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. N ABSTRACT .
. { ‘ N L~ | /
The overall strategy for the preparation of highér;order
oligosgccharidps co:resp;nding td‘tﬂe repeating unit of céil-
wall polysacéﬂaridés of the‘B-hemolytic'SZreptqﬁogci Group A is

1 . . . .
- . <

described. A linear trfsaccﬁafidz B-D-Glc pNAc~(1-3)-a-L-Rhap--

(1-3)-a-L-Rhap, has been pre réd bf a series of Konigs-Knorr

reactions., Glycosylation o ﬁhe selé&tively_protecfed rhamnose
moncsaccharide, allyl 2-Q~benzoyl-4—0-benzyl;a-L-
rhamnopyranoside, with 3,4,6-tri-0-acefyl-2-dequ42-phtha1imido-
:-D-glucopyranoSyl bromide as a»glycosyl donor, . gave the fully
blocked disééchaf;dé Removal of the allyl group was1
accomplished by isomerisation oF the allyl group ?o the prop-1-
aryl group, followed by hydrolys;s of the vinyl ether to give
the hemiacetals. The hemiacetals were then treated with the
vilgmeisr-Haack reageﬁ-, N, N- dlme*hyl(ch10fcmetbylene)ammonﬁpm
chlcride, affording the disaccharide as a glycosyl chlorlde.
addition of this glycosyl donor to tﬁé same selectlvely .

-

grctected rhamnose monosa:cha:ice unit used. in the preparation
of the disaccharide, gave the trisaccharide as its allyl
giycoside. Deprotection was accomplished by

mransesterificazion, followed Dy hydrazinolysis, selective N-~

oy

acetylation, and hydrogenolysis to give the pure trisacchdride
"as its propyl glycoside for use as a hapten in binding studies

in n,m.r, studies. The fully

[ IR Y

with monoclonal antibodies, an
piocked disaccharide was similarly deprotected, affording the

apzen, 3-D-GlcpNAc-!('-3)-a-L-Rhap, as its propyld glycosigde.
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The trisdccharide incorporating a linking arm»wis prepared by

the zddition of the' disaccharide chloride to the&;hémn¢se§'

-

. monosaccharide unit,'B-methoxycarbbﬁyioctyl 2;4—di-0-beq;6y1-u;u¢
N . ’ £ Ty Co

=

L-rhamnopyranoside, Deprotg&tionh‘as before,'ggvetﬁhe g
trisaccharide in a form suitable for the preparation,éf

glycoconjugates,
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1. INTRODUCTION

Background

oot M

The Gram positive B-hemoiytic-Sfreptococci Gfoup A is a
commonly occurring orgénism;and is one of the -primary infeétive
agents in humans. Infection by Streptococci Group A may lead to
the commonly known conditioﬁ of streptococcal pharyngitis, ér
strep throat '. Although strep throat is not itself a serious
condition it can, in a small number of casegfééevelop'into the
more se;ioué disorder of rheumatic fever. 1In addition, there
appears to(be a connection between the initial SzrepzacO;cus
infection and other disorders such as acute glomerulonepheritis,
rheumatoid arthritis, and other rheumatoid diseases?.
Each Streptococcus bacterium is surrounded by a slime

capsule, below which lies the cell wall (Figure '). "The cell-

wall is composed of protein, carbohydrate‘fand mucopeptide.

Capsular Polysaccharide

Protein

Group Specific Carbohydrate

Mucopeptide
Lipid Bﬂayef(kdlﬂhnnhhuuﬂ

N

Figure 1

Schematic representation of thdgcell 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
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serological classification of Streptococci into main groups,

Groups A, A-variant, and C.

’,The'group~specific carbohydrates of .

ﬁ-hemdlytic Streptococci (Figuré 2) have been found to contain a

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

“ ~ Group A-Variant X

-a-L-Rhap—(1-2)-a:f{Rhap‘(1-3)4a-L—Rhap-(1-2)-a—L-Rhap—(143)-

3

B-D-GlcpNAc

*

YT )

3

B-D-GlcpNAc

Group A

4-aLL-Rhap‘(1-2)-a~L—Rhap-(1-3)-a—L-Rhap;(1-2)-a-L-Rh§%/(1-3)-

3

1
a~-D-GalpNAc
3

1
. - a-D-GalpNAc

-

Streptococti

1
a-D-GalpNAc
3

. i
- a-D-Gal pNAc

Group C

Figure 2

Group-specific carbohydrétes @E—Bkkemplytic B

@

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

and a-L-(1-3) linkages3

3

. The A-variant structure is a polymer

- made up of only thils seguence of sugars. The Group A structure

has branching ﬁ—D-N-écetylglucosamine residues attached to the

3-position of the rhamnose

backbone. The Group C structure has

branching disaccharide units, 3-O-a-D-N-acejwylgalactosaminosyl-

a-D-N-acetylgalactosamine,
rhamnose backbone. Of the
most 1mportance clfnically

C N-acetylgalactosaminosyl

linked to the 3-position of the
f-hemolytic Streptococci the group of
is that of Group A; however the Group

disaccharide has been shown to be
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cross reactive with the tumor-associated Forssman-ahtigen‘. The

~

cell-wall polysaccharides of Streptococci Group A have beén'
{

shown to be immunoiogically cross-reactive with Strhctural
glycoproteins of heart valves®. This cross-reactivity means
that, in some cases, an immune response to avstreptococca%
infection, and directedrégainst streptocoécal antigens, may
actually act against the host's own tissue «antigens; this is
known as an autoimmune disorder.- It is this cross-éeactivit;
of streptococcal antigens with ﬁéart valve glycoproteins ggét is
thought to be important in the development of valvulér disease
in patients with rheumatic fever. Cross-reactivity with other
connective tissues and structural proteins may be involved in
"many other rheumatic disordeif. |
Traditionally, streptococcal infections have been diagnosed
i;\ggowing bacterial cultures from patients' throat swabs, and
then using standard microbiological and iméunoldgical techniqués
to identify the resulting coloniés. Thé time required for
cdﬁventional culksyre techniques can be overnight or longer;
con;%quently, treatment 1is often delayed or initiated without
proper qonfirmaiion of iﬁfection. A rapid diaénggtic reagent 1s
therefore desirable. Recently, several fapid detection methods
have been developed6 which can detect strepfococcal antigen
directiy from a throat swab. For the'mostrpart, these tests
rely on the extraction of bacterial antigen from a patient's
threcat swab, using eniymatic or nitrous acid extractioh, and

detection of the extracted polysaccharide antigen by macrosbopic

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



4 .
Clinicél stuiiies7-9 have comﬁared some of these meth‘odsi0 to the
traditional culture method and have found ﬁhat they showed good
Aspecificity; however, invsome casesa'g.tﬁgse tests have been.

found to suffer from moderate sensitivity requiring'the

Anti-Group A Antibody
Bound to Latex Particles

i

Extracted Steptococcal Antigen

% Agglutination Complex

Figure 3

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

confirmation of negative test results by some other method.

This thesis describes the.chemical synthesis of portions of
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the antigenic determinant‘ of the B-hemolytic Streptococci Group
~A. Glycpconjugates of these oligosaccharide structures may be:
prepared by ceupling them to a carrier protein’, enzyme, or
immﬁnoadsorbent viaga the 8-methoxycarbonyloctyl linking arm”,
Qsin'g the acyl azidé methvodolcigy12 (Fiéure 4). 'I:he artificial
OO = HO-(CH)gCOu5H,

Linking Arm

Oligosaccharide Hapten
(8-methoxycarbonyloctanol)

_ v » ' -
O-O~CRx0-eyge0zens
.V
v :
“

Protein Solution
or Solid Support

Synthetic Antigén or
Immunoadsorbent

-

Figure 4

Attachmenf of oligosaccharide hapten to a N
protein or solid support

-

antigens thus obtained could then be used to test-for anti-
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Steptococci Group A antibody in patients' sera (Figure 5).
13

s

Alternatively, the hybrid-myeloma technfque »coﬁld be used to

produce monoclonal antibodies of higﬁly defined specificity

Patient’'s Serum Sample
Containing Ab Raiged
Against Steplococcal Ag

v
Ab Binds to \’_( /%
Immunoadsorbent \ P‘g
_+__ (’ > . [ ,
\\

Ag‘é /% - %Ag

K

Synthetic Anligeni;: Determinant
Attached to Solid Suppert - Wash to Remove
. Unbound Ab

?hhp

Add Enzyme Linked to

Synthetic Antigenic Determinant
) <
S = A9

3

(S

Add Enzyme Substrate X

X Y .
- U Assay For Y to Detect Presen:e of Ab
. Age—
, NS g—Enzyme

. . -

R - . 1
. % .
; -~

Figure 5

Detection of antibody by enzyme-linked
d4muunoadsorbent assay

against the artificial antigens. The monoclonal antibodies thus
) _

obtained could be used to directly detect Strepiococci Group A
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antigen from a throat swab. 1In this faSk{On they could be
incorporated 1nto(e315t1ng test kits or used to develop new

NS

dlagnostic test reagents, Presumably, the detectlon of
streptococcal 1nfect10ns utilizing glycoconjugates derived from‘
highly defined chemical structures f{or monoclonal antlbodies.to
these glycoconjugates).would be both more.sensitive and more
specific than methods currently available, ) ' o
Tﬁé synthetic structures will be used as haptens in binding
'stgdigs'tgydetermine the optimium binding re%pyremehts for a
highly defined Streprococci A antigen. Oligosacchafides of
varying chain lenéth and degree<;£\h£anching may be yused in -
competitive binding studies with natural antigen to determine
the structure which gives the greatest inhisition and hence the
greatest specificity, ‘Compute} modelling14 of the Group A
poiysacchagide has indicated a three-dimensional structure in
'wﬁich the poly-rhamnopyranosyl backbone takes up'a helical
arrangement with‘the N-acetylglucosamine residues protruding
outward (Figure 6). The binding studies would help elucidate
the fagggfapéical features of this macroscopic structure of
importance in antigen-antibody recognition.
A review of the literature revealed tke synthesis of a
terminal diSacchariédrg?\the Group A determinant, the
trisaccharide portidn ¢f the C determinant, and a

tetrasaccharide portion of the Group A-variant structure' °>. The

L]

Group A and Group A-variant structures have also been coupled to

‘protein12 and the semi-synthetic antigens thus obtained have

been useqd ta investigate the fine binding specificities of two.
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Computer-generated model of the three-
dimensional structure of the Streptococci
Group A cell-wall polysacchar1de



. . .« i

IgM myeloma proteins directed against streptococcal cell-wall

16, Glycoside Synthesis

‘ carbohydrate antigens
The ifnterest in oligosaccharlde synthesxs has increased in
recent years Since the role of glycoprotelns and glycolipids in
- biological systems has become better‘understood17. ~The
oligosaccharide portions of_glycdconjugates are often the
biologipally important'sttuctures inVOlveé in cell-cell
reéognition, hdrmone receptors, immune recognition, and several
other biologically important interactions. -
The chemical synthesis of_oligosaccharides has been reviewed

in the 1iterature18

and wvhat are presented in this section are
only the salient features. The synthesis of oligosaccharides
involves the selective linkage between two polyhydrdxyl sugar
units. These,units may be individual monosaccharides or more
complex’oligosaccharides. The strategy involves the selective
‘protection of all functional groups 1ntended not to take part in
the reaction and their selective deprotection when necessary.
In a glycosylation reagtion the reaetion partners are a fully
protected glycosyl derivative, functionalised at the anomeric
position with a good leaving group, often a halide, (a glycosyl
donor), and ‘n'acceptor molecule with, in general, one free
hydrox}l group intended for coupiing (Figure 7).

Since the biold&ical,function of oligosaccharidesiis
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
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such that the stereochemical outcome of the newly formed

glycosiéﬁc linkages is predictable. There are two general types .

. &-0R | -+ &%~0OR '
X 0 HO 0] &
RORO 3 5 AN _Br | ‘ RO-\3.2 SN OR .

ORy : OR

.‘J‘\\ .

Glycosyl Donor Glycosyl Acceptor

A RV
. B
-- O RoASR, 4 GCOR
. ‘ ‘ RO-\Z 5 -0 20 1
or. RO\ OR

OR

Y

¢ R-(1-4)-Glycosidic Linkage |

Fgun§7

General glycosylation reaction Aol

'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
gxocyclic oxygen atom at the 1-position (the anomeric centre)
are cis. and trans to eac 'other,'respectively (Figqre 8). The_
1,2-cis linkage aEplies %b'the synthesis of an a-glycosidic
linkage in the gluco and galacto series and a 6-gf§cosidic

linkage in the manno and rhamno series. The 1,2-trans linkage

is seen in the B-glycosidic linkage of the gl/uco and galacto

)

series and in the a-glycosidic link of the manno and rhamno
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series. Strategies for the formation of 1,2-cis and 1,2-trans

glycosidic linkages‘diff@r.

1,2-cis Glycoside *~ ° - 1,2-trans Glycoside

<4

- Figure 8

1,2-cis and I,Z;trans Glycosides
[
l1,2=trans Gl ycosylations
The most common method for the formation of a 1,2-trans type
linkage 1s to use a-glytosyl halide with a participating groué,
such as an ester, as substituent at the 2;position. Under Lewis
acid catalysis an oxocarbocation may be formed wh}ch can then be
stabilised by the substituent at Qhé 2-position to give a (?
dioxocarbenium ion (Figufé 9). The‘alcohol component in the =~
-reaction.mixture then{opens the dioxocarbenium ring in an Sy2
type fashion Qith the neighbouring-group-pfotecting the cis’face‘
of the ring from nucleophilic attacb&g. A useful méthod for the
preparation of 1,2-rrans linkages in 2-amino sugars utilises

thé phthalimido group as substituent at the 2-position20. In

3" )

this case a dioxocarbenium ion 1s not formed; however, the

steric bulk of the phthalimido group blocks nucleophilic attack
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A8 (Lewis Acid)

N

0 ‘ ’ ' Dioxocarbenium ion
é \ ROH
Pt o0
W t} - %/
L3 >
_ ‘ ) .
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L /////Tf)y Q\Tf90 A , /Q;
o0 e . | S CH,
%_/A CHy .
OICl Oxocarbocation . -
AL | S %OR |
Heo O ' :
]
HyC” “So
Figure 9 ‘ "1,2-trans Gylcoside

T

Prepavation of a 1,2-rrans glycosidic linkage,
in the gl/uco and gal/acto series, with
neighbouring-group participation -

by the alcohol component on the cis face of the oxocarbocation

(Figure T10).

l,2-cis Glycosylations

The formation of a.1,2-cis glycosidic linkage requires a
different sfrategy. One method is to have a non-participating
group such as Bzl, OCOCC13, NOz, or N3‘at the-2-position of the

glxcosyl‘donor, and in conjunction with a rrans halide at the

anomeric position, use reaction conditions such that

»
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‘nucleophilic attack by the hydroxyl component (the\glyddsYl
;acceptorJ proceeds with inversion of configuration in an SNé

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

A@. (Lewis Acid)

Figure 10
Preparation of a 1,2-rrans glycosidic linkage,

in the gluco and galacto series, with amino
sugars

the gluco and galacto series reguires the use of the highly
reactive f-halide. However, reaction of the f-halide is often
comﬁlicated by anomerisation to the a-anomer, leading to an
undesirable anomeric mixture of glycosides. - |

One method that circumvents this problem is the use of the
"halide-ion catalysed glycosylation" reaction of Lemieux er al

21, Using this approach one can form an a-glycosidic linkage.

starting from the more stable a-halide.’ Tﬁi a-halides are
22

. The i dmerisétién of the

3

stabilised by the anomeric effect
a-halide to the more reactive f-halide is catalysed, in situ, by

- T
halide ions and silver salts (Figure 11). The alcohol component

-then réacts&with the more reactive f-halide, and proceeds with

RANUN

inversion to give an a-glycoside. This difference in

reactivities of glycosyl halides (Figure 12} can be used to
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prepare a-glycosides from the more stable a-halides in the gluco

and galacto series.

‘2:::::;;:ﬁ o«-Halide o B-Halide \§:::Z:;r)&,,x
ROy | or ~

: @ 0@ o ©
—0, . x®e X
“:::;?Axl e “II'H§¥ - .
- X g .".XJG -
OR OR
e
'k.ﬁxe
| jorﬂ%R .
. 0 l S s . O
szR 3-Glycoside -Glycoside %
OR ’ - ROgR’

»

Figure 11

Preparation of a 1,2-cis glycosidic linkage,
in the g/uco and galacto series, using the
"halide-ion catglysed glycosylation” method

Factors important i1n a glycosylation reaction are the

4
o

i?/golarity of the solvent, the reactivity of the glycosylation
promotor, and the/reactivities of tﬁe glycosyl donor and alcohol
acceptor. The reactions are generally carfied out in solvents
of low polirity such as dichloromethane. More polar solvents %
may lead to a decrease in the stereoselectivity of the reaction. |
The reactivities of glycosyl promotors 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 perchlofate and éi;ve;'triflate.
The cﬁoicé of promotor is determined by ghe reactivities of the
glycosyl donor éﬂd alcohol accebtor; more reactive species

require a less reactive promotor. An increase in the reactivity

of the promotor may lead to a decrease in the stereoselectivity

Halide-ions or
Silver Salts

Biﬁahde

- \ K
«-Halide &4

B-Glycoside _
: -Glycoside

Fﬁguré 12

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

of the gl}cosylation reaction; however; this can be'miniﬁised by
performing the reactions at lower temperatufes. The reactivity
?f the glycoéyl donor is affected by the protecting g?gups
present, In general, electron donating substituents on the
glycosylrdonor groups increase its reactivity, whereas
substitution with electron withdrawing groups decreaseé the

reactivity. When glycosyl 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 depeﬁds on the nature of
the protecting groups; in general, electron donating groups
increase tﬁe reactivity of the glycosyl.acceptor whereas
electrok\éithdrawing groups decrease the reactivity. 1In
addition, glycosfi acceptor molecules with primary alcohols have
been found to be,-considerably more reactive thanrthose with
secondary alcohols.

. The most common leaving groups utilised in glycosyl donors -
are the halidés,'chloride and bromide; however, many o£her
glycosyl denors have been used successfully. Nicolaou et MEE
have used'glyéosyl fluorides (readily obtainable from the’
cdrrespondiﬁg’phenylnhioglycosides) suécessfully in the
preparation of oligosaccharides. Many glycosyl donors which
have an activating substituent other than a halide have also
been developed. Thioglycosides are versatile reaéents, being
stable tc the conditions encountered in many protecting group
manipulationS‘aﬁd being readily converted to the corresponding
glycosyl halides. However, thioglycosides, may be used directly
in glycosylation.reactions as glycosyl donors, and have been
used successfully in the preparation of both 1,2-cis and 1,2- .

trans glycosides24. Other glycosyl donors includegl,24

)25 26

orthoesters {(and modifications thereof , anomeric xanthates“”®,

and trichlorcacetimidates?’. -
Recently, there has been much interest in the use of enzymes

as :étalysts 1n organic synthesis28. Enzymes have also been

used successfully in the synthesis of some oligosaccharides.

glycosidases, a class of enzymes that normally catalyse the
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gradatlon of complex carbohydrates, may be used ?n the reverse
ense to catalyse the synthe51s of glyc051d1c llnkages. iOﬁe
)enzyme which has been used in this fashion is the enzyme f-
galactosidasezg. Glycosyltransferases,”énzyhes that catalyse
the transfer of ‘a nucleotide activated sugar onto an alcohol
acceptor,’haqe also been used 'in glycosidé syﬁtﬁeéis. Thus, fo;
example galactosyltransferases have been used to transfer pg-D-
galactopyranosyl units from UDP-galactose té alcohol
30

acceptors~-, and N-acetylglucosam nosyltransferase V, has been

used to transfer‘ﬁ—D-N—acetylgluc&samine units (-D-Glc pNAc)
’ from UDP- GlcpNAc to ollgosaccharlde acceptor molecules31
Whitesides er al/32 have used sialyltransferases to prepare
sialyloiigosaccharides, and Sabesan et ﬁ133 hav;'uéilised a
combination of chémical and enz&matic synthesis
(galactoéyltransférase as well as three mammalian
sialyltransferases) to prepare. similar compounds. The enzymatic

429

methods have made use of both immobilise , and membrane

enclosed32 enzymes. .

overarl Synthetlc Plan

The long term goal of the work is to synthesize tri- and
nigher-order oligosaccharide portions of the cell-wall
polycaccharides of Sireprocpgci Group A. This panel of .
synthetic strﬁc:ures could then be used as haptens in binding
studies to help elucidate the minimum number of sugar residues,
and the terminal chain-end seguence, required for optimum

binding to complementary monoclonal antibodies. The procedure
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gpﬁld help define the requirements for a highly definéd
Streptococci Group A antigen. ‘Such an antigen could then be
used as a diagnostic reagent, as described previously. The

ovérall synthetic plan is described below.

AlIO
Bz
h T
X
2t
0Bz
7 /
C AllO
Bz . 87
0 - o
Bz! B2l
B 210 0 - 0
: B zi0
0
OAc 0 H
0 =
- N=Phth 07/ -n=pPhth
z Bzl
08z! 2
£ 2l
GBzi 0Bzl 3
SCHEME 1
Retrosynthetic analysis of the natural structure 3 indicated

that the trisaccharide repeating umit, pB-D-GlcpNAc-(1-3)-a-L-
Rhap-{(1-3)-a-L-Rhap, could be prepatred as a-fully protected
unit, and used in the block synthesis of all the higher-order
seguences. The synthesis of this key trisaccharide unit) (1)

would 1involve conventional blocking group chemistry and was
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Vilsmeier-Haack reagents
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based on recent work done in our laboggtory on the syﬁthesis\of
penta- up to octa-saccharidégréorresponding to the biologicai
repeating unit of Shigella'flexn;ri variant Y O-aht{gen34'35.
The main feature of the key trisaccharidé intermediate is its
ability:to funbtion as "a glycosyl @onof'or glycosyl acceptor in
future glycosylatioﬁ reactions. It was enQisaged that selective
removal of the 1-0-allyl group by isomerisation to the prop-1-

*
enyl group36, followed by hydrolysis to“::; hemiacetals3’ ,and

conversion of the hemiacetals to the gly¢osyl halide (2) using

34'38,\wou1d allow the trisaccharide to
function as a glycosyl donor in glycosylation reactions.
Alternatively, selective transesterification of the 2'~0Q-acetyl

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

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

1), Glycgsylation of the trisaccharide donor (2) with the

trisaccharide acceptor (3) would give a hexasaccharide (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

~

dgprotected to give a glycosyl acceptor, or the 1-0O-allyl 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
vet been firmly established , the synthesis of branched as well
as linear chain-end sequences is desirable. The branched

sequenceg could be prepared by capping the hydroxyl at the 2-

s

. P

7
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2
[ ]

position of the penultimate residue with a rhamnopYranosyl
halide, thus affording branched tetra-,hepta—: and deca-

‘saccharide sequences (Scheme 2).

Al R
Bz
0
Bzl
B 210 0 AlLO
0 ° [ B2z
H
0 /-n=Pnth
Bzt 0
Bzl
{ 2 e 0
Z - l
0811 : B210 '
0
. + 5 07/ N=Phth 0Bz
, Bz10
. 0 ,
2l
’ 0Bzt 8zl
Cl— Bz10 0
Bz 0
- [23
0 L-N=Phth
Bzt
0821 4
08zl
NR=Ac
0 N=PhIh | h
Bz210
CEZ[ 2 »
0Bzl £ - R=B210 0
0Bzt
SCHEME 2 OBzl
N
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+ 11, RESULTS AND DISCUSSION

-Synthesis

This thesis describes the synthesis of a disaccharide and a
trisacchariderorfioﬁ of the bacterial cell-wall polysaccharide
of the B-hemolytic Streptococci Group A, as propyl glycoside
haptens to be used in inhibition"studiesf&ith the natural
antigen, and also for use in n.m.r. studies. The trisaccharide
:was also pfeparedias its 8-methoxyca;bonyloctyl glycoside. In

12 to

this form, the trisaccharide may bé linked to a protein
serve?ag an artificial antiéen, or to a solid support to
function as an immunoadsorbent. |

The first s%ep ih the synthesis was a Koénigs-Knorr reaction
of allyl 2-O—benzoyl-4—0-benzyl-a-L—rhamnopyranoside34 (5) with
3,4,6-tri-0-acetyl-2-deoxy-2-phthalimigo-ﬁ-n-glucopyranosxl
bromide?? (6), using silver trifluoromethanesulphonate as
promotor, and 2,3,6-trimethylpyridine as proton acceptor, to
giQekthe blocked disaccharide (7) in 81% yield - The phthalimido
group at the 2-ppsit£on of (6) sterically‘shields the e-face of

" the ring from nucleophilic attack, thus directing the

glycosylation to give exclusively the f~glycoside.

The anomeriéxcentre of thé disaccharide (7) was accessed by
removal of the 1-0O-allyl group, using rhodium (I) catalysed- N
isomerisation-® to give the prop-ti-enyl glycosides (8) (80%).

37

Mercuric chloride-mercuric oxide hydrolysis of the vinyl ether
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then gave the hemia;etals (9) (90%). The hemiacetals wéZ;
converted into the glycosyl‘donor, specifigally the glycbsyl
chloride (10), by reaction of (9) with the Vllsmeler Haack
reagent NN-dimethyl(chloromethylene)ammon1um chloride34: 38
(Scheme 3). Reaction of thé glycosyl donor (10) with the

glycosyl accceptor (5), using silver trifluoromethanesulphonate

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

OAll OCH,CH=CHj,; 0CHiHCH3

Bz!0 0 / B:zlO 0 BzIi0
H 0 i
3 Bz . 0B:z Bz
+ : § 0 / -N=Phth ——> N=Phth
AcO
AcO : .
AcO OAc OAc
hth

OAc OAc 8

' //// ~OH
OCHZCHZCHa B 210 0
Bzi0 g

<
0" L -N=Phth
N"ph(h ACO
NHAc '
' ¢
Ac OAc 9

SCHEME 3

tetramethylureaqo, gave ‘the fully protected tfisaccﬁaridg (11)
in 75% yield (Scheme 4). This trisaccharide (11) differsifrom
"the key trisaccharide intermédiate (1) outlined in the overall
synthetic plan in that (11) cannot be selectively deprotected at

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

rd
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trisadccharide 211)vis not possible since this'strﬁctUre has
benzoyl grSUps}%t the 2-, and fhe 2'-positions and there is no
method for ‘their iﬁdependent removal; furthermore, the acetate.u
' groups present at 3''-,4"'- , and 6''-positions wodld be
labile under the c:::?ﬁibns necessary to deprotect thf 2'-
position. These ‘factors dictate that the trisaccharidé (11) may

1

oAl

auo\m%
OH AlO T =
' \ | CHCHCRP

5 N 0 Bz

\

_+_

leOJ/\\7’

N=Phth Ac H
OAc e OH
LY '_1_ X .
! : 1
OAc —2

OAc

10 SCHEME 4

not be used in the block sygthesis of higher-order
oligosaccharides. The trisaccharide (11) gives, however, the
first ofx« e series of sequences for use in inhibitibn studies
requiredato”esfablish the structure which gff&rds the greatest
specificity in antibody recognition.

Deprotectlon15 34 of the resulting t}iSaccharide (11) was
accomplished by sodium methoxide-catalysed transesterification

of the acyl groups, followed by hydrazinolysis of the
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phﬁhalimidé ;roup} selective N-acetylation of the resulting free.
aminoréroup, and pélladium—catalﬁsed hydrogenation ofrthe benzyl
ethers to give the fully deprotected trisacéharide as its propyl
glycoéide (12) in 54% yield. A similar deprotection sequence

~was carried out on the disaccharide (7) to give the fully
‘depggtected disaccharide as its pfopyl glycoside (13) in 55%
yield, M

To enable‘the trisaccharide to be used in the preparation of

glycocSnjugatés, a linking arm at the'l—o?position was reguired.

0(CH,),CO,CH,

570 0 A CH;0C(0) (CHy150 CH30C(0) (CH,1gO0
: 0Bz 0
H . ~
(l)Bz 0 »
1_4_
0.
_+_ L > Bz R
B8zi0 0
0
¢ 0Bz
0 0 /-N=Phth
B 210 AcO
0
0B:
] N=Phth OAc
AcO OAc -
15 1
OAc e
QAc
SCHEME 5’_
_ \
This was accomplished by addition of the disaccharide chloride
\“) . .
(10) to the monosaccharide, 8-methoxycarbonyloctyl 2,4-di-0O-
benzoyl—a-L-rhamnopyranoside41'42 (14), using silver

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

tetramgthylurea as proton acceptor40. Chromatography of the

o

7



© 25 |
-result&ng.products éfforded_a pure sample of the tri%acchéride
as itﬁ 8-methoyycarbonyloctyl glycoside (15)in 53% yield.
Deprotection ,as before with compounds (7) and (11), gave the
prisacchariée (16)‘{n 71% yield, suitable for use in the
'preparatign of glycoconjugates (Scheme 5).
The above campounds weé; obtained as analytitaily pure

samples. 7 .
e - | ~ il
N .

NMR Spectroscopic Results

Various nuclear magnetic resonance (n.m.r.) spectroscopic
»,

techniques were utilised to characterise the prepared compounds.

1

These include the use of routine 'H, 13C, and 13C{1H} spectra,

spin decoupling experiments, nuclear Overhauser enhancement

43

(n.0.e%) experiments®~, as well as "H homonuclear chemical-shift

correlated experiments (cosy) %4, and '3¢c-'H correlated (CHORTLE)

experiments45. 3

2 .
The vicinal coupling constants of the ring-protons in the

monosaccharide units within the oligosaccharides were found to

-

be consistent with a 4C1(D) conformation for the N-
F) i “

acetylglucosamine ring and a 1C4(L) conformation for the
rhamnopyranosyl residues,

The stereochemical integrity of the various oligosaccharides

z 13

was established by examination of the one-bond c-'H coupling

constants, 1113C-1H , for the anomeric carbons. These values

;fére consistent with an a4L-configuration about both rhamnosyl

residues and the g-D-configuration about the N-acetylglucosamine

residue;46
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T?é;analysis of the |

H n.m.r spectrum of disaccharide (7)
was made by compafison @itﬁ spectra of~the’starting
monosaccharidé_padts and by comparison with spectra of related
compounds?’, Assignments were cpnfirméd.by means of hQE?_

decoupling experiments.

'Hn.m.r. spectrum of

The one-dimensional.400MHé¢
trisaccharide (11) revealed considerable overlap of the ring=
pfoton signals in thg region 3.5-5,.5p.p.m. Therefore, a 500MHz
(o{0]34 specfrum (Figures 13 and 14) of trisaccharide (11) was
obtained in order to gstablish the intra-ring connectivitiés.
For examplé, the signal at 5.18p.p.@.; assignea to an anomeric
proton from a rhamnosyl uﬁit, shows a cross-peak in the COSY
spectrum at 5.39p.p.m. indicatinéfthé-bo;itioh of the 2:H t&

_ whiéh it is coupled. The 2-H in turn shows a cross-peak to a
signal‘at 4.06p.p2m.,\indi§ating the positioh of the 3TH of éﬁe’
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 spectrum all of the intra-ring connectivities were
assigned. In order to distinguish one set of rhamnosyl fing
pr9toné frém the other, an n.0.e. experiment was performed in
which irradiation of one of the rh%mnosyl anomeric protons was
used to identify the proton across the inter-glycosidicﬂ
linkage‘s. Thus, for example, irradiation of the anbmeric
proton at 4.90p.p.m. showed a significant n.O.e. of the signal

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

diastereotopic protons of the allyl aglycone —CH?_CH=CH2
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Figure 13

Partial 500MHz 2D- 'H n.m.r. COSY spectrum of
trisaccharide (11)
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Figure 14

'"H'n.m.r. COSY spectrum

s

Expanded région of the 2D-
of trisaccharide (11)
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400MHz Difference n.O.e, 'H n.m.r. spectrum  of
trisaccharide (11)
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(Figure 15). This enhancement indicated that the irradiated
signal was in fact the 1-H proton; the signal at 5.18ppm was
thereforé aésigned to 1'-H. The ring-proton signals of the N-
" acetylglucosamine ring were reédily distinguished from the
rhamnosyl rings on tbe basis of vicihallpoupling constants and
hence assigned to the terminal ring of trisaccharide (11). The

~assignment of the 1H'n.m.r.spectrum of- trisaccharide (15) was

made by comparison with.assignments made in the orresponding;
spectrum of trisaccharide (11). The asSignments wvere confirmed
by means of spin-découpling experiments, and similar n.O.e.
experiments to those described above (see Appenaix).

Analysis of the 13¢c-TH correlation (CﬁOR?LE)ispectral data
of (11) (Table 1), following the assignment of the 'H n.m.r.
spectrum from the COSY experiment, permitﬁed the assignment of
the '3c{'H} n.m.r. spectrum of trisaccharide (11). Chemical-
shift assignments in the ' C{'H} n.m.r. spectra of compounds (7)
and (15) weré then made by comparison those in the n.m.r.
spectrum of compound (11).

Owing to the complex overlap of signals in the 'y
n.m.r.spectra of the deprotected compounds (12), (13),anq (16)
in the region 3.5—4.0p.p.m1 a S500MHz COSY spectrum of one of
xhgse compounds, namely, trisaccharide (12) was obtained; this
proved to be inyaluable in the assignment of some of the signals
in that region (Figures 16-18). This spectrd&}.tbgether‘with
che '3c-'H correlation (CHORTLE) spectral data of the
trisaccharids (12) (Table 2), and comparison with '"H n.m.r data
47

¢f the natural poly?Fr ", permitted the assignment of most of
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Table 1

1 1 _ ‘ '
>c-"H correlation (CHORTLE) spectral data
of trisaccharide (11)

CHORTLE can find a CHZ group instead of a CH group. Hence for
the geminal pair, H(l) and H(E), its center, H-1, is also given.

Table of C-H chemical shifts (ppm).

- — o ————— T — . —— i — — —— 7 e o~ ——— . —— - ———_— i+ = —_ v — = A v . o —— e ren e e

No C-13 H-1 +/- H(1) H(2) +/-
1 8.8 5.154 0.005
2 8. 4 5.354 0.003
3 6.2 4.878 0.003
4 80.0 3.630 0.003
5 79.7 4,030 0.003
6 78.6 3.357 0.003
7 78.3 4.279 0.004
B8 75.2 4.929 0.005 4. 760 5.098 0.009
x 9 73.7 4.263 0.005
3 73.7 4,262 0.002 4,203 4.320  0.004
10 72.6 5.359 0.003
11 72.0 5.371 0.003 .
* 11 72.0 5.371 0.003 5.347 5.3%94 0.009
12 71.2 3.068 -0.003
13 70.7 5.530 0.003
14 68.2 3.667 0.008 , .
15 68.2 4.039 © 0.007 3.931 G4.147 0.009
16 68.0 4.945 0.004
17 £7.7 3.827 0.003
x%x 18 61.0 3.793 0.006
19 54,6 4 .250 0.003
20 20.5 1.918 0.004
21 20.3 1.723 0.003
2 20.3 1.710 0.003
2 18.0 1.334 0.003
24 17.5 0.903 0.003
sy

* These peaks are attributed to artifacts.

** The expected geminal y§1r was not detected, only its
centre is given.
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500MHz 2D-'H n.m.r. COSY spectrum of deprotected
trisaccharide (12) ‘
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of deprotected trisaccharide
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Figure 18

Expanded region of the 2D-'H n.m.r. COSY spectrum
of deprotected trisaccharide (12)
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Table 2

13¢-"H correlation (CHORTLE) spectral data
of trisaccharide (12) .

CHORTLE can find a CHZ group instead of a CH group. Hence for
the geminal pair, H(l) and H(2), its center, H-1, is also given.

—— e e e e e e i e e e e = T e e v = e tam e - o e A b e

No C-13 H-1 +/- H(1) H(2) ‘7=
1 © 103.4 4.732 0.002
2  ¢.102.7 5.033 0.002
3 100.4 4.77% 0.002
4 80.8 3.917 0.003
5 79.0 ©3.806 0.002
6 76.5 3.461 0.002
7 74 .6 3.580 0.002
x7 74 .6 3.580 0.002 3.559 3.401 0.008
8 72.3 3.538 . 0.002
9 71.8 3.519 0.002
10 70.9 4.011 0.003
11 70.7 3.465 0.180 3.559 3.372 0.192
12 70.5 3.581 0.009
13 70.1 3.822 0.002 .
14 69.5 3.747 0.002
*14 69.5 3.747 0.002 3.726 3.768 0.003
%15 - 61.5 3.848 0.008 , '
15 61.5 3.847 0.003 3.771 © 3.923 0.004
16 56.6 3.752 0.002
17 23.1 2.040 0.003
18 22.8 1.621 0.003
19 17.5 1.291 0.002

* These peaks are attributed to artifacts.
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the carbon and. proton éignals in the spectra of (12). Most ofv-
the signals in they13C{1H} and 'H n.m.r. spectra of the
deprotected structures (13 ) and (16) were then assigned by
comﬁarisén with the data for (12). |

Conclusion \

\

The disaccharide (13) and the trisaccharide (12) may .be used
as ﬁaptens in inhibition studies with the natural antigen to (r
help establish the requirements for a highly defined
Streptococci Group A antigen. The trisaccharide (16) may be

11

coupled, via the 8—methoxycarbonyloctyl linking arm, to

N
carrier proteins, enzymes or immunbédsorbent support materials,
asvrequired) using the simplifieé acyl azide methodology.12 The
ability of the immunoadsorbents incorporating the '
éligosaccharide 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 la;eangglutination tesg, for example, to éetect \
Streptococci Group A antigen. Thus, in the long térm, both

antibody and antigen may be incofporated into diagnostic

reagents for -the detection of streptococcal Group A pharyngitis.
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111. EXPERIMENTAL

General Procedures - , | (;\

Y

v o .
recorded on a Bruker WM-400 spectrometer.  The 'H homonuclear /k

: 1 13 S -
Routine 'H n.m.r. (400,13MHz) and “C n.m.r. (¥00.6MHz) were

chemical-shift-correlated (COSY) spectra and the 13¢-'H

correlated (CHORTLE) spectra were recorded by Dr.. D. R. Bundle
of the National Research Council of\ganada, Ottawa, on a Bruker
AM-500 spectrometer operating-at 500, 13MHz fdr 'H and 125, 7MHz

for 13

C. Spectra were Fecorded»in deuteriochloroform solution

. unless otherwjse stated! Chemical shifts are given in p.p.m.
downfield f{ﬁ; SiMe4. For spectra récorded in deuterium<9xide,
chemical shifts are given in p.p;m. downfield from
}MeSi[CH2]3SO3Na. Chemical shifts and coupling constants were
obtained from a first-oréer analysis of the spectra. Nuclear
Overhauser enhancement (n.0.e.) experiments weré,performed in
the difference mode. Optical rotations Qefe performed on a
Perkin-Elmer P22 spectropolarimeter.

Analytical t.l.c. was performed on pre-coated aluminum foil
plates with Merck silica gel 60F-254 as the adsorbent. The
developed plates were air-dfied, exposed to u.v. light and/or
sprayed with 5% sulphuric acid in ethanol, and heated at 150°C.
Medium pressure chromatography was performed according to a
published procedure49.

Solvents were distilled before use and were dried, as

necessaryj} by literature procedures. Solvents were evaporated
!

s

/s .
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under reduced pressure and below 40°C.
Reactions performed under nitrogen were also carrled out in

deoxygenated solventsq Transfers under nitrogen were effected

by means,of standard Schlenk-tube techniqgues.

Specific Procedures ‘ )

~

Allyl 3-0-(3',4',6' -tri—O-Acetyl-A' -deoxy-2'-phthalimido-g-D-

glucopyranosyl)-2-0O-benzoyl- 4 0-1 zL-rhamnopyranoside

. 4
(7).-- A m1xtu¢€~b{»\;\\l 2-0- be;zoyl 4- 5>benzyl -a-L-
rhamnopyranoside (5 34 ( 30g, 3.26mmol), silver

strifluoromethanesulphonate '(1.23g; 4.77mmol), and 4A molecular

sieves in anhydrous dichloromethane (20cm3) was stirred for

0.5 h under nitrogeﬁ in a flask fitted with a dropping funnel,
equipped with a cooling jacket. A mixture of 3,4,6-tri-0-
acetyl-2-deoxy-2-phthalimido-B-D-giucopyranosyl bromide (6)20
(2.40g, 4.82mmol) and collidine (0.63cﬁ3, 4.8mmol) in anhydrous
dichloromethane (5.0cm3), previously stirred under an atmoéphere
of nitrogen for 0.5 h in the presence of 4A molecular sieves was
transferred under nitrogen to the d;opping funnel by means of a
cannula. The flask was rinsed with additional portions of
dichloromethane‘(2x2cm3). The solution of (6) wes'cooled to -
78°C and then added dropwise, over a eeriéd of 10 min, to the
mixtere containing the allyl glycoside (5). The mixture was
allowed to warm grédually to room temperature and was stirred
for 12 h in the dark under nitrogen. The solids were removed by

filtration and the filtrate was waghed successively with 1M

\
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hydrochléric acid soiution, sodium hydrogen carbonate solutibn,
and sodium chloride solution./ The organic layer was dried
(Na,S0,) and concentratedrto give é syrup which was purified by
‘column chromatography using hexane-ethyl acetate (1:1) as
eluant; 'R£0.43. The title compound (7) was obtained as a clear
syrup (2.43g, 91%); [a)?®p -15.5° (c 0.9 in CH,Cl,); 5c(100.6
MHz) 17.7 (C-6), 20.2, 20.3, and 20.4 (OCOCH,), 54.8 (C-2'),
61.7 (C-6'), 67.3 (C-5), 68.3, and 68.4 (OCH,CH=CH,, and C-4'),
70.9 (c-3'), 71.6 (C-5'), 72.1 (C-2), 74.6 (-CHZPh), 79.2 (C-3),
80.2 (C-4), 96.2 (C-1), 98.5 (C-1"), 117.9 (O-CH,CH=CH,), 133.7
(O-CHZCH¥CH2), and 166.1, 169.5, 170.2, ana 170.8 (C=0);
6,;(400.13MHz) 1.13 (3H, d, Jg g=6.3Hz, 6-H3), 1.78, 1.80, and
Jf@? (3x3H, s, OCOCH§+3 3.48 (1H, ¢t, 13’4+J4’5=19Hz, 4-H), 3.69
(1H, m, 5-H), 3.85 (1H, ddd, Jgr 50=10.1, Jgr ga1=4.0,
/51 gpr=2:3Hz, 5'-H), 4.04 (1H, dd, Jg. ¢}1=2.3,
Jear,6p'=12-0Hz, 6'=Hp), 4.13 (1H, dd, Jg. ¢,.=4.0,
jGa',Gb'=12"OHZ’ 6'-Ha), 4.18.(1}-1, dad, 12’3=3.5Hz, 13’4=9.5, 3-
H), 4.37 (1H, dd, J,» 3.=10.8, J;+ ,:=8.5Hz, 2'-H), 4.89 (1H, 4,
Jy ,=1.8HE glrH), 5.05 (1H, dd, 13,,4.=9.2,'14.’5,=1o.1nz, 4'-
H), 5.84 (1H, 44, J| ,=1.8, J, ;=3.5Hz, 2-H), 5.67 (1H, 4,
11.’2.=8.5Hz, t'-H), and 5.7Q¥iliyvdd,J3.’4,=9;2Hz, 12,’3.=1O.8;
3'-H) (Found: C, 63.3; H, 5.5; N, 1.7. Cy3Hy5NO g requires C,

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

Prop-1-enyl 3-0-(3',4',6'-tri-O-acetyl-2'-deoxy-2'-phthalimido-

@;;;gfﬁ?bggranosyl)-2-O-benzoyl-4-0-benzyl-a-L-rhamnopyranoside
(87 .---Tris(triphenylphosphine)rhodium (1) chloride (85.7mg,
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0.093mmol) was added to a solufion of the allyl glycoside (7). .
(1.36g,,1.66ﬁmol% in‘ethanol-water (9:1) (60c$3)\and the mixture
was heated at reflux for 16 h under nitrogen. The solvent was |
removed by évaporation to'éive a dark brown residue which Qaé_ "
taken up in ethyl acetate and filtérgd through a short column of
silica gel. // —

‘HRemoval;of the solvent gave a light broﬁh foam which was
‘further purified by column chromatography with bé#ane-ethyl'
acetate (1:1) as eluant R;0.47. The title compoﬁnd (8)¢was
obtained as a clear light brown syrup as a mixture of E and 2
isomers (1.17g, 86%); 6-(100.6MHz) 9.2, and;12,1 (CH=CHCH; E,
Z) 17.7 (C-6), 20.1, 20.2, and 20.4 (OCOCH3), 96.4, and 96.5l(C;
' E, z), 98.7, and 98.8 (C-1' E, Z), 104.5, and 105.0 (CH=CHCH,
E, 2), 166.0 (OCOCgHg), 167.8 (phthaloyl C=0), and 169.4, 170.1,
and 170.7 (OCOCH3); 8,,(400.13MHz) 1.12 (3H, m,VGLHJ, E, 2),
1.55, and 1.65 (3H, 2 d4d, J=1.9, 7.0Hz,‘CH=CHCH3 E, 2), 1.79,
1.81, and 1.§8 (3x3H, s, OCOCH3), 4.59, and 5.14 (1H, 2 m,
J=6.4, 7.0Hz, CH=CHCH3 2, and J=7.0, 12.,1Hz, CH=CHCH3 E) , 5.45,
and 5.53 (1H, 244, J=1.8, 3.5Hz, 2-H E, 2), and 6.06, and 6.13
(1H, 2 m, J=1.9, 6.4Hz, CH=CHCH;"Z, and J=1.9, 12.1 Hz,

CH=CHCH4 E).

3-0-(3',4',6'-tri-O-Acetyl-2'-deoxy-2'-phthalimido-g-D-gqluco-

pyranosyl)-2-O-benzoyl-4-0-benzyl-L-rhamnopyranose (9).---The

prop-l-enyl lecosides (8) (1.01g, 1.23mmol) were dissolved in

90% agqueous acetone (40cm3) and the solution was stirred.

\_‘.'.L_,\
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glucopyranosYl)?2—0—benzoyl-4—0—bengyl-a—L—rhamnopyfanosQ{w

~a stirred solution of DMF (0.5cm3, G.Qmmdl)

41

. Yellow mercury (II) oxide (0.279g, 1.29mmol) was'added followed

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

(11) chloride (0,336@, 1.24mmol) in 90% aqueous acetone (25cm3).

The mixture was stirred for S h, the solvent was evaporated, and

tﬁe resulting residue dissolved in-ethyl acetate and filtered-
through celite. The f1ltrate ‘was washed successively w1th :
saturated aqueous pota551um 1od1de (2x),. aqueous sodium
thiosulphate (2x), and water (2x). The organic layer was dried
(Na,S0, ) the solvent was evaporated and the resulting yellow
Syrup was chromatographed with hexane ethyl acetate (3:2) as
eluant. -The title compound (9) was obtained as a clear llght

yellow syrup (1.04q, 93%) 6C(100 6MHz) (a- anomer) 17.8 (C 6),

120.2, 20.3, and 20.4 (QCOCH;), 91.9 ('/ 5. y=172Hz, C-1), 98.6
~ f‘ i

('J,30-4=167Hz, C-1'),/and 166.1, 169.5, 170.1, and 170.9 (C=0}.

-

3-0-(3',4"',6'-tri-O-Acetyl-2'-deoxy-2'-phthalimido-g-D-
TS \ .

chloride (10).---Oxalyl chloride (0.57cm3,\€;ifzol) was added to
nhydrous
dichloromethane (4.0cm3) and the mixture was stirred under
nitrogen for 5 min. The solveﬁt was evaporated under reduced
pressure and the white salt was dried in facuo for 50 min. The

s

NN-dimethyl(chloromethylene)ammonium chloride was then dissolved
‘-\\“‘\ ‘
in anhydrous dichloromethane (4cm3) and a solution of the
Al

hemiacetals (9) (1.04g, 1.33mmol) in anhydrous dichloromethane

0 . {‘.
" (22m3) was transferred to the flask under nﬁtrogen by means of a
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cannula. The flask was rinsed with additional portions of
solvent and transferred asvbefore{ The mixfure\was stirred
under nitrogen for 2 h, and then the reaction was quenéhed by
the addition of cqldiaqueous sodium hydrogen carbonate (20cm3).
The organic laYef was diluted with dichloromethane and washed
successively with agueous sodium hydrogen carbonate, and agueous

sodium chloride. The organig layer was dried over anhydrous

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

clear light yellow syrup (10) (1.07g, 99%) which was dried in
vacuo and used directly in the subsequent glycosylation
reaction; 6&(100.6MH2) (a-anomer) 17.4 (C-6), 20.2, 20.3, and
20.4 (OCOCH;), 54.8 (C-2'), 61.9 (c-6'), 68.6 (C-5), 74.7 (-

- - 1 - -
OCH,Ph), 78.4 (C-3), 78.8 (C-4), 89.8 ('J 30 y=184Hz, C-1), 98.9

v

(]J13C_H=158Hz, c-1'), and 165.8, 169.5, 170.1, and 170.8 (C=0).

3

Allyl 3-0-[3'-0-(3'"',4'',6''-tri-O-Acetyl-2''~-deoxy-2'"'-

phchalimido-ﬁ-D-glucqpyranosyl)-2'-0-benz§yl-4’-O-benzyl-a-L—

rhamngpyranosyl)-2—0-benzoyl—4-0-benzyl-a-L—rhgaﬁapyranoside

(11).---A mixture of allyl 2-0-benzoyl—4-O-benzyi—a-L-

rhamnopyranoside (5)3% (0.381g, 0.957mmol), silver
trifluoromethanesulphonate (0.382g, 1.49mmol), and 4A moleculatr
sieves in anhydrous dicnloromethane (8cm>) was stirred under an
atmosphere of nitrogen for O.S\h in a flask fitted with a
dropping funnel which was eguipped with a cooling jacket. A
solution of the“glycosyl chloride (10) (1.07g, 1.34mmol), and

1,',3,3-tetramethylures (0.18cm3, t.5mmol) in anhydrous
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dichloromethane (4cm3), previously stirred with 4A molecular
sieves for 0.5 h under nitrogen, was transferred under nitrogen
Fo‘the dropping funnel by means of a:Cannula. The flask was
f?hsed with additi;nal portions of anhydrous dichloromethane
(2x2cm3) and transferred as before. The solution of the
glycoéyl chloride was cooled to -78°C and added dropwise, during
20 min, t® the cooled (-50°C) solution of (5). The dropping
funnel was rinsed with additional portions of anhydrous

3). The mixture was allowed to warm to”

dichloromethane (2x2cm
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 dichiorome;hane (30cm3) and washed
successively with’aqueous sodium. hydrogen carbonate, and agueous
sodium chloride. The organic layer Més‘driedh(Nast4) and kﬁe
solvent waé evaporated to give a syrup which was chromatographed
using:hexane-ethyl acetagé (1:1) as eluant; be.§1. The title
compound *(11) was -obtained as a clear colourless syrup (0.835g,
76%); [a)2%) -4.5° (¢ 2.4 in CH,Cl,); 6.(125.7MHz) 17.5 (C-6'),
18.0 (C-6), 20.3 (2x OCOCH;), 20.5 (OCOCH,), 54.6 (C-2''), 61.0
(C~6'"), 67.7 (C~5), 68.0 (c-4"),'68.2W(o—CHZCH=CH2>} 68.3 (C-
5'), 70.8 (C-3''), 71.2 (C-5''), 72.0 (C-2'), 72.6 (C-2), 73.7,
and 75.2 (O-CH2Ph), 78.3 .(C-3), 78.6 (C-4'), 79.7 (C-3'), 80.1
(C-4), 96.3 (C-1), 98.4 (C-1''), 98.8 (C~1"~), 117.5 (O~
CH2CH=CH2), and 165.67,’165.7?, 169.1, 170.0 and 170.6 (C=0);
6H(400.13MH2) 0.92 (3H, 4, Jé.,64=6.2Hz, 6'—H3), 1,36 (3H, d,

Jg g=6.2Hz, 6-Hy), 1.71, 1.76, and 1.96

(3X3H, S, OCOCHB), 3.06 (1H, ddd, 15",6b"=2.2’ 15n|’6avv:3.2,



44

j4,,,5"210,2Hz, 5"-H), 3-38 (1H, t, J3|'4'+J41’51=18.8Hz, 4"
H), 3.65 (1H, t, J3 ,+J, 5=18.8Hz, 4-H), 3.68 (1H, m, 5'-H),
3.73 (1H, 44, JS",Sb"=2'2’ JGa",Gb"=12.'6Hz’ 6""Hb), 3.85
(}H, m, S‘H), 3.88 (1H, dd, J511,6a|v=3.2, Jsavn’6b||=12.6Hz,
6"_Ha), 4-06 (1H, dd, J2|,3|=3.5, J3v’41=9.2HZ, 3'_H), 4.27
(TH, dd, J1vv 21'38.5, lev 3'1=10-5HZ, 2"‘H), 4,32 (”"I, dd,
12’3*3.5, J3I4=9.2HZ, 3-H), 4.%0 (1H, g, J1’2=1.8HZ, 1-H), 4.97
(1H, dd, J3|zl4v»=9.3, J4cv,5;|=10.2HZ, 4"-H), 5.18 (1H, d,
J’?v 2.=1.8HZ, 1'-H), 5.37 (1H, d, J.‘q‘ 2|1=8.5HZ,»1"-H), 5.39
(2x1H, dd, J=1.8, 3.5Hz, 2-H, and 2'-H), and 5.55 (1H, 44,
J3vi.400=9.3, Jpio 3.0=10.5Hz, 3''-H) (Found: C, 65.4; H, 5.7;

N, 1.4, CgaHgNOLy reguires C, 65.45; H, 5.67; N, 1.21%).

Propyl 3—0-[3'-0-(2"-Acetamido:2"-deoxy-5-D—glucopyrandsyl)-a-

L-rhamnopyranosyl]-a-L-rhamnopyranoside (12).---A sample of the

fully protected trisaccharide (11) (0.755g, 0,653mmol) was |
dissolved in a soluticn of 1M sodium methoxide in methanol

(+0cm3). The mixture was let stand under nitrogen for 20 h,.
‘ +

The sclution 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 was dissolved in
ethanol (10cm3), containin? hydrazine hydrate 100% (2cm3), and
the mixture was refluxed for 16 h., Removal of a white rubbery
material by filtration, and solvent evaporétion , gave a clear
colourless syrup which was chromatographed using ethyl acetate-

methanol-water (85:10:5) as eluant; R¢0.4. The resulting clear
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colourless syrup was dissolved in methanol (25cm3), containing
acetic anhydride (2.5cm3), and sﬁirred overnight. Solvent
evaporation gave a clear colourless syrup which was taken up in

3) ang hydrogenolysed over 10%

80% agqueous acetic acid (20cm
palladium-carbon (0.20g) at a hydrogen pressure of 52 p,s.if for
48 h. The solids were.removed by filtration through celite and
the solvent removed by evaporation to give a clear light brown
syrup which was chromatographed using ethyl acetate-methanol-
water (7:2:1) as eluant; Reg0.41. The ritle compound (12) was
obtained as a white amorphous solid (0.195g, 53.9%); [a]29D -
59.2° (¢ 1.0 in H,0); 6-(D,0, 100.6 MHz) 12.8 (OCH,CH,CH;), 19.6
(C-6, C-6"), 24.9 (OCH,CH,CH;), 25.2 (NHCOCH;), 58.8 (c-2'"),
'63.7 (C-6""), 71.7 (C-3%), 72.2 (C—S'S, 72.6, 72.8,’72.9, and
73;i‘(c—2, c-2', c-4'', atd -OCH,CH,CH3), 74.0 (C-4"), 74.5 (C-
4), 76.8 (C-3""), 78.7 (C-5""), B1.1 (C-3), 83.0 (C-3"), 102.6
(hy =170Hz, C-1), 104.8 ('J

- oy C
t3C-1H 13C'1H_]67H2’ C-1 ), 105.6

('J.3c_,y=162Hz, C=1''), and 178.0 (NHCOCH,); 6,(D,0, 500.13MHz)

2
1 .27, and 1.29 (2x3H, &, J=6.4Hz, 6-Hy, and 6'-Hy), 2.04 (3H, s,
NHCOCH3), 3.45 (2H, m, 4''-H, 5" '-H), 3.46-3.60 (4H, m,
OCH,CH,CHy, 4'-H, 4-H, and 3''-H), 3.64 (1H, m, OCH,CH,CH4 ),

3.70-2.77 (3H, m, 2"'-H, 5-H, and 6''-H_ ), 3.79 (iH, dd,

a
J2[3=3.2 13'4:9-7H2, 3‘H), 3.91 (1H, bf d, J6a",6b":12‘3H2' [
€' '-H,.), 2.39 (1H, dd, 4. 2=?.8, J2 3=3.2H2, 2-H), 4.26 (iH, dd,
J 12'= .8, 121131=3.3HZ, 2'—HJ, 4.71 (IH, d, J1tv,21v=8.6HZ,
‘-H), 4.76 (1H, &, J, ,='.8Hz, 1-H), and 5.01 (1H, d,
Joo oges 8Hz, 1'-H) (Found

C, 49.5; H, 7.5; N, 2.3. C23H41O,4N

reguires C, 49.7; H, 7.5; N, 2.5%). \
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Propyl 3-0-(2'-Acetamido-2'-deoxy-f-D-glucopyranosyl)-a-L-

rhamnopyranoside (13).---A sample'of the fully protected

disaccharide (7) (0.784g, 0.960mmol) was dissolved in a solution
of 1.0M sodium methoxide in methanol (10cm3). The solution was
let s&end 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 ana the
solvent evaporated to give a clear syrup which was then
dissolved in ethanol (3Ocm3) containing hydraZzine hydrate 100%
’(O.Oscm3? 1.65mmol). The mixture was refluxed for 24-.h under an
atmosphere of nitrogen. Following filtration and solvent
evaporation the resulting Elear colburless syrup was dried in
vacuo to remove traces of hydrazine. The thte amorphoﬁz solid
was dissolved in methahol (25cm3) containing acetic anhydride
(2.5¢cm>) and-let stand under nitrogen. After 16 h the solvent
was removed by evaporation and the resultiﬁg Syrup was
chromatoggaphed using ethyl acetate-methanol-water as eluant
(85:10:5); Rf0.36. The resulting clear colourless glass was
then dissolved in 80% agueous acetic acid (30cm3) and
hydrogenolysed over 10% pallaaium-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 ceiite and the solvent removed by
evaporation. Follow}ng chromatography, using ethyl acetate-
methanol-water“(7:€?i) as eluant;R; 0.47, the title compound
{13) was obtained as a white amorphous solid (0.216g, 55%)5

(329, -47.2° (c0.9 in H,0); 8.(D,0, 100. 6Mpiz) 12.6

o
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(OCH,CH,CH;), 19.4 (C-6), 24.8 (CH,CH,CH;), 25.0V(NHCOCH3); 58.7
(c-2'), 63.6 (c-6"), 71.7 (c-5), 72.6, 72.8, and 72.9 (C-2, C-
4', and -OCH,CH,CH3), 73.9 (C-4), 76.6 (C-3'), 78.6 (C-5'), 83.2
(C-3), 102.2 ('J 30 1y=170Hz, C=1), 105.7 ('J 30 y=163Hz, C-
1'), and 178.0 -(NHCOCH;); &,(D,0, 400.13MHz) 0.88 (3H, t,
J=7.5Hz, OCH,CH,CH3), 1.24 (3H, 4, Jg g=6.1Hz, 6-H3), 1.58 (2H,
'm, OCH,CH,CH3), 2.00 (3H, s, NHCOCH,;), 3.40-3.82 (10H, complex
multiplet, ring hydrogens, and OCH,CH,CH3), 3.87 (1H, br 4,
Jsa.'sb.‘=12.0Hz, 6'-Hy), 4.11 (1H, d4, 11'2=1.8, J2,3=3.2Hz, 2-
H), and 4.64 (1H, 4, 11"2'=8.3Hz, 1'-H) (Found: C, 49.7; H,7.5;

N, 3.3. C,;H3,NO,, requires C, 49.87; H, 7.63; N, 3.42%).

3\

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

deoxy-2''-phthalimido-g-D-glucopyranosyl)-2'-0O-benzoyl-4'-0-

benzyl-a-L-rhamnopyranosyl)-2,4-di-O-benzoyl-a-L-

rhamnopyranoside (15).---A mixture of B8-methoxycarbonyloctyl

2,4-di-0-benzoyl-ea-L-rhamnopyranoside (14)41,42 (0.146g,
0.270mmol), silver trifluoromethanesulphonate (0.12g, 0.46mmol).
and 4A molecular sieves in anhydrous dichloromethane (2.0cm3)
was stirred qu 0.5 h under nitrogen in a Schlenk tubé.fitted
with a dropping funnel, equipped with a cooling jackét. A
solution of the disaccharide chloride (10) (0.368g, 0.464mmol),
and 1,1,3,3-tetramethylurea (O.OScm3, 0.42mmol) in anhydrous
dichloromethane (2.0cm®), previéusly sfirrea with 4A molecular
sieves for 0.5 h under nitrogen, was transferred via cannula to

the dropping funnel. The flask was rinsed with additional

i~
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portions of anhydrous dichloromethane (2x1.0cm3) and transferred
"to the dropping funnel as,befofe. The cooledb(—78°C) solution
of the élycosyl chloride was added dropwise, o;er 30 min, to the
cooled (-35°C) mixture containing the alcohol (14). The
,dropbing funnel was rinsed with additional portiohs of anhydréus
dichloromethane (2x1.0cm3). The reaction mixture was stirred in
| éhe dark under nitrogen and allowed to warm to room temperature.
After 72 h the solids were removed by filtration and the
filtrate diluted with dichloromethane (20cm3) and washed
successively with aqueéus sodium hydrégen carbonaterﬁgpd agueous
sodium chloride. The organic layer was dried (Na,S0,) and the
solvent evaporated to-give a syrup which was chromatographed P
using hexane-ethyl acetate (1:1) as eluant; Rc0.46. The zizl?
compound’ (15) was obtained as a clear light yellow syrup
(0.186g, 53%); [al?®) -7L6° (c 0.9 in CH,Cl,); 8.(100.6MHz) 17.2
(c-6'), 17.5 (C-6), 19.9, 20.0, and 20.3 (OCOCH3), 24.7, 25.8,
28.86, 28.90, 28.94, 29.2, and 33.8 (CH;0C(0)(CH,),CH,0-), 51.1
(CH3OC(O)(CH2)BO-), 54,4 (C-2''), 60.7 (C-6"'), 66.3
(CH30C(0) (CH,),CH,0-), 67.9, €8.1, 68.2, 70.6, 70.7, 71.8, 72.0,
72.5, 73.5, 76.7, 78.4, and 79.7 (other CH and -CHZPh), 97.2 (C-
1), 98.35, 98.42 (c-1'', C-1'), and 165.59, 165.62, 165.9, |
167.5, 169.0, 169.9, 170.5, and 174.1 (C=0); &,(400.13MHz) 0.77
(34, 4, Jg1 gr=€.3Hz, 6'-Hg), 1.32 (3H, 4, Jg ¢ =6.3Hz, 6'-Hs),
*.59, 1.76, and 1'.97 (3x3H, s, OCOCH3), 2.57 (1H, m, 5''-H),
3.26 (1H, t, J31 gr*Jy0 51 =18Hz, 4'-H), 3.41 (1H, dd,

Jsvvf,6b||=1.8, jsavi’ebvv=12-3Hz, 6"'—Hb)’ 3.63 (1H, III,‘ 5'—H),

3 f o T

3.65 (3H, s, CH30-), 3.74 (1H, dd, Jgi1 ga01=3.0,
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J6a”'6b”=12.3Hz, 6"-Ha)1_3-95 (1H' ddr '12|,3?'3'4l .
" J3v 41=9.5Hz, 3'-H), 4.04 (14, m, 5-H), 4.16, and 4.30 (2x1H, 4,

’

Jya,up=12-4Hz, -CH,Ph), 4.21 (1H, dd, Jyvv 5. .=8.4,

Jor+ 313=10.5Hz, 2''-H), 4.33 (1H, dd, J, 3=3.5, J3 ,=9.8Hz, 3-
H), 4.87 (1H, dd, Jgiv 404=9.1, Jgvv g00=10.0Hz, 4''-H), ¢.92
(1H, d, Jy ,=1.8Hz, 1-H), 4.97 (1H, dd, J,, ,.=2.0,

Jyi 31=3.4Hz, 2'-H), 5.01 (1H, d, Jy\ ,,=2.0Hz, 1'-H), 5.10 (1H,
d, Jyv1 per=B.4Hz, 1''-H), 5.40 (1H, dd, J, 5 =1.8, 12,3=3.5Hzf
2-H), 5.52 (1H, dd, Jyre g411=9.1, Jyei 3.4=10.5Hz, 3''-H), and
5.53 (IH,ft, J3,4+J4'5=19.5Hz; 4-H) (Foyhd: C, 64.5; H, 5.9; N,

g

8-Methoxycarbonyloctyl 3-0-[3'-0-(2''-Acetamido-2''~-deoxy-f-D-

glqupyranosyl)-a—L-rhamnopyranosyl)-a-L-rhamngpyranoside,(16).

---A sample of the fully protected trisaccharide (15) (0.250g,
0.192mmol) was dissolved in a solution of 1M sodium methoxide in

methanol (14cm3) 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%
(O.OScm3, 1.03mmol) and the mixture was refluxed under nitrogen
for 18 h, A fine white precipitate was removed by filtration
and the solvent was dried in vacuo to remove traces of
hyérazine. The syrup was then dissolved in methanol (20cm3)

containing acetic anhydride (2.Ocm3), and let stand at room
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temperature for 18 h. The solvent was evaporated to give a
clear light brown syrup which was dissolved iﬁ 80% agqueous
acetic acid (20cm3) and hydrogenolysed over 10% palladium—carboh
(0.10g) at a hydrogén 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; R;0.49 gave the title

compound (16) as a clear light brown syrup (0.099g, 75%); [a]29D

-48.3° (¢ 1,0 in HZO); 6C(D20, 100.6MHz) 19.4 (C-6, C-6'), 25.0
(NHCOCH3), 27.1, 28,1, 31,0, 31,1, 31.3, and 36.4 -,
(CH3OC(O)(CH2)7CHZO-), 54.7, (CH3OC(O)(CH2)80-), 58.6 (c—z"),
63.5 (C-6''), 70.7 (CH3OC(O)(CH2)7CHZO—),71.6 (c-5), 72.0 (c-
5'), 72.6, 72.7, and 73.0 (C-2, C-2', and C-4''), 73.7 (C-4'),
74.3 (C-4), 76.5 (Cc-3''), 78.5 (C-5''), B0O.8B (C-3), 82.8 (C-3"),
1 1 '
102.6 (' J,3c-1y=169Hz, C-1), 104.7 ( Jy3c-p=171Hz, C-1 ), 106.4

1 [ - . _
( J13C_1H=163Hz,/C-fw\47~477.8 (NHCOCH3), and 180.0 (

CH3OC(O)(CH2)80); 6H(D20, 400.13MHz) 1.20-1.35 (14H, m), 1.51-

1.61 (4H, my, 1.99 (3H, s, NHCOCH3), 2.34 (2H, t,

CH3OC(O)CH2(CH2)7O'), 3.37-3.57 (6H, complex m, ring H's), 3.61-

3.81 (9h(’complex m, ring H's); 3.87 (1H, ad, Jov 31=3.2,

J 4.=é.8Hz, 3'-H), 3.88 (1H, A, Jg v gpie=12.0Hz,7 67" ~Hp),

3,
3.95 ('H, dd, J, ,=1.8, J, 3=3.2Hz, 2-H), 4.24 (1H, 44, v

J v=‘.8, J2|,3v=3-2HZ, 2'_H), 4.67 (‘H, d, J1vv'21|=8.2HZ,

1 ]

2
y L

1" '-H), 4.7 (1H, d, J, ,=1.8Hz, 1-H), and 4.98 (1H, 4,

11.'2.=1.8Hz,.}';H) {Found C, 52.8; H, g(t; N, 1.8. C3OH5i;y6ﬁ

requi;;s C, 52.7; H, 7.8N, 2.0%). .
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V. APPENDIX

Figure 19

Homo-decoupled 400MHz H n.m.r. spectra

of trisaccharide (15)
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