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0 .  

The t r F c h a r i d c  i ncorpora t ing  a l i n k i n g  arm was ~ r e h r e d  by 

. monosaccharide unit , 8-methoxycarbony'loc t y l  2,4-di -O-be%zoyi-& 
' ?-JIe , - 

<~ z8 

L-rhamnopyranoside. ~ e p r o t ~ i t i o n , . ~  as before, gave . t h e  \ 

C 

trisaccharide in a form suitable f o r  t h e  prepcat ion,of . 
glycocon jugates. 

I 
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I . I NTRODUCT I ON - 

Background 
' .  

The Gram positive P-hemolytic S t r e p l o c o c c l  Group A is a 

commonly occurring organism and is one of the -primary infective 

agents in humans. Infection by S ~ r e p r o c o c c i  Group A may lead to 

the commonly known condition of streptococcal pharyngitis, or 

strep throat'. Although strep throat is not itself a serious 
/ 

condition it can, in a small number of case~evelop'into the 
, C 

more serious disorder of rheumatic fever. In addition, there 

appears to be a connection between the initial S r r e p r o c o c c u s  . 
f 

infection and other disorders such as acute glomerulonepheritis, 

2 rheumatoid arthritis, and other rheumatoid diseases . 
Each S ~ r e p ~ o c o c c u s  bacterium is surrounded by a slime 

capsule, below which Jies the cell wall (~igure 1 ) .  The cell- 

wall is composed of protein, carbohydrate ,and mucopeptide. b 

Figure I 
< 

Schematic representat ion of thscell-wall of 
Gram-positive bacteria 

Below the cell-wall is the protoplast, or cell-membrane. The 

cell-wall carbohydrates are the structures responsible' for the 



serological classification of St r e p 1  ococci into main gqroups, 

Groups A, A-variant, and C. The group-specific carbohydrates of 
1 

p-hemolytic S r r e p r  o c o c c r  (Figure 2 ) '  have been found to contain a 

Group A-Variant f l  

- Group A 

Group C 

Figure 2 
4 

. Group-specific carbohydrates 
S t  r e p r  o c o c t i  I 

common poly-rhamnopyranosy@ backbone of alternating a-L-(1-2) 

3 and a-L-(1-3) linkages . The A-variant structure is a polymer 

- made up of only this sequence of sugars. The Group A structure 

h a s  branching 0-D-N-acetylglucosamine residues attached to the 

J-posi t ion of the rhamnose backbone. The Group'C "structure has 

branching disaccharide units, 3-0-a-D-N-ace~ylgalactosaminosyl- 

a-D-N-acetylgalactosamine, linked to the 3-position of the . 

rhamnose backbone. Of the 0-hemolytic S r r e p r o c o c c r  the group of 

most importance clinically is that of ~ r o u p  A ;  however the Group 

C N-acetylgalactosaminosyl disaccharide has been shown to be 



cross reactive with the tumor-associated Forssman antigen4. The 

cell-wall polgsaccharides of S z r e p r o c o c c i  Group A have been 
< 

shown to be immunologically cross-reactive with structural 

5 glycoproteins of heart valves . This cross-reactivity means 

that, in some cases, an immune response to a streptococcal 

infection, and directed against streptococcal antigens, may 

actually act against the host's own tissue+antigens: this is 

known as an autoimmune disorder: It-is this cross-reactivity 
- 4 

of streptococcal antigens with heart valve glycoproteins tht is . 

thought to be important in the de~elopment~of valvular disease 
r 

in patients with rheumatic fever. Cross-reactivity with other 

connective tissues and structural proteins may be involved in 

many other rheumatic disorders. 
e 

~raditionally, streptococcal infections have been diagnosed 

rowing bacterial cultures from patients' throat swabs, and A 
then using standard microbiological and immunological techniques 

to identify the resulting colonies. The time required for 

cdqvent ional c u b e  techniques can be overnight or longer: 
1 

con d .equently, treatment is often delayed or initiated without '~ 
F' 

proper confirmation of infection. A rapid diagnostic reagent is 

therefore desirable. Recently, several rapid detection methods 

have been developed6 which can detect streptococcal antigen 

directly from a throat swab. For the' most part, these tests 

rely on the extraction of bacterial antigen from a patient's 

throat swab, using enzymatic or nitrous acid extract,ioii, and 

detection of the extracted polysaccharide antigen by macroscopic 

aggiutination of antibody-coated latex particles (Figure 3 ) .  



4 

~linicai have compared some of these methodsio to the 

traditional culture method and have found that they showed good 

specificity; however, in some cases 8f9 .these tests have been 

found 

4 

- 
2- 

to suffer from moderate sensitivity requiring the 

Anti-Group A Antibvdy , 

Bound to Latex Particles 
Extracted Steptococcal Antigen 

Figure 3 

Detection of extracted bacterial. antigen by, 
the latex-agglutination method 

confirmation of negative test.results by some other method. 

This thesis describgs the-chemical synthesis of portions of 



the antigenic determinant of the 0-hemolytic Sr r e p 7  o c o c c i  Group 

A .  Glycpconjugates of these oligosaccharide structures may be 

prepared by c~upling them to a carrier protein*, enzyme, or 

1 1  immunoadsorbent v l a  the 8-methoxycar@nyloctyl linki'ng arm , 
using the acyl azide methodology'2 (Figure 4 ) .  The artificial 

Oligosaccharide Hapten - Linking Arm 
(8-methoxycarbonyloctnnol) 

P 

I Protein Solution 
Support 1 

1. 

Synthetic Antigen 

Immunoadsorbetl t 

Figure 4 

Attachment of oligosaccharide hapten to a q 

pratein or solid support 

antigens thus obtained could then be *used to test'for anti- 



/ C 

Sr e p r  o c o c c i  Group A antibody- in patients' sera (Figur,e 5). 

' ~ l t e r n a t i v e l ~ ,  the hybrid-myeloma technique13 could be used to 

produce monoclonal ant iboeies of highly defined specif.ici ty 

Patlent's .Serum Sample 
Conta~nina  A b  Rained 
Against Skptococcal Ag - 

Ab Binds to 
Immunoadsorbent 

Synthetic Antigentc Determinant 
ALtnched Lo Solid Support I Wash to h r n o v e  

Unbound Ab 

Add Enzyme Linked Lo 
S y n t h e ~ l c  Anttgenic Determinant 

1 Add Enzyme Substrate X 

Figure 5 

w -  
Assay For Y to Detect Presence of A b  

~ e t e c t i o n  of antibody by enzyme-linked 
Emuunoadsorbent assay  

against the artificial antigens. The monoclonal antibodies thus 
5 

obtained could be used to directly detect S t r e p l o c o c c i  Group A 
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Figure 6 I 

I 

8 
L 1 

A 0 A - B 
- a - ~ - ~ h a ~ - ( l - 2 ) - a - ~ - ~ h a ~ - ( l - 3 ) - a - ~ ' ~ h a ~ - ( l - 2 ) ~ a - ~ - ~ h a ~ - ( l - 3 ~ -  

Computer-generated model of the three- 
dimensional structure of the S t r e p t o c o c c i  
Group A cell-wall polysaccharide 

3 

1 

3 

1 
0-D-GlcpNAc P-D-GlcpNAc 

C 
Group A 

C 
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I ~ M  myeloma proteins directed againsdt streptococcel cell-wall 

carbohydrate antigens16. Glycoside Synthesis 

The ifiterest in oligbsaccharide synthesis has increased in 

recent years since the role o;f* glycoproteins and glycolipids in 

biological systems has bkorne better understood". The 

oligosaccharide portions of glycoconjugates are often the 

d biologically important structures involve in cell-cell 

recognition, hormone receptors, immune recognition, and several 

other biologically important interactions. - 
C 

The chemical synthesis of oligosaccharides has been reviewed 

in the literature1* and what are presented in this section are 

only the salient features. The synthesis of oligosaccharides 

involves the selective linkage between two polyhydroxyl sugar 

units. These,units may -be individual monosaccharides or more 

complex oligosaccharides. The strategy involves the selective - I 

protection of all functional groups intended not to take part in 

the reaction and their selective deprotection when necessary. 

In a glycosylation reqction the reaction partners are a fully 

protected glycosyl derivative, functionalised at the-anomeric 

position with a good leaving group, often a halide, (a glycosyl 

donor), and en acceptor molecule with, in general, one free 

hydroxyl group intended for coupling (Figure 7 ) .  
--- 

Since the biological function of oligosaccharides is 

dependent upon the three-dimensional shape of the molecule in 

solution, .and the conformation of oligosaccharides is affected 

by the stereochemistry about the glycosidic linkages, it is 

necessary that the synthesis of oligosaccharides be carried out 



\ 

such that the stereochemical outcome of the newly formed 

glycosidic linkages is predictable. There are two general types 

Glycosyl Donor Glycosyl Acceptor 

6' OR 
6 O R  

~ 0 3 3 & 0 *  RO RO 3 5  OR 

O R -  OR 

0 4  1-4 bGlycosidic Linkage , 

-.-? 

General glycosylation reaction * 
of glycosidic linkages; 1,2-cis .and 1,2-trans, in which the 

hydroxyl group at the 2-position-of'the glycosyl unit and the 

exocyclic oxygen atom at the 1-position (the anomeric centre) 

are c i s  and trans to eac other, respectively (Figure 8). The S I 

1,2-cr s linkage applies the synthesis of an a-glycosidic 
9 linkage in the gl uco and gal act o series and a 0-glycosidic 

linkage in the monno and rhnmno series. The 1,2-t runs linkage 

is seen in the j3-glycosidic linkage of the gluco and galacto 
: > 

series and in the a-glycosidic link of the manno and rhamno 



series. Strategies for the formation of 1.2-cis and 1.2-trans 

glycosidic linkages di fXer. ., 

. * 1 ,%cis Glycoside 

1,2-cf s and 1,2-t rans Glycosides 

-- e 

1 ,  2 - t  runs GI ycosyl a t  i ons 

The most common method for the formation of a 1,2-trans type 
8 .  C 

linkage is to use a glycosyl halide with a participating groub, 

such as an ester, as subskituent at the 2-position. Under Lewis 

acid catalysis an oxocarbocation may be formed which can then be 

stabilised by the substituent at the 2-position to give a ? 
I 

dioxocarbenium ion (Figure 9 ) .  The alcohol component in the " 

reaction.mixture then opens the dioxocarbenium ring in an SN2 

type fashion with the neighbouring-group p;otecting the cr r face 

of the ring from nucleophilic . A useful method for the 

preparation of 1,2-trans linkages in 2-amino sugars utilises 
-, 

20 the phthalimido group as suhstituent at the 2-position . In 
,z,= 

this case a dioxocarbenium ion is not formed; however, the 

steric bulk of the phthalimido group blocks nucleophilic attack 



Figure 9 
. 

t 1,2-trans Gylcoside 

Preparation of a 1,2-trans glycosidic linkage, 
in the g l u c o  and galact o series, with 
neighbouring-group participation , 

by the alcohol component on the cis face'of the oxocarbocation 

(Figure T O ) .  

The formation of a.l,2-cis glycosidic linkage requires a 

different strategy. Qne method is to have a non-participating 

group such as Bzl, 0COCC13, NOZ, or N3 at the 2-position of the C 

t 

gly,cosyl donor, and in conjunction with a trans halide at the 

anomeric position, use reaction conditions such that 



nucleophilic attack by the,hydroxyl component (the glycosyl 
I 

.acceptor3 proceeds with inversion of configuration in an SN2 

sense. Use , of a this method to form an a-glycosidic linkage in 

A@ 
(Lewis Acid) 

7' 

b 

Figure 10 

Preparation of a 1,2-trans glysosidic linkage, 
in the gl uco and gal act o series, with amino 
sugars 

the gluco and galacto series requires the use of the highly 

reactive 0-halipe. However, reaction of the 0-halide is of't'en 

comfllicated by anomerisation to the a-anomer, leading to an 

undesirable anomeric mixture of glycosides. - 

One method that circumvents this problem is the use oE the 

"halide-ion catalysed glycosylation" reaction of Lemieux e r  a1 --. 
D 

* ' .  Using th-'is approach one can form an a-glycosidic linkage 

starting from the more stable a-halide.' "E+e a-halides are 

stabilised by the anomeric effect22. The i '4 ornerisetion of the 
a-halide to the more reactive @-halide is catalysed, i n  s l l u ,  by 

-'I 

halide ions and silver salts (F'igure 1 1 ) .  The alco.ho1 component 

*then reacts 'with the more reactive 0-halide, and proceeds with 
L, 

inversion to give an a-glycoside. This diffqrence in 

reactivities of glycosyl halides (Figure 12) can be used to 



14 -- 

prepare a-glycosides from the more stable a-halides in the g l u c o  

and g a l a c r  o series. 

9 Figure 11 

. Preparation of a 1 , 2 - C I S  glycosidic linkage, 
in the g l  u r o  and g o l a c f  o series, using the 
"halide-ion cat3lysed glycosylation" method 

, Factors important in a qlycosylat.ion regction'are the 
/' - polarity of the solvent, the reactivity of the 
promotor, and the reactivities of the glycosyl 

acceptor. The reactions are generally carried 

of low pol rity such as dichlorornethane. More 8 

glycosylation 

donor and alcohol 

out in solvents 

polar solvents X 
n a y  lead to a decrease in the stereoselectivity of the reaction. 

The reactivities of glycosyl prornotors range from the mild 

tetraethylammonium halide, through the more reactive mercury 
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salts, mercuric cyanide and mercuric bromide, to the highly 

reactive silver salts, silver perchlorate and silver triflate. 

The choice of promotor is determined by the'reactivities of the 

glycosyl donor and alcohol acceptor; more reactive species 
- 

require a less reactive promotor. An increase in the reactivity 

of the promotor may lead to a decrease in the stereoselectivity 

Figure 12 

Energy profile for the "halide-ion catalysed 
glycosylation" reaction 

4 

i of the glycosylation reaction; however, this can be minimised by 

performing the reactions at lower temperatures. The reactivity - 
gf the glycosyl donor is affected by the protecting groups 

present. In general, electron donating substituents on the 

glycosyl donor groups increase its reactivity, whereas 

substitution with electron withdrawing groups decreases the 

reactivity. When gAycosyl halides are used, the order of 

reactivity of the donor is found to be I>Br>Cl. The reactivity 
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of the alcohol acceptor molecule also depends on the nature of 

the protecting groups; in general, electron donating groups 

increase the reactivity of the glycosyl acceptor whereas 

\ e,lectran withdrawing groups decrease the reactivity. In - 
addition, glycosyl acceptor molecules with primary alcohols have 

been found to be considerably more reactive than those with 

secondary alcohols . 
The most common leaving groups utilised in glycosyl donors 

are the halides, chloride and bromide; however, many other 

glycosjtl dcnors have been used successfully. Nicolaou e t  a l  23 . 
have used glycosyl fluorides (readily obtainable from the' . 

corresponding phenylthioglycosides) successfully in the 

preparation'of oligosaccharides. Many glycosyl donors which 

have an activating substituent other than a halide have also 

been developed. Thioglycosides are versatile reagents, being 

stable to the conditions encountered in many protecting group 

rna~ipulations and being readily converted to the corresponding 

glycosyl halides. However, thioglycosides, may be used directly 

i h  glycosylation reactions as glycosyl donors, and heve been 

csed successfully in the preparation of both 1,2-cis and 1,2- . 

i r o n i  g?ycosides24. Other glycosyl donors include ' . l ,  2-' 

26 orthoesters (and rnodificat ions thereof )25, anomeric xanthates , 
27 a26 trichioroacetimidaces . 

Recently, there has been much interest in the use of enzymes 

as cdtalysts in organic synthesis28. Enzymes have also been 

used suscessfully in = h e  synthesis of some oligosaccharides. 

tiiycosidases, a class of enzymes that normally catalyse the 
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of complex carbohydrates, may be used in the reverse 

A n s e  to catalyse the synthesis of glycosidic linkages. One 
- 

enzyme which has been used in this fashion is the enzyme 0- 

galactosidase29. Glycosyltransferases, enzymes that catalyst 

. . the transfer ofva nucleo.tide activated sugar onto an alcohol 
. . 

acceptor, have also been used'in glycoside synthesis. Thus, for 

example galactosyltransferase~ have been used to transfer 0-D-  

galactopyranosyl units from UDP-galactose to alcohol , 

-. 
acceptors30, and N-acetylglu'cosam nosyltransf erase V, has been 

used to trans•’ er P-D-N-acetylglucdsamine units ( 0-D-GlcpNAc 

from UDP-GlcpNAc to oligosaccharide acceptor molecules3'. 

Whitesides er  have used sialyltransferases to.prepare 
t . 

sialyloligosaccharides, and Sabesan e r  a1 3 3  have utilised a 
a 

combination of chCrnical and enzimatic synthesis 

(galactosyltransferase as well as three mammalian 

sialyltransferases) to prepare similar compounds. T h e  enzymatic 

mechods have made use of both irnmobil i sed2', and membrane 

enzymes. 

Overarl fpthetic Plan . .  

The long terr, goal of the work is to synthesize tri- and 
. . nrgher-order oligosaccharide portions of the cell-wall 

plysaccharides of S r r e p ? ' o w c l  Group A .  This panel of 

synthetic structxres could then be used as haptens in binding 

srudies to help elucidate the minimum number of sugar residues, 
8 

a33  the terminai chaic-end sequence, required for optimun 

binding to complemenrary monoclonal antibodies. The procedure 
3- 



wguld help define the requirements for a highly defined 

S i r ~ p t o c o c c i  Group A antigen. Such an antigen could then be 

used as a diagnostic reagent, as described previously. The 

overall synthetic plan is described below. 

Retrosynthetic analysis of the natural structure ' indicated 
that the trisaccharide repeating unit, P-~-Glc~~~c-(l-3)-a-L- 

Rhap-(1-3)-a-L-Rhap, could be prepared as a-fully protected 

SCHEME 1 '  

unit, and used in the block synthesist of all the higher-order 

sequence$. The synthesis of this key trisaccharide unit ( 1 )  

would involve conventional blocking group chemistry and as * 2 



based on recent work done in our ldboutory on the synthesis.of 

penta- up to octa-saccharides corresponding to the biological 

- 34,35 repeating unit of S h i  gel I a '  fl e x n e r i  variant Y 0-antigen . , 

The main feature of the key trisaccharide intermediate is its 

ability to f w t i o n  as'a glycosyl donor or glycosyl acceptor in 
0 

future glycosylation reactions. It was envisaged that selective 

,-- removal of the 1-0-ally1 group by isomerisation to the prop-1- 
B 

enyl group36, followed by hydrolysis to hemiacetals3' ,and 

conversion of the hemiacetals to the halide ( 2 )  using 
I 

~ilsmeier-Haack reagents 3 4 r 3 8 ,  \would allow the trisaccharide to 

function as a glycosyl donor in glycosylation reactions. 

~lternatively, selective transesterification of the 2'-0-acetyl 

group39 to give a free hydroxyl at the 2'-position would allow 

the trisaccharide to function as a glycosyl acceptor ( 3 )  (Scheme 

1 ) .  G l y m a t i o n  of. the trisaccharide donor ( 2 )  with the 

tr isaecharide acceptor ( 3 )  woula give a hexasacchar ide ( 4 )  of - 
> 

two repeating units which could be manipulated in the same 

fashion as the key trisaccharide intermediate (Scheme 2 )  (the 

2-position of the penultimate residue could be selectively 

deprotected to give a glycosyl acceptor, or the 1-0-ally1 group 

. . -could be removed to allow synthesis of a glycosyl halide). Using 

this methodology, oligosaccharides of increasing size could-be 

prepared. 

Since the structure of the "non-reducing" terminus has not 

yet been firmly established , the synthesis of branched as well 

as linear chain-end sequences is desirable. The branched 

sequences could be prepared by capping the hydroxyl at the 2-  
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position of the penultimate residue with a rhamnopyranosyl 

halide, thus affording branched tetra-,hepta-, and deca- 

saccharide sequences (Scheme 2). 

SCHEME 2 



RESULTS AND - DISCUSSION 

Synthesis 

This thesis describes the synthesis of a disaccharide and a 

trisaccharideJportio~ of the bacterial cell-wall polysaccharide 

of the 0-hemolytic S t r e p t o c o c c i  Group A ,  as propyl glycoside 

haptens to be used in inhibition'studies with the natural 

antigen, and also for use in n.m.r. studies. The trisaccharide 

was also prepared as its 8-methoxycarbonyloctyl glycoside. I n  

this form, the trisacchariae may be linked to a protein'2 to 

serve as an artificial antigen, or to a solid support to 

function as an immunoadsorbent. , 

4 

The first step in the synthesis was a Konigs-Knorr reaction 

of ally1 2-0-benzo~l-4-0-benz~l-a-~-rhamno~~ranoside~~ ( 5 )  with 

- bromide2' ( 6 ) ,  using silver t ri f luoromethanesulphonate as 

promotor, and 2,1,6-trimethylpyridine as proton acceptor, to 

give the blocked disaccharide ( 7 )  in 91% yield - The phthalimido 
i 

group at the 2-position of ( 6 )  sterically ,shields the a-face of 

;he ring from nucleophilic attack, thus directing the 

glycosylation to give exclusively the 0-glycoside. 
1 

The anomeric'centre of the disaccharide ( 7 )  was accessed by 

removal of the 1-0-ally1 group, using rhodium (1 )  catalysed- , 
is~merisation~~ to give the prop-1-enyl glycosides ( 8 )  (80%). 

Mercuric chloride-mercuric oxide hydrolysis3' of the vinyl ether , 
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-- 
then gave the hemiacetals (9) (90%). The hemiacetals 

converted into the glycosyl donor, specifically the glycosyl 

chloride ( l o ) ,  by reaction of (9) with the Vilsmeier-Haack 

reagent NN-dimethyl(chloromethylene)ammonium chloride 3 4 , 3 8  
- 

(Scheme 3 ) .  -~ea;tion of the glycosyl donor (10) with the 

glycosyl accceptor ( 5 ) ,  using silver trifluoromethanegulphonate 

promotion in the presence of 1,1,3,3- 

OH- SCHEME 3 

A 

tetramethylureago, gave -the fully protected trisaccharide (1 1 ) 

in 75% yield (Scheme 4). This trisaccharide ( 1 1 )  differs from 
. - 
'the key trisaccharide intermediate ( 1 )  outlined in the overall 

synthetic plan in that (11) cannot be selectively deprotected at 

the 2'-position. Deprotection at the 2'-position of 



' tris6ccharide ( 1 1 )  is not possible since this structure has 

benzoyl groups at the 2-, and the 2'-positions and there is no 

method for their independent removal: furthermore, the acetate .? 

groups present at q e  3"-,4"- , and 6"-positions would be 

labile under the necessary to deprotect 
J 

position. These ,factors dictate that the trisaccharide ( 1 1 )  may 

AC(~!?"" OAC # 
10 - SCHEME L 

1 

not be used in the block synthesis of higher-order 

oligosaccharides. The_ trisaccharide ( -1.1)  gives, however, the 

first of- series of sequences for use in inhibition studies - . ' < -  

required to astablish the structure which affords the greatest 

= specificity in antibody recognition. 

~ e ~ r o k e c t i o n ' ~ ' ~ ~  of the resulting t>isaccharide ( 1 1  was 

accomplished by sodium methoxide-catalysed transe.sterification 

of the acyl groups, followed by hydrazinolysis of the . * 
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phthalimido group, selective N-acetylation of the resulting free . .  
amino group, and palladium-catalysed hydrogenat ion of the benzyl 

ethers to give the fully deprotected trisaccharide as its propyl 

glycoside ( 1 2 )  in 54% yield. A similar deprotection sequence 

was carried out on the disaccharide (7) to give the fully 

de~r-otected V' disacchiride as its Gopyl glycoside (13) in 55% 

yield. 

. To enable the trisaccharide to be used in the preparation of 
I .  

glycoconjugates, a linking arm at the 1-0-position was required. 

15 - 

SCHEME 5 - 
< \ 

NHAc ""f' OH ' 

i 
This was accomplished by addition of. the disaccharide chloride 
'a 

( 1 0 )  to the monosaccharide, 8-methoxycarbonyloctyl 2,4-di-0- 

b e n z ~ ~ l - a - ~ - r h a m n o ~ ~ r a n o s i d e ~ ~  42 ( 1 0 ,  using silver 

trifluouromethanesulphonate as promotor, and 1,1,3,3- 
e 

tetramethylurea as proton acceptor40. Chromatography of the 



B 
resulting products afforded a pure sample of the trisaccharide 

as its 8-metho~carbonyloctyl glycoside (15)in 53% yield. 
m 

Deprotection ,as before with compounds ( 7 )  and ( 1 1 1 ,  gave the 
4 

trisaccharide ( 1 6 )  in 71% yield, suitable for use in the . 

preparayon of glycoconjugates (Scheme 5). 

The above compounds we* obtained as analytically pure 

samples. 
P . i 

4 

M3R Spectroscopic Results 

Various nuclear magnetic resonance (n.m.r.) spectroscopic 
a 

techniques were utilised to characterise the prepared compounds. 
- 

1 

These include the use of routine 'HI 13c, and 1 3 ~ { 1 ~ )  spectra, 

spin decoupling experiments , nuclear bverhauser enhancement a .  (n.O.e, ) experiments43, as well as 'H homonuclear chemical-shif t 

correlated experiments (COSY 1 44, and "c-'H correlated (CHOPTLE) 
45 experiments . 4 

- 
? 

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

monosaccharide units within the oligosaccharides were found to 

be consistent with a 4 ~ 1  (D) conformation for the N- 
J Y 

acetylglucosamine ring and a 'c4 (L) conformation for the 

rhamnopyranosyl residues. 

The stereochemical integrity of the various oligosaccharides 
P 

was established by examinat ion of the one-bond 3 ~ - 1 ~  coupling 

I constants, /13C-1H , for the anomeric carbons. These values* 
- 1 

P r e  consistent with an a-L-configuration about both rhamnosyl 

residues and the /3-D-configuration about the N-ac-etylglucosamine 

residue: 46 
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A Tye analysis of the 'H n.m.r spectrum of disaccharide ( 7 )  

was,made by comparison (with spectra of the starting 

nionosaccharide~ts and by comparison with spectra of related 

compounds4'. Assignments yere confirmed by means of T- 
decoupling experiments. 

The one-dimensional , 4 0 0 ~ ~ ~  ~ I H  *n.m.r. spectrum of 

trisaccharide (11) revealed considerable overlap of the ring- 

proton signals in the region 3.5-5.5p.p.m.  heref fore, a 500MHz 
a 

COSY spectrum (I?ig&es 13 and 14) of trisaccharide (1 1) wai 

obtained in order to establish the intra-ring connectivities. 

For example, the signal at 5118p.p.m., assigned to an anomeric 

proton from a rhamnosyl unit, shows a cross-peak in the COSY 

spectrum at 5.39p.p.m. indicating the position of the 2-H to 

which it is coupled. The 2-H in turn shows a cross-peak to a 

signal at 4.06p.p?m., indicating the position of the 3-H of dhe 
t 

\ 

same ring. The ring protons 4,5'and 6 of the same rhamnosyl 

ring were assigned in a similar fashion (Figures 13 and 14). By 
- 
following the path of the two- and three-bond couplings in the 

COSY spectrym all of the intra-ring connectivities were 

assigned. In orde'r to distinguish one set of rhamnosyl ring 

protons from the other, an n.O.e, experiment was performed in 

which irradiation of one of the rhemnosyl anomeric protons was 

used to identify the proton across the inter-glycosidic 

linkaged8. Thus, for example, irradiation of the anorneric 

proton at 4.90p.p.m. showed -a significant n.0.e. of the signal 

at 3.98p.p.m., this signal being attributed to one of the 

diastereotopic protpns of the ally1 aglycone -CH2CH=CH2 
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Figure 13 
1 - Partial 500MHz 2D- H n.m.r:COSY spectrum of 

trisaccharide ( 1 1 )  



Figure 14 
Expanded region of the ZD-'H' n .m. r . COSY spectrum 
of trisaccharide ( 1 1 )  



400Mt .Difference n.O.6. 'H n.m.r. 
trisaccharide ( 1 1 )  

spectrum 
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(Figure 15). This enhancement indicated that the irradiated 

signal was in fact the I-H proton; the signal at 5.18ppm was 
1 

therefore assigned to 1'-H. The ring-proton signals of the N- 

acetylglucosamine ring $ere readily distinguished from the 

rhamnosyl rings on the basis of vicinalpupling constants.and 

hence assigned to the terminal ring of trisaccharide (11). The 

assignment of the 'H n.m.r.spectruiti of* trisacc 

made by comparison ~ith~assignments made in th 

spectrum 6f trisaccharide (1 1 ) .  The assignmen 

by means of spin-decoupling experiments, and similar n.0.e. 

experiments to those described above (see ~ppendix). 

Analysis of the I3c-'H co-rrelation (CHORTLE) spectral data 
I 

of ( 1  1 ) (Table 1 ) , following the assignment of the, 'H n.m.r. 

spectrum .from the COSY experiment, permitted the assignment of 

the 1 3 ~ { 1 ~ ~  n.m.r. spectrum of trisaccharide (11). Chemical- 

shift assignments in the ' 3 ~ { 1 ~ ]  n.m.r. spectra of compounds (7) 

and (15) were then made by comparison those in the n.m.r. 

spectrum of compound (11). 

1 Owing to the complex overlap of signals in the . H  

n.m.r.spectra of the deprofected compounds (121, (13),and (16) 

in the region 3.5-4.0p.p.m. a 500MHz COSY spectrum of one of 

these compounds, namely, trisaccharide ( 1 2 )  was obtained; this 

?roved to be invaluable in the assignment of some of the signals 
C 
\ 

in :ha: region (Figures 16-18). This spectrum> t'ogether with 

:he 1 3 c - ' ~  correlatioc (CHORTLE) spectral data of the 

+ - :  .. .saccharide ( 1 2 1  !Table 2 1 ,  and comparison with 'H n.m.r data 

R of :he nazurai poLyn r4?, permitted the assignment of most of 



Table 1 ' 3 ~ - ' ~  correlation (CHORTLE) spectral data 
of trisaccharide ( 1 1 )  

CHORTLE can find a C H 2  group instead o f  a CH group. Hence  for 
the geminal pa,ir, H ( 1 )  and H(2), ~ t s  center, H - 1 ,  1s also g1vr.n. 
----_--_---_----------________________________________________---------------________________________________________--------------------------- 

Table of C-H chemlcal shifts (ppm). 

NO C- 13 H- 1 + / - H ( 1 )  H(2) + / -  
----------------------------------------------------------------- 

1 98.8 5.154 0.005 
2 98.4 5.354 0.003 
3 96.2 4.870 0.003 

" 

4 80.0 3.630 0.003 
5 79.7 + 4 -050 0.003 
6 78.6 3.357 0.003 
7 78.3 4.279 0.004 
8 75.2 4.929 0.005 4.760 5.070 0.005 

* 9 73.7 4.263 0.005 
9 73.7 4.262 0.002 4.203 4.320 O.OOL1 
10 72.6 5.359 0.003 
1 1  72.0 5.371 0.003 

71: 1 1  72.0 5.371 0.003 5.347 5.394 (3 . I ) CJ (? 
1 2 71.2 3.068 0.003 
13 70.7 5.530 0.003 
14 68.2 3.667 0.000 a 

15 68.2 4.039 0.007 3.931 4 .  1 ( + 7  (J . OOrl  
16 68.0 4.945 0.004 
17 67.7 3.827 0.003 

* f  18 61 .O 3.793 0.006 
19 54.6 4.250 0.003 
20 20.5 1.918 0.004 
2 1 20.3 1.723 0.003 '%., f!!: 1.710 1.334 0.003 

0.003 

24 0.903 0.003 
----------------------------------------------------------------- 

-=% 

* These peaks are attributed to artiiacts. 

* *  The eftpected gerninal 6 i r  was n o t  detected, o n l y  its 
centre is given. , 



Figure 16 
500KHz ZD-'H n.m.r. COSY spectrum of d e p r o t e c t e d  
trisaccharide ( 1 2 )  



Figure 17 V 

Expanded region of the 2~-'H n.m.r. COSY spectrum *e 
of depr6tected trisaccharide (12) , 



Figure 18 

Expanded region of the ~D-'H n.m.r. COSY spectrum 
of deprotected trisaccharide ( 1 2 )  
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Table 2 

'c-'H correlati.on (CHORTLE) spectral data 
of trisaccharide (12) 

. . 
CHORTLE can find a CH2 group instead of a CH group. Hence for 
the geminal pair, H(1) and H(2), i t s  c e n t e r ,  H-1, i s - a l s o  g i v e n .  

Table of C-H chemical shifts (ppm). 

* These peaks are attributed to artifacts. 



the carbon and. proton signals in the spectra of (12). Most of . 

the signals the and spectra of the 

deprotected structures (13 and ('16) were then assigned by 

comparison with the data for (12). 

-'-/" Conclusion 

The disaccharide ( 1 3 )  and the trisaccharide (12) may be used 

as haptens in inhibition studies with the natural antigen to 

help establish the requirements for a highly defined 

St r e p !  ococci Group A antigen. The trisaccharide (16) may be 

coupled, v i  n the 8-methoxycarbonyloctyl linking arm, l '  to a 
carrier proteins, enzymes or immunoadsorbent support materials, 

r 
as required-, using the simplified acyl azide methodology. The 

ability of the immunoadsorbents incorporating the . . 

oligosaccharide to detect anti-Streptococci Group A antibodies 

in sera can *then be tested. Alternatively, the glycoconjugates 

can be used in the hybrid-myeloma protocol as immunizing 

antigens and screening aids to produce mouse monoclonal 

antibodies of defined specificities which can themselves be 

used, in a latex agglutination test, for example, to detect 

Streptococci Group A antigen. Thus, in the long term, both 

antibody and antigen may be incorporated into diagnogtic 

reagents for-the detection of streptococcal Group A pharyngitis. 



General Procedures 
/ 

Routine 'H n.m.r. (4OO.13MHz) and 13c n.m.r. (100.6M.H~) were 
5 

b 

recorded on a Bruker WM-400 spectrometer. The 'H homonuclear ( 

chemical-shif t-correlated (COSY) spectra and the 3 ~ 7 1 ~  

correlated (CPORTLE) spectra were recorded by Dr. D. R. Bundle 

of the National Research Council ofk,Canada, Ottawa, on a Bruker 

AM-500 spectrometer operating at 500;13MHz for 'H and 125.7MHz 

for 13c. Spectra were recorded in deuteriochloroform solution , 

unless otherw se stated! Chemicalr shifts are given in p.p.m. 

downfield / rom SiMe4. For spectra recorded in deuterium oxide, 

chemical shifts are given in p.p.m. downfield from 

M ~ S ~ [ C H ~ ] ~ S O ~ N ~ .  Chemical shifts and coupling constants were 
\ 

obtained from a first-order analysis of the spectra. Nuclear . 
Overhauser enhancement (n.0.e.) experiments were performed in 

the difference mode. Optical rotations were performed on a 
I 

Perkin-Elmer P22 spectropolarimeter. 

Analytical t.1.c. was performed on pre-coated aluminum foil 

plates with Merck silica gel-60~-254 as the adsorbent. The 

developed plates were air-dried, exposed to u.v. light and/or 

sprayed with 5% sulphuric acid in ethanol, and heated at 150•‹C. 

~edium pressure chromatography was performed according to a 

49 published procedure . 
Solvents were distilled before use and were dried. as 

necessary2 by literature procedures. Solvents were evaporated 
/' 



' under reduced pressure and below 40•‹C. 

Reactions priormed under nitrogen were also carried out in 
S 

deoxygenated solvents. Transfers under nitrogen were effected 

by meansl of standard Schlenk-tube techniques. 

Specific Procedures 

( 7 1 . - -  A mixtu - zoyl-4-0-)benzyl-~-~- 

rhamnopyranoside ( 5  (1.30gf 3.26mmol), silver 

~ t r i f l u o r o r n e t ~ u l p h o n a t e  .(1.23g; .4.77mmol), and 4A molecular 
/ 

sieves in anhgdrous dichloromethane (20cm3) was stirred for 

0.5 h under nitrogen in a flask fitted with a dropping funnel, 

equipped with a cooling jacket. A mixture of 3,4,6-tri-0- 

I acetyl-2-deoxy-2-phthalimido-~-~-glucopyranosyl bromide (6) 20 

(2.409, 4.82mmol) and collidine (0.63cm3, 4.8mmol) in anhydrous 

3 dichloromethane (5.0cm 1, pr,eviously stirred under an atmosphere 

of nitrogen for 0.5 h in the presence of 4A molecular sieves was 

trans•’-erred under nitrogen to the dropping -funnel by means of a 

cannula. The flask was rinsed with additional portions of 

dichlorornethane +(2x2cm3). The solution of (6) was cooled to - 

78•‹C and then added dropwise, over a period of 10 min, to the 

mixture containing the ally1 glycoside ( 5 ) .  The mixture was 

allowed to warm gredually to room temperature and was 'stirred 

for 12 h in thc dark under nitrogen. The solids were removed I 

filtration and the filtrate was wa~hed successively with,lM 
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hydrochloric acid solution, sodium hydrogen carbonate solution, 

and sodium chloride solution. The organic layer was dried 

( ~ a ~ S 0 ~ )  and concentrated to give a syrup which was purified by 

column chromatography using hexane-ethyl acetate (1:1) as 

eluant; Rf0.43. The t i t l e  compound ( 7 )  was obtained as a clear 

syrup (2.439, 91%): [ a ~ ~ ~ ~  -15.5' ( c  0.9 in C H ~ C ~ ~ ) ;  6C(100 .6  

MHz) 17.7 (C-6), 20.2, 20.3, and 20.4 (OCOCH~), 54.8 (C-2'1, 

61.7 (C-6'1, 67.3 (C-51, 68.3, and 68.4 (OCH2CH=CH2, and C-4'), 

70.9 (c-3'1, 71.6 (C-5'), 72.1 (C-21, 74.6 (-CH2Ph), 79.2 ((2-31, 

80.2 (C-41, 96.2 C - 1 ,  98.5 C - 1  117.9 (0-CH2CH=CH2), 133.7 

(o-cH~CH=CH~), and 166.1, 169.5, 170.2, and 170.8 (C=O); 

6H(400.13MHZ) 1.13 (3H, d, J5,6=6.3Hz, 6-H3), 1-78, 1.80, and 
Z 

1.97 (3x3HI s f  OCOCHS~, 3.48 ( 1 ~ .  t, J3,4+J4,5=19Hz. 4-H), 3.69 
f 

(IH, m, 5-HI, 3.85 (1H. ddd, J41,51=10.1, J51,6,1=4.0, 

'5' ,6b' =2.3Hzf 5'-H), 4.04 (IH, ddf J5~,6b~'2.3f 

J6a~f6b1=12.0HZ, G'-Hb), 4.13 (IH, dd, J5.16a~64.0, 

J661,6b1=12..0H~, 6'-Ha), 4.18 (1H, dd, J2,3=3.5H~, J314=9.5. 3- 

H), 4.37 (1H, dd, J21 ,3v=10.8, J 1 t l  I2' =8.5Hzf 2'-H), 4.89 (1H, d, 
t 2 

J I f 2 = 1 . ~ ~ ) ,  5.05 (1H, dd, J31,41=9.2, J41,g1=10.1Hz, 4 ' -  

H), 5 . R  (1H, dd, 1, 1 2 = 1 . 8 ,  J2,3=3.5HzI 2-H), 5.67 (lH, d, 

J11,21=8.5Hz, 1'-HI, and 5.79 (1H dd,J31,41=9.2Hz, J21,31=10.8. 
d 

3 ' - ~ )  (Found: C, 63.3; H, 5.5; N, 1.7. C43H45N015 reqbires C, - 

63.3; H, 5.56; N,1.72%). Q 

(&.---~ris(tri~henylphos~hine) rhodium ( I  ) chloride (85.7mgI - 



CI 40 

0.093mmol) was added to a soluFio< of the ally1 glycoside (7) , , 

'3 (1.36gf,1.66mrnol)- in ethanol-water (9:1) (60cm and the mixture 

was heated at reflux for 16 h under nitrogen. The solvent was 
4 

removed by evaporation to give a dark brown residue which was 
4 

taken up in ethyl acetate and filtered through a short column of 

' silica gel. / e- 

Removal'of the solvent gave a light brown f o a ~  which was 

further purified by column chromatography with @xane-ethyl 

acetate (1:1) as eluant Rf0.47. The t i t l e  compound ( 8 )  was 

obtained as a clear light brown syrup as a nIZWure of E and Z 

isomers (1.17g. 86%); 6C(100.6MHz) 9.2, and 12.1 (CH=CHCH3 E l  

2) 17.7 ((2-61, 20.1, 20.2, and 20.4 (OCOCH3), 96.4, and 96.5 (C- 
% 

1 E, 2). 98.7, and 98.8 1 E, 2 ) .  104.5, and 105.0 (CH=CHCH~ 

E, a), 166.0 tOCOC6H5), 167.8 (phthaloyl C=O), arld 169.4, 170.1, 

and 170.7 (OCOCH~): bH(400.13~z) 1.12 (3H, m, 6-H3, E, z ) ,  
- .  

1.55, and 1.65 ( 3 ~ ,  2 dd, J=1.9, 7.OHz, CH=CHCH3 E, Z), 1.79, 

1 . 8  and 1.98 (3x3H, sf 0COCH3), 4.59, and' 5.14 (1H, 2 m, 
> 

J=6.4. 7.OHz. CH=CHCH3 2. and J.7.0, 12;lHz. CH=CHCH3 E) . 5.45, 
&and 5.53 (1H, 2dd, J=1.8, 3.5Hz. 2-H E, Z), and 6,.06, and 6.13 

(IH, 2 m, J.1.9, 6.4Hz. C H = C H C H ~ ~ Z ,  and J=1.9, 12.1 Hz, 

prop-1-enyl glycosides ( 8 )  (1.01gI 1.23mmol) were dissolved in 

90% aqueous acetone (40crn3) and the solution was stirred. 



, Yellow mercury (11) oxide (0.2799, 1.29mol) was added followed 
3 2  

by the dropwise addition, over 2 min, of a solution of mercury 

3 (11) chloride (0,3369, 1.24mmol) in 90% aqueous acetone (25cm ) ,  

The mixture gas stirred for 5 h, the solvent was evaporated, and 

the resulting residue dissolved in ethyl acetate and filtered- 

through celite. The filtrate was washed successively with 

saturated aqueous potassium iodide '(2x1,- aqueous sodium 

thiosulphate (2x1, and water (2x1. The organic layer was dried 

.+ 
(Na2S04), the solvent was evaporated and the resulting yellow 

- > 

syrup was chromatographed with hexane-ethyl acetate (3:2) as 

eluant. The t i  t i e  cornpoung (9) was obtained as a clear light 
I 

yellow syrugT (1.049, 93%$ 6C( 1 OO.6MIiz) (a-anomer). 17.8 (C-6), 

1 
( 'I~c-H= 167Hz, C-ll),,)and 166.1, 169.5, 170.1, and 170.9 (CmOi.. 

chloride ( . l o )  .---Oxalyl chloride (0.57cm3, \6.5mmol) was added to 

a stirred solbtion of DMF (0.5cm3, 6.5mm61) \ in nhydrous 

dichloromethane (4.0cm3) and the mixture was stirred under 
. .  

nitrogen for 5 min. The solvent was evaporated under reduced 

pressure and the white salt was dried i n  v a c u a  for 50 min. The 

NN-dimethyl(chloromethylene)ahnoni~m chloride was then dissolved 
k. ,\ 

in anhydrous dichloromethane (4cm ) and a solution of t,he 

hemiacetals (9) (1.049, 1.33mrnol) in anhydrous dichloromethane 
9 

(2trn3) was transferred to- the flask under nltrogen by means of a 



cannula. The flask was rinsed with additional portions of 

solvent and transferred as before. The mixture was stirred 

under nitrogen for 2 h, and then the reactibn was quenched by 
* 

3 the addition of cold aqueous sodium hydrogen carbonate (20cm ) .  

The organi6 layer was diluted with dichloromethane and washed 

successively with aqueous sodium hydrogen carbonate, and aqueous 

sodium chloride. The organi; layer was dried over anhydrous 

'potassium carbonate, and the solvent was evaporated to give a 

clear light yellow syrup (10) (1.079, 99%) which was dried in 

v a c u o  and used directly in the subsequent glycosylation 

reaction; 6C(100.6MHz) (a-anomer) 17.4 (C-61, 20.2, 20.3, and 

20.4 (OCOCH3), 54.8 (C-2'), 61.9 (C-6'1, 68.6 ( c - 5 ) ,  74.7 ( -  

1 OCHZPh), 78.4 (C-3). 78.8 (C-41, 89.8 ( J13C-H'184HZ, C-1). 98.9 
, 

1 -158Hz, C-If), and 165.8, 169.5, 170.1, and 170.8 (C=O). ( '1 3 ~ - H -  

(Il).---A mixture of ally1 2-0-benzoyl-4-0-benz~l-u-~- 

rhamnopyranoside (5)34 (0.3819, 0.957mmol), silver 

trif?uoromethanesulphonate (0.3829, 1.49mrnol), and 4A molecular 

3 sieves i n  anhydrous dicnloromethane (8cm ) was stirred under an 

atmosphere of n i t rogen  for C.5 h in a flask fitted with a 

5ropping funnel which was equipped with a cooling jacket. A 

solution of t h e  glycosyl chloride (10) (1.07g, 1.34mmol), and 

3 1,',:3,3-cetramethylurea (0.18cm , 1.5mmol) in anhydrous 
m 



4 3  

dichloromethani (4crn3 1, previously stirred vith 4 A  molecular 

sieves for 0.5 h under nitrogen, was transferred under nitrogen 

to the dropping funnel by means of a cannula. The flask was '. 
rhsed with additional portions of anhydrous dichlorornethane 

(2x2cm3) and transferred as before. The solution of the 

glycosyl chloride was cooled to -78OC and added dropwise, during 

20 min, W t h e  cooled (-50'~) solution of ( 5 ) .  The dropping 

funnel was rinsed with additional portions of anhydrous 

3 dichloromethane (2x2cm 1.  The mixture was allowed to warm to' 

room temperature was-stirred in the dark under an atmosphere of 

nitrogen for 36 h. The solids were removed by filtration and 

the filtrate was diluted with dichloromet*hane (30crn3) and washed 
0 

successiv,ely with aqueous sodium hydrogen carbonate, and aqueous 

sodium chloride. The organic layer &s dried, (Na2S04) and the 

solvent was evaporated to give a syrup which was chromatographed . 

using hexane-ethyl acetaka ( 1 :  1 )  as eluant: ~ ~ 0 . 5 1 .  The r r r l e 
4 

compound ( 1 1 )  was obtained as a clear colourl.ess syrup (0.8359, , 

i 76%); [ a ~ ~ ~ ~  -4.5' ( c  2.4 in CHZClZ); 6C(125.7MHz) 17.5 (C-6'1, 

5 ' ) ,  70.8 (C-3-1, 71.2 (C-5"), 72.0 (C-2'1, 72.6 (C-2), 73.7, 

and 75.2 (0-CH2Ph), 78.3 .(C-31, 78.6 (C-4'), 79.7 (C-3'), 80.1 

(C-4), 96.3 (C-I), 98.4 (C-I"), 98.8 (c-I"), 117.5 (0- 
9 

CH2CH=CH2), and 165.67, 165.73, 169.1, 170.0 and 170.6 (C=Ol; , 

6H(400.13MH~) 0.92 (3H, d, J5.16,=6.2Hz, 6'-H3), 1.36 (3H, d l  

3516=6.2Hz, 6-H3), 1.71, 1.76, and 1.96 

(3x3H1 S, 0COCH3), 3.06 (lHl ddd, J5v16bm=2.21 J5t! 16all=3.2f 



14" , 5 "  L10.2H~, 5"-HI, 3.38 (1H, t, J3,,4r+J4T,5r=18.8H~, 4'- 

- H), 3.65 (1H, t, J314+J415=18.8Hz, 4-H), 3.68 (IH, m, 5'-HI, 

3.73 (IH. dd, J5~,66tt=2.2, J6a~,6b~;=12.6HZ, 6"-Hb), 3 . 8 5  - 
(1H, m, 5-H), 3.88 (IH, dd, J5r~,6,~~=3.21 J6av -12.6H~, ,6b"' 

6"-Ha), 4.06 (IH, dd, J21 ,3t=3.5, J3114,=9.2H~, 3'-H), 4.27 

(IH, dd, J 1 ~ t l ~ ~ t ~ 8 . 5 ,  J211 311=10.5Hz, 2"-H), 4.32 (IH, dd, 

J2,3=3.5, J3,4=9.2H~, 3-H), 4.90 (1H, d, 1,,2=1.8H~, 1-HI, 4.97 

LIH, dd, J31t14t~=9.3, J 4 -  ,5l I -  -10.2Hz, 4l '-HI, 5.18 (IH, dl 

J,l,21=1.8H~l 1'-HI. 5.37 (1H, d l  J1t,,2,,=8.5Hz, 1"-HI, 5.39 

(2x1H1 dd, J=1.6, 3.5Hz1 2-HI and 2'-H), and 5.55 (1H, dd, 

131s.4M=9.3, J2- 3w=1G.5Hz, 3"-Hi (Found: C, 65.4; H I  5.7; 
t I 

K ,  1 . 4 .  C63H65N020 requires C, 65.45; H I  5.67; N, 1.21%). 

Propyl 3-0-[ 3 ' -0- (2" -~cetamido-2" - d e o x y - ~ - ~ - q l u c o p y r a n ~ s y l ~ - a -  

L-rhamnopyranosyll-a-L-rhamnopyranoside ( 1 2 ) . - - - A  sample of the -/- 

fuily protected.trisaccharide (11) (0.7559, 0.653mmol) was , 

dissolved in a soluticn of t M  sodium methoxide in methanol 

( :0crn3).  The mixture was let stand under nitrogen for 20 h. 
+ 

3 e  sclu~ion was then neutralised by addition of Rexyn 101 (H ) 

resin. The resin was removed by filtration and the filtrate was 

concentrated to give a clear syrup. The syrup w-as dissolved in 

ethanol ( 1 0cm3), containing hydrazine hydrate 100% (2cm3), and 
c 

the mixture was refluxed for 16 h. Removal of a white rubbery 
- 

naterial by filtration, and solvent evaporation , gave a clear 

colourless syrug which was .chromatographed using ethyl acetate- 

methanol-water ( 8 5 : 1 0 : 5 )  as eluant: Rf0.4. The resulting clear 



3 colourless syrup was dissolved in methanol (25cm 1 ,  containing 

3 acetic anhydride (2.5cm ) ,  and stirred overnight. Solvent 

evaporation gave a clear colourless syrup which was taken up in 

3 80% aqueous acetic acid (20cm and hydrogenolysed over 10% 

palladium-carbon (0.20g) at a hydrogen pressure of 52 p . s . i .  for 

48 h. The solids were removed by filtration through c e l i t e  and L 

t he  solvent removed by evaporation to give a clear l i g h t  brown 

syrup which was chromatographed using ethyl acetate-methanol- 

water (7:2: 1 )  as eluant; R f 0 . 4 1 .  The r r r 1 e c o m p o u n d  ( 1 2 ) ~  was 

2 9  - obtained as a white amorphous solid (0.195g, 53.9%); 1.1 

59.2' ( c  1.0 in H20); 6C(~20, 100.6 M H ~ )  12.8 ( O C H ~ C H ~ C H ~ ) ,  19.6 

(C-6, C-6'1, 24.9 ( O C H ~ C H ~ C H ~ ) ,  25.2 (NHCOCH~), 58.8 ( c - 2 "  ) ,  

63.7 (C-6"), 71.7 ( C - 5 1 ,  72.2 ( C - 5 ' 1 ,  72.6, 72.8, 72.9, and 

s, 73.: (C-2, C-Z', C-4", and -OCH2CH2CH3), 74.0 ( C - 4 ' ) ,  74.5 ( c -  

4), 76.8 (c-3"), 78.7 (C-5" ), 81.1 (c-31, 83.0 ( c - 3 ' 1 ,  102.6 

1 ( ' ~ ~ ~ ~ - ~ ~ = 1 7 0 H z ,  C-1). 1 0 4 . 8  ( J13C-1H=167Hz. C-1'). 105.6 

-162Hz. C-l"), and 178.0 (NHCOCH~); 6 H ( ~ 2 0 1  5 0 0 . 1 3 ~ ~ ~ )  ";3~-1H- 
q - -  

. L , ,  a n d  1.29 (2x3Hl d ,  J=6.4Hzf 6-H3, and 6'-H3), 2 . 0 4  ( 3 H 1  5 ,  

3'fi-C52cfi31 i 4'-HI 4-H, and 3"-H), 3.64 (IH, in,  OC/I2CH2CH3), 

3.7C-3.77 ( 3 i i ,  rn, 2 -  5 - H I  and 6 -  3.79 j i H .  dd. 

I .  . -Sir 4.76 (lH, dl J ;  y : . a H z ,  1-HI, and 5.01 i ' l H ,  d, 
I 



Propyl 3-0-(2'-Acetamido-2'-deoxy-P-D-glucopyranosyl~-~-~- 

rhamnopyranoside ( 1 3 1 . - - - A  sample of the fully protected 

disackhar ide ( 7 )  (0.7849, O.96Ommol) was dissolved in a solution 

of 1 .  OM sodium methox-ide in methanol ( 1 0cm3). The solution was 

let y n d  at room temperature, under an atmosphere of nitrogen. - 
After 40 h the mixture was neutralised by stirring with Rexyn 

101 (H') resin. The resin was removed by filtration and the 

solvent evaporated to give a clear syrup,whic,h was then 

dissolved in ethanol (30cm3) containing hydrazine hydrate 100% 

(0. 08cm3, 1.65rnrnol). The mixture was ref luxed for 24 h under an 

atmosphere of nitrogen. ~ o l l o w i n ~  filtration and solvent 

evaporation the resulting clear colourless syrup was dried i n  
,* 

v a c u o  to remove traces of hydrazine. The white amorphous solid 

3 was dissolved in methanol (25cm containing acetic anhydride 

(2.5cm3) and let stand under nitrogen. After 16 h the solvent 

was removed by evaporation and the resulting syrup was 

chromatographed using ethyl acetate-methanol-water as eluant 

( 8 5 : 1 0 : 5 ) :  Rf0.36. The resulting clear colourless glass was 

3 t h e n  dissolved in 80% aqueous acetic acid (30cm ) and 

hydrogenolysed over 10% palladium-carbon (0.0989) at a hydrogen 

pressure of 55 p.s.i, for 3 days. The solids were removed by 

filtration through a pad of celite and the solvent removed by 

evapora t ion .  Following chromatography, using ethyl acetate- 

me:hanol-~ater~(7:-2?1) as eluant;Rf 0.47, the title c o m p o u n d  

1 1 3 )  was obtained as a white amorphous solid (0.216g, 55%): 
/ 

* l a :  ' 2 9  - 4 7 . 2 G  ( c 0 . 9  i n  ~ ~ 0 ) :  6C(D20, 1 0 0 . 6 ~ ~ ~ )  12.6 

9 B 



(oCH~CH~CH~), 19.4 (C-61, 24.8 (CH2CHZCH3!, 25.0 (NHCQCH3); 58.7 

(C-2'1, 63.6 (C-6'1, 71.7 (C-5), 72.6, 72.8. and 72.9 (C-2, C- 

'b , 4', and -OCH2CH2CH3), 73.9 (C-41, 76.6 (C-3'1, 78.6 (C-5'), 83.2 
1 1 (C-31, 102.2 ( 113C-,H'170Hzf C-1). 105.7 ( J13C-1~ =163H~, C- 

1'). and 178.0 -(NHCOCH~): 6H(D201 4 0 0 . 1 3 ~ ~ ~ )  0.88 ( 3 ~ .  t; 

J=7.5HzI OCH~CH~CH~), 1-29 (3H, d ,  J5f6=6.1H~f 6-H3), 1.58 (2H1 

m, 0CH2CH2CH3), 2.00 (3H, s. NHCOCH~), 3.40-3.82 ( 1 0 ~ ~  complex 

multiplet, ring hydrogens, and 0CH2CH2CHJ), 3.87 (IH, br d, 

4 

'=12.0H~, 6'-Hb), 4.11 (IH, dd, J1,2=I.81 J213=3.2H~I 2- '6a' ,6b1 

H), and 4.64 (IH, d, JlII2.=8.3Hz, 1 (Found: C, 49.7: H,7.5; 

N, 3.3. C17H31NOI0 requires C, 49.87: HI 7.63: N, 3.42%). 

Y 

8-Methoxycarbonyloctyl 3-0-[3'-0-(3",4",6"-tri-0-Acetyl-2"- 

deoxy-2"-phthalimido-~D-qlucopyranosyl~-2'-O-benzoyl-4'-0- 

benzyl-a-l-rhamnopyranosyl~-2,4-di-U-benzoyl-a-L- 

rhamnopyranoside (15).---A mixture of 8-methoxycarbonyloctyl 

2,4-di-0-benzoyl-a-L-rhamnopyranoside (14) 41r42 (0.1469, 

0.270rnmol), silver t r i f l u o r o m e t h a n e s u l p h o n a t e  (0.129, 0.46amol) 

3 and 4A molecular sievesL in anhydrous dichlorornethane (2.0cm ) 

was stirred for 0.5 h under nitrogen in a Schlenk tube fitted 

with a dropping funnel, equipped with a cooling jacket. A 

solution of the disaccharide chloride (10) (0.3689, 0.464mmol). 

3 and 1.:,3,3-tetramethylurea (0.0Scm , 0.42mmol) in anhydrous 

dichloromethane (2.0cm3), previously stirred with 4A molecular 

sieves for 0.5 h under nitrogen, was transferred via cannula to 

the dropping funnel. The flask was rinsed with additional 
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J6,,i,6btt= 12.3HzI 611-Ha), 3.95 (IH, dd, 

J3' ,4' =9.5Hz, 3'-~). 4.04 (13, m, 5-HI, 4.16, and 4.30 (2xlH, d ,  

JHafHb=12.4Hz. -CH2Ph)f 4.21 (lHt dd, Jlti,2,1a8.4~ 

J2,' 31,=10.5Hz, 2"-H), 4.33 ( 1 ~ .  dd. J2,3=3,5, J3,4=9.8Ha, 3- 

HI, 4.87 (1H. dd. J3!~,41~=9.1, J q t ~ 1 5 , ~ -  -10.OHzI 4"-HI, 4.92 

(IH, d, J1,2=1.8Hz. I-HI, 4.97 (IH, dd, J1~12,=2.0, 

'2' ,3' =3.4Hz, 2'-H), 5.01 (1H, d, J l l  ,21 =2.0H~, 11-H), 5.10 O H ,  

d, J,II 21,=8.4Hz, 1"-H), 5.40 (1H. dd, J1 ,2 =1.8, J2,3=3.5Hz, 
r 

2-H), 5.52 (1H, dd, J3t1,411=9.1, J2,1 ,3" =1Q.5Hz, 3"-H), and 

L 5.53 (IH, t, J3f4+J4,5=19.5Hz, 4-H) (Foyhd: C, 64.5: H, 5.9: N, 

1.2. C70H77N023 reqyires C, 64.66: H, 5.97; N,1.08%). 

8-Methoxycarbonyloctyl ~ 3 - 0 - [ 3 ' - 0 - ~ 2 " - A c e t a m i d o - 2 " - d e o x y - ~ - ~ -  

glucop~ranos~l)-a-L-rhamnop~ranos~l)-a-L-rhamnoranoside ( 1 6 ) .  

- - -A  sample of the fully protected trisaccharide ( 1 5 )  (0.2'50gI 

0.192mmol) was dissolved in a solution of 1M sodium methoxide in 

methaqol (14,cm3) and the solution was let stand for 24 h. The 

reaction mixture was neutralised by stirring with Rexyn 101 (H') 

resin, the resin was removed by filtration, and the solvent 

evaporated to give a clear light brown syrup. The syrup was 

dissolved in ethanol (25cm3) containing hydrazine hydrate 100% 

3 (0.05cm , 1.03mmol) and the mixture was refluxed under nitrogen 

for 1 8  h. A fine white precipitate was removed by filtration 

and the solvent was d r i e d  t n  ~ a c u o -  to remove traces of 

3 hydrazine. The syrup was then dissolved in methanol (20cm 

3 containing acetic anhydride (2.0cm 1 ,  and let stand at room 



temperature for 18 h. The solvent was evaporated to give a 

- c'lear light brown syrup which was dissolved in 80% aqueous 

3 acetic acid (20cm ) and hydrogenolysed over 10% palladium-carbon 
d 

(0.109) at a hydrogen pressure of 52 p.s.i. for.,20 h. The 

mixture was filtered through celite and the filtrate was - 

evaporated to dryness. Chromatography with ethyl acetate- 

methanol-water (7:2:1) as eluant; Rf0.49 gave the c i t l e  

29 compound ( 1 6 )  as a clear light brown syrup (0.099g1 75%); [a] 

(NHCOCH~), 27.1, 28.1, 31.0, 31.1, 31.3, and 36.4 R 

< 
(cH~~c(o)(CH~)~CH~O-). 54.7. (CH~OC(O)(CH~)~O-). 58.6 (C-2"), 

63.5 (C-6" 1 ,  70.7 ( C H ~ O C ( O ) ( C H ~ ) ~ C H ~ O - ) , ~ ~ . ~  (c-5). 72.0 (C- 

5'), 72.6, 72.7, and 7 3 . 0  (C-2, C-2', and C-4"), 73.7 (C-4'1, 

74.3 ( C - 4 ) ,  76.5 (C-3" ) ,  78.5 (C-5-1, 80.8 (c-3), 82.8 (c-3'), 

1 102.6 ( J13C-,H= 1 -171Hz, C-l'), 1Q6.4 169H2, C-11, 104.7 ( JljC-H- 

1 
( J13~-1~' 163Hz. ..'- ~ - ~ " ~ 7 7 ; 8  (NHCOCH~), and 180.0 ( -  

CH~OC(O)(CH~)~O); 400.13MHz) 1.20-1.35 (14H, m). 1.51- 
L 

1.61 (4H, mb,  1.99 ( 3 ~ ,  s, NHCOCH~), 2.34 ( 2 ~ ,  t ,  

C H ~OC(O)CH~(CH~)~O-), 3.37-3.57 (6H, complex m, ring H's). 3.61- 
, 

3.81 ( 9 h ,  complex rn, ring H's): 3.87 (IH, dd, J21131=3.2, f 
J 3 *  , 4 '  =4.8H~, 3 ,  3.88 (lH, d l  J6,, 6bI l = 1 2 . 0 H ~ 1 ~  6"-Hb), 

3.95 (IH, d d ,  JlI2=l.8, J213=3.2Hz, 2-H), 4.24 (1H. dd. v 

J , ,  , 2 , = 1  $8, J2' ,3 .=3.2Hz1 2'-HI, 4.67 ( I H ,  d, J 1 , . 1 2 1 , = 8 . 2 H ~ ,  

I -  4 . 1 1  (1H. d l  JlI2=1.8Hz, 1-HI, and 4.98 (IH, d l  , 
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V. APPENDIX - 

Figure 19 
I Homo-decoupled 400MHz H n.m.r. spectra 

of trisaccharide ( 1 5 )  
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Figure 20 
1 

400MHz Difference .n.O.e. H n.m.r. spectrum 
of trisaccharide ( 1 5 )  


