e r  two pools  of a n t i s e r a .  The t i t r a t i o n s  of t h e  

t h r e e  a n t i s e r a  with t h e  branched t r i s a c c h a r i d e  glycoconjugate  (48)  (F igure  3- 

7 ) ,  gave s i m i l a r  t i t r a t i o n  curves f o r  "B" and "C" a n t i s e r a ,  but  t h e  "A" 

ant i se rum requ i r ed  a much g r e a t e r  concen t r a t i on  t o  achieve t h e  same endpoin t .  

T i t r a t i o n s  which used t h e  pentasacchar ide  glycoconjugate  (50) (F igure  3-8) ,  

gave s i m i l a r  curves  f o r  "A" and "B" a n ~ i s e r a ,  with an t i se rum "C" t i t r a t i n g  

ou t  a t  a lower concen t r a t i on .  

The t i t r a t i o n  r e s u l t s  show t h a t  t h e  a n t i b o d i e s  r a i s e d  a g a i n s t  a l i n e a r  

t r i s a c c h a r i d e  hapten (45) had a s t r o n g e r  c ros s - r eac t ion  with t h e  

pentasacchar ide  hemoglobin glycoconjugate  (50) t han  they  d i d  with t h e  

branched t r i s a c c h a r i d e  hemoglobin glycoconjugate  ( 4 8 ) .  I n  a s i m i l a r  fash ion ,  

t h e  a n t i b o d i e s  r a i s e d  a g a i n s t  a branched t r i s a c c h a r i d e  hapten ( 4 7 ) ,  showed 

less c r o s s - r e a c t i v i t y  with a l i n e a r  t r i s a c c h a r i d e  hemoglobin glycoconjugate  

( 4 6 ) ,  t han  wi th  a pentasacchar ide  hemoglobin glycoconjugate  ( 5 0 ) .  The 

an t i se rum r a i s e d  a g a i n s t  a pentasacchar ide  hapten (49)  c ros s - r eac t ed  s t r o n g l y  

wi th  bo th  t r i s a c c h a r i d e  glycoconjugates  (46) and ( 4 8 ) .  

These r e s u l t s  i n d i c a t e  t h a t  t h e  a n t i b o d i e s  of t h e  i n d i v i d u a l  pools  of 

a n t i s e r a  have a g r e a t e r  a f f i n i t y  f o r  t h e  hemoglobin glycoconjugates  which 
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Figure 3-7 
Titration of ~abb i t  Polyclonal Antisera 

By Use Of Glycoconjugate (48) 
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Figure 3-8 
Titration of Rabbit Polyclonal Antisera 

By Use Of Glycoconjugate (50) 
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have t h e  homologous o l i gosaccha r ide  sequences a t t ached .  There a r e  a l s o  some 

c l e a r  c r o s s - r e a c t i v i t i e s  between t h e  d i f f e r e n t  a n t i s e r a  and t h e  var ious  

glycoconjugates ,  i n d i c a t i n g  t h a t  t h e r e  a r e  some s i m i l a r i t i e s  i n  t h e  b ind ing  

s u r f a c e s  of t h e  var ious  haptens .  I f  one looks  a t  j u s t  t h e  chemical 

s t r u c t u r e s  of t h e  hapten p o r t i o n s  of t h e  t h r e e  p a i r s  of glycoconjugates ,  ( s e e  

Figure 3-51! it can be seen t h a t  t h e  pentasacchar ide  hapten inco rpo ra t e s  both 

t h e  branched t r i s a c c h a r i d e  sequence, a s  well a s  t h e  l i n e a r  t r i s a c c h a r i d e  

sequence. I t  might then  be  expected t h a t  an t i se rum t o  a pentasacchar ide  

hapten would c ros s - r eac t  with both t h e  branched t r i s a c c h a r i d e  and t h e  l i n e a r  

t r i s a c c h a r i d e  g lycoconjuga tes .  S imi l a r ly ,  a n t i s e r a  t o  e i t h e r  of t h e  

t r i s a c c h a r i d e  glycoconjugates  might be expected t o  c ros s - r eac t  with t h e  

pentasacchar ide  glycoconjugate .  However, t h e  branched and l i n e a r  

t r i s a c c h a r i d e s  have less over lapping  s t r u c t u r e ,  and t h e r e f o r e  one might 

expect  t h e  corresponding a n t i s e r a  t o  show less c r o s s - r e a c t i v i t y  towards non- 

complementary t r i s a c c h a r i d e  haptens .  The t i t r a t i o n  r e s u l t s ,  shown i n  F'igures 

3-6 through 3-8, appear  t o  fol low t h e  expec ted  t r e n d s .  

3: Inhibition ELISA's of Rabbit Polyclonal Antisera 

To i n v e s t i g a t e  t h e  b ind ing  of t h e  a n t i s e r a  f u r t h e r ,  a s e r i e s  of 

i n h i b i t i o n  ELISA experiments  were performed. For each series of i n h i b i t i o n  

s t u d i e s ,  t h e  complementary hemoglobin glycoconjugate  f o r  a p a r t i c u l a r  a n t i -  

serum was used a s  t h e  c o a t i n g  an t igen  i n  t h e  ELISA. A t y p i c a l  a s say  

c o n s i s t e d  of t h e  fo l lowing .  I f ,  f o r  example, t h e  an t i se rum "A" which was 

t e s t e d  [ t h i s  an t i se rum was r a i s e d  a g a i n s t  t h e  l i n e a r  t r i s a c c h a r i d e  BSA- 

glycoconjugate  (45)  1, a 96-well enzyme imrnunoassay ( E I A )  p l a t e  was coa ted  

with t h e  l i n e a r  t r i s a c c h a r i d e  hemoglobin glycoconjugate  (46)  a t  a s u i t a b l e  

concen t r a t i on  (see Figure  3-9 f o r  a t y p i c a l  E I A  p l a t e  a r rangement ) .  The 
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p l a t e  was then washed t o  remove unbound glycoconjugate,  and t h e  t e s t  
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Figure  3-9: Arrangement of i n h i b i t o r  and c o n t r o l  wells on a 96-well m i c r o t i t r e  
E I A  p l a t e .  

an t i se rum was then  added a t  a f i x e d  concent ra t ion  t o g e t h e r  with a given 

concent ra t ion  of an o l igosacchar ide  i n h i b i t o r  ( s ee  Figure 3-10 f o r  s t r u c t u r e  

of t h e  i n h i b i t o r s  u s e d ) .  The concent ra t ions  of t h e  i n h i b i t o r s  were s e r i a l l y  

d i l u t e d ,  with concent ra t ions  t y p i c a l l y  ranging from 1-1000pg/mL. Af te r  a 

pe r iod  of incubat ion ,  t h e  p l a t e  was aga in  washed, and t h e  bound ant ibody was 

d e t e c t e d  by t h e  a d d i t i o n  of a secondary antibody, i n  t h i s  case  a goat  a n t i -  

r a b b i t  IgG which was l a b e l l e d  with an a l k a l i n e  phosphatase enzyme. The p l a t e  

was aga in  washed t o  remove unbound d e t e c t i o n  ant ibody,  followed by t h e  

a d d i t i o n  of t h e  enzyme s u b s t r a t e  p-nitrophenol '  phosphate.  The development of 

c o l o r  i n d i c a t e d  t h e  l e v e l  of i n h i b i t i o n  a t  any p a r t i c u l a r  i n h i b i t o r  

concent ra t ion .  The r e s u l t s  of t h e  i n h i b i t i o n  assays  a r e  d i sp l ayed  i n  Figures  

. 3-11 through 3-13 and summarized i n  Table 3-1. 

In  a l l  cases ,  t h e  i n h i b i t i o n  was t h e  g r e a t e s t  when t h e  i n h i b i t o r  was 



Figure 3-10: Panel of i n h i b i t o r s g g  used i n  binding s t u d i e s  with r a b b i t  
po lyc lona l  a n t i s e r a  and monoclonal an t ibod ie s .  



complementary t o  t h e  o l igosacchar ide  hapten on t h e  BSA glycoconjugate which 

was used t o  genera te  a given pool of ant iserum. In  t h e  i n h i b i t i o n  s t u d i e s  

with ant iserum "A" ( s e e  Figure 3-11),  t h e  o rde r  of t h e  potency of t h e  

Table 3-1: I n h i b i t i o n  Data For Rabbit  Polyc lona l  Antisera  

Ant i sera  

Pool A 

Pool B 

Pool C 

I n h i b i t o r s  
52 2 3 5 3 5 4 

a The i n h i b i t o r  showed no a c t i v i t y  with t h e  an t i se rum ind ica t ed .  
These va lues  a r e  based on ex t r apo la t ed  curves .  

C This i n i b i t o r  was used a s  t h e  re ference  f o r  t h e  i n d i c a t e d  s e r i e s .  
U The va lues  i n  parentheses  a r e  f o r  AAG i n  kcal/mol, determined from t h e  express ion  

AAG=RTln ( [I1] I [ I 2 ]  ) , where [I2] i s  t h e  concen t r a t ion  of t h e  re ference  i n h i b i t o r  
f o r  a p a r t i c y l a r  g e r i e s ,  [ I  1 i s  t h e  concen t r a t ion  of t h e  o the r  i n h i b i t o r s ,  
R=1.98 calK- mol- , and T = ~ $ s K ;  p o s i t i v e  va lues  f o r  AAG i n d i c a t e  poorer  binding.  

i n h i b i t o r s  was l i n e a r  t r i s a c c h a r i d e  (52)>> pentasacchar ide  ( 5 4 ) ~  

t e t r a s a c c h a r i d e  (53) > d i saccha r ide  (51) . The branched t r i s a c c h a r i d e  

i n h i b i t o r  (23) was not  a c t i v e .  Antiserum "A" bound t h e  t e t r a s a c c h a r i d e  

( 5 3 ) ,  and pentasacchar ide  (54) i n h i b i t o r s  t o  a c e r t a i n  degree, bu t  t o  a 

l e s s e r  degree than  t h e  complementary l i n e a r  t r i s a c c h a r i d e  sequence ( 5 2 ) .  The 

d i saccha r ide  i n h i b i t o r  (51)  seemed t o  be bound very s l i g h t l y ,  whereas t h e  

branched t r i s a c c h a r i d e  sequence (23) f a i l e d  t o  i n h i b i t  t h e  binding a t  a l l .  

This  i n h i b i t i o n  p a t t e r n  might explained by t h e  f a c t  t h a t  both t h e  
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pentasaccharide and t h e  t e t r a saccha r ide  sequences contain the l i n e a r  

t r i s a c c h a r i d e  sequence, and hence a c e r t a i n  degree of i nh ib i t i on  i s  seen with 

these  compounds. The a d d i t i o n a l  res idues  which a r e  present  poss ib ly  i n h i b i t  

t h e  binding r e l a t i v e  t o  t h e  i n h i b i t i o n  seen with t h e  homologous l i n e a r  

t r i s a c c h a r i d e .  The an t ibodies  i n  ant iserum "A" bind t o  t he  l i n e a r  

t r i s a c c h a r i d e  sequence b e s t ,  and any a d d i t i o n a l  res idues  seem t o  in t roduce  

unfavorable contac ts .  This sugges ts  a small  binding s i t e  which does not 

a l low f o r  t h e  p o s s i b i l i t y  of a l a r g e r  sequence f i t t i n g  i n  and making e x t r a  

favorable  contac ts .  

The binding between ant iserum "BW and t h e  homologous glycoconjugate (48 )  

( s ee  Figure 3-12), was i n h i b i t e d  most s t r o n g l y  by t h e  complementary branched 

t r i s a c c h a r i d e  sequence (23) . The t e t r a s a c c h a r i d e  (53) and pentasaccharide 

(54) sequences were poor i n h i b i t o r s ,  while t h e  l i n e a r  t r i s a c c h a r i d e  (521, and 

d isacchar ide  (51) sequences were not a c t i v e  a t  a l l .  I t  i s  poss ib l e  t h a t  t h e  

branching rhamnosyl "A" r e s idue  i s  r equ i r ed  f o r  binding with t h e s e  

an t ibod ie s ,  s i n c e  both t h e  pentasaccharide and t h e  t e t r a s a c c h a r i d e  sequences 

have . th i s  res idue  i n  common with t h e  branched t r i s a c c h a r i d e ,  whereas t h e  

l i n e a r  t r i s a c c h a r i d e  and t h e  d i saccha r ide  sequences both lack  t h i s  r e s idue .  

With ant iserum "C" ( s ee  Figure 3-13) t h e  most po ten t  i n h i b i t o r ,  o t h e r  

than  t h e  complementary pentasacchar ide  hapten, was t h e  d isacchar ide  sequence. 

This  r e s u l t  seems somewhat puzzl ing,  s i n c e  a l l  of t h e  o l igosacchar ide  

sequences a r e  represented  i n  t h e  pentasacchar ide  sequence. One might expect 

t h a t  t h e  i n h i b i t i o n  of t h e  o l igosacchar ides  would inc rease  with inc reas ing  

s i z e .  This  p a t t e r n  might be expected, s i n c e  a s  t h e i r  s i z e  increased,  g r e a t e r  

homology i n  s t r u c t u r e  t o  t h e  pentasacchar ide  might be expected. It is  

p o s s i b l e  t h a t  t h e  N-acetylglucosamine r e s idue  i s  important  i n  binding with 

t h e s e  a n t i b o d i e s .  The pentasacchar ide  sequence has two ~ - a c e t ~ l g l u c o s a m i n e  
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r e s idues ,  whereas t h e  o t h e r  i n h i b i t o r  sequences have only  one. Of t h e  o t h e r  

i n h i b i t o r s  with one N-acetylglucosamine res idue ,  one could specu la t e  t h a t  t h e  

N-acetylglucosamine r e s idue  i n  t h e  d i s accha r ide  makes a l a r c  r e l a t i v e  

c o n t r i b u t i o n  t o  b ind ing  than  i n  t h e  t r i s a c c h a r i d e  and t h e  t e t r a s a c c h a r i d e  

sequences.  The d i saccha r ide  sequence may l a c k  some of t h e  r e s idues  p re sen t  

i n  t h e  t r i s a c c h a r i d e  and t e t r a s a c c h a r i d e  sequences which may otherwise be 

involved i n  unfavourable  i n t e r a c t i o n s .  This  might exp la in  t h e  f a c t  t h a t  of 

t h e  f o u r  non-complementary i n h i b i t o r s ,  t h e  d i s accha r ide  sequence e x h i b i t s  t h e  

g r e a t e s t  i n h i b i t i o n  with t h e  Pool "C" ant i se rum.  

The r e s u l t s  from t h e  t i t r a t i o n  of t h e  a n t i s e r a  with t h e  var ious  

g lycoconjuga tes  seem t o  i n d i c a t e  a f a i r  degree of c r o s s - r e a c t i v i t y  between 

t h e  a n t i s e r a  and non-homologous g lycoconjuga tes .  From t h e  i n h i b i t i o n  da t a ,  

however, it i s  apparent  t h a t  t h e  an t ibod ie s  b ind  very  s p e c i f i c a l l y  t o  t h e  

o l i gosaccha r ide  sequences which were used i n  t h e  corresponding immunizations. 

The ques t i on  then  a r i s e s  a s  t o  whether t h e  t h r e e  a n t i s e r a  would b ind  t o  t h e  

n a t u r a l  po lysacchar ide .  This  ques t i on  i s  important ,  s i n c e  it was thought 

t h a t  t h e  glycoconjugates  themselves could  be used a s  immunizing agents  i n  a 

monoclonal an t ibody  product ion p r o t o c o l .  One of t h e  r a t i o n a l e s  f o r  

immunizing with a s y n t h e t i c  glycoconjugate  wi th  bound o l igosaccha r ides  a s  

haptens,  i s  t h a t  t h e  an t igen  i s  p re sen t ed  t o  t h e  B-lymphocytes i n  a h igh ly  

de f ined  form, and t h u s  t h e  immune response i s  more s p e c i f i c  f o r  t h e  an t igen  

of choice,  r a t h e r  t han  f o r  spu r ious  ep i topes  t h a t  might a l s o  be p re sen t  i n  a 

heterogeneous po lysacchar ide  p repa ra t i on ,  o r  a whole ce l l  vacc ine .  

One of t h e  tests of t h e  leg i t imacy  of t h i s  approach f o r  t h e  product ion 

of an an t ibody  t o  a Streptococcal Group A an t igen ,  would be  t o  see i f  t h e  

a n t i s e r a  which were r a i s e d  a g a i n s t  t h e  BSA-glycoconjugates, would a l s o  b ind  

t o  t h e  n a t i v e  po lysacchar ide .  To t e s t  t h i s ,  a l l  t h e  p u r i f i e d  a n t i s e r a  were 



t i t r a t e d  i n  an ELISA, by use of S t rep tococca l  Group A polysaccharide 

conjugated t o  BSA"' a s  t h e  coa t ing  an t igen .  S ince  t h e  polysaccharide was 

conjugated t o  BSA, and not t o  horse hemoglobin, t h e r e  was t h e  p o s s i b i l i t y  of 

r e s i d u a l  anti-BSA an t ibod ie s  i n  t h e  r a b b i t  a n t i s e r a  binding t o  t h e  BSA moiety 

of t h e  polysacchar ide  glycoconjugate .  To account f o r  t h i s ,  c o n t r o l  wel l s  i n  

t h e  ELISA were s e t  up i n  which t h e  we l l s  were coa t ed  w i t h  BSA alone,  i n  p l ace  

of t h e  polysacchar ide  glycoconjugate .  The a c t i v i t y  observed i n  t h e  c o n t r o l  

wel l s  was sub t r ac t ed  from t h e  t e s t  we l l s  t o  g ive  t h e  t r u e  b inding  of t h e  

r a b b i t  a n t i s e r a  t o  t h e  polysaccharide s t r u c t u r e .  The s u r p r i s i n g  r e s u l t  was 

t h a t  none of t h e  a n t i s e r a  bound very s t r o n g l y  t o  t h e  n a t u r a l  polysaccharide 

( see  F igure  3-14) .  Of t h e  t h r e e  groups of a n t i s e r a ,  only ant iserum "Cn,  

which was r a i s e d  aga ins t  a pentasacchar ide  hapten, showed any s i g n  of binding 

t o  t h e  polysacchar ide  s t r u c t u r e .  This sugges ts  t h a t  t h e  an t ibod ie s  r a i s e d  

aga ins t  t h e  s y n t h e t i c  an t igens  a r e  very s p e c i f i c  f o r  t h e  o l igosacchar ide  

sequences t o  which they  were r a i s e d .  

Based on t h e  binding s t u d i e s ,  one can specu la t e  on t h e  shape of t h e  

an t igen  binding s i t e s  of t h e  an t ibod ie s  r a i s e d  a g a i n s t  t h e  glycoconjugates .  

The an t igen  b inding  sites a r e  most l i k e l y  pocket shaped, r a t h e r  than  groove 

shaped. A pocket shaped binding s i t e  would r e q u i r e  a very s p e c i f i c  match 

with t h e  an t igen;  t h i s  s o r t  of s p e c i f i c i t y  was observed i n  t h e  i n h i b i t i o n  

s t u d i e s .  A smal l  b inding  pocket would be u n l i k e l y  t o  bind an extended 

polysaccharide s t r u c t u r e ;  i n  f a c t  t h e  a n t i s e r a  r a i s e d  aga ins t  t h e  two 

t r i s a c c h a r i d e  glycoconjugates  d i d  not b ind  t o  t h e  polysaccharide 

glycoconjugate .  The l a r g e r  t h e  binding pocket,  t h e  more l i k e l y  it would a l s o  

b ind  t o  reg ions  of an extended polysaccharide;  t h e  observa t ion  t h a t  only t h e  

ant iserum r a i s e d  a g a i n s t  t h e  pentasacchar ide  sequence showed any binding 

a c t i v i t y  towards t h e  polysaccharide would support  t h i s ,  s i n c e  of t h e  



Figure 3-1 4 
Titration of Rabbit Polyclonal Antisera 

By Use Of Polysaccharide-BSA 
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i n h i b i t o r  sequences,  t h e  pentasacchar ide  sequence i s  t h e  one which would be 

expected t o  b e s t  model t h e  s t r u c t u r e  of t h e  po lysacchar ide .  

The above obse rva t ions  have imp l i ca t i ons  f o r  t h e  gene ra t i on  of 

a n t i b o d i e s  which a r e  t o  be used f o r  d i a g n o s t i c  purposes .  I f  one wishes t o  

o b t a i n  a n t i b o d i e s  which recognize t h e  s t r e p t o c o c c a l  group A polysaccharide,  

t hen  t h e  n a t u r a l  po lysacchar ide ,  o r  a po lysacchar ide  glycoconjugate ,  should 

used a s  t h e  immunogen. I f  on t h e  o t h e r  hand, o l i gosaccha r ide  segments a r e  

be used then  they  should be l a r g e r  t han  a pentasacchar ide  segment. 

Monoclonal Antibodies to a Streptococci Group A Polysaccharide 

~roductionl~l and Purification of Monoclonal Antibodies 

The an t igen  used i n  t h e  monoclonal ant ibody p r o t o c o l  was de r ived  from a 

h e a t - k i l l e d  b a c t e r i a l  sample of t h e  Streptococci Group A.  The s u r f a c e  

p r o t e i n  an t igens  were removed by a peps in  d i g e s t  t o  expose t h e  c e l l - w a l l  

carbohydrate  an t igen .  Two groups of mice were i n j e c t e d  with t h e  h e a t - k i l l e d  

b a c t e r i a :  s i x  BALB/c mice and s i x  A / J  mice. Two f u s i o n  experiments were 

c a r r i e d  o u t .  I n d i r e c t  ELISA with t h e  Streptococci Group A po lysacchar ide  

conjuga ted  t o  BSA was performed on t h e  hybridomas t o  select co lon ie s  which 

were s e c r e t i n g  an t ibody  s p e c i f i c  f o r  t h e  po lysacchar ide .  S ix  hybridomas from 

t h e  f u s i o n  of t h e  A / J  mice, and one from t h e  fu s ion  of t h e  BALB/c mice were 

rec loned .  These seven hybridomas were then screened  with d i s accha r ide  and 

t r i s a c c h a r i d e  BSA-glycoconjugates. The c l a s s  and subc l a s s  of t h e  monoclonal 

a n t i b o d i e s  produced by t h e  seven hybridomas were determined by use of an 

Amersham i s o t y p i n g  k i t .  Of t h e  s i x  hybridomas produced from t h e  fu s ion  of 

t h e  A / J  mice, s i x  of them were found t o  be of t h e  c l a s s  IgMKI and one of t h e  

c l a s s  IgG3,. The hybridoma produced from t h e  fu s ion  of t h e  BALB/c mice, was 



found t o  be an IgMX. Of t h e  seven hybridomas four co lonies  produced s t rong  

t i t r e s  t o  both t h e  polysaccharide and t h e  o l igosacchar ide  glycocon juga tes .  

These fou r  hybridomas [(SA-1A (IgM,), SA-1BC (IgMl),  SA-2B (IgMK), SA- 

2C(IgMK) I were s e l e c t e d  f o r  f u r t h e r  s tudy .  Larger amounts of t h e  an t ibod ie s  

were genera ted  by r a i s i n g  a s c i t e s  f l u i d  f o r  each of t h e  c lones .  The 

monoclonal an t ibod ie s  were p u r i f i e d  from t h e  a s c i t e s  f l u i d  by performing an 

ammonium s u l f a t e  p r e c i p i t a t i o n .  The p r o t e i n  concent ra t ions  of t h e  p u r i f i e d  

monoclonal ant ibody p repa ra t ions  were determined by measuring t h e  absorbance 

a t  280nm. 

The monoclonal an t ibod ie s  were t i t r a t e d  aga ins t  l i n e a r  t r i s a c c h a r i d e ,  

and polysaccharide BSA-glycoconjugates i n  an i n d i r e c t  ELISA, t o  g e t  an 

i n i t i a l  i n d i c a t i o n  of t h e i r  b inding  c h a r a c t e r i s t i c s  ( s ee  F igures  3-15 and 

3-16) .  The an t ibod ie s  bound t o  both t h e  polysaccharide and t h e  t r i s a c c h a r i d e  

glycoconjugates .  Of t h e  f o u r  monoclonal an t ibodies  t h e  one which gave t h e  

h ighes t  t i t r e  was SA-2C. 

2: Inhibition ELISA's of Monoclonal Antibodies 

A s e r i e s  of i n h i b i t i o n  ELISA s t u d i e s  were performed i n  o rde r  t o  

determine t h e  binding s p e c i f i c i t i e s  of t h e  fou r  monoclonal an t ibod ie s .  A 

pane l  of i n h i b i t o r s  was used, ranging i n  s i z e  from a d i saccha r ide  t o  a 

pentasacchar ide  sequence (see Figure  3-10).  In  t h e  i n h i b i t i o n  s t u d i e s  it was 

decided t o  use t h e  l i n e a r  t r i s a c c h a r i d e  sequence a s  t h e  coa t ing  an t igen  i n  

t h e  i n d i r e c t  ELISA. By use  of t h e  t r i s a c c h a r i d e  glycoconjugate ,  r a t h e r  than  

t h e  polysaccharide glycoconjugate ,  t h e  binding would be s t r o n g  enough t o  

d e t e c t ,  bu t  no t  so  s t r o n g  t h a t  t h e  binding could not  be i n h i b i t e d  a t  a 

reasonable concen t r a t ion  with t h e  panel  of i n h i b i t o r s .  

P r i o r  t o  t h e  i n h i b i t i o n  assays ,  an ELISA was c a r r i e d  Out i n  which t h e  



Figure 3-1 5 
Titration of Monoclonal Antibodies 

By Use Of Glycoconjugate (46) 
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Figure 3-1 6 
Titration of Monoclonal Antibodies 

By Use of Polysaccharide-BSA 
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concent ra t ions  of both t h e  coa t ing  an t igen ,  and t h e  monoclonal ant ibody were 

va r i ed .  For t h e  i n h i b i t i o n  assays ,  a combination of glycoconjugate  coa t ing  

and ant ibody concent ra t ion  was chosen which gave an absorbance value of 0.8- 

1 . 0  u n i t s .  The lowest p o s s i b l e  coa t ing  l e v e l  of t h e  glycoconjugate  was 

chosen, so  a s  t o  i nc rease  t h e  e f f e c t i v e n e s s  of t h e  i n h i b i t o r s  a t  lower 

concen t r a t ion  l e v e l s .  

The f i r s t  s e t  of i n h i b i t i o n  s t u d i e s  was c a r r i e d  out  with t h e  monoclonal 

ant ibody SA-1A. The r e s u l t s  of t h e s e  s t u d i e s  a r e  shown i n  Figure 3-17. None 

of t h e  i n h i b i t o r s  was found t o  g ive  100% i n h i b i t i o n  of t h e  binding,  even a t  

t h e  h ighes t  l e v e l  of i n h i b i t o r  used. The coa t ing  of t h e  glycoconjugate  i n  

t h e  i n h i b i t i o n  assay  was reduced t o  a minimum; however, t h e  b inding  could  

s t i l l  not  be e f f e c t i v e l y  i n h i b i t e d .  Of t h e  4 i n h i b i t o r s  t e s t e d ,  t h e  one 

which showed t h e  g r e a t e s t  l e v e l  of i n h i b i t i o n  was t h e  l i n e a r  t r i s a c c h a r i d e  

s t r u c t u r e  (521, followed by t h e  pentasacchar ide  ( 3 4 ) ,  t h e  branched 

t r i s a c c h a r i d e  (23) and d i saccha r ide  (51) .  The d i saccha r ide  and t h e  branched 

t r i s a c c h a r i d e  had approximately t h e  same i n h i b i t o r y  s t r e n g t h .  I n i t i a l l y ,  t h e  

pentasacchar ide  (34) was expected t o  show t h e  g r e a t e s t  i n h i b i t i o n  due t o  i t s  

g r e a t e r  homology with t h e  polysaccharide s t r u c t u r e  , so  t h e  g r e a t e r  potency 

of t h e  l i n e a r  t r i s a c c h a r i d e  s t r u c t u r e  was not  expected.  

The p o s s i b i l i t y  e x i s t e d  t h a t  t h e  i n h i b i t i o n  observed with t h e  l i n e a r  

t r i s a c c h a r i d e  was an a r t i f a c t  because t h e  glycoconjugate  which was used a s  

t h e  coa t ing  an t igen  i n  t h e  ELISA bore t h e  same l i n e a r  t r i s a c c h a r i d e  sequence. 

To t e s t  t h i s  p o s s i b i l i t y ,  t h e  experiment was repea ted  by use  of a branched 

t r i s a c c h a r i d e  glycoconjugate  (47) i n  p l ace  of t h e  l i n e a r  t r i s a c c h a r i d e  

glycoconjugate  (45) a s  t h e  coa t ing  an t igen  i n  t h e  ELISA. The r e s u l t s  ob ta ined  

were t h e  same a s  when t h e  l i n e a r  t r i s a c c h a r i d e  glycoconjugate  (45) was used 

a s  t h e  s o l i d  phase an t igen .  One p o s s i b l e  explana t ion  f o r  t h e  b inding  p a t t e r n  
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of SA-1A could be t h a t  t he  binding i s  due t o  non-spec i f ic  s o r t s  of 

i n t e r a c t i o n s  such a s  i n t e r a c t i o n s  with t h e  BSA moiety of t h e  g l y ~ o c o n j u g a t ~ ,  

o r  adhesion t o  t h e  sur face  of t h e  E I A  p l a t e .  This l a s t  p o s s i b i l i t y  was 

un l ike ly  s ince  t h e  antibody and i n h i b i t o r  s o l u t i o n s  were made up i n  a 1% BSA 

s o l u t i o n ;  t h e  BSA was intended t o  block any uncoated su r f aces  on t h e  E I A  

p l a t e .  I f  non-specif ic  i n t e r a c t i o n s  were r e spons ib l e  f o r  t h e  observed 

binding, then t h e  ol igosaccharide i n h i b i t o r s  would have l i t t l e  e f f e c t  on t h e  

binding; bu t ,  some i n h i b i t i o n  was observed. Another p o s s i b i l i t y  could be 

t h a t  t h e  ant ibody i s  a high a f f i n i t y  ant ibody with a r e l a t i v e l y  small  binding 

pocket which binds an ep i tope  on t h e  polysaccharide s t r u c t u r e  which t h e  

l i n e a r  t r i s a c c h a r i d e  most c l o s e l y  resembles. Due t o  t h e  poor i n h i b i t o r y  

s t r e n g t h  of a l l  t h e  i n h i b i t o r s ,  a c l e a r  p i c t u r e  of t h e  binding p a t t e r n  of 

t h i s  monoclonal ant ibody was not obtained.  The amount of i n h i b i t o r  substance 

a v a i l a b l e  was l i m i t e d  so  it was decided not t o  c a r r y  out t h e  assays  a t  

i nc reased  i n h i b i t o r  concent ra t ions .  

The aim of t h i s  work was t o  i d e n t i f y  a monoclonal ant ibody which would 

b ind  t o  a s t r ep tococca l  Group A polysacchar ide  s t r u c t u r e  with high 

s p e c i f i c i t y .  The most l i k e l y  p o s s i b i l i t y  would be an ant ibody with an 

extended binding s i t e ,  which would i n t e r a c t  with a l a r g e r  su r f ace  of t h e  

polysaccharide e x h i b i t i n g  unique f e a t u r e s .  An ant ibody with a r e l a t i v e l y  

small  binding s i t e  would be more l i k e l y  t o  c ros s - r eac t  with o t h e r  

po lysacchar ides  of s i m i l a r  s t r u c t u r e  t o  t h e  s t r e p t o c o c c a l  Group A 

polysaccharide,  thereby  reducing t h e  use fu lnes s  of such an ant ibody f o r  any 

d i a g n o s t i c  purpose. These cons ide ra t ions  argue a g a i n s t  t h e  use of SA-1A f o r  

t h e  d e t e c t i o n  of s t r e p t o c o c c a l  group A po lysacchar ide .  

An analogous s e r i e s  of i n d i r e c t  i n h i b i t i o n  ELISA1s were performed by use 

of t h e  monoclonal ant ibody SA-2C. O f  t h e  f o u r  an t ibod ie s  t h i s  was t h e  



antibody which gave t h e  h ighes t  t i t r e .  A l l  of t h e  f i v e  i n h i b i t o r s  t e s t e d  

were ab l e  t o  i n h i b i t  t h e  binding up t o  l o o % ,  by use of an i n h i b i t o r  

concent ra t ion  of l e s s  than 1000pg/mL. The i n h i b i t i o n  curves obta ined  a r e  

shown i n  Figures  3-18 and 3-19, with the  r e s u l t s  d i sp layed  i n  Table 3-11. 

The r e l a t i v e  s t r e n g t h  of t h e  

-- 

a This i n i b i t o r  used a s  t h e  re ference  f o r  t h e  i n d i c a t e d  s e r i e s .  

Table 3-11: I n h i b i t i o n  Data For Monoclonal Antibody SA-2C 

" The values i n  parentheses  a r e  f o r  AAG i n  kcal/mol,  determined from t h e  

Mono- 
c lona l  All 

SA- 2 C 

express ionAAG=~~ln  ( [I1] 
i n h i b i t o r ,  [I1] is  t h e  
and T=295K; p o s i t i v e  va 

/ [I2]  ) , where [I2]  i s  t h e  concent ra t ion  of t h e  r e f e f e n c ~ ~  
concent ra t ion  of t h e  o t h e r  i n h i b i t o r s ,  R=1.98 c a l ~ -  mol , 
l u e s  f o r  AAG i n d i c a t e  poorer  binding.  

I n h i b i t o r s  
5 1  52 2  3 5 3 

i n h i b i t o r s  was found t o  be: pentasaccharide > t e t r a s a c c h a r i d e  > d i saccha r ide  

= branched t r i s a c c h a r i d e  = l i n e a r  t r i s a c c h a r i d e .  The d i f f e r e n c e s  i n  t h e  

concent ra t ions  of i n h i b i t o r s  requi red  t o  g ive  50% i n h i b i t i o n  f o r  t h e  two 

t r i s a c c h a r i d e s ,  and f o r  t h e  d isacchar ide ,  were not  s i g n i f i c a n t l y  d i f f e r e n t  

from one another .  The t r e n d  observed i s  t h e  one expected f o r  an ant ibody 

with an extended b inding  s i t e ;  t h e  l e v e l  of i n h i b i t i o n  of a hapten should 

inc rease  a s  t h e  s i z e  of t h e  i n h i b i t o r  i nc reases ,  thereby  f i l l i n g  t h e  binding 

s i t e  more completely.  A p e r f e c t l y  l i n e a r  i nc rease  i n  i n h i b i t i o n  with 

inc rease  i n  s i z e  i s  not n e c e s s a r i l y  expected.  The b inding  of a l i gand  with 

an ant ibody i s  t h e  sum of a t t r a c t i v e  and r epu l s ive  fo rces .  The add i t i on  of 

an e x t r a  r e s idue  may b r ing  i n t o  p l a y  more r epu l s ive  f o r c e s  than  a t t r a c t i v e  

ones, t he reby  decreas ing  t h e  a f f i n i t y  of t h e  ant ibody f o r  t h e  l i gand .   his 

40.1 

C1M 

97.8 
(1 .0)  

pg/mL 

69.2 

CIM 

126 
(1.1) 

w / m L  

62.9 

P 

113 
(1.1) 

~ g / a  

47.4 

CIM 

67.6 
(0 .8 )  
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may be t h e  explana t ion  why t h e  i n h i b i t i o n  of t h e  d i saccha r ide  was nominally 

g r e a t e r  than  t h a t  f o r  t h e  branched and l i n e a r  t r i s a c c h a r i d e s .  

The i n h i b i t i o n  s t u d i e s  with t h e  an t ibod ie s  SA-2B and SA-1BC proved t o  be 

inconclus ive .  None of t h e  i n h i b i t o r s  were e f f e c t i v e  i n  i n h i b i t i n g  t h e  

binding of e i t h e r  an t ibody.  The l e v e l  of glycoconjugate  coa t ing  was 

decreased  t o  a minimum i n  o rde r  t o  i nc rease  t h e  e f f e c t i v e n e s s  of t h e  

i n h i b i t o r s ,  bu t  t o  no a v a i l .  The binding p r o f i l e s  of t h e s e  an t ibod ie s  remain 

uncharac te r ized .  

Previous workerslo2 have produced monoclonal a n t i b o d i e s  t o  a 

s t r e p t o c o c c a l  group A vaccine.  They concluded t h a t  t h e r e  were two b a s i c  

types  of ant ibody produced. One type  was a high a f f i n i t y  ant ibody d i r e c t e d  

a t  an extended p o r t i o n  of t h e  polysaccharide chain,  with t h e  binding s i t e  

probably resembling a shal low grove.  The o t h e r  type  of ant ibody they  found 

was a low a f f i n i t y  ant ibody with a small  b inding  s i t e  l i k e l y  d i r e c t e d  a t  t h e  

t i p s  of t h e  polysacchar ide  chain,  and a b l e  t o  accommodate only s i n g l e  sugar  

r e s idues .  Extensive i n h i b i t i o n  s t u d i e s  were not  c a r r i e d  out  with t h e s e  

an t ibod ie s ;  however, both types  were shown t o  b ind  N-acetylglucosamine. The 

SA-2C ant ibody would appear t o  have s i m i l a r  b inding  c h a r a c t e r i s t i c s  t o  t h e  

h i g h - a f f i n i t y  an t ibod ie s  d i r e c t e d  a t  i n t e r n a l  sequences which were i d e n t i f i e d  

by Braun. 1 0 2  

The maximum s i z e  of o l igosacchar ide  which is  bound by t h e  monoclonal 

ant ibody SA-2C remains undetermined. The i n h i b i t i o n  with t h e  pentasacchar ide  

hapten (34) was g r e a t e r  t han  with any o t h e r  i n h i b i t o r ,  and it i s  not known i f  

t h e  i n h i b i t i o n  would cont inue  t o  i nc rease  with inc reas ing  s i z e  of t h e  

i n h i b i t o r ,  o r  i f  a maximum amount of i n h i b i t i o n  would be reached with a 

hexasaccharide s t r u c t u r e .  A s  d i s cussed  e a r l i e r ,  t h e  s i z e  of an ant ibody 

binding s i t e  f o r  a carbohydrate  binding antibody, i s  gene ra l ly  thought t o  be 



l a r g e  enough t o  accommodate a maximum of s i x  sugar  r e s idues .  There a r e ,  

however, examples of an t ibod ie s  binding many more than  s i x  r e s idues .  lo3 one 

example of such behaviour i s  found with an t ibod ie s  d i r e c t e d  aga ins t  a group B 

meningococcal polysaccharide d e r i v a t i v e  (a  homopolymer of a - (2-8) - l inked  

s i a l i c  a c i d  r e s i d u e s ) .  lo4 In  t h i s  s tudy  it was seen t h a t  i n h i b i t o r  s t r e n g t h  

i n c r e a s e s  with inc reas ing  number of s i a l i c  a c i d  r e s idues .  Oligosaccharides 

of up t o  e leven  monosaccharide u n i t s  were used a s  i n h i b i t o r s ,  and no 

l e v e l l i n g  of f  of i n h i b i t o r  s t r e n g t h  was observed. This i s  thought t o  be due 

t o  t h e  conformational  p r o p e r t i e s  of t h e  o l igosacchar ides ;  s p e c i f i c a l l y ,  t h e  

f i n d i n g  t h a t  t e rmina l  reg ions  of t hese  types  of o l igosaccha r ides  have 

d i f f e r e n t  conformations than  t h e  i n t e r n a l  reg ions ,  with t h e  i n t e r n a l  regions 

forming t h e  ep i tope  which i s  bound by t h e  ant ibody.  I t  is  p o s s i b l e  t h a t  t h e  

binding of t h e  s t r e p t o c o c c a l  group A po lysacchar ide  by t h e  monoclonal 

ant ibody SA-2C i s  of a s i m i l a r  na ture .  To f u l l y  c h a r a c t e r i z e  t h e  binding 

s i t e ,  s p e c i f i c a l l y  t h e  number of res idues  which a r e  recognized, f u r t h e r  

i n h i b i t i o n  s t u d i e s  a r e  r equ i r ed  by use of hexasaccharide and l a r g e r  

o l igosaccha r ides .  

From t h e  i n h i b i t i o n  s t u d i e s  of t h e  four  monoclonal an t ibod ie s ,  t h e  

ant ibody SA-2C, was s i n g l e d  out  a s  t h e  candida te  which showed t h e  most 

promise f o r  use  a s  a d i a g n o s t i c  reagent .  I t  appears  t h a t  t h e  binding s i t e  of 

t h e  ant ibody i s  extended, binding a t  l e a s t  f i v e  r e s idues ,  and probably more. 

On t h e  b a s i s  of t h e  b inding  s t u d i e s  presented  he re  t h e  monoclonal ant ibody 

SA-2C w i l l  be used i n  f u r t h e r  s t u d i e s  designed t o  develop an antibody-based 

irnmunodiagnostic reagent .  



111: EXPERIMENTAL 

A: Imunization of Rabbits With BSA Glycoconjugates 

Twelve mil l igrams of each of t h e  3 glycoconjugates  (45) (47) and (49) 

(shown i n  Figure 3-10) were d i s so lved  i n  0.01 M phosphate bu f fe red  s a l i n e  

(PBS) (12. OnL, pH 7 .0)  . To each of t h e s e  s o l u t i o n s  was added Freund's 

Complete Adjuvant (15.0nL) (Difco Labora tor ies ,  D e t r o i t  Michigan) .  Three 

groups of 4 New Zealand White r a b b i t s  were given a subcutaneous i n j e c t i o n  of 

l .OnL/rabbi t  2 t imes pe r  week f o r  a pe r iod  of 3 weeks, each group of f o u r  

r a b b i t s  being immunized with a s epa ra t e  glycoconjugate  s o l u t i o n .  Following 

t h i s  immunization p ro toco l ,  t h e  r a b b i t s  were exsanguinated and t h e  blood 

samples allowed t o  incubate  a t  37'C f o r  t h r e e  hours and then  t h e  blood c l o t s  

allowed t o  c o n t r a c t  and s e p a r a t e  from t h e  blood serum by coo l ing  t o  4 ' C  f o r  

8h. The blood c l o t s  were sepa ra t ed  from t h e  serum, and t h e  serum cen t r i fuged  

and t h e  superna tan t  c o l l e c t e d  and f rozen  a t  -20'C u n t i l  f u r t h e r  use .  

B: Preparation of BSA Affinity Gel 

To a s t i r r e d  s l u r r y  of Sepharose 6B g e l  (100nL) (Pharmacia, Uppsala, 

Sweden) i n  Na2C03 2M (100mL) a t  5'C, was added a CH3CN/CNBr s o l u t i o n  ( lO.OnLI 

2 .0g/nL).  The s l u r r y  was s t i r r e d  a t  5'C f o r  3min, and then  poured i n t o  a 

s i n t e r e d  g l a s s  funnel  and r in sed  with NaHC03 0.1M (1000nL), followed by a 

r i n s e  with d i s t i l l e d  water (1000mL). The a c t i v a t e d  g e l  was then  t r a n s f e r r e d  

t o  a beaker,  by use of NaHC03/Na2C03 0.2M, pH 9.5 (100nL). To t h i s  

suspension was added a s o l u t i o n  of Bovine Serum Albumin (BSA), c r y s t a l l i z e d  

99%, (400mg i n  5.0nL NaHC03/Na2C03, 0.1M, pH9.5) ( I C N  Biochemicals, 

Cleveland, Ohio) .  The s o l u t i o n  was let  s t and  a t  room temperature,  with 

occas iona l  s t i r r i n g ,  f o r  2.5h. The BSA-gel was poured i n t o  a s i n t e r e d  g l a s s  



funne l  and f i l t e r e d .  The p r o t e i n  conten t  of t h e  f i l t r a t e  was determined by 

measuring t h e  A2801 and it was e s t ima ted  t h a t  98% of t h e  BSA was bound. The 

g e l  was then taken up i n  NaHC03/Na2C03 0.2M1 pH 9.5,  (200mL) con ta in ing  

g lyc ine  0 . 2 M t o  block any unbound a c t i v a t e d  s i tes .  The s o l u t i o n  was l e t  

s t a n d  a t  room temperature  f o r  3h with occas iona l  s t i r r i n g .  The g e l  was then 

f i l t e r e d  on a  s i n t e r e d  g l a s s  funne l ,  and washed wi th  NaHC03 O . l M l  pH 8.2 

(200mL), followed by NaOAc O . l M I  pH 4.0 (200mL). The cyc l e  of washings was 

repea ted  4 times, and then  t h e  g e l  was taken  up i n  PBS, con ta in ing  NaN3 

( 0 . 0 5 % ) ,  and s t o r e d  a t  4 ' C  till needed. 

C :  Purification of Rabbit Sera 

Samples of t h e  a n t i s e r a  from each of t h e  4 r a b b i t s  i n  each group were 

pooled t o  g ive  t h r e e  s e p a r a t e  samples of serum, one from each glycoconjugate  

immunization. Serum samples (5.0mL) were a p p l i e d  t o  a  p r o t e i n  A-Sepharose 

CL-4B column system (Pharmacia Canada Inc . ,  Dorval,  Quebec, Canada) which was 

maintained a t  4 ' C .  The IgG f r a c t i o n  was bound by use  of g lyc ine  1.5M, 

con ta in ing  NaCl 3M, a d j u s t e d  t o  pH 8 .9  by use of 5M NaOH. The bound 

a n t i b o d i e s  were e l u t e d  by use of c i t r i c  a c i d  ( I O O m M ) ,  ad ju s t ed  t o  pH 4.0 by 

use of 5M NaOH. The an t ibody  con ta in ing  f r a c t i o n s  were pooled and d i a lyzed  

a g a i n s t  T r i s / H C l ,  0. l M I  pH 8.5, con ta in ing  NaC1, 0.5M, and concent ra ted  t o  

t h e  o r i g i n a l  5mL volume, by use of an Amicon u l t r a  f i l t r a t i o n  appara tus .  The 

sample was t hen  loaded onto  a  BSA-Sepharose 6B a f f i n i t y  column (prepared  a s  

desc r ibed  above) i n  t h e  same bu f f e r ,  and t h e  e l u t e d  f r a c t i o n s  were combined 

and d i a l y z e d  a g a i n s t  TrisIHC1, 50mM, pH 8.0,  c o n t a i n i n g  NaC1, 150mM, and 

concent ra ted ,  by use of an Amicon u l t r a  f i l t r a t i o n  appa ra tu s .  The p r o t e i n  

concen t r a t i ons  f o r  t h e  p u r i f i e d  an t ibody  p r e p a r a t i o n s  were determined by 

measuring t h e  A,,, (e.1.35 mLcm"mg-I f o r  IgG immunoglobulin).  



D: Indirect Enzyme-Linked Imunosotbent Assay 

In a t y p i c a l  i n d i r e c t  ELISA, 96 wel l  m i c r o t i t r e  p l a t e s  (Linbro; F ~ O W  

Labora tor ies ,  Mississauga, Ontar io,  Canada) were coa ted  with a glycoconjugate  

s o l u t i o n ,  lOp.g/mL i n  PBS, 100pL/well. The glycoconjugate  s o l u t i o n  was 

allowed t o  b ind  a t  room temperature f o r  3h, and then  washed t h r e e  t imes 

(SKATRON AS Microwash 2)  with PBS, con ta in ing  0.05% Tween 20 and 0.02% NaN3 

(PTA)  . A l t e r n a t i v e l y ,  t h e  p l a t e s  could be s t o r e d  a t  4 ' C  u n t i l  needed. To 

t h e  washed p l a t e s ,  an ant ibody s o l u t i o n  was then  added, lOOp.L/well. A l l  

ant ibody d i l u t i o n s  were made i n  PBS. The p l a t e s  were l e f t  a t  room 

temperature f o r  3h and then  washed t h r e e  t imes with PTA. An a l k a l i n e  

phosphatase l a b e l l e d  goat  a n t i - r a b b i t  IgG ant ibody (Miles-Yeda Ltd. ,  61-275) 

was added, 100p.~/wel l ,  d i l u t e d  1,:1000 i n  PBS con ta in ing  1% BSA. The l a b e l l e d  

ant ibody was allowed t o  r e a c t  f o r  l h  a t  room temperature and then  t h e  p l a t e s  

were washed t h r e e  t imes with PTA. The enzyme s u b s t r a t e  para-ni t rophenol  

phosphate (p-NPP) was added, lOOp.L/well, l.Omg/mL i n  NaHC03/Na2C0, 0.05M, pH 

9.8, con ta in ing  0.001MMgC12. The p l a t e s  were developed f o r  l h  a t  room 

temperature,  and t h e  absorbance of t h e  wells was read  a t  405m ( T i t e r t e k  

Mult iscan MC p l a t e  r eade r )  . 

E: Indirect Inhibition ELISA By use of Rabbit Polyclonal Antibodies 

P r i o r  t o  t h e  i n h i b i t i o n  a s say  t h e  app ropr i a t e  concent ra t ions  t o  use f o r  

each glycoconjugate/ant ibody combination were determined i n  an ELISA assay  i n  

which t h e  concent ra t ions  of t h e  coa t ing  glycoconjugate  and t h e  ant ibody t o  be 

t e s t e d ,  were v a r i e d  s imultaneously i n  a checker board f a sh ion .  Following 

t h i s  de te rmina t ion ,  t h e  E I A  p l a t e s  were coa t ed  with an appropr i a t e  

glycoconjugate  s o l u t i o n  concent ra t ion ,  1-lOpg/mL i n  PBS, lOOpL/well. The 

glycoconjugate  s o l u t i o n  was allowed t o  bind a t  room temperature f o r  3h, and 



t h e  p l a t e s  were then  washed t h r e e  t imes with PTA. To t h e  washed p l a t e s ,  

s o l u t i o n s  of i n h i b i t o r s  were added a t  2x t h e  f i n a l  concent ra t ion ,  50pL/well, 

s e r i a l l y  d i l u t e d  i n  PBS con ta in ing  0.1% BSA ( d i l u t i o n  f a c t o r  used was 410) .  

An ant ibody s o l u t i o n  was then  added, 1.5-lOpg/mL, 50pL/well i n  PBS conta in ing  

0 . 1 %  BSA. A l l  i n h i b i t o r  concent ra t ions  were run i n  t r i p l i c a t e  on t h e  same 

p l a t e .  Severa l  we l l s  were used a s  re ference  wells ,  where i n  p l ace  of an 

i n h i b i t o r  s o l u t i o n ,  50pL of PBS con ta in ing  1% BSA was added. These wel l s  

were used t o  c a l c u l a t e  t h e  0% i n h i b i t i o n  va lue .  The p l a t e s  were l e f t  a t  room 

temperature f o r  3h and then  washed t h r e e  t imes  with PTA. An a l k a l i n e  

phosphatase l a b e l l e d  goat  a n t i - r a b b i t  IgG ant ibody was added, 1 0 0 p ~ / w e l l ,  

d i l u t e d  1:1000 i n  PBS conta in ing  1% BSA. The l a b e l l e d  ant ibody was allowed 

t o  r e a c t  f o r  l h  a t  room temperature and then  t h e  p l a t e s  were washed t h r e e  

t imes with PTA. The p-NPP s u b s t r a t e  was then  added, 1 0 0 p ~ / w e l l ,  l.Omg/mL i n  

NaHC03/Na2C03 0.  05M, pH 9 .8 ,  con ta in ing  0.001M MgC12. The p l a t e s  were 

developed f o r  l h  a t  room temperature,  and t h e  absorbance of t h e  wel l s  was 

read  a t  405nm. 

F: Immunizations of Mice 
105 

A Streptococci Group A vaccine was prepared a s  descr ibed  previous ly .  

The vaccine was prepared from a  hea t -k i l l ed ,  peps in  t r e a t e d  c u l t u r e  of 

Streptococcus pyrogens Group A t ype  4 ,  s t r a i n  J17A4. The vaccine was 

determined t o  con ta in  300pg/mL rhamnose by use  of a  phenol-sulphuric  a c i d  

t e s t  .77 A / J  mice and BALB/c mice were given s e r i e s  of 6 and 7 

i n t r a p e r i t o n e a l  i n j e c t i o n s ,  r e spec t ive ly ,  over  pe r iods  of 53 and 67 days. 

The f i n a l  i n j e c t i o n s  were given 3 days p r i o r  t o  f u s i o n .  The i n j e c t i o n s  

c o n s i s t e d  of O . l m L  of vaccine i n  PBS; t h e  equ iva l en t  t o  30pg rhamnose. 



G: Fusions, ELISA Screening, and Cloning 

Two sepa ra t e  fus ion  experiments were c a r r i e d  o u t ,  where i n  each fus ion  

experiment sp leen  c e l l s  from two immunized mice were fused with t h e  

nonimmunoglobulin-producing Sp2 /0 plasmacytoma c e l l  line1' ( I n s t i t u t e  f o r  

Medical Research, Camden, N .  J.), a s  p rev ious ly  desc r ibed .  1 0 7  The c e l l  

co lon ie s  were screened i n i t i a l l y  with a Streptococci Group A polysaccharide 

BSA glycoconjugate ,  and f u r t h e r  sc reenings  were c a r r i e d  out  w i t h  d i saccha r ide  

and t r i s a c c h a r i d e  glycoconjugates  a s  well. The screenings  were c a r r i e d  out 

a s  desc r ibed  above f o r  i n d i r e c t  ELISA. Bound ant ibody was de t ec t ed  by use of 

an a l k a l i n e  phosphatase l a b e l l e d  goat  anti-mouse immunoglobulin M (IgM) and 

IgG ant ibody.  Hybridomas judged t o  be p o s i t i v e  i n  t h e  ELISA screen were 

cloned by l i m i t e d  d i l u t i o n ,  by use  of mouse sp l een  c e l l s  a s  f eede r s .  A l l  

hybr ids  were cloned twice t o  ensure  c l o n a l i t y  and s t a b i l i t y  before  c e l l  

samples were f rozen  and a s c i t e s  f l u i d  was r a i s e d .  The fus ion  experiment with 

t h e  A / J  mice produced 6 s t a b l e  hybridomas, and t h e  fus ion  experiment with t h e  

BALB/C mice produce 1 s t a b l e  hybridoma. 

H:  Ascites F l u i d  

BALB/c mice were primed by i n t r a p e r i t o n e a l  i n j e c t i o n  with 0.5mL of 

2,6,10,14-tetramethylpentadecane ( p r i s t a n e )  . Af te r  1 4  days, t h e  mice were 

i n j e c t e d  ( i n t r a p e r i t o n e a l )  with l o 6  hybridoma c e l l s ,  and tapped f o r  a s c i t e s  

f l u i d  a f t e r  a f u t h e r  1-10 days. The a s c i t e s  f l u i d  was cen t r i fuged  and 

f i l t e r e d ,  and s t o r e d  a t  -204C u n t i l  f u r t h e r  use .  

I: P u r i f i c a t i o n  of Monoclonal Antibodies  by (NH4),S04 P r e c i p i t a t i o n  

The a s c i t e s  f l u i d  samples were thawed and cen t r i fuged  a t  4 ' C  f o r  30min 

(10,000g);  t h e  p e l l e t  was d iscarded .  The superna tan t  was f i l t e r e d  through a 



0 . 2 2 ~  f i l t e r ,  and t o  t he  f i l t r a t e  was added dropwise with s t i r r i n g ,  an equal  

volume of s a t u r a t e d  (NH4)2S04. The s o l u t i o n  was l e f t  s t i r r i n g  a t  4'C f o r  

16h, and then cen t r i fuged  a t  4'C f o r  30min (10,000g).  The supernatant  was 

d iscarded ,  and t h e  p e l l e t  resuspended i n  PBS ( 0 . 5  t imes t h e  o r i g i n a l  volume 

of a s c i t e s  f l u i d ) .  The resuspended ant ibody s o l u t i o n s  were then d i a lyzed  

aga ins t  PBS conta in ing  0.02% NaN3. The d i a lyzed  s o l u t i o n s  were cen t r i fuged  

a t  4'C f o r  20min (10,00Og), and t h e  superna tan ts  were f i l t e r e d  through a 

0 . 8 ~  f i l t e r .  The p r o t e i n  concent ra t ions  of t h e  ant ibody s o l u t i o n s  were 

-1 -1 determined by measuring t h e  A280 (e=1.2 mLcm mg f o r  IgM immunoglobulin). 

J: Inhibition Studies of Monoclonal Antibodies 

The i n h i b i t i o n  s t u d i e s  were c a r r i e d  out  by use of an i n d i r e c t  i n h i b i t i o n  

ELISA, a s  descr ibed  above. Concentrat ion l e v e l s  f o r  each 

glycoconjugate/ant ibody combination were determined i n  an ELISA assay where 

t h e  concent ra t ions  of t h e  coa t ing  glycoconjugate  and t h e  ant ibody t o  be 

t e s t e d ,  were v a r i e d  s imultaneously i n  a checker board fash ion .  Bound 

ant ibody was d e t e c t e d  by use of an a l k a l i n e  phosphatase l a b e l l e d  goat  a n t i -  

mouse immunoglobulin M (IgM) antibody, d i l u t e d  1:1000 i n  PBS conta in ing  1 .0% 

BSA. 



CHAPTER 4 

I: INTRODUCTION 

Our laboratory has been active in the synthesis of oligosaccharides 

for use in investigations of the interactions of antigens with antibodies 

at a molecular level. One of the systems under investigation is the 

interaction of the Shigella f lexneri  Variant Y lipopolysaccharide (LPS) 

0-antigen with corresponding monoclonal antibodies. 93 The Shigella 

f lexneri  variant Y IPS 0-antigen1" is comprised of a four sugar 

biological repeating unitlog containing a-L-rhamnose and P-D-N- 

acetylglucosamine residues. The approach used is to synthesize portions 

of the polysaccharide, and to test these sequences in inhibition binding 

L J n 
studies with complementary monoclonal antibodies.log From these studies 

inferences may be made as to the nature of the surfaces of the antigen 

which are important in recognition and binding with antibodies. Work in 

our laboratory has furnished pentasaccharide60a' 60b hexasaccharide60b 

and heptasaccharide60c fragments of the Shigella f lexneri  Variant Y 

polysaccharide for use in these studies (see Figure 4-1). 

During the chemical synthesis of these compounds, NMR spectroscopy 

played a vital role in confirming the structures of the synthetic 

intermediates. For the final deblocked compounds, in addition to 

confirming structural integrity, 'H- and 13c-NMR spectroscopy can give 

information on the three-dimensional conformation of the compounds in 

solution. The information obtained from NMR experiments can be used in 

conjunction with theoretical ~alculations~~' to model the three- 

dimensional shape of the antigenic surface. 





Prior to 'H-NMR analysis of the conformational properties of the 

oligosaccharides, a complete assignment of the 'H-NMR spectrum is 

required. The 'H-NMR spectra for these compounds are not easily analyzed 

due to the extensive overlap of signals, particularly in the region 3.0-  

4.5 ppm These problems may be overcome by utilizing two-dimensional NMR 

techniques which allow for the assignment of siqnals within highly 

overlapped regions of the spectrum. To illust~ite the nature of the 

analyses which have been performed, the NMR analysis of the 

heptasaccharide (58) will be outlined in this chapter. These results 

provide the basis for a more detailed conformational analysis of the 

heptasaccharide structure by use of computational methods; these studies 

are currently ongoing.lll Similar analyses have been performed for the 

penta- and hexasaccharides (55)-(571, and also for oligosaccharides 

corresponding to the cell-wall polysaccharide of the P-hemolytic 

Streptococci Group A; the synthesis of the latter compounds are described 

in Chapter 2 of this thesis. 

A: Background 

In recent years, new NMR techniques have been developed at a rapid 

pace. The introduction of two-dimensional NMR methods have opened up 

whole new areas of research. Several reviews in this area have been 

published,'12 and only a brief discussion of a, few of the methods used in 

the present research will be given. 

In the familiar one-dimensional NMR experiment, a 90 '  pulse of an 

appropriate radio frequency is applied to a sample. The magnetization 

vectors of the individual nuclei are rotated into the xy plane, 

perpendicular to the externally applied magnetic field along the z-axis. 
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Figure 4-2: General scheme f o r  t h e  acqu i s i t ion  and d i sp lay  of a  two- 
dimensional NMR spectrum. 



The nuclei precess about the z-axis, decaying with time back to alignment 

with the z-axis. This precession about the z-axis in the xy-plane 

induces a signal in the receiver coil. This signal decays as the 

magnetization vectors decay back to the z-axis, and is termed a free 

induction decay (FID). The FID is composed of oscillating signals, the 

frequencies of which may be extracted by a Fourier transformation. 

Initially, the NMR signal (FID) is obtained as a function of time S(t2), 

which when it is Fourier transformed gives an NMR signal as a function of 

frequency S (F2 ) . 
In a two-dimensional NMR experiment an additional time variable is 

introduced into the pulse sequence. The generalized pulse sequence for a 

two-dimensional NMR experiment is shown below. 

The pulses P1 and P2 may be single pulses, or more complex series of 

pulses and fixed delay times. A general scheme for the acquisition of a 

two-dimensional NMR spectrum is illustrated in Figure 4-2. The 

acquisition of the FID during t2 corresponds to the detection period in a 

conventional one-dimensional experiment. If the newly introduced time 

variable t, is regularly incremented, and a one-dimensional NMR spectrum 

is obtained for each value of t,, then an NMR signal as a function of two 

time variables will be obtained S(t,, t2). If the series of FID's are 

Fourier transformed with respect to t2, a series of one-dimensional 

spectra will be obtained where the individual signals are modulated in 

amplitude and phase as a function of t,, S(t,, F2) . A second Fourier 



t r ans fo rma t ion  of t h e s e  s i g n a l  modulations,  perpendicu la r  t o  t h e  F2-axis,  

t hen  g i v e s  a two dimensional  NMR spectrum a s  a func t ion  of two 

f r equenc i e s ,  S(F1, F 2 ) .  These frequency axes ( o f t e n  termed t h e  F1 and 

t h e  F2 axes)  may correspond t o  va r ious  NMR f r equenc i e s .  

In  13c - '~  c o r r e l a t i o n  spec t roscopy79 one frequency a x i s  (F2) 

corresponds t o  t h e  13c-chemical s h i f t  and t h e  o t h e r  (F,) t o  t h e  'H- 

chemical s h i f t .  In  t h e s e  experiments t h e  chemical s h i f t s  of carbon 

s i g n a l s  may be c o r r e l a t e d  t o  t h e  chemical s h i f t s  of proton s i g n a l s  t o  

which they  a r e  coupled.  I n  homonuclear chemica l - sh i f t  c o r r e l a t i o n  

spectroscopy,  r e f e r r e d  t o  a s  ( t h e  s imp le s t ,  and one of t h e  most 

u s e f u l  2-D NMR exper iments ) ,  both frequency axes correspond t o  pro ton  

chemical s h i f t .  In  a COSY spectrum t h e  chemical s h i f t s  of p ro ton  s i g n a l s  

which s h a r e  a through-bond coupl ing  a r e  c o r r e l a t e d .  Many v a r i a t i o n s  of 

t h e  COSY sequence e x i s t ,  i nc lud ing  t h e  relayed-COSY experiment,  113 and 

t h e  TOCSY experiment .82 I n  t h e s e  experiments ,  p ro ton  s i g n a l s  which a r e  

no t  d i r e c t l y  coupled, bu t  which a r e  coupled t o  a common i n t e r v e n i n g  

proton,  a r e  c o r r e l a t e d .  The experiments  a r e  very  u s e f u l  when t h e r e  i s  

ove r l ap  of cross-peaks i n  t h e  COSY spectrum. 

Another v a r i a t i o n  of t h e  COSY experiment i s  a two-dimensional nOe 

experiment,  r e f e r r e d  t o  a s  a NOESY experiment .  Again, both frequency 

axes correspond t o  pro ton  chemica l - sh i f t ;  however, on ly  s i g n a l s  which a r e  

d i p o l a r  coupled, r a t h e r  t han  s c a l a r  coupled, w i l l  show a cross-peak. 

This  experiment i s  very  u s e f u l  f o r  smal l  molecules where t h e  product  of 

t h e  spec t rometer  angular  f requency (oo) and t h e  molecular  r o t a t i o n a l  

c o r r e l a t i o n  time (z,) i s  much less than  un i ty ,  and r e s u l t s  i n  p o s i t i v e  

nOefs,  and f o r  l a r g e  molecules w i t h o o z , > l  (nega t ive  nOe). For molecules 

of i n t e rmed ia t e  s i z e  t h e  c o r r e l a t i o n  time of t h e  molecule may be such 



t h a t ~ ~ ~ ~ = l ,  and t h e  nOe v a n i s h e s .  An a l t e r n a t e  form of  t h e  experiment 

i s  t h e  CAMELSPIN exper iment ,  'I5 now commonly c a l l e d  ro ta t ing- f rame  

Overhauser  enhancement s p e c t r o s c o p y ,  o r  ROESY. 83 I n  t h i s  experiment,  

u n l i k e  w i t h  t h e  nOe, t h e  ROE i s  p o s i t i v e  f o r  m o l e c u l e s  wherewor ,<l ,  and 

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

c o r r e l a t i o n  time of a molecu le  on t h e  magni tude o f  b o t h  t h e  nOe and t h e  

ROE i s  shown i n  F i g u r e  4 - 3 .  The ROE d o e s  n o t  p a s s  through z e r o ,  

s o  f o r  molecu les  which canno t  be s t u d i e d  w i t h  t h e  NOESY exper iment ,  t h e  

ROESY exper iment  i s  a v i a b l e  a l t e r n a t i v e .  

Figure 4-3: Dependence of  t h e  nOe, and t h e  nOe i n  t h e  r o t a t i n g  frame 
(ROE),  on^^^^. 
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11: RESULTS AND DISCUSSION 

The one-dimensional 'H-NMR spectrum of compound (58)  i s  shown i n  

F igure  4 - 4 .  The seven anomeric pro tons  s i g n a l s  a r e  seen between 4.60 and 

5.20 ppm The s i g n a l s  due t o  t h e  methyl groups of t h e  rhamnose r e s idues  

appear  a t  1.10-1.30 ppm The remaining r i n g  pro ton  s i g n a l s  a l l  appear 

w i th in  an envelope of s i g n a l s  on ly  1 .0  ppm wide, between 3.2 and 4.2 ppm 

There a r e  32 pro ton  s i g n a l s  wi th in  t h i s  envelope, making assignment of 

a l l  t h e  i n d i v i d u a l  s i g n a l s  by use of one-dimensional NMR t echniques  

imposs ib le .  

A: COSY Spectrum of Heptasaccharide (58)  

The COSY spectrum of compound (58)  i s  shown i n  F igures  4-5a through 

4-5d. A l l  of t h e  r i n g  pro tons  of a g iven  r i n g  comprise s e p a r a t e  

J-coupled s p i n  systems. The complete assignment of t h e  pro ton  spectrum 

r e q u i r e s  t h a t  f i rs t ,  t h e  complete s p i n  systems be i d e n t i f i e d ,  and then 

t h e  s p i n  systems be a s s igned  t o  p a r t i c u l a r  reg ions  of t h e  molecule.  The 

COSY cross-peak p a t t e r n  i s  i n t e r p r e t e d  i n  t h e  fo l l owing  way. Normally, 

t h e r e  w i l l  be a p a r t i c u l a r  s i g n a l  i n  t h e  NMR spectrum which i s  r e a d i l y  

a s s i g n a b l e  and i s  c l e a r l y  reso lved .  Such a s i g n a l  s e r v e s  a s  a good 

s t a r t i n g  p o i n t  when i n t e r p r e t i n g  a COSY spectrum. The anomeric s i g n a l s  

of  t h e  suga r  r e s idues ,  seen  between 4.60 and 5.20 ppm, make good s t a r t i n g  

p o i n t s  f o r  t h e  a n a l y s i s .  

The of f -d iagonal  cross-peaks i n  t h e  COSY spectrum i n d i c a t e  proton 

s i g n a l s  which a r e  J-coupled. Thus, f o r  example, t h e  s i g n a l  a t  5.11 ppm, 

due  t o  a rhamnosyl H-1, shows a cross-peak a t  4.12 ppm, i n d i c a t i n g  t h e  

chemical  s h i f t  of H-2  of t h e  same sugar  r i n g .  S ince  t h e  anomeric pro ton  
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F i r e  a :  400 MHz COSY spectrum of heptasaccharide (58) . 



Pigura 4-5b: P a r t i a l  400 MHz COSY spectrum of heptasacchar ide  (58). The 
cross-peak c o n n e c t i v i t y  p a t t e r n  i s  shown f o r  one rhamnosyl 
r i n g  . 



Pigum 4-5c: Expanded region of the 400 MHz COSY spectrum of 
heptasaccharide (58) . 



R hamnosyl  H-5's 

Figure 4-5d: Expanded region of the 400 MHz COSY spectrum of 
heptasaccharide (58) . Correlation cross-peaks between the 
rhamnosyl H-5's and H-6's are shown. 



i s  only  coupled t o  one o t h e r  proton,  namely H-2, t h e r e  i s  only  one c r o s s  

peak seen  on t h e  v e r t i c a l  l i n e  drawn a t  5 .11 ppm. The H-2, however, i s  

coupled t o  two pro tons ,  t h e  H - 1  and t h e  H-3, hence t h e r e  a r e  two cross -  

peaks on t h e  v e r t i c a l  l i n e  drawn a t  t h e  chemical s h i f t  of H-2. The 

cross-peak a t  5 .11  ppm, i n d i c a t e s  t h e  p o s i t i o n  of t h e  H - 1  t o  which it i s  

coupled, and t h e  cross-peak a t  3.83 ppm i n d i c a t e s  t h e  chemical s h i f t  of 

t h e  H-3 t o  which it i s  coupled.  In  a  s i m i l a r  f a sh ion  t h e  H-4,  H-5 and 

H-63 of t h e  same r i n g  may be ass igned .  I f  any of t h e  s i g n a l s  i n  t h e  s p i n  

system may be unambiguously a s s igned  t o  a  p a r t i c u l a r  p ro ton  wi th in  t h e  

molecule,  then  t h e  remaining s i g n a l s  w i th in  t h e  s p i n  system may be 

a s s igned  a s  well; however, t h i s  i s  not  p o s s i b l e  f o r  t h i s  set of s i g n a l s  

s imply from chemical s h i f t  information a lone .  

The s p i n  system con ta in ing  t h e  anomeric s i g n a l s  a t  4.69, 5.13, and 

5 .15  ppm can a l s o  be i d e n t i f i e d  by fo l lowing  t h e  cross-peak p a t t e r n s  

s t a r t i n g  with t h e  anomeric s i g n a l s .  The anomeric s i g n a l  a t  4.69 may be 

e a s i l y  a s s igned  t o  t h e  H - 1  of t h e  N-acetylglucosamine r e s idue  on t h e  

b a s i s  of t h e  v i c i n a l  coupl ing  c o n s t a n t .  The observed va lue  of 8 .6  Hz is  

c o n s i s t e n t  with a  P-linkage, t h e  remaining coupl ing  c o n s t a n t s  of t h e  same 

r i n g  a r e  c o n s i s t e n t  with a  4 ~ 1 - c h a i r  conformation of  t h e  pyranose r i n g .  

The i d e n t i f i c a t i o n  of t h e  s p i n  systems con ta in ing  t h e  anomeric 

p ro ton  s i g n a l s  a t  4.74, 4.82 and 4.93 i s  no t  a s  s t r a i g h t f o r w a r d .  The 

chemical  s h i f t s  of t h e  H-1's and t h e  H-2's f o r , t h e s e  s p i n  systems may be 

e a s i l y  i d e n t i f i e d ;  however, t h e  H-3's a l l  have over lapping  chemical 

s h i f t s  a t  about 3.76 ppm (see Figure  4-5c) .  This  ove r l ap  means t h a t  t h e  

coupl ing  p a t t e r n s  cannot  be  t r a c e d  through t o  t h e  corresponding H-4's and 

t h e  rest of t h e  s p i n  systems. This  problem of over lapping  s i g n a l s  i n  t h e  

COSY spectrum, can be  so lved  by a c q u i r i n g  a  relayed-COSY spectrum. 



B: Relayed-COSY Spectrum of Heptasaccharide (4) 

I f  one cons ide r s  an AMX s p i n  system, i n  a relayed-COSY experiment,  a 

cross-peak w i l l  appear  a t  t h e  chemical s h i f t s  of t h e  A and t h e  M s i g n a l s ;  

however, i n  a d d i t i o n  t o  t h i s  cross-peak an a d d i t i o n a l  cross-peak i s  a l s o  

seen  a t  t h e  chemical s h i f t s  of t h e  A and t h e  X s i g n a l s .  The chemical 

s h i f t  of t h e  A s i g n a l  i s  c o r r e l a t e d  with t h e  chemical s h i f t s  of t h e  M and 

t h e  X s i g n a l s ;  t hus ,  t h e  coupl ing  information of t h e  A s i g n a l  is  re layed  

t o  t h e  X s i g n a l  a s  well. 

The r e l ayed  COSY spectrum of (58) is  shown i n  F igure  4-6a, with 

expanded reg ions  shown i n  F igures  4-6b through 4-6e. A t y p i c a l  coupl ing  

p a t t e r n  i s  i l l u s t r a t e d  by t r a c i n g  out  t h e  s p i n  system which con ta in s  t h e  

rhamnosyl H - 1  s i g n a l  a t  5 .11  pprn (see Figure  4-6b).  A v e r t i c a l  l i n e  

drawn a t  5 .11 pprn shows two cross-peaks a t  t h i s  p o s i t i o n .  The peak a t  

4.12 pprn i s  t h e  same peak seen i n  t h e  COSY spectrum, t h i s  cross-peak 

i n d i c a t e s  t h e  chemical s h i f t  of t h e  H-2 of t h e  same r i n g .  The cross-peak 

a t  3.83 pprn i s  t h e  r e l a y  cross-peak, which g i v e s  t h e  chemical s h i f t  of 

H-3. S i m i l a r l y ,  a v e r t i c a l  l i n e  drawn a t  t h e  chemical s h i f t  of H-2 shows 

t h r e e  cross-peaks,  i n d i c a t i n g  t h e  chemical s h i f t s  of H - 1  (5 .11  ppm), H-3 

(3.83 ppm) and H-4 (3 .28 pprn). A v e r t i c a l  l i n e  drawn a t  t h e  chemical 

s h i f t  of H-3 (see Figures  4-6b and 4-6c) shows f o u r  cross-peaks 

corresponding t o  t h e  chemical s h i f t s  of H - 1  (5 .11  pprn), H-2 (4.12 ppm), 

H-5 (3.64 ppm) and H-4 (3 .28 pprn). Notice  t h a t  a t  t h e  chemical s h i f t  of 

H - 4 ,  one would expec t  t o  see f o u r  cross-peaks i n  an analogous f a sh ion  t o  

H-3. The H-4/H-5 cross-peak, normally a r e l a t i v e l y  weak cross-peak i n  

t h e  COSY spectrum, however, appears  a s  a very  weak s i g n a l  i n  t h e  r e l ayed  

COSY spectrum, making t h e  i d e n t i f i c a t i o n  of t h e s e  p a r t i c u l a r  cross-peaks 

very  d i f f i c u l t  . 
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Figure 4-6a: 400 MHz Relayed-COSY spectrum of heptasaccharide (58) .  



Figure 4-6b: Partial 400 MHz Relayed-COSY spectrum of heptasaccharide 
(58) 



Figure 4-6c: P a r t i a l  400 MHz Relayed-COSY spectrum of heptasaccharide 
( 5 8 ) .  Corre la t ion  cross-peaks between t h e  anorneric s igna l s  
and t h e  H-2's and H-3's a r e  shown. 



Figure 4-6d: P a r t i a l  400 MHz Relayed-COSY spectrum of heptasaccharide 
(58) . Relay cross-peaks between t h e  rhamnosyl H-2's and 
H-4's can be seen i n  t h e  upper l e f t  corner  of t h e  spectrum. 
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Figure 4-60: Partial 400 MHz Relayed-COSY spectrum of heptasaccharide 
158) .  Correlation cross-peaks between the rhamnosyl H-6's and 
the H-5's and H-4's are shown. 



An expansion of t h e  reg ion  con ta in ing  t h e  anomeric proton c ros s -  

peaks i s  shown i n  F igure  4-6c. The c o r r e l a t i o n s  between t h e  anomeric 

s i g n a l s  and t h e  corresponding H-2's and H-3's can be  c l e a r l y  seen  i n  t h i s  

reg ion .  In  F igure  4-6dI t h e  r e l a y  cross-peaks between t h e  rhamnosyl 

H-2's and H-4 ' s  can be seen  i n  t h e  upper l e f t  quadrant  of t h e  expanded 

spectrum. These cross-peaks a r e  important  i n  t h a t  t hey  al low f o r  t h e  

i d e n t i f i c a t i o n  of t h e  corresponding H-4's i n  s p i t e  of t h e  ove r l ap  of t h e  

t h r e e  rhamnosyl H-3's between 3.75-3.76 ppm 

The expansion shown i n  F igure  4-6e shows t h e  c o r r e l a t i o n  peaks 

between t h e  H3-6 methyl p ro tons ,  and t h e  rhamnosyl H-5's and H - 4 ' s  ( r e l a y  

c ros s -peaks ) .  The chemical s h i f t s  of t h e  rhamnosyl H-4's a r e  i n d i c a t e d  

c l e a r l y  by t h e  p o s i t i o n s  of t h e  H3-6 methyl/H-4 r e l a y  cross-peaks.  These 

cross-peaks a l s o  show more c l e a r l y  t h e  chemical s h i f t s  of t h e  H3-6 methyl 

groups (compare F igures  4-5d and 4-6e). The i n d i v i d u a l  s i g n a l s  of t h e  

va r ious  s p i n  systems a r e  most e a s i l y  i d e n t i f i e d  by examination of both 

t h e  COSY and t h e  r e l ayed  COSY spectrum t o g e t h e r .  I n  some cases  t h e  COSY 

spectrum w i l l  show t h e  coupl ing  p a t t e r n s  more c l e a r l y ,  whereas i n  o t h e r  

c a s e s  t h e  p a t t e r n  may be more e a s i l y  seen  i n  t h e  r e l ayed  COSY spectrum. 

C: TOCSY Spectrum of Heptasaccharide (4) 

A TOCSY (To ta l  Cor re l a t i on  Spectroscopy) experiment a f f o r d s  s i m i l a r  

in format ion  t o  t h e  relayed-COSY experiment .  I n  a TOCSY experiment t h e  

coupl ing  informat ion  of each s p i n  can be  r e l ayed  t o  a l l  t h e  o t h e r  s p i n s  

w i th in  t h e  same spin-system, whereas i n  a s i n g l e  s t e p  relayed-COSY 

experiment,  t h e  r e l a y  is  only  t o  t h e  next  non-coupled s p i n .  This  is  very  

u s e f u l  f o r  s i t u a t i o n s  i n  which t h e r e  i s  cons ide rab l e  ove r l ap  i n  t h e  COSY 

spectrum. S ince  a l l  t h e  s p i n s  of a s p i n  system con ta in  t h e  coupl ing  and 



chemical shift information of all the other spins in the same spin 

system, in principle, all that is required to determine the chemical 

shift of each 'H-signal is that at least one of the signals be clearly 

resolved. The clearly resolved signal will have cross-peaks for all the 

other spins in the same spin system. 

The TOCSY spectrum of heptasaccharide (58)  is shown in Figure 4-7a, 

with expansions shown in Figures 4-7b and 4-7c. The cross-peaks of the 

anomeric signals of the individual rings (Figure 4-7b) provide clearly 

resolved signals which can be used to determine the chemical shifts of 

all the signals within the various spin systems. The cross-peaks of the 

methyl signals of the rhamnose residues (Figure 4-7c) are also generally 

well resolved, although not as clearly as the anomeric signals. 

The disadvantage of a TOCSY experiment is that if there is no prior 

knowledge of the coupling constants or relative chemical shifts of the 

individual signals within the spin system, then assignment of the signals 

may be diffiicult, since all spins are coupled to one another. The TOCSY 

experiment is most useful in these cases following examination of the 

COSY spectrum, the COSY spectrum permitting the sequential assignment of 

at least parts of the spin systems. Alternatively, a TOCSY experiment 

employing short mixing times may be used to relay magnetization to only 

the next nearest neighbor. 

Examination of the COSY, relayed-COSY, and TOCSY spectra made 

possible the assignment of all the ring protons to a given spin system. 

The next step was to make the assignment of a given set of signals to a 

particular sugar ring within the molecule. All the information that is 

necessary to assign all the signals of a particular spin system to a 

given ring is the unambiguous assignment of at least one of the signals 



Tigun 4-78: 400 MHz TOCSY spectrum of heptasaccharide (58) . 
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Figure 4-7b: Partial 400 MHz TOCSY spectrum of heptasaccharide (58). 
Correlation cross-peaks are between the anomeric signals and 
the remaining ring proton signals. 



Figure 4-7c: Partial 400 MHz TOCSY spectrum of heptasaccharide ( 5 8 ) .  
Correlation cross-peaks are between the rhamnosyl H-6's the 
remainhg ring proton signals. 



with in  t h e  group t o  p a r t i c u l a r  r i ng ;  t h i s  was p o s s i b l e  f o r  a t  l e a s t  two 

of t h e  s p i n  systems. The s i g n a l s  due t o  t h e  N-acetylglucosamine r i n g  were 

e a s i l y  d i s t i n g u i s h e d  from t h e  sets of rhamnosyl s i g n a l s  by t h e i r  

c h a r a c t e r i s t i c  coupl ing  cons t an t s ;  t h e  H - 1  of t h e  N-acetylglucosamine 

r i n g  has a  Jl, 6 H Z ,  compared with a  Jl, 2=1. 8 H Z  f o r  t h e  rhamnosyl 

H-1,s. Assignment of t h e  var ious  s e t s  of rhamnosyl s i g n a l s  t o  p a r t i c u l a r  

r i n g s  was no t  a s  s t r a i g h t f o r w a r d .  

The s p i n  system con ta in ing  t h e  rhamnosyl H-5 a t  3 . 9 9  ppm was 

ass igned  t o  t h e  C-ring. This  assignment was based on a  s p e c i f i c  

d e s h i e l d i n g  observed f o r  t h e  H-5 of a  rhamnose r i n g  which i s  a-(1-3) 

l i n k e d  t o  a  P-0-N-acetylglucosamine r e s idue .  llOa A t e n t a t i v e  assignment 

of t h e  most u p f i e l d  rhamnosyl H - 1  t o  t h e  CI-r ing was made. This 

assignment was based on t h e  common obse rva t ion  t h a t  t h e  anomeric pro ton  

i s  desh i e lded  when t h e  aglycone i s  another  sugar  r e s i d u e .  The C'-ring 

has  an aglycone t h a t  i s  not  another  sugar  r e s idue  bu t  r a t h e r  a  propyl  

group, and thus ,  t h e  g l y c o s y l a t i o n  d e s h i e l d i n g  would no t  be  expected.  

D:  ROESY Spectrum of Heptasaccharide (4) 

Discr imina t ion  between t h e  sets of s i g n a l s  due t o  t h e  A-, A' - ,  B- 

and t h e  B'-rings could  no t  be  made unambiguously, based on chemical s h i f t  

arguments a lone .  Assignment of t h e  va r ious  s p i n  systems t o  t h e s e  r i n g s  

was made by examination of t h e  ROESY spectrum (see Figure  4-8) .  The 

ROESY spectrum is  a form of 2-dimensional nOe spectroscopy,  and a s  such, 

c o r r e l a t e s  s p i n s  which s h a r e  a  d i p o l a r  coupl ing  r e l a t i o n s h i p .  I t  i s  

commonly observed t h a t  anomeric pro tons  show s i g n i f i c a n t  d i p o l a r  coupl ing  

t o  t h e  r i n g  pro tons  ac ros s  t h e  g l y c o s i d i c  l i nkage .  This  i n t e r a c t i o n  

may be used t o  determine t h e  arrangement of t h e  suga r  r e s idues  r e l a t i v e  



Tigun 4-8: Partial 400 MHz ROESY spectrum of heptasaccharide (58) .  The 
chemical shifts of the corresponding anomeric proton signals 
are indicated along the F,-axis. 



to one another. 

In conventional one-dimensional nOe spectroscopy, selective 

saturation of an anomeric proton signal results in an nOe in neighboring 

Proton signals. The interglycosidic proton due to its proximity in space 

will show an noel thereby identifying the adjacent ring. The ROESY 

SPect rum is a two-dimensional version of this one-dimensional experiment . 
The analysis consists of identifying the anomeric proton signals and the 

associated cross-peaks. The cross-peaks indicate protons close in space. 

For example, the H-1 signal of the D-ring (4.69 ppm) showed, in addition 

to intra-ring cross-peaks, a strong cross-peak with a rhamnosyl H-2 

signal (4.12 p .p .m) . This suggested the assignment of this signal to the 

rhamnos~l H-2 of the A'-ring. By referring back to the spin system 

containing this H-2, the H-1 signal at 5.11 ppm, and the remaining 

signals in the spin system of the A' ring could then assigned. The H-I,, 

showed a cross-peak to another rhamnosyl H-2 signal at 4.03 PPm Based on 

this observation, this signal, and the other signals within the Same spin 

system, were then assigned to the BI-ring. In a similar fashion, the 

previous assignment of the rhamnosyl H-1 signal at 4.74 ppm to the C'- 

ring (based on the expected relative shielding of the anomeric signal at 

the reducing terminus) was confirmed by the cross-peak between H-l,, and 

the rhamnosyl H-3 at 3.76 ppm; this H-3 is part of the same spin system 

which contains the H-1 signal (4.74 ppm) . The assignment of the H-1 

signal at 4.82 ppm to the C-ring was similarly confirmed by the cross- 

peak between this signal and the H-3 signal of the ~-a~etylglucosamine 

ring. All but two sets of signals were assigned at this point. Working 

backwards from the C-ring, the cross-peak between the H-3c at 3*75 ppm 

and the anomeric proton signal at 5.13 ppm, identified the set of 



due to the B-ring. The remaining set of signals was assigned to the 

A-ring; this assignment was once again confirmed by the cross-peak 

between the H-1, and the H-2,. All of the expected intra-ring cross- 

peaks were observed; for example, between H-1 and H-2 of the rhamnosyl 

rings, and between H3-6 and H-4 of the rhamnosyl rings. 

By careful analysis of the COSY, relayed COSY, TOCSY and ROESY 

spectra, all of the ring proton signals were assigned in an unambiguous 

fashion to a specific proton within the molecule. Of all the sets of 

signals, those due to the B- and the Bf- rings most closely overlap. 

This is not surprising since they are both in very similar chemical 

environments, both being bounded by an A- and a B-ring. The chemical 

environments of the pairs of A- and C-rings differ more than for the pair 

of B-rings, and accordingly, it is seen that these sets of signals do not 

overlap as closely. 

13 E: C-'H Correlation Spectrum of Heptasaccharide (4) 

Complete assignment of the 'H-NMR spectrum allowed for the 

straightforward assignment of all the 13c signals following analysis of 

the 13c-lH NMR chemical shift correlation spectrum. The acquisition of 

the spectrum was carried out in the inverse mode,*' meaning that 'H- 

spectra rather than 13c-spectra were acquired for the two-dimensional 

data set, thus taking advantage of the greater.sensitivity of the 'H 

nucleus. The 13c-chemical shift correlations were obtained by Fourier 

transformation of the two-dimensional data set in the Fl-direction. The 

experiment was carried out without 13~-decoupling during acquisition, 

meaning that the one-bond 13c-l~ coupling constants 1 ~ 1 3 1 H  could be 

measured in the F2-direction of the Fourier transformed spectrum 



Figure 4-9: Inverse 13c-'~ chemical shift correlation spectrum of 
heptasaccharide (58) . 



(see Figure  4 - 9 ) .  These va lues  f o r  t h e  anomeric s i g n a l s  confirmed t h e  

con f igu ra t i ons  about t h e  anomeric c e n t r e s .  Values of 171-174 Hz f o r  t h e  

rhamnosyl C-1's a r e  c o n s i s t e n t  with an a-L-configurat ion,  whereas t h e  163 

Hz observed f o r  t h e  N-acetylglucosamine u n i t  i s  c o n s i s t e n t  with a P-D- 

8 1 l i n k e d  r e s i d u e .  I t  was a t tempted  t o  measure t h e s e  one-bond coupl ing  
1 c o n s t a n t s  ( J13C-1H) , by use  of t h e  t r a d i t i o n a l  method of acqu i r ing  a 'H- 

coupled 1 3 ~ - ~ ~ ~  spectrum. Since t h e r e  was on ly  a smal l  amount of sample 

a v a i l a b l e  it r e q u i r e d  approximately 16 hours t o  a c q u i r e  a s u i t a b l e  

spectrum. Due t o  t h e  ove r l ap  of s i g n a l s  i n  t h e  13~-spectrum, e x t r a c t i o n  

of t h e  coupl ing  c o n s t a n t s  was no t  p o s s i b l e  f o r  a l l  t h e  anomeric s i g n a l s .  

These coupl ing  c o n s t a n t s  were e a s i l y  e x t r a c t e d  from t h e  i n v e r s e  d e t e c t e d  

13c-coupled 13c- '~ c o r r e l a t i o n  spectrum (see Figure  4-9) ; t h e  t ime 

r equ i r ed  t o  r eco rd  t h e  spectrum was approximately 8 hours .  

F: Solution Conformation of  Heptasacchari.de (4 )  

The ROESY spectrum, a p a r t  from provid ing  t h e  in format ion  r equ i r ed  t o  

a s s i g n  t h e  sets of pro ton  s i g n a l s  t o  s p e c i f i c  sugar  r e s idues  wi th in  t h e  

s t r u c t u r e ,  a l s o  provides  in format ion  on t h e  s o l u t i o n  conformation of t h e  

molecule .  The i n d i v i d u a l  sugar  u n i t s  w i th in  an o l i gosaccha r ide  s t r u c t u r e  

remain f i x e d  i n  t h e i r  c h a i r  conformations; t h e  conformation of an 

o l i gosaccha r ide  i s  t h e r e f o r e  determined by t h e  r o t a t i o n s  about t h e  p h i  

( 0 )  and p s i  ( v )  ang le s  of t h e  g l y c o s i d i c  l i nkages ,  and f u r t h e r  p o s s i b l e  

r o t a t i o n s  about t h e  (a) ang le  i n  1-6 l i n k e d  s t r u c t u r e s  (see Figure  4-10).  

A s  mentioned e a r l i e r ,  s i g n i f i c a n t  nOe e f f e c t s  a r e  observed between t h e  

anomeric pro ton  s i g n a l s  and t h e  pro ton  on t h e  aglycone a c r o s s  t h e  

g l y c o s i d i c  l i nkage .  A s i n g l e  nOe con tac t  i s  i n s u f f i c i e n t  t o  determine 

t h e  conformation of t h e  g l y c o s i d i c  l inkage ;  however, two o r  more nOe 

c o n t a c t s  between two ad j acen t  r i n g s  w i l l  f i x  t h e  conformation about t h e  



glycosidic linkage if the nOe contacts can be related to distances. 

These sorts of interactions were observed in the ROESY spectrum, and 

although exact distances between protons were not determined, a semi- 

quantitative description of the conformation of the heptasaccharide was 

possible. 

Figure 4-10: Possible rotations about the glycosidic linkages in an 
oligosaccharide. 

Bock et  a1  have carried out conformational studies on disaccharide 

through tetrasaccharide segments of the S h i g e l l a  f l e x n e r i  variant Y 

polysaccharide, as well as the polysaccharide structure itself. 11 Oa They 

measured several NMR parameters including 13c-chemical shifts, 13c-'~ 

one- and three-bond coupling constants, 'H-chemical shifts, '~-cou~lin~ 

1 1  constants, as well as H- H T1 and nOe measurements. The conformation of 

the tetrasaccharide repeating unit was also calculated by use of hard- 

sphere exo-anomeric (HSEA) calculations. 11' Distances determined from 

the calculated structure were used to calculate specific nOe and T1 

interactions. These calculated values were compared to the 

experimentally determined values for the same interactions. Various H**O 



i n t e r a c t i o n s  which were seen i n  t he  c a l c u l a t e d  s t r u c t u r e ,  were used t o  

r a t i o n a l i z e  var ious  s p e c i f i c  deshieldings and nOe r e s u l t s  observed i n  t h e  

'H-NMR s p e c t r a .  The NMR parameters compared favorably  with i n t e r a c t i o n s  

p r e d i c t e d  by t h e  c a l c u l a t e d  s t r u c t u r e .  The HSEA c a l c u l a t i o n s  p red ic t ed  

va lues  of approximately 45-50' f o r  t h e  p h i  ( 0 )  angles ,  and 10-15' f o r  t h e  

p s i  ( w ) .  This s t r u c t u r e  was i n  good agreement with t h e  var ious  

i n t e r p r o t o n  d i s t a n c e s  a s  determined from nOe and T, measurements. The 

c a l c u l a t e d  s t r u c t u r e  a l s o  c o r r e c t l y  p red ic t ed  s e v e r a l  of t h e  s p e c i f i c  

Table 4-1:  Observed Cross-Peaks i n  t h e  ROESY spectrum of (58) 

Glycosidic  Linkages 

Cross-peaks i n  i t a l i c s  r ep re sen t  i n t e r - r i n g  c o n t a c t s .  

A-B B-C C-D D-A' A' -B' B' -C' 

d e sh ie ld ings ,  seen i n  t h e  'H-NMR s p e c t r a ,  which would r e s u l t  from t h e  

proximity ( l e s s  than  2 . 7  A )  of hydroxyl groups t o  p a r t i c u l a r  pro tons .  

1A-2A 

2A-3A 

4A- 6A 

5A- 6A 

1A-2B 

5A-1B 

L 

1B-2B 

2B-3B 

4B- 6B 

5B- 6B 

1B-3C 

1B-2C 

1C-2C 

2C-3C 

4C- 6C 

5C- 6C 

1 C-3D 

ID-3D 

ID-5D 

ID-2A' 

1A '  -2A' 

2Af -3Af 

4A' - 6A1 

5A1 - 6A' 

1A'  -2B' 

5A' -1B' 

1B '  -2B' 

2B' -3B' 

4B' - 6B' 

5Bf - 6B' 

1B' -3C' 



The ROESY spectrum of heptasacchar ide  (58) i n d i c a t e d  s e v e r a l  

through-space proton i n t e r a c t i o n s .  The through space  i n t e r a c t i o n s  

between t h e  va r ious  proton s i g n a l s ,  a s  i n d i c a t e d  by t h e  cross-peaks i n  

t h e  ROESY spectrum, a r e  g iven  i n  Table 4 -111 .  A s  de sc r ibed  above, t h e  

con tac t  between t h e  anomeric pro ton  and t h e  pro ton  on t h e  aglycone ac ros s  

t h e  g l y c o s i d i c  l inkage ,  s e rved  t o  e s t a b l i s h  t h e  sequence of sugar  

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

pro tons  showed c o n t a c t s  with o t h e r  pro tons  on t h e  ad j acen t  r i n g s .  For 

t h e s e  r e s idues ,  a p a r t i c u l a r  conformation about t h e  g l y c o s i d i c  l i nkages  

could  be i n f e r r e d .  A model of t h e  heptasacchar ide  s t r u c t u r e  was then  

cons t ruc t ed  i n  which t h e  conformations about t h e  g l y c o s i d i c  l i nkages  were 

c o n s i s t e n t  wi th  t h e  observed in t e r -p ro ton  c o n t a c t s .  This  model i s  shown 

i n  F igure  4 - 1 1 ,  wi th  double-headed arrows i n d i c a t i n g  t h e  va r ious  i n t e r -  

r i n g  c o n t a c t s  observed i n  t h e  ROESY spectrum. 

The i n t e r - r e s i d u e  cross-peaks a r e  desc r ibed  below. The H-1, s i g n a l  

showed an ROE c r o s s  peak t o  t h e  H-2, s i g n a l ,  bu t  no o t h e r  i n t e r - r i n g  

c o n t a c t s  a r e  observed.  This  was i n s u f f i c i e n t  t o  f i x  t h e  conformation 

about t h e  A-B l inkage ;  however, an a d d i t i o n a l  c o n t a c t  observed between 

H-1, and H-5, sugges ted  a p a r t i c u l a r  conformation about t h i s  l i nkage .  A 

p h i  (0) angle  of 50-60', wi th  a p s i  ( y )  angle  of anywhere from -30' t o  

30 ' ,  would b r i n g  H-1, i n t o  c l o s e  con tac t  with H-5,. The i n t e r - r e s i d u e  

c o n t a c t s  seen i n  t h e  ROESY spectrum a r e  t h e  same nOe c o n t a c t s  seen 

p rev ious ly  by Bock e t  a1 i n  sma l l e r  o l i gosaccha r ide  sequences.  l lOa I t  is  

l i k e l y  t h a t  t h e  conformation about t h i s  l i nkage  is  t h a t  p r e d i c t e d  by t h e  

HSEA c a l c u l a t i o n s  c a r r i e d  ou t  p r ev ious ly  by Bock. From t h e  ROESY 

spectrum it  appears  t h a t  t h e  c o n t a c t s  which a r e  seen  between t h e  A-r ing 

and t h e  B-ring a r e  a l s o  seen  between t h e  A , - r i ng  and t h e  B'-r ing,  



Figure 4-11: So lu t ion  conformation of heptasacchar ide  (58) i n f e r r e d  from 
t h e  i n t e r -p ro ton  c o n t a c t s  observed i n  t M  ROESY spectrum. 
Double-headed arrows i n d i c a t e  t h e  observed i n t e r - r i n g  
c o n t a c t s .  



sugges t ing  a s i m i l a r  conformation about t hese  l i nkages .  

The H-1, showed an in te rg lycos id ic  contac t ,  H-l,/H-3, , a s  well  a s  a 

con tac t  with H-2c ; t h i s  suggests t ha t  t h e  p s i  (Y) angle  i s  such t h a t  H- 

1, i s  " s t r add ledn  by H-3c and H-Zc.  T h i s  p a r t i c u l a r  conformation would 

r e q u i r e  nega t ive  ph i  (0 )  and p s i  ( y )  angles  (phi=-60 and ps i=-45) ,  i n  

c o n t r a s t  t o  t h e  angles  pred ic ted  by Bock et a1 (phi=50' ,  ph i= l5 '  ) . It 

should be noted t h a t  only t h e  ~ - 1 ~ l H - 3 ~  con tac t  was observed by Bock e t  

a l .  llOa The conformation about t h i s  p a r t i c u l a r  l inkage  suggested by Bock 

p r e d i c t e d  a s p e c i f i c  &shie ld ing  of H-3, due t o  a c l o s e  con tac t  between 

t h i s  proton and t h e  r i n g  oxygen of t he  B-ring; however, t h i s  s p e c i f i c  

desh ie ld ing  was not  observed i n  t h e  'H-NMR spectrum. In t h e  p re sen t  

model (nega t ive  p h i  and p s i  angles)  no such desh ie ld ing  i s  p red ic t ed .  

In  c o n t r a s t  t o  t h e  above r e s u l t s r  t h e  c o n t a c t s  observed between 

H - l B r  and t h e  Cr - r ing  a r e  somewhat d i f f e r e n t  from those  observed between 

H-1, and t h e  C-ring. The analogous cross-peak t o  t h e  one seen between 

H-1B/H-2c ( i e .  H-1,,/~-2,,) was not seen, o r  was very  weak. In  add i t i on ,  

H-2c, i s  deshielded,  r e l a t i v e  t o  H-2= by about 0.15 ppm Both of t h e s e  

e f f e c t s  may be expla ined  by a r o t a t i o n  about t h e  p h i  (0) angle  of t h e  

B'-C' l inkage  from a negat ive  va lue  t o  a p o s i t i v e  value,  with smal l  

changes i n  t h e  p s i  (p) angle .  This  r o t a t i o n  would inc rease  t h e  

H-1B,/H-2c, d i s t a n c e ,  while a t  t h e  same t ime decreas ing  t h e  d i s t a n c e  

between H-2,, and t h e  r i n g  oxygen of t h e  B1-ring. The inc rease  i n  t h e  

H-I,, /H-Zc, d i s t a n c e  i s  c o n s i s t e n t  with t h e  observed reduct ion  i n  t h e  ROE 

cross-peak f o r  t h i s  con tac t ,  while  t h e  decrease  i n  t h e  d i s t a n c e  between 

H-2c, and t h e  r i n g  oxygen of t h e  B-r ing  i s  c o n s i s t e n t  with t h e  s p e c i f i c  

desh ie ld ing  of H-2,,. This  d i f f e r e n c e  between t h e  B-C and t h e  Bf-C'  

l i nkages  i s  somewhat unexpected, s i n c e  both of t h e  B-C l i nkages  a r e  i n  



seemingly s i m i l a r  chemical environments.  I t  must, however, be noted t h e  

C f - r i n g  i s  not  bounded by a D-ring, a s  i s  t h e  ca se  i n  t h e  B-C l i nkage .  

This  i s  a very i n t e r e s t i n g  po in t  and b r ings  up t h e  ques t i on  a s  t o  which 

of t h e  two l i nkages  i s  r e p r e s e n t a t i v e  of t h e  B-C l i nkage  i n  t h e  polymeric 

s t r u c t u r e .  

The c o n t a c t s  observed i n  t h e  ROESY spectrum between t h e  C-ring and 

t h e  D-ring a r e  c o n s i s t e n t  with t hose  observed p rev ious ly  by Bock. l lOa  

Only one ROE cross-peak was seen between t h e s e  r i n g s .  I n  a d d i t i o n  t o  

t h i s  cross-peak, t h e r e  was a s p e c i f i c  d e s h i e l d i n g  of  H-5, of about 0.25 

ppm r e l a t i v e  t o  H-5 i n  t h e  A/At  and BIB '  r i n g s .  This  same desh i e ld ing  

1 has  been observed p rev ious ly  i n  t h e  H-NMR s p e c t r a  of sma l l e r  

o l i gosaccha r ide  fragments,  and has  been a t t r i b u t e d  t o  a c l o s e  con tac t  

between H-5, and t h e  hydroxyl group a t  t h e  f o u r  p o s i t i o n  of t h e  D- 

l lOa r i n g .  A c l o s e  con tac t  between H - l c  and H-3,, a s  well a s  a s p e c i f i c  

d e s h i e l d i n g  of H-5,, d i c t a t e s  a s p e c i f i c  conformation about t h e  C-D 

l i nkage .  The conformation about t h i s  l inkage ,  p r ev ious ly  c a l c u l a t e d  by 

Bock us ing  HSEA c a l c u l a t i o n s ,  p r e d i c t s  a p h i  (0) ang le  of 50* ,  and a p s i  

(w) ang le  of 1 0 ' .  The r e s u l t s  of t h e  p re sen t  s tudy  a r e  c o n s i s t e n t  with 

t h i s  conformation about t h e  C-D l i nkage .  

There was a l s o  on ly  one con tac t  observed between t h e  D-ring and t h e  

At-r ing,  namely between H-1, and H-2,,. The desh i e ld ing  of H-1, by about 

0 . 1  ppm when l i n k e d  t o  an a-L-Rhap u n i t ,  has  been a t t r i b u t e d  t o  a c l o s e  

approach of t h e  hydroxyl a t  t h e  2-pos i t ion  of t h e  A'-ring. llOa The ROE 

cross-peak, t o g e t h e r  with t h e  smal l  de sh i e ld ing  of H-l,, r e q u i r e  t h e  C-D 

l i nkage  t o  have p o s i t i v e  va lues  f o r  bo th  t h e  p h i  (0) and t h e  p s i  ( y )  

ang le s .  This  conformation i s  c o n s i s t e n t  with t h e  conformation p rev ious ly  

c a l c u l a t e d  by Bock, u s ing  HSEA c a l c u l a t i o n s  (phi=45*,  p s i = 1 5 ' ) .  



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

conformat ion  o f  t h e  h e p t a s a c c h a r i d e  (SO), f a l l s  beyond t h e  scope of t h i s  

t h e s i s .  These t y p e s  of c a l c u l a t i o n s  form p a r t  of  an  ongoing s t u d y  of t h e  

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

b e i n g  c a r r i e d  o u t  i n  o u r  l a b o r a t o r y .  111 of p a r t i c u l a r  i n t e r e s t  w i l l  b e  

t h e  r e s u l t  o b t a i n e d  from c a l c u l a t i o n  on t h e  conformat ion of t h e  B-C t y p e  

l i n k a g e s ;  s p e c i f i c a l l y  whether  t h e  e x p e r i m e n t a l  f i n d i n g  t h a t  t h e  B-C and 

t h e  Bt-C' l i n k a g e s  t a k e  up d i f f e r e n t  conformat ions  can be S U C C ~ S S ~ U ~ ~ ~  

matched t h r o u g h  c a l c u l a t i o n .  The ass ignment  of t h e  complete 'H-NMR 

spect rum,  t o g e t h e r  w i t h  t h e  c o n t a c t s  o b t a i n e d  from t h e  ROESY spec t rum 

w i l l  form t h e  s t a r t i n g  p o i n t  f o r  t h e  more d e t a i l e d  a n a l y s i s  of t h e  

s o l u t i o n  conformat ion  of  t h e  h e p t a s a c c h a r i d e  ( 5 8 ) .  I n  p a r t i c u l a r ,  t h e  

e x p e r i m e n t a l l y  obse rved  c o n t a c t s  can be  used  a s  c o n s t r a i n t s  i n  t h e  

m o d e l l i n g  s t u d i e s  t o  select a n  i n i t a l  local-minimum energy s t r u c t u r e .  



111: EXPERIMENTAL 

The NMR s p e c t r a  were recorded on a  Bruker AMX-400 spec t rometer  i n  

deuter ium oxide,  with chemical s h i f t s  given i n  ppm downfield from 2,2- 

dimethyl-2-s i lapentane-5-sulfonate  (DSSI. Before t h e  ROESY spectrum was 

recorded,  t h e  sample was degassed by s u b j e c t i n g  it t o  a  freeze-thaw 

cyc l e ,  r e p e a t i n g  t h e  c y c l e  6  times and s e a l i n g  t h e  sample i n  vacuo. ~ l l  

s p e c t r a  were acqu i r ed  by use of quad ra tu re  d e t e c t i o n  i n  both d i r e c t i o n s .  

The COSY spectrum was acqu i r ed  by use of t h e  pu l se  sequence 

dl-90'-do-45'-FID, i nco rpo ra t i ng  a  so lven t  p r e s a t u r a t i o n  p u l s e  of 2s 

du r ing  t h e  r e l a x a t i o n  d e l a y  ( d l ) .  512 experiments  of 8 scans  each gave 

an i n i t i a l  d a t a  set of 512x2048 d a t a  p o i n t s  which was recorded over  a  

sweep width of 3030Hz i n  both F1 and F2 .  The i n i t i a l  d a t a  set was zero- 

f i l l e d  once i n  t h e  F1 d i r e c t i o n  t o  g ive  a  f i n a l  d a t a  set of  1024x1024 

r e a l  d a t a  p o i n t s .  The same d a t a  set s i z e  and sweep widths were used f o r  

t h e  relayed-COSY and t h e  ROESY s p e c t r a .  A non-sh i f ted  s i n e  b e l l  f unc t ion  

was a p p l i e d  p r i o r  t o  Four i e r  t r ans fo rma t ion .  The magnitude spectrum was 

symmetrized about t h e  d i agona l  be fo re  a n a l y s i s .  

The relayed-COSY spectrum was recorded by use of t h e  pu l se  sequence 

dl-90'-dO-d2-180'-d2-90*-FID. A f i x e d  de l ay  time (d2) of 28msec was used 

with a  so lven t  p r e s a t u r a t i o n  p u l s e  of 2 s  du r ing  d l .  512 experiments  of 

16 scans  each were recorded.  A non-sh i f ted  s i n e  b e l l  f unc t ion  was a p p l i e d  

t o  t h e  d a t a  set p r i o r  t o  Four i e r  t r ans fo rma t ion .  The magnitude spectrum 

was c a l c u l a t e d  and symmetrized about t h e  d i agona l  be fo re  a n a l y s i s .  

The TOCSY spectrum was recorded by use of t h e  p u l s e  sequence 

dl-90'-do-[MLEV spinlock]-FID, wi th  a  so lven t  p r e s a t u r a t i o n  p u l s e  of 2 s  

du r ing  d l .  The power l e v e l  used f o r  t h e  sp in lock  gave a  25 k s  90' p u l s e .  

The sp in lock  (MLEV-17) was a p p l i e d  f o r  a  p e r i o d  of 250ms. 512 



experiments  of 24 scans  each were acqui red  t o  g ive  an i n i t a l  d a t a  set of 

512x2048 d a t a  p o i n t s .  The spectrum was recorded over  a sweep w i d t h  of 

1886Hz i n  both F, and F 2 .  The i n i t i a l  d a t a  set was z e r o - f i l l e d  once i n  

t h e  F l -d i r ec t i on  t o  g ive  a f i n a l  d a t a  s e t  of 1024x1024 r e a l  d a t a  p o i n t s .  

A cos2 f u n c t i o n  was a p p l i e d  t o  t h e  phase s e n s i t i v e  d a t a  s e t  p r i o r  t o  

Four i e r  t ransformat ion ;  t h e  spectrum was then  phase c o r r e c t e d  and a base- 

l i n e  c o r r e c t i o n  r o u t i n e  a p p l i e d  p r i o r  t o  a n a l y s i s ,  by use of Bruker UXNMR 

so f tware .  

The ROESY spectrum was acqui red  by use of t h e  pu l se  sequence 

dl-90-do-[spin lock]-FID, with a p r e s a t u r a t i o n  p u l s e  of 2s du r ing  t h e  

r e l a x a t i o n  d e l a y  d l .  The CW sp in- lock  was a p p l i e d  f o r  250ms a t  0.5 wa t t s  

of power a t  t h e  f requency of t h e  HOD peak. 512 experiments  of 24 scans  

each were recorded by use of phase s e n s i t i v e  d e t e c t i o n .  The d a t a  s e t  was 

phase co r r ec t ed ,  and a b a s e l i n e  c o r r e c t i o n  a p p l i e d  p r i o r  t o  a n a l y s i s  by 

use of t h e  s t anda rd  Bruker UXNMR sof tware  r o u t i n e s .  

The 13c- '~  c o r r e l a t i o n  spectrum was recorded i n  t h e  i nve r se  mode, by 

use of a 4-pulse sequence inco rpo ra t i ng  a BIRD p u l s e  i n  t h e  p repa ra t i on  

per iod ,  by use of phase s e n s i t i v e  d e t e c t i o n .  The d a t a  set of 512x2048 

d a t a  p o i n t s  was recorded over  a sweep width of 3030Hz i n  t h e  F2 d i r e c t i o n  

and 9615Hz i n  t h e  F, d i r e c t i o n  which , fo l lowing  z e r o - f i l l i n g  once i n  t h e  

F,-direct ion,  gave a f i n a l  d a t a  s e t  of 1024x1024 r e a l  d a t a  p o i n t s  with 

d i g i t a l  r e s o l u t i o n s  of 2.9Hz/Pt and 9.4HzIPt i n  F2 and FII r e s p e c t i v e l y .  

The d a t a  set was phase co r r ec t ed ,  and a b a s e l i n e  c o r r e c t i o n  a p p l i e d  p r i o r  

t o  a n a l y s i s  by use of t h e  s t anda rd  Bruker UXNMR sof tware  r o u t i n e s .  

Tables  4 -1  and 4 -11  con ta in  t h e  'FI-NMR and 1 3 ~ - ~ ~ ~  d a t a ,  

r e s p e c t i v e l y  f o r  hep tasacchar ide  ( 5 8 ) .  The assignments  fo l low from t h e  

a n a l y s i s  of t h e  s p e c t r a  desc r ibed  above. 
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