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The present - invention relates to novel
synthetic pélysaccharides possessing the anticoagulant
and antith:ombotic pharmacological activities of
heparin. ' ‘ '

= .  Heparin belongs to the family of
glycosaminoglycans (GAGs), which are heterogeneous
natural sulphated polysaccharides.

Heparin preparations are mixtures of chains
comprising a number of monosaccharide units ranging
from 10 to 100 and more. In addition to this size
heterogeneity there is a structural heterogeneity, as
regards the nature of the constituent monosaccharides
and also as regards the substituents which they bear
(L. Rodén in: The Biochemistry of Glycoproteins and
Glycosaminoglycans, Ed by Lennarz W.J., Plenum Press,
New York and London, 267-371, 1980). _

Each family of natural GAGs generally possessés
a wide range of pharmacological activities. All are
combined in the preparations which may be obtained from
natural products. Thus, for example, the heparin and
heparan sulphétes possess an antithrombotic activity
which is associated with the simultaneous action of
several coagulation factors. |

Heparin catalyses, in particular via
antithrombin III (AT 1III), the inhibition of " two
enzymes involved in the blood coagulation cascade,
ndmely factor Xa and factor IIa (or thrombin). Low

- molecular weight heparin (LMWH) preparations contain

chains formed of 4 to 30 monosaccharides and have the
preperty. of acting more selectively on factor Xa than
on'thrombin. | '

Certain synthetic oligosaccharides, in
particular those described in EP 84,999, have the
propérty of selectively inhibiting, via antithrombin
ITT, factor Xa without_haVing any activity on thrombin.

It is known that the inhibition of factor Xa
requires binding of the heparin to AT III via the
antithrombin-binding region (ABR), and that the
inhibition of factor IIa (thrombin) requires binding to
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AT (III), via ABR, as well as to thrombin via a less
Well—defined binding region (TBR).

The synthetic oligosaccharides corresponding to
the ABR region of hepariﬁ.are known and manifest an
antithrombotic activity in venous thrombosis. These
compounds are described in EP 529,715 and EP 621,282
and in Canadian patent 2,040,905.

The efficacy of these oligosaccharides in the
prevention of arterial thrombosis is, nevertheless,
hampered by their inability to inhibit thrombin.

i A synthesis of glycoaminoglycans of heparin
type which are capable of inhibiting thrombin wvia the
AT (III) activator presents great difficulties and,
indeed, this has never been achieved. s

With the aim of rediscovering the activity of
thrombin-inhibitor and factor Xa-inhibitor products, in
EP-A-0,649,854 it has been proposed to connect th
small oligosaccharides (an ABR and a TBR) by a speciés
(“spacer”) which 1is not involved in the biological
activity. -

It has now been found that novel polysaccharide

. derivatives may be synthesized relatively simply and

are biologically active. They are, in particular,
anticoagulant and antithrombotic. Furthermore, on
account of the production of these polysaccharides by
synthesis, it is possible to selectively modify their
structure, and in particular to remove unwanted

- sulphate substituents involved in the interaction with

certain proteins. Thus, polysaccharides may be obtained
wh&;h are  powerful antithrombotic and anticoagulant
age'n{:s and which may furthermore escape in vivo the
action of proteins such as platelet factor 4 (PF4),
which neutralize the effect of heparin in particular on
thrombin.

Thus, it has been found, surprisingly, that
sulphated and alkylated polysaccharides may be powerful
antithrombotic and "anticoagulant agents depending on
the arrangement of the alkyl and sulphate groups borne
by the carbohydrate skeleton. o
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PART OF THIS SHEET HAS BEEN

More generally, it has been found that by
preparing polysaccharide sequences, it -is possible to
modify with precision the GAG-type activities in order
toa obtain very active products which. have the
properties of heparin. '

Thus, according to one of its aspects, the
present invention relates to a novel synthetic
polysaccharide compfising an antithrombin III-binding

 region consisting of a sequence of five monosaccharides

bearing in total two carboxylic acid functions and at
least four sulphate groups, this region being extended
at its non-reducing end by a thrombin-binding region
comprising a sequence of 10 to 25 monosaccha#ide units
chosen from hexoses, pentoses or deoxy sugars in which'
all the hydroxyl groups are, independently, etherified
with a (C;-Cg¢)alkyl group or esterified in the form of
sulphate groups, as well as its salts, in partlcular
its pharmaceutically acceptable salts. ) )

Preferably, the invention relates to a
polysaccharide as defined above, characterized in that
all its hydroxyl groups are etherified with a methyl or
are esterified in the form of a sulpho group and its
salts, in particular its pharmadeutically acceptable
salts.

The products of the present invention are, in
particular, polysaceharides represented by the

following formula:
¢§/ ’/Pe

< - | /’29\
X0 (OX)p,

\

{)]
in which |

- the wavy line denotes. a bond either below or
above the plane of the pyranose ring,
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denotes a polysaccharide Po containing n identical or
different monosaccharide units, which is linked via its
anomeric carbon to Pe,

0) 4 '
3 P

.(OXh o
is a diagrammatic representation of a monosaccharide
unit of pyranose structure chosen from hexoses,
pentoses and the corresponding deoxy sugars, this unif
being linked via 1its anomeric - carbon to . another
monosaccharide unit, and the hydroxyl groups of this
unit being substituted with identical or different
groups -X, the groups X being chosen from (C;-Cs)alkyl
groups and sulpho groups,
- n is an integer from 10 to 25,
- Pe represents a pentasaccharide of structure:

L ROy o RO oR  -ooc or RO s?‘; on
: \{;::¢%, o
S DR %’ o
50, 50, so, A .
in which _
~ R; represents : > -C:)alkyl or a sulpho group,
- Rja represen=t.: -~ ~=r constitutes, with thé oxygen atom
to whiqh it is :"-s:-hed and the carbon atom bearing the
carboxylic func-. n :n the same ring, a group
. C-CHp-0,
- R represents a (Z.-C:)alkyl,

~ W represents an oxygen atom or a methylene group,
or one of their salts, in particular a salt which is

‘pharmaceutically acceptable.
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It will be noted in general in the present
description that a wavy line denotes a bond either
below or above the plane of the pyranose ring.

. The monosaccharides contained in Po may be
identical to or different from each other, and the
interglycoside linkages may be of the o or B type.

These monosaccharides are advantageously chosen
from the D or L hexoses allose, altrose, glucose,
mannose, galose, idose, galaétose and talose (in this

case h=3) or from the D or L pentoses ribose,

" arabinose, xylose and lyxose (in this case h=2). Other

monosaccharides such as, for example, deoxy sugars may
also be used (h = 1 and/or -CH,OX = CH;). , )
When, in the pentasaccharides Pe, the unit W
represents an oxygen atom and R;a is as defined for Ri,
these pentasaccharides constitute known compoun&s
described in.  particular in patents .EP 300,099, EP
529,715, EP 621,282 and EP 649,854 as well as in the
literature. They are obtained from synthons which are
also described in the literature by C. van Boeckel and
M. Petitou, Angew. Chem. Int. Ed. Engl., 1993, 32,
1671-1690. ’ _
When, in the pentasacchérides Pe, R:a is other
than R; and/or W fepresents a carbon atom, these
pentasaccharides are prepared using novel synthons
which constitute a further aspect of the invention.
) When, in the pentasaccharides Pe, the unit of

" L-iduronic acid type 1is replaced with a unit whose

conformatiqn is " locked by a bridge, these
perttasaccharides are prepared using novel synthons
which constitute a further aspect of the invention.
Thus, according to another of its aspects, the
present invention relates to novel intermediates which
are useful for the preparation of compounds (I).
 The polysaccharide part Po may consist of 10 to

25 alkylated and di- or trisulphated monosaccharide
units.
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The polysaccharide part Po may consist of 10 to
25 alkylated and mono- or disulphated monosaccharide
units. |

- The polysaccharide part Po may consist of 10 to
25" uncharged and/or partially charged and/or fully
charged alkylated monosaccharide units.

The charged or uncharged units may be dispersed
along the entire length of the chain or they may, in
contrast, be grouped in charged or uncharged saccharide
regions.

- The linkages may be 1,2; 1,3; 1,4; 1,5; 1,6;
and of the o or B type. '

In the present description, it has been chosen
to represent the conformations 'C, for L-iduronic acid.
and ‘C; for D-glucuronic acid,
that, in
moﬁosaccharide

but it 1is well known
conformation of  the
fluctuates. Thus,
L-iduronic acid may be of C, %S, or C; conformation.
Preferred compounds according to the invention
are those of formula (I.A):

general, the

units in solution .

[ _ox ox T ox ox T.ox 7
(o) 0 0 o] o
) \<—=-°’<;1a=§b’:£é3&i=nhdgé§<rﬂ>\ _:;é:ﬁ—hhho Pe
X0 (0X), - (OX)y, (OX)y, (OX), (OX)y o
_ it
_ Jm
"~ (LA)
in which
';'r“ ox‘ oX T ox oX T ox
o_ Lo 0 o S 0
xo»jééi: “0’1;\ ﬁoﬂ/ﬂ;b\ ‘o’f;x\ ﬂa. ;;\ “O
: (OX)y, (OX)y, (OX)y, (OX)p, ©ox)y, _Ip
L t
L m
denotes a particular family of polysaccharides Po,

linked via their anomeric carbon to Pe as defined for
(1),
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is as defined for (I), REPLACED

- the OXs are as defined for (I) and, for the same

5 polysaccharide, may be identical or different,
- the monosaccharides <contained 1in [ln. form a
disaccharide repeated m times, the monosaccharides
contdained in []: form a disaccharide repeated t times,
- m ranges from 1 to 8, t ranges from 0 to 5 and p
10 ranges from O to 1, it being understood that
5<m+ t <12, .
and their salts, in particular their pharmaceutical;y
acceptable salts. | | o
Advantageous compounds are the salts whose
15 anion corresponds to formula (I.1):

' MO “ %o
MOy ome g owe %o % 00— O OMe
0o © coo 0 ©Op o o © ‘ome <, %0

. rd . R p)
) 30, 80, S0,

(1)

in which t represents 5, 6 or 7, and the cation is a
pharmaceutically acceptable monovalent cation, as well
20 ° as the corresponding acids. '

The salts whose anion corresponds to formula
(I:2): .

’°=_' 07 so;
0 con \
CMe o -] MWQO Q OMe
;Soa oo 0 Oo ‘00-_ O “oMe 50 o
2 sé; so; - .
s0, ) - 30,

(1.2)

25 in which t represents 5, 6 or 7, and the cation is a
pharmaceutically acceptable monovalent cation, as well
as the corresponding acids, are also advantageous.
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The salts whose anion has the formula (I.3):

so,

E coo © Ooé ° OMe

ue so’

so;
Oue ‘o OMe

(1.3)

in which m represents 1, 2 or 3 and t represents 2, 3,
5 4 or 5, and the cation is a pharmaceutically acceptable
monovalent cation, as well as the corresponding acids,
are perticularly adVantageous.
Other preferred compounds according to the
invention are those of formula (II.A):

10
[ ox T ox ]
o <o _
AN "'~OH/¢\ ) "10/%
X
©Xp ],
- e
— — ]
(ILA)
in which
| ox T ox 1t ox ]
é ,0: ' O: S Re)
_ E \ 04/0'\ . O'/Q'\ /V
X0 (0X)y, P o, (OX)p, p
R
S— ._—ml

15 denotes a-specific family of polysaccharides Po, linked
via their anomeric carbon to Pe as defined for (I),

This Sheet Has Been Rep!
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- the groups OX are as defined for (I) and, for the
same monosaccharide, may be identical or different,
- the monosdccharide contained in []w is repeated m
times, the monosaccharide contained in []+ is repeated
t"times,and the monosaccharide contained in [}, is
repeated p' times,
- m’ ranges from 1 to 5, t’ ranges from 0 to 24,and p'
ranges from 0 to 24, it being understood that 10 < m’' +
t" + p' £ 25, _ _
and the pharmaceutically acceptable salts thereof.

The preferred salts of the invention are those
chosen from alkali metal cations and even more
preferably those in which the cation is Na' or K'. )

The follcwing polysaccharides are particularly
preferred:

* Methyl O0O-(3-O-methyl- 2 4,6-tri- O—sulpho—a—D—
glucopyranosyl)-(l—+4) -0-(3-0-methyl-2, 6-di-0O-sulpho—p—
D—glucopyranosyl)—(l—+4)-[0 (3-O-methyl-2, 6-di-0O-sulpho—
a-D-glucopyranosyl) - (1-4) -0~ (3-O-methyl-2, 6-di-0O- '
sulphoéﬁ—D—glucopyranosyl)—(1—94)]4—0—(2,3—di—o—methyl—
6-0-sulpho—a-D-glucopyranosyl) - (1-4)-0- (2, 3-di-0-
methyl—B—D—glucopyranosyluronic acid)-(1-»4)-0-(2,3, 6~
tri-O~sulpho-a-D-glucopyranosyl) - (1—>4)-0- (2, 3-di-0O-
methyl-o-L-idopyranosyluronic acid)-(1->4)-2,3,6-tri-o-
sulpho-o-D-glucopyranoside, sodium salt

* Methyl 0-(3-O-methyl-2,4,6-tri-0O-sulpho—a-D-
glucopyranosyl)—(1—+4)—o (3-O-methyl-2, 6-di-0-sulpho—f—

) D-glucopyranosyl)—\1—+4)—[O—(3 O-methyl-2, 6-di~0-sulpho-

a-D-glucopyranosyl:-(1,4)-0-(3-0O-methyl-2, 6~di-O-~
suﬁbho—B;D—gluc::y"nosyl)-(1—94)]5 -0-(2,3-di-O-methyl-
6-0~-sulpho—o-C- . .- tpyranosyl)-(1—4)-0-(2,3-di-0-
methyl-B-D-glus r,rinosyluronic acid)-(1,4)-0-(2,3, 6-

tri-O-sulpho-a-: - :. :copyranosyl) - (1—4) =O- (2, 3~di-0O-
methyl-a-L-idcpyr .. syluronic acid)-(1-»4)-2,3, 6-tri-0-
sulpho—a-D-giuc:c,ranoside, sodium salt

* Methy. J= (3-O-methyl-2, 4, 6-tri-0-sulpho-o~D-
glucopyranosyl) - {1 —4) -0~ (3-O-methyl-2, 6-di- ~-O-sulpho—-B-
D-glucopyranosyl) - (1—4)-[0-(3- O-methyl-2, 6~-di-0- sulpho-
a—D—glucopyranosyl)—(1—+4) -0~ (3-0-methyl-2, 6-di-0O-



)

10

15

20

25

30

35

_10_

: sulpho—B—D—glucopyranosyl)—(1—94)]6—0—(2,3-di—0—methyl—

6-0-sulpho—a-D-glucopyranosyl) - (1—4) -0-(2,3-di-0-
methyl-f-D-glucopyranosyluronic acid)-(1—>4)-0-(2,3,6-
tri-0-sulpho—o~D-glucopyranosyl)-(1-—>4)-0-(2,3-di-0-
meEhyl-a—L—idopyrdnosyluronic acid)-(1—>4)-2,3,6-tri-0O-
sulpho—a-D-glucopyranoside, sodium salt

‘e Methyl 0-(2,3-di-O-methyl-4,6-di-O-sulpho-o—
D-glucopyranosyl) - (1—>4)-[0-(2,3-di-0O-methyl-6-0-sulpho—
o-D-glucopyranosyl) - (1—4) -=]1,-0- (2, 3-di-O-methyl-B-D-
glucopyranosyluronic acid)-{(1,4)-0-(2,3,6-tri-O-sulpho—
o~D-glucopyranosyl)-(1—>4)-0-(2,3-di-O-methyl-o-L-
idopyranosyluronic acid)-(1—>4)-2,3,6~-tri-0-sulpho-o-D-
glucopyranoside, sodium salt _ _

e Methyl O-(2,3-di-O-methyl-4,6~di-0O-sulpho—o—
D-glucopyranosyl)-(1—4)-[0~-(2,3-di-O-methyl-6-0O-sulpho- '
a-D-glucopyranosyl) - (1—4)-113-0- (2, 3-di-O-methyl—-B-D-
glucopyranosyluronic acid)-(1—>4)-0-(2,3,6-tri-O-sulpho—-

- o-D-glucopyranosyl) - (1—>4) -0~ (2, 3-di-O-methyl-o-L-

idopyranosyluronic acid)-(1—4)-2,3,6-tri-0O-sulpho—a-D-
glucopyranoside, sodium salt

¢ Methyl O0-(2,3-di-O-methyl-4,6-di-O-sulpho—-a—
DFglucopyranosyl)-(1—94)-[0—(2,3—di—O—methyl—6—O—sulpho—
a-D-glucopyranosyl) - (1—»4) =115~-0- (2, 3-di-O-methyl-B-D-
glucopyranosyluronic acid)-(1-4)-0-(2, 3, 6-tri-0-sulpho-
arD-glucopyranOSYl)—(1—94)—O-(2,3—di—0—methyl—a—L—
idopyranosyluronic acid)-(1—4)-2,3,6-tri-0-sulpho—o-D-
glucopyranoside, sodium salt

¢ Methyl O-(3-O-methyl-2,4,6-tri-O-sulpho-a-D-
glucopyraqqsyl)—(1—+4)—O—(3—O—methyl—2,6~di—0—sulpho—B-
D-¢lucopyranosyl) - (1->4)-[0- (3-0O-methyl-2, 6~di-0O-sulpho-
o-D-glucopyranosyl) - (1—4) -0~ (3-O-methyl-2, 6~-di-0-
sulpho-B-D~glucopyranosyl) - (1—>4) ],-[0-(2,3, 6~tri-0O-

methyl-a-D-glucopyranosyl) - (1-4)-0-(2,3,6-tri-O-methyl-

B-D-glucopyranosyl) - (1-4) ]1,-0-2, 3-di-O-methyl-6~-sulpho-
a-D-glucopyranosyl) - (1->4)-0-(2, 3-di-O-methyl-B~D-
glucopyranosyluroniq acid)-(1->4)-0-(2,3, 6-tri-0O-sulpho-
o-D-glucopyranosyl) - (1—4) - (2, 3~di-O-methyl-a-L-
idopyranosyluronic acid)-(1—4)-2, 3, 6~tri-0-sulpho-a-D-
glucopyranoside, sodium salt
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* Methyl O-(3-O-methyl-2,4,6-tri-O-sulpho-a-D-
glucopyranosyl)—(l—+4)—0—(3—0—methyl—2,6—di~O—sulpho—B—
D-glucopyranosyl)-(1—4)-[0- (3-O-methyl-2, 6-di-0-sulpho-
a—D?glucopyranosyl)—(1—94)—O—(3-O—methyl—2,6—di—0—
suipho—B—D—glucopyranosyl)-(l4+4)]2—[0-(2,3,6-tri—o—
methyl-a-D-glucopyranosyl)-(1—4)-0-(2, 3, 6-tri-O-methyl-
B—D—glucopyranosyl)-(1—94)]3—0—2,3fdi—0—methyl—6—sulpho—
a-D-glucopyranosyl) - (1—4) -0- (2, 3-di-O-methyl-B-D-
glucopyranosyluronic acid)-(1—>4)-0-(2,3, 6-tri~-0O-sulpho-
a-D-glucopyranosyl) - (1—4)-(2,3-di~0-methyl-o-L-
idopyranosyluronic acid)-(1-4)-2,3,6-tri-O-sulpho-o-D-
glucopyranoside, sodium salt

* Methyl O-(3-O-methyl-2,4,6~-tri-O-sulpho-a-D-
glucopyranosyl)—(1-+4)—O—(3—O—methyl-2,6—di-O—sulpho—B- .
D—glucopyranosyl)—(1—94)—0—(3—O—methyl-2,6—di;0—sulpho—
a-D-glucopyrandsyl) - (1—4) -0~ (3-O-methyl-2, 6-di-0-
sulpho—B—D—glucopyranosyl)—(1—+4)—[O-(2{3,6—tri—o— .
methyl—a—D—glucopyranosyl)—(1—94)—0-(2,3,6—tri—0—methyl—
B—D—glucopyranosyl)?(1—94)]4—0—2,3-di—O—methyl—6-sulpho—
a—D—glucopyranosyl)-(1—94)—0—(2,3—di—O—methyl—B—D-
glucopyranosyluronic aCid)-(l—+4)-O—(2,3,6-tri—0—sulpho—
a—D—glucopyranosyl)—(1—94)—(2,3—di—O—methyl—d—L-
idopyranosyluronic acid)-(1->4)-2,3,6~-tri-0-sulpho-oa—D-
glucopyranoside, sodium salt

* Methyl O-(3—O—methyl—2,4,6—tri—O—sulpho—a-D—
g;ucopyranosyl)—(1—94)—0—(3-O;methyl—2,6—di—O—sulpho—B-
Ddglucopyranosyl)—(1—94)—0—(3—O—methyl—2,6—di—Ofsulpho—

’ a-D-glucopyranosyl) - (1-4) -0- (3-O-methyl-2, 6-di-0O-
: sulpho—B-D—glucopyranosyl)-(1—94)—[O—(2,3,6-tri—O-

meghyl—a;D—glucopyranosyl)-(1—+4)—O—(2,3,6—tri—O—methyl—
B—D—glucopyranosyl)—(1—94)]3—0—2,3—di—O—methyl—6—sulpho—
a-D-glucopyranosyl)—(1—94)—0—(2,3—di—0—methyl—B—D—
glucopyranosyluronic aéid)—(l—+4)—0-(2,3,6—tri—o—sulpho—
a—D—glucopyranosyl)-(1—+4)—(2,3—di—O—methyl—a—L—
idopyranosyluronic acid)—(1—+4)—2,3,6-tri—O-sulpho—a—D-
glucopyranoside, sodium salt

* Methyl O-(3-O-methyl-2,4, 6-tri~0-sulpho-g-D-
glucopyranosyl)-(1—94)—0-(3-O-methyl—2,6-di—O—sulpho-B—
D-glucopyranosyl)—(1—94)—[0—(2,3,6—tri—0-methyl—a—D-
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‘glucopyranosyl) - (1-—4)-0-(2,3, 6-tri-O-methyl-f-D-

glucopyranosyl)-(1—-4) ],-0-2,3-di-0-methyl-6-sulpho~a-D-
glﬁcopyranosyl)—(I—+4)—O—(2,3-di—O—methyl—B—D—
glucopyranosyluronic acid)-(1-—>4)-0-(2,3,6-tri-0O-sulpho-
o~D-glucopyranosyl) - (1—4)-(2, 3-di-O-methyl-o-L-
idopyranosyluronic acid)-(1—4)-2,3,6-tri-O-sulpho—a-D-
glucopyranoside, sodium salt

| e Methyl O-(3-O-methyl-2,4,6-tri-0O-sulpho-a-D-
glucopyranosyl)-(1—4)-0- (3-0O-methyl-2, 6~di-O-sulpho-B-
D-glucopyranosyl)-(1—4)~-[0-(2,3,6~-tri-O-methyl-o-D-
glucopyranosyl) - (1—4)-0-(2, 3, 6-tri-O-methyl-B-D-
glucopyranosyl)-(1—4) 15s-0-2, 3-di-O-methyl-6-sulpho-a-D-
glucopyranosyl) - (1-—-4)-0-(2,3-di-0-methyl—B-D-
glucopyranosyluronic acid) - (1—4)-0-(2,3, 6-tri-0O-sulpho—
o-D-glucopyranosyl)-(1->4)-(2,3-di-O-methyl-o-L-
idopyranosyluronic acid)-(1->4)-2,3,6-tri-O-sulpho-o-Db-
glucopyranoside, sodium salt. :_

The present invention relates to a process for

the preparation of the compounds of formula (I),
wherein, in a first step, a fully protected precursor
of the desired polysaccharide (I), containing a
protected precursor of the Pe region (this region being
shown in Scheme 1) elongated at its non-reducing end by
a protected precursor of the sulphated polysaccharide
Po, is synthesized and, in a second step, the

negatively-charged groups are then introduced and/or
demasked.

© SCHEME 1 - Structure of the pentasaccharide Pe when W=0
"or C; the letters DEFGH are used in the text to denote

the. monosaccharides concerned

80,
R,O RO _ OR, -o0ocC R,0 \ 3
" % i:OR'w ; OR, é o _‘;R o \; 0 oR
o © coo © O/ 0 Io 0 _ ORO

D L E F G H
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In a first approach, the fully protected
precursor of the tetrasaccharide part EFGH " of the
pentasaccharide may be used. A polysaccharide Po which
contains at its reducing-terminal end the missing unit
D "of Pe is then added in order to obtain, after
coupling, the entire ABR which is thus restored.

In another approach, the fully protected
precuréor of the disaccharide part GH of the
pentasaccharide may be wused. A polysaccharide Po
precursor of the TBR which contains at its reducing-
terminal end the missing unit DEF of Pe is then added
in order to obtain, after coupling, the entire ABR
which is thus restored. |

These Pe precursors are synthesized as’
indicated above from synthons described in the
literature or forming part of the present invention.

The polysaccharide precursor part of Po ié
synthesized according to reactions which are well known
to those skilled in the art, using the methods for
synthesizing oligosaccharides (G.J. Boons, Tetrahedron,
1996, 52, 1095-1121) or an oligosaccharide when a
glycosidic-linkage-donating oligosaccharide is coupled
with a glycosidic-linkage-accepting oligosaccharide in
order to lead to another oligosaccharidé whose size is
equal to the sum of the sizes of the two reactive
species.

. - This séquence is repeated until the desired

- compound of formula (I) is obtained. The nature and

prbfile of the charge of the desired final compound
deEgrmine'Ehe nature of the chemical species used in
the various steps of the synthesis, according to rules
which are well known to those skilled in the art.

A preferred method for the preparation of the
Po ﬁrecursors according to the present invention is
shown in Scheme 2 below:
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. SCHEME 2 - Synthesis of the protected precursor of the

TBR
. OTn . OTn . OTn OTn
o Lo il/&“ A\ o
- + , ———p 20" w0 7 oT
“é-,?% M ~ HO (*JT?“ oT, ‘OTn ‘ATn !

1a) : ib) / tel l
OTn OTn OWn OTn

(g)

The term temporary is understood to refer to a
substituent which is conserved for a limited number of
steps, the term semi-permanent is understood to refer
to- a substituent which is conserved for a larger number

10 of-steps, and the term permanent is understood to refer
to a substituent which is conserved to the end of the
syqphesis;- the pérmanent substituents are removed

during the fira! step. Certain permanent groups may
form part of th- Zi1nal molecule.

15 In Scher-s 2, (a) . represents a glycosidic?

- linkage-donor r : ::zcharide in which Z is a temporary

protecting gr-.r ¢ a hydroxyl function and Y is an

anomeric-carbcn ::-:vator, Tn, which may be identical

or different, are temporary, semi-permanent or

20 permanent substituents of all the other hydroxyl
functions. |
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The compound (b) which possesses an
unsubstituted hydroxyl group represents a glycosidic-
linkage-acceptor monosaccharide in which Tn, which may
be identical or different, are temporary, semi-
permanent or permanent substituents of the hydroxyl
groups. T; is a temporary, semi-permanent or permanent
protecting group of the anomeric pbsition. It 1is
removed when it 1is desired to activate the anomeric
carbon. ' '

With the aim of obtaining the compounds of the
invention, the glycosidic-linkage donor (a) and the
glycosidic-linkage acceptor (b) react together to give
the disaccharide (c).

The disaccharide (c) obtained above is.
converted specifically into a glycosidic-linkage-donor
disaccharide (d) by removal of T; and introduction of -¥

. and/or into a glycosidic-linkage acceptor (e) by

removal of Z. _

Next, the glycosidic-linkage donor (d) and the
glycosidic-linkage acceptor (e) react together to give
the tetrasaccharide (£f) in which t represents 1.

Repetition'of.this sequence of reactions gives
an oligo- or a polysaccharide (f) in which t is greater
than 1.

It 1is also ©possible, using the ©process
represented in Scheme 2, to obtain a large variety of
fﬁlly protected oligo- or polysaccharides such as (g)

" in which the oligosaccharides [], and []: are fully

protected precursors of differently charged regions of
the* compounds of the invention.
In the followihg step of the prbcess, the

"compounds such as (f) and (g) are converted into

glycosidic-linkage donors and are coupled to the non-

reducing terminal unit of fully protected precursors of
Pe. '

As has been ‘mentioned above, the
oligosaccharide of the non-reducing terminal unit of a
glycosidic-linkage-donor polysaccharide (g) may

constitute a part of Pe, in the case where (g) 1is
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coupled to the non-reducing terminal unit of a fully
protected oligosaccharide which is the precursor of the
residue of the structure of Pe.

- The compounds of the invention are obtained

from .their fully protected polysaccharide precursors
using the following sequence of reactions:
- the alcohol functions which need to be converted into
a sulpho group and the carboxylic acids are deprotected
by removal of the Tn groups used to protect them during
the development of the skeleton, then

- the sulpho groups are subsequently introduced.

The compounds of the invention may, naturally,
be prepared using various strategies known to those
skilled in the art of oligosaccharide synthesis. X

The process described above is the preferred
process of the invention. However, the compounds of
formula (I) may be prepared by other well-known metho@s
of sugar chemistry described, fof example, in
Monosaccharides, Their lchemiStry and their roles in
natural products, P.M. Collins. and R.J.'Ferrier, Jd.
Wiley_ & sons, 1995 and in G.J. Boons, Tetrahedron,
1996, 52, 1095-1121. '

The precursor of the part of the
pentasaccharide Pe when W repreéents an oxygen atom and
Ria is R; 1s prepared according to oligosaccharide
synthesis methods and particularly according to the
methods described in patents EP 84,999, EP 301,618,

- EP 454,220 and EP 529,715 and in patent applications

EP 93204769 and EP.94202470. When complete protection
is;yparriéa out, it 1is possible, using suitable
protecting groups, to obtain a free hydroxyl group on
position 4 of the non-reducing terminal unit (D). The
fully protected precursor of Pe is then coupled to this.
position uSing' the known methods of oligosaccharide
synthesis. '

The pentasaccharide Pe in which W represents a
carbon atom and R;a is R;, of formula:
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in which R and R; are as defined for (I), is obtained
from the synthon of formula:

Tn Tn

cu O |
% : / céotn’o °T

Tn
(I1.1)

in which T, and T,, which may be identical or different,
represent a temporary, semi-permanent or permanent
substituent, Z is a protecting group for a hydroxyl

- function which is itself "obtained by a synthesis

garried out by means of a radical reaction between a
free-radical-generating monosaccharide and a
monosaccharide containing a double bond, the C-
disaccharide thus obtained then being converted into

synthon (II.1l) according to the standard methods

described above according to C. van Boeckel and

M. Petitou.

The synthon of formula (II.l), which 1is
pa:;ticula_urly useful in the synthesis of the compounds
(IT); is of formula:

'OAc
_ o) cOo0Bn O
LevO _
OMe CH, OMe
MeO MeO .

(II.1) or compound 90
This synthon is prepared according to the

reaction scheme described in Scheme 22 below.
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The pentasaccharide Pe which features a
substituent R;a which constitutes an L-iduronic acid
unit of locked configurat_ion, of formula:

%O% /% % \§§47’
) coo o’ © 0 %o

3 1
5 ' (111)
in which R and R; are as defined for (I) and W

represents an oxygen atom, are obtained from the
synthon of formula:

TnOOC
°T% \%5’
ﬂ

10 (III.1)_ _
in which T, and T,, which may be identical or different,
represent a temporary, semi-permanent or permanent
substituent, Z is a protecting group for a hydroxyl
function which is itself obtained by a synthesis
15 carried out according to the methods described in the
literature M.K. Gurjar et al., Tetrahedron letters,
1995, 36, 11, 1937-1940, 1933-1936 and 1994, 35, 14,
| 2241-2244.
The synthon of formula (III.1) which is
20 particular_ly useful'_ ‘for 'synthesizing' the compounds
(II"-'I) is.of formula:

3{1 B{l
0
SN N
HO 0 0O
/
Bn

(I11.1)

This synthon is prepared according to the
reaction scheme described in Scheme 34 below.
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The intermediates (II.1l) and (III.l) are novel
intermediates which are particularly |useful for
preparing the compounds (I) according to the invention.

) The pentasaccharides Pe may thus be obtained
from ‘these disaccharide synthons (II.l1) or (III.1l) in
the way described in the publication by C.A.A.
van Boeckel and M. Petitou, Angew. Chem. Int. Ed. Engl.
mentioned above.

The term semi-permanent groups used above is -
understood to refer to the groups which can be removed
firstly after the glycosylation reactions when the
carbohydrate skeleton contains the desired number of
units, without removing or adversely affecting the,
other groups present, thereby allowing the introduction
of desired func:ional groups into the positions thgy
occupy. | -

The permanent groups are groups capable of
maintaining the protection of the OH functions during
introduction of the functional groups in place of the
semi-permanent groups.

These groups are chosen from those which are
compatible with the functional groups introduced after
removal of the semi-permanent groups. They are,
moreover, groups which are inert towards the reactions
carried out to. install these functional groups and
which may be removed without these functional groups

being adversely affected.

According to the invention, the permanent
groups areg preferably '(C;-Cg)alkyl groups.

S Examples :f semi-permanent and/or temporary
groups which ma, -2 mentioned are benzyl and acetyl,
levulinyl, p-matn xytenzyl groups, etc..

The s:h:=.%:ents in position 3 of the uronic
units of the i@ st Compound may already be present in
the starting syn:n ns, along with the substituent R;.

The prctacting groups used in the process for
preparing the compounds (I) are those commonly used in
sugar chemistry, for example in Protective Groups in
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Organic SYnthesis, TW Greene, John Wiley & sons,
New York, 1981.

The - protecting groups are advantageously
chosen, for example, from'acetyl, halomethyl, benzoyl,.
le%ulinyl, benzyl, substituted Dbenzyl, optionally
substituted trityl, tetrahydropyranyl, allyl, pentenyl,
tert-butyldimethylsilyl (tBDMS) or trimethylsilylethyl
groups (etc.).

_ The activating grdups are those Conventionally
used in sugar chemistry, for example according to
G.J.-Boons,_ Tetrahedron, 1996, 52, 10985-1121. These

"activating groups are chosen, for example, from

imidates, thioglycosides, pentenylglycosides,
xanthates, phosphites and halides. '

The process described above makes it possiblé
to obtain the compounds of the invention in the form of
salts. In order to obtain the corresponding acids, the
compounds of the invention in the form of salts are
placed in contact with a cation-exchange resin in
acidic form. '

The compounds of the invention in acidic form
may then be neutralized with a base in order to obtain
a desired salt. _

For the preparation of the salts of the
compounds of formula (I), any organic or inorganic base
may be used, giving, with the compounds of formula (1),
phiarmaceutically acceptable salts.

- Sodium hydroxide, potassium hydroxide, calcium
hydroxide?gr magnesium hydroxide is preferably used as
bask, The sodium and calcium Saits of the compounds of

- formula (I) are the preferred salts.

In step (a) of the prbcess, the protecting
groups used are those usually used by those skilled in
the art of sugar chemistry, for example according to EP
84,999 or alternatively according to Protective Groups
in Organic Synthesis, TW Greene, J. Wiley & sons, 1995,

The compounds (I) thus obtained may optionally
be salified. | | -
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The compounds of formula (I) above also
comprise those in which one or more hydrogen or carbon
atoms have ~been replaced with their radiocactive
isotope, for example tritium or carbon-14. Such
labelled ‘Compounds are useful in pharmacokinetic,
metabolism or research studies, and in biochemical
tests as ligands.

The compounds according to the invention formed
the subject of biocﬁémical and pharmacological studies

‘which showed that they possess very advantageous

propérties.

The compounds of the present invention which
bind selectively to AT III with an affinity equal to or.
greater than that of heparin possess the anticoagulant
and antithrombotic properties of heparin. _

The overall antithrombotic activity of the
products of formula (I) was evaluated -intravenously or
subcutaneously in'raﬁs, in a model of venous stasis and
induction by thromboplastin, according to the method
described by J. Reyers et al. in Thrombosis Research,
1980, 18, 669-674 as well as in a model .of arterial
thrombosis consisting of a shunt implanted between the
carotid artery and the Jjugular vwvein of rats, as
described by Umetsu et al. Thromb. Haemost., 1978, 39,
74-83. In these two experimental models, the EDs; of the
compounds of the invention is at 1least of the same

_order as or less than that of the other synthetic

heparinoids already known (EDso between 5 and
500 ug/kg). The compounds of the invention thus have a
spécificity of action and an anticoagulant and

"~ antithrombotic activity which are particularly

35

advantageous. _

By virtue of their biochemical and
pharmaceutical activity, the compounds of the present
invention are very advantageous medicines. Their

toxicity is entirely compatible with this use. They are
also very stable and are thus particularly suitable for

constituting the ~active principle of pharmaceutical
specialty products. '
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Furthermore, the compounds of the invention are
not neutralized by large doses of cationic platelet
proteins such as platelet factor 4 (PF4) released
during activation of these proteins in the process of
thfombosis. The compounds of the invention are thus
particularly advantageous for the treatment and
prevention of thrombosis of arterial or venous origin.

They may be used in wvarious pathologies which
are consecutive to a modification of the haemostasis of
the coagulation system, which appears in particular
during disordérs of the cardiovascular and
cerebrovascular system, for instance thromboembolic
disorders associated with atherosclerosis and with
diabetes, such as unstable angina, cerebral attacks,f
restenosis after angioplasty, endarterectomy and the
installation of ‘endovascular prostheses; or
thromboembolic disorders associated with rethrombosié
after thrombolysis, with infarction, with dementia 6f'
ischaemic origin, with peripheral arterial diseases,
with haemodialysis and with auricular fibrillations or
alternatively during the usé of vascular prostheses of
dortocoronary bridges. These products may moreover be
used for the treatment or prevention of thromboembolic
pathologies of venous origin such as pulmonary
embolism. They may be used for preventing or treating
thrombotic complications which appear during surgical
interventions or together with other pathologies such

" @s cancer and bacterial or viral infections. When they

are used during the  installation of prostheses, the
compounds of the present invention may coat the
proéfheses and thus make then haemocompatible. In
particular, they may be botind to intravascular
prostheses (stents). In this case, they may optionally
be_éhemically modified by introduction of a suitable
arm onto the reducing or non-reducing end, as described
in EP 649,854, | | .

The compounds of the present invention may also

be used as adjuvants during endarterectomy performed
with small porous balloons. o
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The éompounds of the invention are very stable
and are thus particularly suitable for constituting the
active principle of medicines.

” According to another of its aspects, the
sugject of the present invention is thus a
pharmaceutical composition containing, as active
principle, a synthetic polysaccharide as defined above.

The invention preferably relates to
pharmaceutical compositions containing, as active
principle, a compound of formula (I), {I.1l), (I.2) or
(I.3) or one of its pharmaceutically acceptable salts,
optionally in combination with one or more inert and
suitable excipients. _ _ .

In each dosage unit, the active principle is
present in amounts adapted to the daily doses
envisaged. In general, each dosage unit is convenientiy
adjusted according to the dosage. and type ‘of
administration planned, for example tablets, gelatin

- capsules and the like, sachets, ampules, syrups and the

like, drops and transdermal or transmucous patches,
such that one dosage unit contains from 0.1 to 100 mg
of active principle, preferably 0.5 to 50 mng.

The <compounds accdrding to the invention may
also be wused in combination with another active
principle which is useful for the desired therapy such
as, for example, antithrombotic agents, anticoagulants

of’platelet—antiaggregating agents, for example such as

dipyridamole, aspirin, ticlopidine, clopidogrel or
antagonists of the glycoprotein IIb/IIIa complex.

= The pharmaceutical compositions are formulated
for administration into mammals, including man, for the
treatment of the abovementioned diseases.

The pharmaceutical compositions thus obtained
are advantageously in various forms such as, for
example, injectable or drinkable solutions, tablets,
coated tablets or gelatin. capsules. The injectable
solutions are the preferred pharmaceutical forms. The
pharmaceutical compositions of the preéent invention
are useful in particular for the preventive or curative
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treatment of disorders of the wvascular wall, such as
atherosclerosis, the hypercoagulability states
observed, for example, after surgiéal operations,
fumour development or deregulation of coagulation,
which. are induced by bacterial, viral or enzymatic
activators. The dosage may vary widely as a function of
the age, weight and state of health of the patient, the
nature and severity of the complaint and the route of
administration. This dosage comprises the
administration of one or more doses of from 0.1 mg to
100 mg per day approximately, preferably from 0.5 to
50 mg per day approximately, intramuscularly or
subcutaneously, in continuous administrations or
administrations at regular intervals. '

'The subject of the present invention is thus
also pharmaceutical compositions which contain, as
active principle, one of the above compounds optionaliy
combined . with another  active pfinciple. These
compositions are prepared so as to be able to be
administered via the digestive or parenteral route.

In the pharmaceutical .compositions of the
present invention for oral, sublingual, subcutaneous,
intramuséular, intravenous, transdermal, transmucous,
local or rectal administration, the active ingredient
may be administered in unit forms of administration,
mixed with standard pharmaceutical vehicles, to animals

and to man. The appropriate unit forms of

" administration ccmprise oral forms such as tablets,

gelatin capsules, . powders, granules and oral

. sugpgnsioﬁé or solutions, sublingual and buccal

administration f':ms, subcutaneous, intramuscular,

intravenous, :i:-:.r.asal or intraoccular administration
forms and rect:. .:m:inistration forms.

When 1 - .:d4 composition in tablet form is

prepared, the miin active ingredient is mixed with a

pharmaceutica. v2nicle - such as ° gelatin, starch,

lactose, magnesium stearate, talc, gum arabic or the
like. The tablets may be coated with sucrose or other
suitable materials or alternatively they may be treated
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such that they have a sustained or delayed activity' and
so that they release a predetermined amount of active
principle coﬁtinuously.

- A preparation in gelatin capsules is obtained
by- mixing the active ingredient with a diluent and
pouring the mixture obtained into soft or hard gelatin
capsules.

The water—dispersible powders or granules may
contain the active ingredient mixed with dispersing
agents or wetting agents, or suspending agents, for
instance polyvinylpyrrolidone, as well as with
sweeteners or flavour enhancers.

For rectal administration, use is made of
suppositories which are prepared with binders that melt
at rectal temperature, for example cocoa butter or
polyethylene glycols. .

For ©parenteral, intranasal or intraoccular

administration, sterile, injectable solutions, isotonic

saline solutions or aqueous suspensions which contain
pharmacologically compatible dispersing agents and/or
wetting agents, for example propylene glycol or
butylene glycol, are used. ’

For transmucous administration, the active
principle may be formulated in the presence of a
promoter such as a'bile salt or in the presence of a

hydrophilic polymer -such as, for example,
hydroxypropylcellulose, hydroxypropylmethylcelluose,
hydroxyethylcellulose, , ethylcellulose,

carboxymethylcellulose, dextran, polyvinylpyrrolidone,
pectins, starches, gelatin, casein, acrylic acids,
acrylic esters and their copolymers, vinyl polymers or
copolymers, vinyl alcohols, alkoxypolymers,
polyethylene oxide polymers and polyethers, or a
mixture thereof.

The active principle may also be formulated in
the form of microcapsules, optionally with one or more
vehicles or additives. |

The active principle may also be in the form of
a complex with a cyclodextrin, for example a-, B- or
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Y-cyclodextrin, 2-hydroxypropyl-B-cyclodextrin or
methyl-B-cyclodextrin.

The active principle may also be released by a
small balloon containing it or by an endovascular
expander introduced into blood vessels. The
pharmacological efficacy of the active pr1nc1ple is
thus not adversely affected.

Subcutaneous administration - is the preferred
route.

The following methods, preparations and schemes
illustrate the synthesis of the various intermediates
which are useful for obtaining the polysaccharides
according to the invention.

The examples below also illustrate the
invention without, however, limiting it.

The following abbreviations are used: :
TBDMS: tert-butyldimethylsilyl; Lev: levulinyl; Bs:
benzyl; Bz: benzoyl; TLC: thin—layer- chromatography;
Olm: trichloroacetimidyl; LSIMS: Liquid Secondary Ion
Mass Spectrometry; ESIMS: Electron Spray Ionization
Mass Spectrometry; TMS: trimethylsilyl; TSP: sodium
trimethylsilyltetradeuteriopropionate; Tf: triflate;
MS: molecular sieves; All: allyl; PMB: p-methoxybenzyl;
SE: trimethylsilylethyl. |
Dowex®, Sephadex®, Chelex® and Toyopearl® are
registered trademarks.

5 In the methods, the preparations and in the

" examples described below, general procedures relating

to catalytlc coupling .of the imidates, Ccleavage of the
levullnlc ) esters, catalytic coupling of the
thloglyc051des, - saponification, methylation and
selective deprotection of the p—methoxybenzyl 'group,
the _deprotection and sulphation of the oligo~ and
polysaccharides by hydrogenolysis of the benzyl ethers
or of the esters, saponification of the esters or
sulphations may be performed .applying the general
methods below to the appropriate intermediates.
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GENERAL METHODS
METHOD 1. Coupling to imidates catalysed by tert-
butyldlmethyls1ly1 triflate.

A solution of tert- butyldlmethy151lyl triflate
in dichloromethane (1M, 0.2 mol/mol of imidate) is
added, under argon and at -20°C, to a solution of the
imidate and the glycosyl acceptor in dichloromethane
(17.5 ml/mmol) in the presence of 4 A molecular sieves.
After 10-20 minutes (TLC), solid sodium ‘hydrogen
carbonate is added. The solution is filtered, washed
with water, dried and evaporated to dryness.

METHOD 2. Cleavage of the levulinic group. .

The'compound to be deprotected is dissolved in
a 2/1 ethanol/toluene mixture (42 ml/mmol) and
hydrazine acetate (5 mol/mol) is added. The mixture is
left stirring for 15-30 minutes (TLC) and concentrated,
METHOD 3. Coupling to the thioglycosides catalysed by
N-iodosuccinimide/silver triflate.

The thioglycoside and the glycosyl acceptor are
dissolved in anhydrous toluene (18 ml /mmol of
ﬁhioglycoside) in the'presénce of 4 A molecular sieves
in a round-bottomed flask made of inactinic glass. The
mixture is stirred for 1 hour at room temperature. It
is cooled to 0°C and N-iodosuccinimide (3 mol/mol of
thioglycoside) is added, followed by silver triflate
(0.28 mol/mol of thioglycoside). After 10-15 minutes
(TLC), solid sodium hydrogen carbonate is added. After
filtratioqﬁ the solution is washed with aqueous 1M
sodigm ‘thiosulphafe solution, water, dried and
evaporated. '

METHOD 4. Saponification, methylation and selective
deprotection of the p-methoxybenzyl group.

' Saponification of the esters. The compound to
be saponified is dissolved in a 1/1 dichloromethane/
methanol mixture (4 ml/mmol). Sodium methoxide is added
and the mixture is stirred for 20 minutes and
neutralized with a 50 H' Dowex® resin. The solution is
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concentrated and this compound is used in the following
step withdut purification. _

Methylation. Sodium hydride ~ is added
portionwise, at 0°C, to a mixture of the above crude
product and methyl iodide in N,N-dimethylformamide
(7 ml/mmol). After complete reaction, the mixture is
poured into water and extracted with ethyl acetate. The
organic phases are washed with water, dried and
evaporated to dryness. ' _ - _

Cleavage of the p-methoxybenzyl. The above
crude compound is. dissolved in a 9/1 acetonitrile/water
mixture (20 ml/mmol). At 0°C, ammonium cerium nitrate
(0.5 mol/mol) is added. The reaction mixture is stirred
for 2 hours  (monitored by TLC), saturated sodium
hydrogen carbonate solution is added and the mixture is
extracted with ethyl acetate, dried and evaporated. =
METHOD 5. Deprotection and sulphation of the oligo- and
polysaccharides.

Hydrogenolysis of the benzyl ethers and benzyl
esters. A solution of the compound in glacial acetic
acid is left stirring for 6-12 hours (TLC) under a
hydrogen atmospheré (40 bar) in the presence of 5 %
Pd/C catalyst (twice the mass of'the compound) . After
filtration, the product is wused directly in the
following step.

Saponification of the esters. Aqueous 5 M
sd&ium hydroxide solution (in an amount such that the

' concentration of sodium hydroxide is 0.5 M at the end

of the addition) is.-added to a solution. of an ester in
me;hgnol"flso ml/mmol) . Aftér' 2-5 hours, water is
introduced and the mixture is passed through a column
of Sephadex® G-25 gel (1.6 x 115 cm) eluted with water.
The eluate is concentrated, passed through a Dowex® 50
H' column (2 ml) and freeze-dried. At this stage, it is
confirmed by 'H NMR that all the protecting groups have
been removed. If necessary, the product is subjected to
a further hydrogenation and/or saponification.
Sulphation. Triethylamine/sulphur ‘trioxide
complex (5 mol/mol of hydroxyl function) is added to a
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solution of the compound to be sulphated in
dimethylformamide (5 mg/ml). After one day at 55°C, the
solution 'is "placed at the top of a Sephadex® G-25
column (1.6 x 115 cm), eluted with 0.2 M sodium
chloride. The fractions éontaining the product are
concéntrated and desalified using the same column
eluted with water. The final compound is obtained after
freeze-drying. ' '
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SCHEME 3: Synthesis of monosaccharides 6 and 9
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PREPARATION 1
Ethyl 2,4,6-tri-0O-acetyl-3-O-methyl-~1-thio-B-D-
glucopyranoside (2).

' 1,2,4,6-Tetra-0O-acetyl-3-O-methyl-B-D-
glucopyranose 1 (69 g, 0.19 mmol), (B. Helferich et
al., J. prakt. Chem., 132, 321 (1932)) is dissolved in
toluene (580 ml). Ethanethiol (28 ml, 0.38 mmol) is
added, followed by dropwise addition of a solution of
trifluoroborane diethyl etherate (1 M in toluene,
190 ml). The mixture 1is left stirring for 1.5 hours
(TLC), solid sodium hydrogen carbonate is introduced.
and the mixture is filtered, washed with water, dried
and concentrated. Chromatography on a column of siliqa
(3/1 cyclohexane/ethyl acetate) gives 2 (37 g, 54 %}-.
[@lp -26 (¢ = 1. dichloromethane). 'H NMR (CDCl;). -8
5.05-4.96 (m, 2H, H-2, H-4), 4.39, (d, 1H, J = 9.5 Hz,
H-1), 4.18-4.12 (m, 2H, H-6, H-6"), 3.60 (m, 1H, H-5),
3.50 (dd, 1H, J = 9.3 Hz, H-3), 3.41 (s, 3H, OCH),
2.65-2.53 (m, 2H, SCHCH;), 2.12, 2.11, 2.09 (3s, O9H,

- 3 Ac), 1.25 (t, 1H, SCH,CH:).

PREPARATION 2
Ethyl 4,6-0O-benzylidene-3-O-methyl-1-thio-B-D-
glucopyranoside (3).

Compound 2 (37 g, 0.1 mmol) is dissolved in a
1/2 mixture of methanol and dichloromethane (1.5 1).

2 M sodium methoxide solution (150 ml) is added. After

0.5 hour ..at room  temperature, theé mixture is
nettralized with Dowex® 50 (H') resin, filtered and
concentrated. . | \

The above crude compound is dissolved in
anhydrous acetonitrile (1 1) and o, o~dimethoxytoluene
(30 ml1, 0.2 mol) and camphorsulphonic acid (2.3 g,
10 mmol) are added. The mixture is left stirring-for
1.5 hours (TLC), triethylamine (1.4 ml) is added and
the mixture is concentrated. The residue obtained is
precipitated in ethyl ether and gives 3 (27 g, 81 %).
[a]o ~60 (c = 1.63, dichloromethane). 'H NMR (CDC13) &
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'7.51-7.34 (m, 5H, Ph), 5.55 (s, 1H, CeHsCH), 4.56 (d,

1H, J = 9.2Hz, H-1), 2.75 (m, 2H, SCH,CHi), 1.32 (t, 3H,
SCH,CH;) .

.- Anal. Calculated for C;¢H2,05S (326.41): C,
58.58; H, 6.79; S, 9.82.

Found: C, 58.99; H, 6.74; S, 9.75.
PREPARATION 3

 Ethyl 2-O-benzyl—4,6-O-benzylidene—S-O—methyl-1—thio—B-

D-glucopyrancoside (4).

Sodium hydride (2.00 g, 83.3 mmol) is added, at
0°C, -to a solution of 3 (23 g, 71.0 mmol) and benzyl
bromide (11 ml, 83.0 mmol) in N,N-dimethylformamide
(200 ml). The mixture is left stirring for 2 hours_
(TLC), methanol is added and the reaction mixture is
poured into water. It is extracted with ethyl acetate,
washed.with water, dried and concentrated. The residue
is precipitated in ethyl ether in order to obtain 4
(18.8 g, 63 %). m.p. 123°C. f[a]lp -35 (c = 0.63,
dichloromethane). 'H NMR (CDCly) & 7.50-7.25 (m, 10H,
2Ph), 5.55 (s, 1H, Ce¢HsCH), 4.54 (d, 1H, J = 9.7 Hz, H-
1), 4.34 (m, 1H, H-6), 3.75 (t, 1H, J = 10.2 Hz, H-6'),
3.65 (s, 3H, OCH;), 3.60-3.33 (m, 4H, H-5, H-4, H-3, H-
2), 2.75 (m, 2H, SCH,CHs), 1.32 (t, 3H, SCH,CH:).

Anal. Calculated for C;3H;s0sS (416.54): C,
66.32, H, 6.78; S, 7.70.

Found: C, 66.25; H, 7.28; S, 7.54.
PREPARATION 4

" Ethyl 2,6-di-O-benzyl-3-0-methyl-1-thio~f-D-

glucopyranoside (5).-
Y. A solution of  trifluorocacetic  anhydride
(0.65 ml, 4.50 mmol) in trifluoroacetic acid (16 ml,

- 0.21 mmol) is added, under argon, to a solution of 4

(28.8 g, 69.0 mmol) and triethylsilane (33 ml,
0.21 mmol) in dichloromethane (120 ml). The mixture is
left stirring for 2 hours and diluted with ethyl
acetate and aqueous 1 M sodium hydroxide - solution is
added to pH 9. The mixture is extracted with ethyl
acetate, washed with water, dried and evaporated to

‘dryness. The residue'is purified on a column of silica
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(3/1 and then 2/1 cyclohexane/ethyl acetate) in order
to obtain 5 (17.4 g, 60 %). f(alp -47 (¢ = 1,
dichloromethane). 'H NMR (CDCl;) & 7.45-7.25 (m, 10H,
2Ph), 4.47 (d, 1H, J = 9.3 Hz, H-1l), 3.66 (s, 3H, OCH3),
3.%1-3.40 (m, 2H, H-4 and H-5), 3.36-3.19 (m, 2H, H-2
and H-3), 2.73 (m, 2H, SCH.CH;), 1.31 (t, 3H, SCH.CHs).
Anal. Calculated for Cy3H30sS (418.55): C,
66.00, H, 7.22; S7.66., Found C, 65.62; H, 7.28; S,
7.21.
PREPARATION 5
Ethyl 2,6-0-di-benzyl-4-0-levulinyl-3-O-methyl-1-thio-
B-D-glucopyranoside (6). _
Compound 5 (17.3 g, 41.4 mmol) is dissolved in
anhydrous dioxane (400 ml). Levulinic acid (9.60 g,-
83.0 mmol), : 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide (16 g, 86 mmol) and 4=
dimethylaminopyridine (1 g, 8.3 mmol) are added. The
nixture is left stirring for 4 hours, extracted with
ethyl acetate, washed successively with aqueous 5 %
potassium hydrogen sulphate solution, with water, with
saturated aqueous sodium hydrogen carbonate solution,
with water, dried and concentrated. The residue is
purified on a column of silica (6/1 toluene/ethyl
acetate) in order to obtain pure € (19.9 g, 93 %). [alo
- 5 (c = 1.46, dichloromethane). LSIMS, positive mode:
m/z thioglycerol + NaCl, 539 (M+Na)'; thioglycerol + KF,
555 (M+K)*. 'H NMR (CDCls;) & 7.40-7.20 (m, 10H, 2Ph),

O(C:0)CHCH, (C:0)CH3);, - 2.16 - (s, 3H,
O(G—‘:Q)CHzCHz (C:O) CH3) ’ 1.32 (t, 1H, Jd= 7.3 Hz, SCH2CH3) .
Anal. Calculated for C;H30.S (516.65): C,

65.09, H, 7.02; S, 6.21. Found: C, 65,30; H, 7.03; S,
5.75. '

PREPARATION 6
Allyl 4,6-O-benzylidene-3-o-methyl—B-D-glucopyranoside
(7).

Trifluoromefhanesulphonic acid ' (1.10 ml1,
0.012 mol) is added to a suspension of commercial 3-0--
methylglucose (135 g, 0.7 mol) in allyl alcohol (i 1).
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The mixture is heated at 120°C for 2 hours. It is
neutralized by addition of .triethylamine (2 ml) and

evaporated to dryness.
- a,~-Dimethoxytoluene (136 ml, 0.9 mol) and
caﬁphorsulphonic acid (25 g, 0.13 mmol) are added to
the above crude compound 'dissolved iﬁ N, N-
dimethylformamide (2 1). The mixture is heated at 80°C
for 1 hour under vacuum. It is neutralized by addition
of triethylamine (21 ml) and extracted with ethyl
acetate, washed with water, dried and concentrated in
order to obtain a solid a/Bp mixture = 3/2, (144 g,
57 %). This mixture is recrystallized from ethanol in
order to obtain pure 7-a (60 g, 26 %). Chromatography
of part of the mother liquors on a column of silica'
(3/1 cyclohexane/ethyl acetate) gives pure 7-B (7.6 g),
7-a/B (6.8 g) and pure 7-o (1.4 g). G
Compound 7-B: [a]p -43 (c = 1, dichloromethane) .

m.p.: 131°C. "H NMR (CDCls;) & 7.50-7.26 (m, 5H, Ph),

6.01-5.90 (m, 1H, OCH,(CH:CH,)), 5.55 (5, 1H, CeHsCH),
5.38-5.32 (m, 2H, OCH,(CH:CH;)), 4.47 (d, 1H, J =
7.5 Hz, H-1), 4.42-4.32 (m, 2H, H-6’ and OCH,(CH:CH,)),
4.21->4.15 (m, 1H, OCH,(CH:CH,)), 3.80 (dd, 1H, J =

10.2 Hz, H-6), 3.67 (s, 3H, OCHs).

Anal. Calculated for Ci7H,,0¢ (322.36): ¢,
63.34; H, 6.88. Found: C, 63.23; H, 7.12.

PREPARATION 7

" Allyl 2-O-acetyl-4,6-O-benzylidene-3-O-methyl-B-D-

gluco-pyranoside (8).

T 7 (11.% : 35.7 mmol) is dissolved in dichloro-
methane {100 . - and acetic anhydride (4.0 ml,
42.8 mmol), tr.--nylamine (6.40 ml, 46.4 mmol) and
4-dimethylamirn g ,r::ine (440 mg, 3.60 mmol) are added.
The mixture is [.:7- stirring for 2 hours (TLC), washed
successively . aqueous 5 & potassium hydrogen
sulphate soluti:n, with Water, with saturated aqueous

sodium hydrogen carbonate solution, with water, dried
and evaporated .until a solid 8 (12.3 g, 95 %) is
obtained. m.p. 115°C. [a]p, -68 (¢ = 1, "dichloro-
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methane). LSIMS, positive mode: m/z thioglycerol +
NaCl, 387 (M+Na)'; thioglycerol + KF, 403 (M+K)'. 'H NMR
(cpcls) & 7.51-7.34 (m, SH, Ph), 5.98-5.78 (m, 1H,
OCH, (CH:CH,)), 5.56 (s, 1H, CeHsCeHsCH), 5.32-5.17 (m,
2H: OCH, (CH:CH,)), 4.99 (dd, J = 8 Hz, 1H, H-2), 4.55
(d, J = 7.9 Hz, 1H, H-1), 4.39-4.29 (m, 2H, H-6 and
OCH, (CH:CH,)), 4.14-4.04 (m, 1H, OCH,(CH:CH,)) 3.82 (t,
J = 10.2Hz, 1H, H-6’), 3.60 (s, 3H, OCHs), 2.12 (s, 3H,
Ac). ' :
Anal. Calculated for CioHpO, (366.39): C, 62.63;
H, 6.64. Found: C, 62.63; H, 6.64.

PREPARATION 8 .
Allyl 2-O-acetyl-6-O-benzyl-3-O-methyl-f-D-glucopyrano-"
side (9). |

A solution of trifluoroacetic anhydri&é
(306 pl, 2.10 mmol) in tfifluoroacetic.acid (10 m1) 4is
added, at 0°C, to a solution of 8 (12.0 g, 33.3 mmol)
and triethylsilane (21.3 ml, 133 mmol) in anh&drous
dichloromethane (50 ml). The mixture is left stirring
for 4. hours (TLC), diluted with ethyl acetate ‘and
aqueous 1M sodium hydroxide solution is added to PH 9.
The mixture is extracted with ethyl acetate, washed
with water, dried and concentrated. The residue is
purified on a column of silica (8/5
cyclohexane/acetone) to give pure 9 (10 g, 82 %). [alp

-40 (c = 1.06, dichloromethane). H NMR (CDCl.) & 7.35-

7.28 (m, 5H, Ph), 5.87-5.79 (m, 1H, OCH,(CH:CH.)), 5.28-
5.14 (m, 2H, OCH,(CH:CH,)), 4.43 (d, 1H, J = 7.9Hz, H-
1), 4.41-4.28 (m, 1H, OCH,(CH:CH,)), 4.10-4.02 (m, 1H,
OCH; (CH:CH.), 3.77-3.75 (m, 2H, H-6 and H-6'), 3.51 (s,
3H, OCHs;), 3.30 (dd, 1H, J = 8.9Hz, H-3), 2.8 (d, L1H,
OH) .. _

Anal. Calculated for Cy;9Hz¢07 (366.39): C, 62.28;
H, 7.15. Found: C, 61.73: H. 7.19.
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PREPARATION S
Allyl 2-0O-acetyl-6-0O-benzyl-3-O-methyl-4-0-(2,6~-di-0O-
benzyl-4-0O-levulinyl-3-O-methyl-a-D-glucopyranosyl) -p-
D=glucopyranocside (10).
" ' The thioglycoside 6 (17.4 g, 33.7 mmol) and the
glycosyl acceptor 9 (10.3 g, 28.1 mmol) are dissolved

in dichloroethane (150 ml). 4 A molecular sieves are

added and the mixture is left stirring for 1 hour. A
solution of N-iodosuccinimide (8.30 g, 33.7 mmol) and
trifluoromethanesulphonic acid (0.30 ml, 3.30 mmol) in
a mixture of dichloroethane and ethyl ether (415 ml,
1:1) is added, at -20°C and under an argon atmosphere.
The mixture is left stirring for 10 minutes (TLC),
sodium hydrogén carbonate is added and the mixture is
filtered, washed successively with aqueous 1M sodium

~thiosulphate solution, with water, with saturated

aqueous sodium hydrogen carbonate solution, with water,
dried and cbncentrated. The residue is purified on a -
column of silica (11/1 dichloromethane/ethyl acetate)
in order to give the pure disaccharide 10-a (11.7 d,
52 %). [alp + 38 (¢ = 1.01, dichloromethane). !H NMR
('_CDCl3) & 7.35-7.23 (m,l 15, 3 Ph), 5.90-5.80 (m, 1H,
OCH. (CH:CHz)), 5.47 (d, 1H, J = 3.6 Hz, H-1’), 5.27-5.14
(m, 2H, OCH,(CH:CH,)), 5.05-4.90 (m, 2H, H-4’ and H-2),
4.42 (d, 1H, J = 7.6 Hz, H-1), 4,38-4,32 (m, 1H,
OCH; (CH:CHz)), 4.15-4.0 (m, 1H, OCH,(CH:CH,)), 3.90 (dd,
1H, J = 8.8 Hz, H-4), 3.54, 3.34 (2 s, ©H, 2 OCH;),

©2.75-2.40 (m, 4H, O(C:0)CH;CH,(C:0)CHs), 2.16, 2.10

(2 s, 6H, Ac and O(€:0)CH,CH;(C:0)CH;) .

Y. Anal. Calculated for CuHssOn (820.94): C,
65.84; H, 6.88. Found: C, 65.74; H, 6.90.
PREPARATION 10 |
Prop-1’ -enyl-2-O-acetyl-6-O-benzyl ~3-O-methyl-4-0-(2,6-
di-O-benzyl-4 -O-levulinyl~-3-O-methyl-o-D-
glucopyranosyl) -B-D-glucopyranoside (11) .

1, 5—Cyclooct_adienebis [methyldiphenylphos-
phineliridium hexafluorophosphate (5.80 mg, 0.70 pumol)
is added to a solution of 10 (1.36 g, 1.66 mmol) in
peroxide-free tetrahydrofuran (4.30 ml).. The solution
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is 'degassed, placed under an argon atmosphere and
hydrogen is introduced. The mixture 1is left stirring
for 10 minutes (TLC) and evaporated. The residue is
taken up in dichloromethane, washed with saturated

'aqﬁeous sodium hydrogen carbonate solution, with water,

dried and concentrated. The residue is purified on a
column of silica (3/1 toluene/ethyl acetate) in order
to obtain pure 11 (1.04 g, 76 %). [alp + 47 (c = 1.1,
dichloromethane) . LSIMS, positive mode: m/z
thioglycerol + NaCl, 951 (M + Na)*; thioglycerol + KF,
967 (M + K)*. H NMR (CDCl;) & 7.34-7.23 (m, 15H, 3 Ph),
6.21-6.16 (m, 1H, O(CH:CH)CHs;), 5.45 (d, 1H, J = 3.5 Hz,
H-1"), 5.13-4.97 (m, 3H, H-4’, H-2 and O(CH:CH)CH:), 4.6
(d, 1H, J = 7.55 Hz, H-1), 3.96 (dd, 1H, J = 8.9 Hz, H-
4"), 3.54, 3.34 (2 s, 6H, 2 OCH3), 2.74-2.36 (m, A4H,
O(C:0)CH,CH,(C:0)CH;), 2.15, 2.08 (2s, 6H, Ac and
O(C:0) CH,CH, (C:0) CH3) 1.56-1.51 (dd, 3H,_O(CH:CH)C£&). )

_ Anal. Calculated for C4sHs6014 (820.94): C,
65.84; H, 6.88., Found: C, 66.21; H, 6.92.
PREPARATION 11 ,
2-0-Acetyl-6-0O-benzyl-3-O-methyl-4-0-(2,6-di-O-benzyl-
4-O-levulinYl-3-0-methyl—a-D—glucopyranosyl)-a,B-D—
glucopyranose (12).

A solution of mercuric chloride (3.9 g,

14.3 mmol) in a mixture of acetone and water (26 ml,
5/1) 1is added dropwise to a solution of 11 (7.8 g,
9553'mmol) and mercuric oxide in the same Solvent
(80 ml). The mixture is left stirring for 1 hour,
filtered and concentrated. It 1is extracted with
digh}oroméfhane and the extracts are washed with
saturated aqueous potassium iodide solution) with
water, dried and concentrated. The residue is purified
on a column of silica (10/1 and then 4/1
dichloromethane/acetone) in order to obtain.12 (6.70 g,
90 %). _
[alp + 92 (¢ = 1.37, dichloromethane). TLC, Rr 0.31,
14/1 dichloromethane/acetone. 'H NMR (CDCLy) § 7.37-7.24
(m, 15H, 3 Ph), 5.46 (d, 1H, J = 3.5 Hz, H-1'), 5.37
(d, J = 3.6 Hz, H-la), 4.58 (d, J = 8 Hz, H-1B), 3.54,
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3.39, 3.36 (3s, 6H, 2 OCH;), 2.75-2.4 (m, A4H,
O(C:O)CH,CH, (C:0)CH;),  2.16,  2.15  (2s,6H,Ac  and
0(C:0)CH,CH;(C:0)CH;), 2.16, 2.15 (2s, 6H, Ac and
O¢C:0) CH,CH; (C:0) CH3) .

; Anal. Calculated for CyHs:014 (780.83); C,
64.60; H, 6.71. Found: C, 65.09; H, 6.82.
PREPARATION 12
2-0O-Acetyl-6-0O-benzyl-3-O-methyl-4-0-(2,6-di-O-benzyl-
4-O-levulinyl-3-O-methyl-a-D-glucopyranocsyl) -a,B-D-
glucopyranose trichloroacetimidate (13) .

Compound 12 (5.00 g, 6.4 mmol) is dissolved in

dichloromethane {50 ml) and trichloroacetonitrile

(3.9 ml, 38.8 mmol) and potassiuﬁ carbonate (1.6 g,
11.6 mmol) are added, under argon. The mixture is left
stirring for 16 rours (TLC) and filtered. The filtrate
is purified on a column of silica (8/1 and then 471
dichloromethane/acetone) in order to give a mixture
(a/B = 60/40) of imidates 13 (5.22 g, 87 %). TLC, Re
0.66 and 0.51, 20/1 dichloromethane/acetone. !H NMR
(CDC1l;) 8 8.62-8.59 (2s, 1H, N:H-a and B), 7.37-7.23 (m,
15H, 3 Ph), 6.51 (d, J = 3.7 Hz, H-la), 5.81 (d, J =
7.1 Hz, H-1B), 5.50 (d, 1H, J = 3.5 Hz, H-1’), 3.55,
3.41, 3.37 (3s, SH, 3 OCHj;), 2.75-2.40 {m, 4H,
O(C:0)CH;CH, (C:0)CH:), 2.16, 2.07, 2.04 (3s, 6H, Ac and
(C:0) CH.CH; (C:0)CH.) .

. Anal. Calculated for CuHs,Cl3NOy (925.26): C,
57.12; H, 5.66; N, 1.51. Found: C, 57.31; H, 5.87; N,

" 1.55.

PREPARATION 13
AlLyl . 2-O-acetyl-6-O-benzyl- -3-O-methyl-4-0-(2,6-di-0O-
benzyl-3-0-methyl -a- D-glucopyranosyl)—B-D- '
glucopyranoside (14).

Compcur.: 10 (3.11 g, 3.80 mmol) is treated

according 'tc Heerro i 2 in lorder to give 14 (2.70 g,
97 %). [a]: + > .z = 1.7, dichloromethane). LSIMS,
positive mode: =~/:z thioglycerol + NaCl, 745 (M+Na)*;

thioglycerol + XF, 761 (M+K)*. 'H NMR (CDCl;) 4 7.33-
7.20 (m, 15H, 3 Ph), 5.87-5.78 (m, 1H, OCH,(CH:CH,)),
5.50 (d, 1H, J = 3.5 Hz, H-1'), 5.30-5.17 (m, 2H,
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OCH; (CH:CH,)), 5.02 (dd, 1H, H-2), 4.43 (d, 1H, J =
7.6 Hz, H-1), 4.34-4.28 (n, 1H, OCH,(CH:CHp)), 4.12-4.02
(m, 1H, OCH,(CH:CH,)), 3.63, 3.36 (2s, 6H, 2 OCHs;), 2.10
(§, 3H, Ac). |
" - Anal. Calculated for CioHsoO (722.84); C,
66.47; H, 6.97. Found: c, 66.31; H, 7.24.
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PREPARATION 14
Allyl 0-(2,6-di-0-benzyl-4-0O-levulinyl-3-O-methyl-a-D~-
glucopyranosyl)-(1—94)-0—(2-O—acetyl—6-O—benzyl-3—0—
methyl-B-D-glucopyranosyl) - (1—>4) -0- (2, 6-di-O-benzyl-3-
O-methyl -a-D-glucopyranosyl) - (1—4) -2-O-acetyl-6-0-

. benzyl-3-0O-methyl-pf-D~glucopyranoside (15).

A mixture of the imidate 13 (4.22 g, 4.56 mmol)
and the glycosyl acceptor 14 (2.63 g, 3.64 mmol) is
treated according to Method 1. The product is purified
on a column of silica (3/2 and then 1/1 toluene/ethyl
ether) in order to give the tetrasaccharide 15 (4.31 g,
80 %). [alp + 52 (¢ = 0.66, dichloromethane). !H NMR
(CDC1;) 8'7.35—7.23 (m, 30H, 6 Ph), 5.83-5.79 (m, 1H,
OCH, (CH:CHp)), 5.47 (d, 2H, J = 3.5 Hz, H-1''’ and H-
1), 5.25-5.14 (m, 2H, OCH,(CH:CH,)), 4.38 (d, 1lH, J =
7.7 Hz, H-1"), 4.30 (d, 1H, J = 8 Hz, H-1), 4.32-4.%5
(m, 1H, OCH,(CH:CH;)), 4.08-4.02 (m, 1H OCH; (CH:CH,) ),
3.56, 3.53, 3.34, 3.27 (4s, 12H, 4 OCHj), 2.78-2.40 (m,
4H, O(C:0)CH,CH(C:0)CH3), 2.15, 2.09, 1.85 (3s, O9H,
2 Ac and O(C:0)CH,CH;(C:0)CHs) .

Anal. Calculated for CgHig0025 (1485.7): C,
66.29; H, 6.78. Found: C, 66.10; H, 6.79.

PREPARATION 15 '

- 0-(2,6-Di -O-benzyl-4-O-levulinyl-3-O-methyl-a-D-

glucopyranosyl)—(1—+4)-o-(2-O-acétyl-6-O-benzyl-3-o-
methyl-B-D-glucopyranosyl)—(1—+4)—O-(2,6—di-o-beznyl—3—
04ﬁethy1—a-D-glucopyranosyl)—(1—+4)—2-O-acetyl-6-0—

" benzyl-3-0O-methyl-a,B-D-glucopyranose (16).

Compound 15.(2.30 g, 1.54 mmol) is treated as
ingPreparéfion 10. After 10 minutes, a solution of N-

. bromosuccinimide (0.30 g, 1.70 mmol) in dichloromethane

(15 ml) and water (5.50 ml) is added to the reaction
mixtpre. " The mixture is left stirring for 5 minutes
(TLC) . It is diluted with diéhloromethane, washed with
saturated aqueous sodium hydrogen sulphate solution,
with water, dried and concentrated. ' The " residue is
purified on a column of silica (3/2 toluene/ethyl
acetate) in order to give pure 16 (1.57 g, 71 % over
the two steps). [alp + 69 (¢ = 0.87,'dichloromethane).
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'H NMR (CDCls) & 7.38~7.20 (m, 30H, 6 Ph), 5.47 (d, 1H,
J = 3.5 Hz, H-1’’’ and H-1’), 5.36 (d, 1H, J = 3.5 Hz,
H-la), 4.55 (d, 1H, J = 8 Hz, H-1), 4.36 (d, 1H, J =
8 Hz, H-1”), 3.56, 3.54, 3.39, 3.36, 3.28 (5s, O9H,
3 OCH3), 2.75-2.35 (m, 4H, O(C:0)CH,CH,(C:0)CHs), 2.16,
2.13, 2.12, 1.86 (4s, - 9H, 2 Ac and
0(C:0) CH,CH, (C:0) CHs) . '
PREPARATION 16
0-(2,6-Di-0O-benzyl-4-0-levulinyl-3-O-methyl-o-D-
glucopyranosyl)—(1494)—O-(2-O—acetyl—6-O—benzy1—3—0—
methyl-B—D—glucopyranosyl)-(1—94)-04(2,6—di-0—benzy1—3—
O—methyl-a-D—glucopyranosyl)—(1—+4)-2-O—aqetyl-64o-
benzyl-3-0-methyl-a,B-D-glucopyranose
trichloroacetimidate (17).

A mixture of 16 (1.5 ¢, 1.04_mmol),
trichlorocacetonitrile (0.63 ml, 6.22 mmol) and
potassium carbonate (0.26 ¢, .1.87 mmol) in

dichloromethane (15 ml) is left stirring for 16 hours
at room temperature. The solution is filtered and

concentrated. It is purified on a column of silica (4/1
toluene/acetone + 1 ° of tfiethylamine) in order to

give 17 (1.47 g, 89.6 %), TLC, Rr 0.5 7/2
toluene/acetone.

PREPARATION 17 _ _

Allvyl 0-(2,6-di-O-benzyl-3-0-methyl-a-D-
glucopyranosyl) (1>4) -0-(2-0O-acetyl- 6-0-benzyl -3-0~

) methyl B-D-glucopyranosyl) - (1—-4) -0-(2, 6-di-O-benzyl-3-

-methyl-a-D-glucopyranosyl) (1—94)-2—O—acetyl-6-0-
benzyl-3-0O-methyl-B-D-glucopyranoside (18) .

. The delevulination of 15 (1.3 g, 0.87 mmol) is
carried out according to Method 2 in order to give 18
(1.05 g, 86 %). [a]p + 40 (¢ = 0.6, dichloromethane). 'H

R -(CDCls) & 7.36-7.23 (m, 30H, 6 Ph), 5.83-5.78 (m,
1H, OCH:(CH:CH;)), 5.50 (d, 1H, J = 3.5 Hz, H-1''7"),
5.47 (d, 1H, J = 3.5 Hz, H-1'), 5.25-5.21 (dd, 1H, J =
1.6 Hz, J = 17 Hz, OCH. (CH:CHz)), 5.16-5.13 (dd, 1H, J =
1.4 Hz, J = 10 Hz, OCH,(CH:CH,)), 4.38 (d, 1H, J =
6.5 Hz, H-1"), 4.31 (d, 1H, J = 6.5 Hz, H-1), 4.08-4.02
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(m, 1H, OCH;(CH:CH.)), 3.59 (m, 1H, H-4'’’), 3.67, 3.53,
3.39, 3.29 (4s, 12H, 4 OCH;), 2.09, 1.86 (2s, 6H, 2 Ac).
PREPARATION 18 |
Allyl 0-(2,6-di-O-benzyl-4-0O-levulinyl-3-O-methyl-a-D-

: glﬁcqpyranosyl) -{1—>4) - [0~ (2-0-acetyl-6-0-benzyl-3-0-

methyl-B-D-glucopyranosyl) - (1—>4) -O- (2, 6-di-O-benzyl-3-
O-methyl-a-D-glucopyranosyl) - (1—>4) ]3-2-O-acetyl-6-0-

~benzyl-3-O-methyl-B-D-glucopyranoside (19).

A mixture of 18 (842 mg, 0.53 mmol) and 17
(1.17 g, 0.74 mmol) is treated according to Method 1.
The prodﬁct is purified on a Toyopearl® HW-50 column -
(110 x 3.2 cm; 1/1 dichloromethane/ethanol) in order to
give 19 (1.44 g, 85 8). [alo + 57 (c = 1.01,
dichloromethane). ‘H NMR (CDCls) d 7.35-7.20 (m, 60H,.
12 pPh), 5.83-5.7% {(m, 1H, OCH,(CH:CH,)), 5.24-5.21 (dd,
1H, OCH;(CH:CH.)), 5.16-5.13 (dd, 1H, OCHZ(CH:CHZ))_:_-,
3.59, 3.56, 3.51, 3.47, 3.33, 3.26 (6s, 24H, 8 OCHi),
2.75-2.35 (m, 4H, O(C:O)CH,CH,(C:0)CHs), 2.15, 2.09,
1.85, 1.84 (4s, 15H, 4 Ac and O(C:0)CH,CH,(C:0)CHs) ;

8 of the main anomeric protons: 5.48; 4.37;
4.29; 4.23 ppn. | |

Anal. Calculated for C;s¢0i7Higs (2815.51); c,
66.56; H, 6.73. Found: C, 66.22; H, 6.75.
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SCHEME 6: Synthesis of polysaccharide 29
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PREPARATION 19
0-(2,6-Di-0O-benzyl-4-0O-levulinyl-3-O-methyl-a-D-
glucopyranosyl)-(1—4)-[O-(Z-O—acetyl—640—benzyl-3—o—
methyl-B—D-glucopyranosyl)-(1-4)-0-(2,6—di-0-benzy1—3-
O-methyl -a~D-glucopyranosyl) - (1-4) ] s~2-O-acetyl-6-0-
benzyl-3-0O-methyl-a,pB~-D-glucopyrancse (20).

Compound 19 (720 mg, 0.25 mmol) is treated as
in Preparation 15. The product is purified on a column
of silica (3/2 and then 4/3 toluene/ethyl acetate) in
order to obtain 20 (555 mg, 78 %). [a]p + 70 (c = 0.94,
dichloromethane). TLC, Rf 0.43, 1/1 toluene/ethyl
acetate.

PREPARATION 20
O-(2,6-Di-O-benzyl-4-0O-levulinyl-3-0O-methyl-a-D-
glucopyranosyl)—(1-4)—[0—(2—O-acétyl—6—0—benzyl—3—o—
methyl-B-D-glucopyranosyl)-(1—4)-O—(2,6—di—0-benzyl—3-f
O-methyl-a-D-glucopyranosyl)-(1-4)]3-2-9-acetyl-6-0- -
benzyl-3-0-methyl-a,B-D-glucopyranose
trichloroacetimidate (21).

Compound 20 (540 mg, 0.195 mmol) is treated as
in Preparation 16. The product is purified on a column
of silica (3/2 -toluehe/ethyl acetate + 1 7; of

triéthylamine) in order to give a mixture (a/Bp = 27/73)
of the imidates 21 (455 mg, 80 %). TLC, Re 0.48, 3/2

‘toluene/ethyl acetate. 'H NMR (CDCl;) & 8.60, 8.59 (2s,

1H, N:Ha and B), 7.35-7.21 (m, 60H, 12 Ph), 2.75-2.40
(m, 4H, O(C:0)CHCH,(C:O0)CHs), 2.16, 2.06, 2.04, 1.85,

' 1.84 (5s, 15H, 4 Ac and 0 (C:0) CH,CH, (C:0) CH;) .

'H NMR (CDCl3) 8 of the main anomeric protons:
6.50; 5.79; 5.51; 5.48; 4.29; 4.25. ppm.
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SCHEME 7: Synthesis of oligosaccharide 28
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PREPARATION 21 _ : :
Phenyl 2,4,6—tri—0-acety1—3—O—methyl—1—thio-a—D-
glucopyranoside (22).
- 1,2,4,6-Tetra-0O-acetyl-3-O-methyl-B-D-
gltcopyranose 1 (5.23 g, 14.4 mmol) is dissolved in
toluene (45 ml). Thiophenol (3.0 ml, 28.8 mmol) is
added, followed by dropwise addition of trifluoroborane
diethyl etherate (1.77 ml, 14.4 mmol) and the mixture
is then heated at 50°C for 0.5 hour. It is diluted with
dichloromethane, washed with_saturated agueous sodium
hydrogen carbonate solution, with water, dried and
concentrated. The residue is purified on a column of
silica (5/2 cyclohexane/ethyl acetate) to give 22-a
(1.00 g, 17 8%) and 22-B (2.71 g, 46 %). ;

22-a, Ry 0.44, 3/2 cyclohexane/ethyl acetate.
[alp + 230 (¢ = 1, dichloromethane). ESIMS, positive
mode: m/z + NaCl, 435 (M+Na)*; +KF, 451 (M+K)*. 'H NMR
(CDCls) & 7.46-7.27 (m, 5H, Ph), 5.89 (d, 1H, J =
5.6 Hz, H-1), 5.05-4.97 (m, 2H, H-2 and H-4), 4.49-4.42
(m, 1H, H-5), 4.25-4.18 (m, 1H, H-6), 4.05-4.00 (m, 1H,
H-6"), 3.66, (dd, 1H, J = 9.5 Hz, H-3), 3.51 (s, 3H,
OCH;), 2.16, 2.12, 2.00 (3s, 9H, 3 Ac).

Anal. Calculated for - CisH,.08S (412.46): C,

55.33; H, 5.87; S, 7.77. Found: C, 55.25; H, 5.90; s,

7.75.
PREPARATION 22
Phenyl 4,6-0O-benzylidene-2,3-di-O-methyl-1-thioc-a-D-

* glycopyranoside (23).

Compound 22 .(970 mg, 2.35 mmol) is dissolved in
a 2/1 mixture of methanol and dichloromethane (18 ml).
2M sodium methoxide solution (150 ml) is added. After
0.5 hour at room temperature, the mixture is
neutralized with Dowex® 50 (H}) resin, filtered and
concéntrated. :

a,a-Dimethoxytoluene (0.7 ml, 4.0 mmol) and
camphorsulphonic acid (51 mg, 0.22 mmol) are added to
the above crude Treaction mixture in acetonitrile
(22 ml). The mixture is left stirring for 1 hour,
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neutralized by addition of triethylamine (0.50 ml) and
concentrated.

Sodium hydride (73.0 mg, 2.80 mmol) is added,
at 0°C, to a solution of the above crude product
and - methyl iodide (163 pl, 4.0 mmol) in
N,N-dimethylformamide (9 ml). The mixture is left
stirring for 1 hour and methanol is added. The mixture
is extracted with ethyl acetate, washed with water,
dried and concentrated to obtain 23 in solid form
(840 mg, 94 %). m.p.: 178°C. [alp + 330 (c = 1,
dichloromethane). ESIMS, positive mode: m/z + NacCl,
411.4 (M+Na)®; +KF, 427.4 (M+K)'. 'H NMR (CDCls) & 7.50-
7.24 (m, 10H, 2 2h), 5.71 (4, 1H, J = 3.4 Hgz, H-1),
5.52 (s, 1H, C.H<cCH, 3.62 (s, 3H, OCHs), 3.55 (s, 3H,
OCHs) . '

Anal. Calculated for CxHx0sS (388.48): C,
64.92; H, 6.23; S, 8.25. Found: C, 64.87; H, 6.17; S,
7.85. '

PREPARATION 23
Phenyl 6-O-benzyl-2,3-di-O-methyl-1-thio-o-D-
glucopyranoside (24).

Compound 23 (792 mg, 0.47 mmol) is treated as’
in Preparation 4. The product is purified on a column
of silica (7/2 and then 2/1 cyclohexane/ethyl acetate)
to give 24 (318 mg, 80 %). [a]p + 243 (c = 1,
dichloromethane). ESIMS, positive mode: m/z + NaCl, 413
(M+Na)*; +KF, 429 (M+K)'. 'H NMR (CDCls) & 7.52-7.22 (m,
10H, 2 Ph), 5.71 (d, 1H, J = 5.3 Hz, H-1), 3.64 and
3.49 (2s, 6H, 2 %TH.y, 3.36 (dd, 1H, H-3).

¥ . Anal. Tai:rulated for CxnH0sS (390.50): cC,
64.59; H, 6.71; 7, 5.21. Found: C, 64.05; H, 6.88; s,
7.74. |

- PREPARATION 24

Phenyl o-(2,6-d1-O-benzyl-4—O-levulinylf3-0—methyl-a-D-
glucopyranésyl)-(1-4)-O-(2—O—agety1-6-O-benzyl-3—o—
methyl-B—D-glucopyranosyl)-(1-4)—6—O-benzyl-2,3-di—0-
methyl—l—thio-a-D-glucopyranoside (25) .

A mixture of 13 (436 mg, 0.47 mmol) and 24
(153 mg, 0.39 mmol) is treated according to Method 1.



10

15

20

25

30

35

- 50 -
The product is purified on a column (Sephadex® LH20,
1/1 ethanol/dichloromethane) to give pure 25 (309 mg,
68 %). [alp + 144 (c = 1, dichloromethane). ESIMS,
positive mode: m/z + NaCl, 1175 (M+Na)*; +KF, 1191
(M;KYK 'H NMR (CDCls) & 7.51-7.21 (m, 25H, 5 Ph), 5.73
(d, 1H, J = 5.2 Hz, H-1), 5.48 (4, 1H, J = 3.5 Hz, H-
1”), 4.46 (d, 1H, J = 8 Hz, H-1'), 3.7, 3.54, 3.5, 3.31
(4s, 12H, 4 OCHs), 2.70-2.41 (m, 4,H,
O(C:0)CH,CH,(C:0)CH3), 2.16, 2.01 (2s, 6H, 1 Ac and
O(C:0)CH,CH,(C:0)CHs) . '

- . Anal. Calculated for CgH76018S: C, 65.61; H,
6.64; S, 2.78. Found: C, 65.02; H, 6.60; S, 2.72.
PREPARATION 25 _ _
Methyl O0-(2,6-di-O-benzyl-4-O-levulinyl-3-O-methyl-a-D-
glucopyranosyl)-(1-4)-0-(2—O—acetYl-6—0—benzyl—3—o- .
methyl-B—D-glucopyranosyl)-(1-4)-O—(G—O-benzyl-2,3-di-f
O-methyl-a-D-glucopyranosyl) - (1-4) -O- (benzyl 2,3-di-0O-
methyl-B-D-glucopyranosyluronate)—(144)-0-(3,6-di-0—
acetyl-2-O-beniyl-a-D—glucopyranosyl)-(1-4)-0-(benzyl
2,3—di—O—methy1-a-L—idopyranosyluronate)-(1-4)—2,3,6-
tri-O-benzyl-a-D~-glucopyranoside (27).

A solution of N-iodosuccinimide (92 mg,
0.38 mmol) and triflic acid (37.5 ul, 0.38 mmol) in a
1/1 solution of 1,2-dichloroethane and ethyl ether
(22 ml1) is added, at =-25°C and under argon, to a
mixture of 25 (451 mg, 0.39 mmol) and 26 (434 ng,
0.31 mmol), (P. Westerduin, et al. BioOrg. Med. Chem.,
1994, 2, 1267) in 1,2-dichloroethane (7.5 ml) in the
presence of 4 A melecular sieves (400 mg). After 30
misutes,  solid sodium hydrogen carbonate is added. The

'solution is filtered, washed with sodium thiosulphate

solution, with water, dried and evaporated. The residue
is purified on a column of Sephadex® LH-20 (1/1
dichloromethane/ethanol) and then on a column of silica
(1/1 and then 2/3 cyclohexane/ethyl acetate) to give
pure 27 (487 ng, 64 %). [alp + 63 (c = .0.54,
dichloromethane). TLC, Ry 0.28, 2/1 cyclohexane/ethyl
acetate. ESIMS, positive mode: m/z + NaCl, 2454 (M+Na)*;
*KF, 2469 (M#K)'. 'H NMR (CDCls) & 7.38-7.2 (m, 50H,
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10 pPh), 3.56, 3.52, 3.48, 3.46, 3.44, 3.42, 3.39, 3.30,
3.17 (9s, 27H, 9 OCH3), 2.75-2.4 (m, 4H,
O(C:0)CH.CH.C:0)CH;), 2.15, 1.98, 1.97, 1.87, (4s, 12H,
3Ac and O(C:0)CH,CH,(C:0)CH;):; main anomeric protons:
5.57; 5.47; 5.30; 5.18; 4.57; 4.29; 4.08.
PREPARATION 26
Methyl O-(2,6-di-0O-benzyl-3-O-methyl-a-D-
glucopyranosyl) -(1~-4) - (2-O-acetyl-6-0O-benzyl-3-0-
methyl-f-D-glucopyranosyl) ~{(1-4) -0- (6-O~benzyl-2,3-di-
O-methyl-a-D~glucopyranosyl)-(1-4)-O-(benzyl 2,3-di-O-
methyl-f-D-glucopyranosyluronate)-(1-4)-0-(3,6-di-O-
acetyl-2-0O-benzyl-o-D-glucopyranosyl) -~ (1-4) -O- (benzyl
2,3-di-0O-methyl-a-L-idopyranosyluronate)-(1-4)-2,3,6-
tri-O-benzyl-a-D-glucopyranoside (28).

The delevulinization of 27 (498 mg, 0.2 mmol)
is carried out according to Method 2 tq give 28
(402 mg, 84 %). [alp + 64 (c = 1, CHCl,). ESIMS,
positive mode: m/z 2352.9 (M+NH,)*. 'H NMR (CDCl;) 8§
7.38-7.20 (m, 50H, 10 Ph), 3;67, 3.52, 3.49, 3.46,
3.44, 3.41, 3.40, 3.28, 3.17 (9s, 27H, 9 Ac), 2.65 (4,
1H, J§ = 2.14 Hz, OH), 1.98, 1.96, 1.87 (3s, 9H, 3 Ac):;
main anomeric protons: 5.55; 5.49; 5.30; 5.18; 4.56;
4,31; 4.08.

Anal. Calculated for Ci27H3152041 (2334.48): C,
65.34; H, 6.56. Found: C, 65.40; H, 6.62.
PREPARATION 27
Methyl O-(2,6-di-O-benzyl-4-0O-levulinyl- 3—O—methyl—a-D—

" glucopyranosyl) - (1-4) -0- (2-0-acetyl-6-0-benzyl-3-0-

methyl-B-D-glucopyranosyl) - (1-4) -[0- (2, 6~-di~-O-benzyl-3-
O-méthyl-a-D-glucopyranosyl) - (1-4) -0~ (2-0O-acetyl-6-0-
benzyl-3-0-methyl-B-D-glycopyranosyl) - {(1-4) ] ,-0-(6-0-
benzyl42,3-di—Oemethyl—a-D-glucopyranosyl)F(1-4)-O-
(benzyl 2,3-di-O-methyl-f-D-glucopyranosyluronate)-(1-
4) -0~ (3, 6-di—o—acetyl—2-O-benzyl-a-D—glucopyranosyl)-
(1-4) ~O-(benzyl 2 3—d1—O-methyl-a-L-1dopyranosy1uronate)—
(1-4)-2,3,6- tr1—0-benzy1-a-D—glucopyranos1de (29) .

A mixture of 21 (340 mg, 1.16 mmol) and 28
(256 mg, 1.09 mmol) is treated aécording to Method 1.
The residue is purified on a column of Toyopearl® HW-40
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(3.2 x 70 cm, 1/1 dichloromethane/ethanol) to give the
pure 15-mer 29 (421 mg, _76 %). [olp + 65 (¢ = 1,
dichloromethane). ESIMS, positive mode: m/z + KF,
2584.3 (M+2K)?*; 1736.5 (M+3K)*. 'H NMR (CDCl;) .8 7.35-
7.18 © (m, 105, 21 Ph),  2.75-2.4 (m, 4H,
O(C:0)CH,CH, (C:O)CHs), 2.15, 1.97, 1.95, 1.87, 1.84,
1.83 (6s, 24H, 7 Ac, and O(C:0)CH,CH,(C:Q)CHs); main
anomeric protons: 5.55; 5.48; 5.30; 5.18; 4.56; 4.29;
4.22; 4.08.

Y
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SCHEME 8: Synthesis of polysaccharide 91 (Example 1)

MeO
. OBn
[¢] AcO [¢]
B8n00OC ° BnO o
o '
OMe 8n0
Ome0 0¥ sa00cC 0 8n0 "> ome
f OMe
OAc .
MeO
08n _Oan
[+ AcO Q
BAOOC . o Bno o
o
OMe
HOng0 O ueo o? saooc 0 8n0 8n0 Moo
OAc OMs .
Mcd
0B OBn 08n
[+ o AcO [+
o
B8n0 OMe BnO
LavO ye0 O meo Omeo o enooc 0 80 "0 ome
OAc OMe
MeO
0d 0s ’ s
0 Q [ so [+] o
}% i >
()}
OH MeO OMe " os
SO M0 o O Me0 . 0 -00C 0 so0 OWe
os OMe

(@)




10

15

20

25

30

35

- 54 -
PREPARATION 28
Methyl 0-(2,6-di-O-benzyl-3-0O-methyl-a-D-gluco-
pyranosyl)—(1-4)—O-(2fO—acetyl-S—O—benzyl—3—O—methyl-B-
D~glucopyranosyl) -(1-4) -[0-(2,6~-di-0O-benzyl-3-O-methyl-
a-ﬁ—glucopyranosyl)-(1—4)—04(2—O-acetyl—6-0—benzyl—3—o—
methyl-B-D-glycopyranosyl) - (1-<4) ]4,-0~(6-O-benzyl-2,3-di-
O-methyl-a-D-glucopyranosyl) -(1-4) -O- (benzyl 2,3-di-O-
methyl—B—DFglucopyranosyluronate)—(1—4)-0—(3,6—di-0—
acety1-2-0-benzyl—a-Dleucopyranosyl)-(1-4)—0—(benzyl
2,3-di~-O-methyl-o-L-idopyranosyluronate) -(1-4)-2,3,6-
tri-O-benzyl-a-D-glucopyranoside (30).

Compound 29 (342 mg, 0.067 mmol) is treated
according to Methced 2 to give 30 (253 mg, 75 %). [a]p +
59 (¢ = 0.92, dichloromethane). ESIMS, positive mode :-
m/z + KF, 2535.6 (M+2K)?*. 'H NMR (CDCls) & of the main
anomeric protons: 5.55; 5.50; 5.48; 5.30; 4.56; 4.30;
4.22; 4.08. _ | B
Anal. Calculated for C,75Hs2608s (4993.37): ¢,
65.57; H, 6.60. Found: C, 65.09; H, 6.57.

PREPARATION 29

Methyl O-(2,6-di-O-benzyl-4-0-levulinyl-3-O-methyl-o-D-
glucopyranosyl)-(1~4)-O—(Z—O-acetyl—6-O-benzyl-3-o-
methyl-B-D-glucopyransoyl)-(1-4)-[0-(2,6—di—0—benzyl—3—
O-methyl-a-D-glucopyranosyl) - (1-4) -O- (2-O-acetyl-6-0O-
benzyl-3~0-methyl -B-D-glycopyranosyl) - (1-4) ] ¢-O- (6-O-
bgpzyl-z,3—di-O-methyl-a-D—glucopyranosyl)—(1-4)-0—
{benzyl 2,3-di-O-methyl-B-D—glucopyranosyluronate)—(1-

’ 4)-o—(3,6—di—O-acetyl-2-O—benzyl—a-D-glucopyranosyl)—

(1-4) - (benzyl '2,3-di-O-methyl-a-L—idopyranosyluronate)—
(1=4)-2,3,6-tri-0-benzyl-a-D-glucopyranoside (31).
A mixture: :f 17 (32.7 mg, 20.6 mmol) and 30

(80.7 mg, 16.3 -~ . is treated according to Method 1.
The product is : .r:7:ed on a column of Toyopearl® HW-40
(1/1 dichlorcmesr:nae/athanol) to give 19-mer 31 (60 mg,
59 %), [l =+ 1 s = 0.82, dichloromethane). ESIMS,

positive mode: =/ + NaCl, 2162.4 (M+3Na)*; +KF, 2178.5
(M+3K) >*. |

'H NMR (CDCl:) & of the main anomeric protons:
5.55; 5.48; 5.30; 5.17; 4.56; 4.22; 4.08.
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PREPARATION 30
Ethyl O-(4,GfO-benzylidene—a—D-glucopyranosyl)—(1—4)—6-
O-trityl-l-thio-pf-D-glucopyranoside (33).

- To a suspension of 32 (50.0 g, 0.105 mol)
(Jt Westman and M. Nilsson, J. Carbohydr. Chem., 1995,
14(7), 949-960) in dichloromethane (620 ml) under argon
are added triethylamine (35 ml, 0.252 mol), trityl
chloride (29.3 g, ' 0.105 mol) and
4-dimethylaminopyridine (1.28 g, 10 mmol). The nixture
is maintained at reflux for 2 hours (TLC), left to cool
to room 'temperature,. diluted with dichloromethane
(500 ml) and then washed successively with cold aqueous
10 % potassium hydrogen sulphate solution} with water
and with saturated sodium chloride solution. The
solution is dried, concentrated and filtered on a
column of silica (65/35 and then 50/50 toluene/acetone)
in order to obtain the crude product 33, which is
sufficiently pure to be used in the following step. An
analytic sample is chromatographed. [a]lp + 53 (¢ = 0.74,
dichloromethane). ESIMS, negative mode: m/z 715 (M-H)~
'H NMR (CD.Cl)) & 7.52-7.25 (m, 20H, 4Ph),  5.42 (s,
CeHsCH), 4.97 (d, J = 3.5 Hz, H-1'), 4.40 (d, J =
9.6 Hz, H-1), 3.82 (t, J = 9.3 Hz, H-3'), 3.70, 3.68
(m, 2H, H-3, H-4), 3.60 (dd, J = 2.0, 11.0 Hz, H-6a),
3.55 (td, J§ = 5.2, 9.7, 9.7 Hz, H-5'), 3.49-3.45 (m,
3, H-2, H-2', H-5), 3.38 (dd, J = 10.5 Hz, H-6"a),
3.33 (dd, H-6’b), 3.30-3.27 (m, 2H, H-4’, H-6b), 2.90-

"~ 2.77 (m, 2 H, SCH,CHi3), 1.40-1.37 (t, 3H, CH,CHj).

Anal. <Calculated for CyoHs010S: C, 67.02; H,
6.19; S, 4.47. Found: C, 66.83; H, 6.19; S, 4.19.
PREPARATION 31 - |
Ethyl O-(4,6-0O-benzylidene-2,3-di~0O-methyl-a-D-gluco-
pyranosyl)-(1-4)-2,3-di-O-methyl-6-0- trltyl -1-thio~-B-D-
glucopyranoside (34). :

Methyl iodide (34 ml, 0.536 mol) is added
dropwise, under argon, to a solution of compound 33
(64.1 g) in  N,N-dimethylformamide (600 ml). The
solution is cooled to 0°C and sodium hydride (13.5 g,
0.536 mol) is added slowly. The suspension is stirred
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for 2 hours at room temperature and then cooled to 0°C
and methanol (35 ml) is added dropwise and, after
stirring for-2'hours, the mixture is diluted in ethyl
acetate (500 ml) and water (600 ml). The agqueous phase
is extracted with ethyl acetate and the organic phases
are wéshed with water, dried and concentrated. The
residue 34 is sufficiently pure for the following step:

. An analytical sample is purified on a column of silica

(70/30 cyclohexane/acetone). [alp + 45 (¢ = 0.83,
dichloromethane). ESIMS, positive mode: m/z + NaCl, 795
(M+Na)*; +KF, 811 (M+K)*. 'H NMR (CDCls) & 7.52-7.19 (m,
20H, 4Ph), 5.51 (d, J = 3.3 Hz, H-1"), 5.43 (s, Ce¢HsCH),
4.45 (d, J = 9.8 Hz, H-1), 3.60, 3.59, 3.51, 3.49 (4s,
12H, 40CH;), 2.86 (g, 2H, J = 7.5 Hz, SCH,CHs), 1.40 (t,.
3H, SCH,CH;). : .

Anal. Calculated for CyuHs0108: C, 68.37; K,
6.78; S, 4.15. Found: C, 68.28; H, 6.98; S, 4.009.
PREPARATION 32 o
Ethyl 0-(2,3—di-Q—methyl—a-b-glucopyranosyl)—(1-4)—2,3-
di-O-methyl-1-thio-B-D-glucopyranoside (35).

A suspension of crude product 34 (67.4 g) is
heated at 80°C for 2 hours in aqueous 60 % acetic acid
solution (470 ml). The reaction mixture is cooled,
filtered and concentrated. The residue is treated with
sodium methoxide (940 mg) in methanol (200 ml) for 1
hour. The solution is then neutralized with Dowex®
50WX4 (H') resin and then filtered, concentrated and

" purified on a column of silica (60/40 toluene/acetone)

in order FQ'obtain-BS-(27.9 g, 60 % over three steps).
ek + 26 (c = 1.07, dichloromethane). ESIMS, positive
mode: m/z, +NaCl, 465 (M+Na)*; +KF, 481 (M+K)*. !H NMR
(CDC1l3) 6 5.62 (d, J = 3.9 Hz, H-1'), 4.35 (d, J =
9.8 Hz, H-1), 3.64, 3.64, 3.59, 3.58 (4s, 12H, 40CHi),
1.29 (t, 3H, 0 = 7.4 Hz, SCH,CH;).

Anal. Calculated for CigH3010S. H,0: C, 46.94; H,
7.87; S, 6.96. Found: C, 47.19; H, 7.72; S, -6.70.
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PREPARATION 33 _
Ethyl O-(6-0O-acetyl-2,3-di-O-methyl-o-D-gluco-
pyranosyl) - (1-4) -6-O-acetyl-2,3~di-O-methyl-1-thio-fB-D-
gIucopyranoside (36).
i A solution of triocl 35 (5.86 g, 13.2 mmol) and

N-acetylimidazole (3.21 g, 29,1 mmol) in
1,2-dichloroethane (120 ml) is refluxed for 16 hours. A
further portion of N-acetylimidazole (440 mg,

3.96 mmol) is added and the mixture is stirred for 4
hours. It is left to cool to room temperature and
methanol (2 ml) is then added. The mixture is stirred
for a further 1 hour and then diluted with
dichloromethane (1 1), washed successively with cold
aqueous 1M hydrochloric acid solution, with cold waterf
with saturated aqueous sodium hydrogen carbonate -
solution, with water, dried and concentrated. The
residue is chromatographed (3.5/1 toluene/acetone) in
order to obtain the diacetate 36 (3.97 g, 57 %). [alp +
33 (¢ = 1.90, dichloromethane). ESIMS, positive mode:
m/z, +NaCl, 549 (M+Na)*; +KF, 565 (M+K)*. 'H NMR (CDCls)
d 5.51 (d, J = 3.9 Hz, H-1"), 4.34 (d, J = 9.8 Hz, H-
1), 3.64, 3.63, 3.59, 3.56 (4s, 12H, 40CH:), 2.11, 2.06
(2s, 6H, 2Ac), 1.31 (t, 3H, J = 7.4 Hz, SCH,CH;).

Anal. Calculated for CgHsOi: C, 50.17; H,
7.27; S, 6.09. Found: C, 50.15; H, 7.49; S, 5.89.
PREPARATION 34
Ethyl O-(6-O-acetyl-4-O-levulinyl-2,3-di-O-methyl-a-D-

) glucopyranosyl) -(1-4) -6-O-acetyl-2,3~-di-O-methyl-1-

thio-B-D-glucopyranoside (37).

L To a solution of diacetate 36 (19.4 g,

36.8 mmol) in dioxane (400 ml), under argon, are added

levulinic acid (7.53 ml, 73.5 mmol), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(14.1 g, 73.5 mmol) and 4-dimethylaminopyridine

(900 mg, 7.35 mmol). The mixture is stirred for
3.5 hours, diluted with dichloromethane (1.5 1) and
then washed successively with water, with aqueous 10 %
potassium hydrogen sulphate solution, with water, with
aqueous 2 % sodium hydrogen carbonate solution, with
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water and then dried and concentrated. The residue is

chromatographed (97/3 and then 79/21 dichloromethane/
acetone) in order to obtain the derivative 37 (2178 g,
95 ¢). [alp + 40 (¢ = 0.72, dichloromethane). ESIMS,

- positive mode: m/z, + NaCl, 647 (M+Na)*; +KF, 663

(M+K)*. 'H NMR (CDCls) & 5.56 (d, J = 3.9 Hz, H-1’), 4.35

(d, J = 9.8 Hz, H-1), 3.64, 3.60, 3.58, 3.55 (4s, 12H,

40CH3}, 2.76-2.71 (m, 4H, O(C:0)CH,CH,(C:0)CH;3), 2.19,
2.08, 2.07 (3s, 9H, 2Ac and O(C:0)CH.CH,(C:0)CHs), 1.31
(t, 3H, J = 7.4 Hz, SCH.CH;).

. Anal. Calculated for Cy7H40:48S: C, 51.91; H,
7.10; S, 5.13. Found: C, 51.88; H, 7.05; S, 4.96.
SCHEME 10: Synthesis of disaccharides 38 and 40

i - - l

PREPARATION 35

'O—(6-O—Acetyl-4-O—levuliny142,3—di—0—methyl—a-D—

gyucopyranosyl)-(1-4)—6—o-acety1—2,3-di—o-methyl-a,B-D—

. glucopyranose trichlorocacetimidate (38).

To a su-,_lon of thioglycoside 37 (9.53 g,

15,3 mmol) *in a :/: dlchloromethane/ethyl ether mixture
(lgb'ml) are . ided water (1.4 ml, 76.3 mmol),
N-iodosuccinimi i-- i6.84 ¢, 30.5 mmol) and . silver
triflate (0.3: :, :.98 mmol). After 15 minutes (TLC),
saturated aqgue..: s-dium hydrogen carbonate solution
(5 ml) is adde+d :.4 the reaction mixture is diluted in
dichloromethare - :..: 1), washed with water, aquedus 1M

sodium thiosulghaze solution and aqueous 2 % sodium
hydrogen carbonate solution. The solution is dried and
concentrated and the residue is purified on a column of

.silica (80/40 and then 100/0 ethyl acetate/cyclohexane)
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in order to give a solid which 1s used, without
characterization, in the following step. A solution of
the above - compound (7.88 g, 13.6 mmol) in
dichloromethane (120 ml) under argon 1is treated with
caésium carbonate (7.08 g, 21.7 mmol) and
trichloroacetonitrile (6.81 ml, 67.9 mmol). After 40
minutes (TLC), the mixture is filtered, concentrated
and purified (85/15 toluene/acetone) in order to obtain
the imidate 38 (9.16 g, 83 % over two steps). [alp + 118
(c = 1.00, dichloromethane), ESIMS, positive mode: m/z
+NaCl, 746 (M+Na)*; 741 (M+NH,)'. 'H NMR (CDCls;) & 8.66,
8.65 (2s, 1H, o and B N:H), 6.52 (d, J = 3.6 Hz, H-la),
5.70 (d, J = 7.5 Hz, H-1B), 5.58 (d, J = 3.7 Hz, H-1"),
2.78-2.57 (m, 4H, O(C:0)CH,CH,(C:0)CHs;), 2.18, 2.07,
2.06 (3s, 9H, 2Ac and 0O(C:0)CH,CH;(C:0)CHs) . -

Anal. Calculated for C,/HsCLlsNOjs. 0.5 H,0: G,

44.18; H, 5.63; N, 1.98. Found: C, 44.14; H, 5.61; N,

1.97.

PREPARATION 36

2-(Trimethylsilyl)ethyl O- (6-O-acetyl-4~-0O-levulinyl-
2,3—difo-methyl—a—D—glucopyranosyl)-(1f4)—6—0—aCetyl—
2,3-di-O-methyl-a,B-D-glucopyranoside (39).

The thioglycoside 37 (10.6 g, 16.94 mmol) is
treated according to Method 3 with
2- (trimethylsilyl)ethanol (4.8 ml, 33.90 mmol) in a 1/2
dichloromethane/ethyl ether mixture (105 ml). The
residue obtained is purified by chromatography (1/1

) acetone/dichloromethane) in order to obtain compound 39

(9.80 g, 83 %) in the form of a mixture of anomers (o/B
65/35) . ESIMS, positive mode: m/z +NaCl, 703 (M+Na)*. H
NMR (CDCl;) 8 5.58 (d, J = 3.9 Hz, H-1'), 4.94 (d, J
3.5 Hz, H-1la), 4.26 (d, T = 7.7 Hz, H-1B), 2.76-2.56
(m, 4H, O(C:0)CH.CH,(C:0)CHs), 2,17, 2.08, 2.05 (3s, 9H,
2Ac and O(C:0)CH,CH, (C:0)CHs), 1.18-0.88 (ra, 2H,
OCH,CH,Si (CHs)3), 0.02 (s, 9H, CH,CH,Si (CHs)s). "

Anal. Calculated for Cj3Hs;0:5Si: C, 52.92; H,
7.69. Found: C, 53.29; H, 7.75.
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PREPARATION 37
2-(Trimethylsilyl)ethyl ©O-(6-O-acetyl-2,3-di-O-methyl-
o-D-glucopyranosyl) - (1-4) -6-O-acetyl-2,3~-di-O-methyl-
o..B-D-glucopyranoside (40).

B Compound 39 (9.41 g, 13.82 mmol) is treated
according to Method . 2 with hydrazine acetate
(10 mol/mol) in a 1/2 toluene/ethanol  mixture
(21 ml/mmol). The residue is chromatographed (60/40
acetone/toluene) in order to obtain 40a (4.81 g, 60 %)
as well as a 40a/P mixture (3.06 g, 37 %). 40a: [al, +
132 (¢ = 0.61, dichloromethane). ESIMS, positive mode:
m/z, + NaCl, 605 (M+Na)®; + KF, 621 (M+K)'. 'H NMR
(CDC1;) &8 5.55 (4, J = 3.8Hz, H-1'), 4.95 (d, J = 3.6
Hz, H-1), 2.10, 2.08 (2s, 6H, 2Ac), 1.16-0.89 (m, 2H,
OCH,CH,S1i(CH;)3), 0.02 (s, 9H, OCH,CH,Si (CHs),).

Anal. Calculated for C,sH,s0,38i: C, 51.53; H, 7.96.
Found: C, 51.37; H, 8.06. i
SCHEME 11: Synthesis of tetrasaccharide'41

37 _ 40

OAc
° OAc
LevD 0 )
MeO MeO | ¢, Ohc
.07, R o
. MeO MesO ,gé:;€\ OAc
° o
: MeO MeO
OSE
43

PREPARATION 38

2~ (Trimethylsilyl)ethyl O-(6-O-acetyl—4-0-leVulinyl-

2,3-di-o—methyl—a—D-glucopyranosyl)-(1-4)-[0—(6—0-

acetyl-z,3-di—O-methyl-a-D—glucopyrano-syl)-(1—4)—]2-6—

(O-acetyl-z,3—di—0—methyl-a;D-glucopyranoside (41).
Thioglycoside 37 (4.21 g, 6.74 mmol) and the

glycosyl acceptor 40 (3.57 g, 6.13 mmol) are treated
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according to Method 3. in a 1/2 dichloromethane/ethyl
ether mixture (105 ml). The residue is purified by
chromatography on  silica (3/1 and  then 9/1
acetone/cyclohexane) in order to obtain 41 (4.81 g,
69°%)-. [alp + 143 (c = 0.56, dichloromethane). ESIMS,
positive mode: m/z, + NaCl, 1167 (M+Na)*; + KF, 1183
(M+K)*. 'H NMR (CDCl;) & 5.57 (d, J = 3.9Hz, H-1"'),
5.44, 5.41 (2d, J = 3.8Hz, H-1”, H-1'), 4;96 (d, 0 =
3.6Hz, H-1), 2.78-2.58 (m, 4H, O(C:0) CH,CH;(C:0)CHs),
2.18, 2.12, 2.12, 2.09, 2.0s, (58, 15H, 4Ac and
O(C:O)CHZCHZ(C£O)CH3), 1.21-0.97 (m, 2H, OCH,CH,Si (CHs)s),
0.03 (S, 9H, OCH,CH,Si (CHs)s). '

Anal. Calculated for CsoHgs07Si: C, 52.44; H, 7.39.
Found: C, 52.29; H, 7.46 - ‘
SCHEME 12: Synthesis of tetrasaccharide 42

OAc OAc '
o OAc e oac
LevO ) . ) . RO [
MeO mso | ot + weoN* " weo | P
MeO MeO MeO MeO
' 36 .

38

Ohe
~a <
LevOD o
. MeO MeO o’% OAc

° OAs

MeO MO’% o
NeO MO%SR :

) MeO [

 ag : s

PREPARATION 39 : :

Ethyl O-(6-O-acetyl-4-O-levulinyl-2,3-di -O-methyl-a-D-
glucopyranosyl)—{1—4)-[0—(6-0—acety1-2,3-di-0-methyl-a-
D—glucopyranosyl)—(1—4)-]2-6-(O—acety142,3—di-o-methyl-

1-thio-f-D~glucopyranoside (42).

A solution of imidate 38 (1.10 g, 1.52 mmol)
and glycosyl acceptor 36(806 mg, 1.38 mmol) are treated
in-a 1/2 dichloromethane/ethyl ether mixture (22 ml)
according to Method 1. . The product is purified by
chromatography on silica (2.5/1 and then 3/1 ethyl
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acetate/cyclohexane) in order to obtain 42 (1.12 g,
71 3). [alp + 95 (¢ = 1.00, dichloromethane). ESIMS,
positive modé: m/z, + NaCl, 1111 (M+Na)'; + KF, 1127
(M+K)*. 'H NMR (CDCl;) & 5.55 (d, J = 3.9Hz, H-1"'),
5.39," 5.37 (2d, J = 3.8 and 3.9 Hz, H-1”, H-1’), 4,34
(d, J = 9.7Hz, H-1), 2.84-2.51 (m, 6H, SCH,CHs,
O(C:O)CH2CH2(C:O)CH3),' 2.17, 2.10, 2.09, 2.08, 2.04,.
(5s, 15H, 4Ac and O (C:0) CH,CH, (C:0)CHs) , 1.30(t, 3H,
J 7.4Hz, SCH,CHs). '

Anal. Calculated for C“Hmouﬁz C, 51.83; H, 7.03;

S, 2.:94. Found: C, 51.66; H, 7.02; S, 2.94.
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SCHEME 13: Synthesis of polysaccharide 47
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PREPARATION 40 - |
2~ (Trimethylsilyl)ethyl [O-(6-O-acetyl-2,3-di-O-methyl-
o-D~glucopyranosyl) - (1-4)~-]s-6-O-acetyl-2,3-di-O-methyl-~
o-D-glucopyranoside (43). _

=  Compound 41 (4.71 g, 4.11 mmol) is reacted as
in Preparation 37 in order to obtain, after column
chromatography (3/2 cyclohexane/acetone), the
derivative 43 (4.11 g, 95 %). [alp + 154 (c = 0.63,
dichloromethane). ESIMS, positive mode: m/z, + NaCl,

1069 (M+Na)*; + KF, 1085 (M+K)'. 'H NMR (CDCl;) & 5.46,

5:46 (2d, 3H, J = 3.9Hz, H-1’, H-1”, H-17'), 4.95 (4,
J = 3.5Hz, H-1), 2.81 (d, J = 4.4Hz, OH), 2.11, 2.09,
2.08 (3s, 12H, 4Ac), 1.19-0.97 (m, 2H, OCH,CH,Si (CHs)s),
0.03, (s, 9H, OCH,CH,Si(CHs)s). ;

Anal. Calculated for CuHmO%Si: C, 51.61; H, 7.51.
Found: C, 51.39; H, 7.54.

PREPARATION 41
2-(Trimethylsilyl)ethyl - O=(6-0O-acetyl-4-O-levulinyl-
2,3-di-0O-methyl-a-D-glucopyranosyl) - (1-4) -[0- (6-O-
acetyl-2,3-di-0O-methyl-a-D-glucopyranosyl) -(1-4)-]¢-6-0-
acetyl42,3-di—O-methyl-a-D-glucopyranoside (44).
Thioglycoside 42 (3.86 g, 3.54 mmol) and the
glycosyl acceptor 43 (3.60 g, 3.44 mmol) are treated
according to Preparation 38. The product is
chromatographed (7/2 and then 2/1
dichloromethane/acetone) in order to obtain 44. (5.71 d,

- 80 %). [alp + 161 (c = 0.65, dichloromethane). ESIMS,

positive mode: monoisotopic mass = 2072.8, chemical
mass = 2074.2, experimental mass = 2074 + 1 a.m.u.
'H NMR (CDCli) & 5.54, (d, J = 3.8Hz, H-1 unit NR),
5.47-5.40 (m, 6H, H-1), 4.95 (d, J = 3.7Hz, H-1 unit
R}, 2.84—2.51'(m, 4H, O(C:O)CHXBE(C:O)CH3), 2.17, 2.13,
2.12, 2.11, 2.11, 2.08, 2.05 (7s, 27H, 8Ac and
O(C:0)CH,CH,{C:0)CHs, 1.18-0.97 (m, 2H, OCH;CH:S1i (CHi)3),
0.03 (s, 9H, OCH,CH,Si (CHs)s).

Anal. Calculated for CgeH14s0s:Si: C, 52.12; H, 7.19.
Found: C, 51.98; H, 7.25. |
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PREPARATION 42 _ .
2-(Trimethylsilyl)ethyl [O-(6-O-acetyl-2,3~-di-O-methyl-
o-D-glucopyranosyl) - (1-4) -],~6~0~acetyl-2,3-di~-O-methyl-
o=D-glucopyranoside (45).

i 1M Hydrazine hydrate solution in a 3/2 acetic
acid/pyridine mixture (7.3 ml) is added, at 0°C, to a
solution of compound 44 (3.00 g, 1.45 mmol) in pyridine
(5 ml). After stirring for 20 minutes, the reaction
mixture is evaporated, diluted in dichloromethane
(400'ml), washed with aqueous 10 3 potassium hydrogen
sulphate solution, water, aqueous 2 % sodium hydrogen .
carbonate solution and water. The solution is dried and
concentrated and the residue is chromatographed in
order to obtain 45 (2.43 g, 85 %). [alp + 167 (c = 0.57,
dichloromethane). ESIMS, positive mode: monoisotopic
mass = 1974.8, chemical mass = 1976.1,_ experimentél
mass = 1975.4 * 2 a.m.u.. 'H NMR (CDCl;) & 5.47-5.40
(m, 7H, H-1), 4.95 (d, J = 3.7Hz, H-1 unit R), 2.80 {d,
J = 4.4Hz, OH), 2.13, 2.11, 2.10, 2.08,'2.07 (5s, 24H,
8Ac), 1.18-0.97 (m, 2H, OCH,CH,Si (CH;)3), 0.03 (s, 9H,
OCH,CH,Si (CH;) 3) . . .

Anal. Calculated for CgsHi4»049Si: C, 51.66; H, 7.24.
Found: C, 51.32; H, 7.26. |

PREPARATION 43
21(Trimethylsilyl)ethyl ' O-(6-O-acetyl-4-0O-levulinyl-
2;3-di-o-methyl-a—D-gluccpyranosyl)-(1—4)—[0-(6-04

) acety1—2,3—di-0-methyl-a—D-qucopyranosyl)-(1—4)—]m—6—

o-acetyl-gA3-di—o-methyl-a-D-glucopyranoside (46) .

= Compound 42 (1.35 g, 1.24 mmol) and compound 45
(2.38 g, 1.20 mmol) are treated according to
Preparation 38. The residue is chromatographed (4/3

cyclohexane/acetone) in order to obtain 46 (2.56 g,

71%) . [alp + 166 k:.= 0.88, dichloromethane). ESIMS,
positive mode: monoisotopic mass = 3001.3, chemical
mass = 3003.2, experimental mass = 3004 + 1 a.m.u.

'H NMR (CDCls) & 5.54, (d, J = 3.8Hz, H-1 unit NR),
5.47-5.40, (m, 10H, H-1), 4.95 (d, J = 3.7Hz, H-1 unit
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2.12, =2.11, 2.11, 2.08, 2.05 (7s, 39H, 12Ac and
0(C:0)CH:CH, (C:0)CHs), 1.17-0.96 (m, 2H, OCH,CH,Si (CHs)s),
0.03 (5, 9H, OCH,CH,Si (CHs)3). |
“  Anal. Calculated for CisH:05Si: C, 51.99; H,
7.12. Found: C, 51.63; H, 7.12. |

PREPARATION 44
(6-O-acetyl-4-0-levulinyl-2,3-di-O-methyl-a-D-gluco-
pyranosyl)-(1-4) - [0-(6-O-acetyl-2,3-di-O-methyl-a-D-
gluCopyranosyl)—(1—4)—]@-G—O-acetyl—z,3-di—0—methyl—
o ,B-D-glucopyranose trichloroacetimidate 47).

(a) A solution of glycoside 46 (400 mg, 0.133
mmol) in a 2/1 trifluoroacetic acid/dichloromethane.
mixture (2 ml) is stirred for 1.5 hours (TLC). The
solution is diluted in a 2/1 toluene/n-propyl acetate;
mixture (12 ml), concentrated and coevaporated with
toluene (5 x 10 ml). The residue is purified (4/3
acetone/cyclohexane) in order to obtain a solid (364
ng) . _ |

(b) The solid obtained above is dissolved in
dichloromethane (2.5 ml). Caesium carbonate (65 mg,
0.200 mmol) and trichloroacetonitrile (63 ml, 0,620
mmol) are added and the mixture is stirred for 2.5
hours and then filtered (Celite), concentrated and
purified on a column of silica (50/50/0.1
cyclohexane/acetone/triethylamine) in order to obtain

_ the imidate 47 (348 mg, 86 %). [alp + 185 (c = 0.91,

dichloromethane). ESIMS, positive mode: monoisotopic
mass = 3044.1, chémical mass = 3047.3, experimental
mass-= 3046.9 + 0.2 a.m.u. 'H NMR (CD,Cl,) & 8.61, 8.58
(2s, 1H, o and P N:H), 6.35 (d, J = 3.7Hz, H-la unit
R), 5.59, (d, J = 7.5Hz, H-lb unit R), 5.38 (d, J =
3.8Hz, H-1 unit NR), 5.32-5.25 (m, 10H, H-1), 2.64-2.40
(m, 4H, O(C:0)CH,CH;(C:0)CHs;), 2.02, 1.96, 1.95, 1.94,
1.93, 1.89 (6s, 39H, 12Ac and O(C:0)CH,CH,(C:0)CHs).

~ Anal. Calculated for Ciz7Hz00C1l3sNOz;s: C, 50.06; H,
6.61; N, 0.46. Found: C, 49.93; H, 6.52; N, 0.42.
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PREPARATION 45
(6-0O-acetyl-4-0-levulinyl-2,3-di-O-methyl-a-D-gluco~
pyranosyl) - (1-4) - [0- (6-O-acetyl-2,3-di-O-methyl-o-D-
qucopyranosyl)—(1—4)—]gfs-o—acetyl¥2,3-di-0—methy1—a,B—

' D-glucopyranose trichloroacetimidate (48).

Compound 41 (200 mg, 0.174 mmol) is treated
according to Prepération 44, The reaction mixture 1is
purified on a column of silica (3/2 toluene/acetone) in
order to obtain the imidate 48 (230 mg, 77 %). ESIMS,
positive mode: m/z, + NaCl, 1210 (M+Na)*; + KF, 1226
(M+K)*. 'H NMR (CDCl:) & 8.66-8.64 (2s, 1H, a and B

N:H), 6.51 (4, J = 3.6Hz, H-1B), 5.71 (d, J = 7.5Hz,

H-1B), 2.90-2.52 (m, 4H, O(C:0)CH,.CH;(C:0)CHs), 2.17,
2.11, 2.11, 2.09,  2.05 (5s, 4Ac and
0 (C:0)CH,CH, (C:0)CH.) .

' PREPARATION 46

Methyl O-(6—O-acetyl-4-o—levulinyl-2,3-di-0-methyl—a—D—
glucopyrénosyl)-(1—4)-[0-(6-O-acetyl-2,3—di-o—methyl—a-
D-glucopyranosyl) - (1-4) -1,-0-(benzyl=-2,3~di-O-methyl-f-
D-glucopyranosyluronate) -(1-4) -0-(3,6-di-O~-acetyl-2-0-
benzyl-a-D-glucopyranosyl) -(1-4) -O-(benzyl-2,3-di-0O-
methyl-a-L-ido-pyranosyluronate)-(1-4)-2,3,6-tri-O-
benzyl-a-D-glucopyranoside (49).

The imidate 48 (73 mg, 0.061 mmol) and the
glycosyl acceptor 26 (82 mg, 0.059 mmol) are treated
acdcording to Preparation 39. The compound is purified

"on a Sephadex LH-20 chromatography column - (1/1

dichloromgthane/ethanol) and then on a column of silica
(341 _toluene/ace~-n2) to. give the derivative 49 (98 ng,
69 %). [a]lp + * .=z = 1.01, dichloromethane). ESIMS,
positive mode: - - isotopic mass = 2414.97, chemical
mass, = 2416.%°, -~perimental mass = 2416.2. 'H NMR
(CDC1l3) & 7.43-"." . m, 30H, 6Ph), 5.55 (d, J = 3.9Hz,
H-1 unit NR), :.": .4, J = 3.9Hz, H-1 unit NR-3), 5.44,

5.38 (2d, J = 3.7 snd 3.9Hz, H-1 unit NR-1, unit NR-2),
5.29 (d, J = 6.5Hz, H-1 unit R-1), 5.17 (d, J = 3.5Hz,
H-1 unit R-2), 4.56 (4, J = 3.7Hz, H-1 unit R), 4.10
(d, J = 7.9Hz, H-1 unit R-3), 2.81-2.50 (m, A4H,
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O(C:0)CH:CH;(C:0)CH;3), 2.17, 2.15, 2.11, 2.09, 2.05,
2.00 (7s, 21H, 6Ac and O(C:0)CH,CH,(C:0)CH;) .
Anal. Calculated for Cj;z0H156C130s:: C, 59.63;
H7_6.59. Found: C, 59.23; H, 6.58.

PREPARATION 47

Methyl [0~ (6-0O-acetyl-2,3-di-O-methyl-a~-D-glucopyrano-
syl)-(1-4)-1s-0- (benzyl-2,3-di-O-methyl-B~-D-glucopyrano-
syluronate)-(1—4)—O-(3,6-di-O-acetyl-2—O—ben2yl—a-D-
glucopyranosyl) - (1-4) -O- (benzyl-2,3-di-O-methyl-a-L-
idopyranosylurocnate)-(1-4)-2,3,6-tri-O-benzyl-o-D-
glucopyranoside (50). _ .

The octasaccharide 49 (120 mg, 0.050 mmol) is
reacted as in Preparation 37. The residue is purifiéd
on a column of silica (3/1 toluene/acetone) in order to
obtain compound 50 (95 mg, 83 %). [a]lp, + 80 (C = 0.62;
dichloromethane). ESIMS,- positive mode: monoisotopic
mass = 2316.9, chemical mass = 2318.4, experimental
mass = 2318.2 + 0.4 a.m.u. 'H NMR (CDCl;) & 7.42-7.12
(m, 30H, 6Ph), 5.50, 5.46, 5.43, 5.40 (d, J = 3.9, 3.9,
3.7, . - . 3.7Hz,
H-1 unit NR, unit NR-1, unit NR-2, unit NR-3), 2.14,
2.10, 2.09, 2.08, 2.00, 1.88 (6s, 18H, 6Ac).

Anal. Calculated for CiisHis204: C, 59.57; H, 6.60.
Found: C, 59.49; H, 6.61.
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- PREPARATION 48

Methyl O-(6-O-acetyl-4-0-levulinyl-2,3-di-O-methyl-a-D-
glucopyranosyl)—(1—4)4[0—(6—O—acetyl¥2,3—di-0—methyl-q-
D=glucopyranosyl) - (1-4) -1:5~-0- (benzyl-2,3~-di~-O-methyl-f-
D—&lucopyranosyluronate)-(1—4)-O-(3,6—di-0—acetyl—2—0-
benzyl-a-D-glucopyranosyl)-(1-4)~-0-(benzyl-2,3-di-0O-
methyl-oa-L-ido-pyranosyluronate)~{(1-4)-2,3,6-tri-0O-
benzyl-o-D-glucopyranoside (51).

The imidate 47 (84 mg, 0.027 mmol) is treated
with the glycosyl acceptor 50 (62 mg, 0.027 mmol)
according to Preparation' 39. The residue is first
purified on a column of_Toyopearl® HW-40 and then on a
column of silica (1/1 cyclohexane/acetone) in order to.
obtain thé derivativé 51 (71 mg, 51 % not optimized) .
[alp + 136 (c = 0.95, dichloromethane). ESIMS, positive
mode: monoisotopic mass = 5200.11, chemical mass =
5203.39, experimental mass = 5203.5. 'H NMR (CDCls) .3
7.42-7.18 (m, 30H, 6Ph), 5.54 (d, J = 3.8Hz, H-1 unit
NR), 5.51-5.40 {(m, 15 H-1), 5.30 (d, J = 6.8Hz, H-1
unit R-1), 5.17 (d, J = 3.5Hz,. H-1] unit R-2), 4.56 (d,
J = 3.7Hz, H-1 unit R), 4.09 (d, J = 7.9Hz, H-1 unit R-
3), 2.85-2.53 (m, 4H; O(C:0)CH,CH;(C:0)CH3), 2.17, 2.16,
2.13, 2.11, 2.08, 2.05, 2.00, 1.88 (8s, 57H, 18Ac and
0(C:0)CH,CH, (C:0)CHs) . -

Anal. Calculated for Czi0H3500123.4H,0: C, 54.64;
H, 6.84. Found: C, 54.51; H, 6.79.
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PREPARATION 49

Ethyl O- (4, 6-0-p-methoxybenzylidene-a-D-glucopyrano-
syl)-(1-4) -1-thio~B-D-glucopyranoside (53).
. Anisaldehyde dimethyl acetal (35.8 ml,

O.él mol) and camphorsulphonic acid (4.44 g, 19.1 mmol)
are added, at +5°C and under argon, to a solution of
compound 52 (73.89 g, 0.19 mmol) (W.E. Dick Jr et J.E.
Hodge, Methods .in Carbohydrate Chemistry, 7, 1976,
15-18) in a 3.5/1 acetonitrile/N,N-dimethylformamide
mixture (990 mmol). After stirring for 1.5 hours at
room - temperature, the mixture 1is neutralized by
addition of triethylamine (2.96 ml, 21.0 eqg.). The
mixture is concentrated and the syrup is purified on a
column of silica (100/0 and then 50/50
dichloromethane/methanol) in order to obtain 53_-
(58.6 g, 61 %, not optimized). [alp + 47 (c = 1.03,
methanol). ESIMS, positive mode: m/z, 503 (M-H)". 'H NMR
(CD;30D) 6 7.41, 6.89 (2d, 4H, CHiOC¢H,), 5.51 (s,
CHCe¢H4), 5.20 (d, J = 3.6Hz, H-1"), 4.39 (d, T = 7.1Hz,

"H-1), 3.78 (s, 3H, CH;OCg¢H,), 2.7 (g, 2H, J = 7.0Hz,

SCH,CHs), 1.29 (t, 3H, SCH,CHs).
Anal. Calculated for Cj;H;01;,8: C, 52.37; H, 6.39;
S, 6.35. Found: C, 52.15; H, 6.61; S, 5.84.

PREPARATION 50
Ethyl O-(2,3-di-O-acetyl-4, 6-p-methoxybenzylidene-o-D-
quaopyranosyl)-(1-4)—2,3,S-tri—o-acetyl—l-thio—B—D—

' glucopyranoside (54) .

Triethylamine (65 ml, 0.47 mol) and acetic

anhydride (89 mi, .94 mol) are added dropwise,.at 0°c,
to a suspens::n of 53 (47.22 g, 93.6 mmol) in
dichloromethare "450 ml). 4-Dimethylaminopyridine
(5.71 g, 46.3 -~ . is then added and the mixture is
left stirriﬁg . :.5 hours at room temperature. The
reaction is st .zze: by addition of methanol (45 ml,
1.12 mol) and <-~2n washed successively with cold

aqueous 10 ¥ ©potassium hydrogen sulphate solution,
water, saturated sodium hydrogen carbonate solution and
water. The solution is dried, concentrated . and
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crystallized (cyclohexane/ethyl acetate) in order to

" obtain 54 (64.9 g, 97 %). f[alp + 21 (c = 1.00,

dichloromethane). pf 213-215°C. ESIMS, positive mode:
m/z + NaCl, 737 (M+Na)', + KF, 753 (M+K)*. 'H NMR (CDCl;)
§ 7.34, 6.86 (2d, 4H, CH:0CeH,), 5.43 (s, CHCeH,), 5.34
(d, J = 4.1Hz, H-1'), 4.54 (d, J = 9.9Hz, H-1), 3.78
(s, 3H, CHsOC¢H,), 2.74-2.60 (m, 2H, SCHCHi3), 2.10,
2.06, 2.03, 2.01 (4s, 15H, 5Ac), 1.26 (t, 3H, SCH;CHs3).
Anal. Calculated for Cj3:H40:65: C, 53.78; H, 5.92;
S, 4.49. Found: C, 53.74; H, 6.08; S, 4.40.

PREPARATION 51 :
Ethyl 0-(2,3-di-0O-acetyl-4-p-methoxybenzyl-a-D-gluco-.

- pyranosyl)-(1-4)-2,3,6-tri-O-acetyl-1-thio-f-D-gluco-

pyranoside (55) and ethyl ©0-(2,3-di-O-acetyl-4-p-
methoxybenzyl-a-D-glucopyranosyl) - (1-4) -2,3-di~0- "
acetyl—l-thio-B-D—glucopyfanoside,(56).. .
A suspension of 54 (25.0 g, 35.0 mmol}),
borane/trimethylamine complex (20.4 g, 0.28 mol) and
molecular sieves (33 g, 4A) is stirred for 1 hour under
argon in toluene (810 ml). The mixture is cooled to 0°C
and aluminium chloride (14.0 g, 0.11 mol) 1is added
slowly. The reaction medium is stirred for 25 minutes
(TLC), poured into cold, aqueous 20 % potassium
hydrogen sulphate solution, stirred for 1 hour at 0°C
and then filtered (Celite). The organic phase is washed

with water, with aqueous 2 % sodium hydrogen carbonate

solution, " with water, dried and concentrated. The
residue is purified on a column of silica in order to
obfain 55 (7.37 g, 29 %, not optimized) and 56 (1.36 g,
6 %). An analytical sample of 55 is crystallized from a
cyclohexane/ethyl acetate mixture. [alp + 30 (c = 1.00,
dichloromethane). m.p. 151-153°C. ESIMS, positive mode:
m/z, + NaCl, 739 (M+Na)®, + KF, 755 (M+K) . 'H NMR
(CDCls) & 7.19, 6.87 (2d, 4H, CH3;0C¢H:), 5.36 (d, J =
3.5Hz, H-1"), 4.54 (s, 2H, C¢H,CH;), 4.53 (d, J = 9.0Hz,
H-1), 2.70-2.65 (m, 2H, SCH,CH).

Anal. Calculated for Cj3H016S: C, 53.62; H, 6.19;
S, 4.47. Found: C, 53.57; H, 6.21; S, 4.43.
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Compound 56: [@]lp + 19 (¢ = 1.11, dichloro-
methane). ESIMS, positive mode: m/z + NaCl, 697 (M+Na) *,
+ KF, 713 (M*K)'. 'H NMR -(CDCls;) & 7.17, 6.84 (2d, 4H,
CH:OC:H;), 5.36 (d, J = 4.5Hz, H-1"), 4.54 (d, J =
10.1Hz, H-1), 4.49 (s, 2H, C¢H,CH»), 2.69-2.64 (m, 2H,
SCH,CH;), 2.02, 2.01, 2.00, 1.96 (4s, 12H, 4Ac), 1.25
(t, 3H, SCH.CHs).

" Anal. Calculated for CisoHs:0158: C, 53.40; H, 6.27;
S, 4.75. Found: C, 53.29; H, 6.39; S, 4.53.

PREPARATION 52
Ethyl 0-(2,3-tri-O-acetyl-4-p-methoxybenzyl-o-D-gluco-
pyranosyl) -(1-4)-2,3,6-tri-O-acetyl-1-thio-f-D-gluco-
pyranoside (57). '

Acetic anhydride (1.47 ml, 15.5 mmol) is

added, at 0°C, to a mixture of 55 (5.6 g, 7.77 mmoll,

triethylamine (1.19 ml, 8.54 mmol) and-4-dimethylamino-
pyridine = (190 mg, 1.55 mmol) in dichloromethane
(40 ml). After stirring for 40 minutes (TLC) at room
temperature, the  mixture is diluted with
dichloromethane (50 ml). and washed with cold, aqueous
10 % potassium hydrogen sulphate solution, water,
saturated sodium hydrogen carbonate'solution and water.
The solution is dried and concentrated and the residue
is purified on a column of silica (35/65 ethyl
acetate/cyclohexane) in order to obtain 57 (5.66 g,

96 8). [alp + 44 (c = 1.03, dichloromethane). ESIMS,

positive mode: m/z, + NaCl, 781 (M+Na)*, + KF, 797
(M+K)*. 'H,NMR (CDCIs) ~ & 7.15, 6.85 (2d, 4H, CH30C¢H),
5.30.(d, J = 4.2Hz, H-1’), 4.53 (d, J = 10.0Hz, H-1),
2.69-2.64 (m, 2H, SCHCH;), 2.09, 2.07, 2.04, 2.01,
2.00, 1.98 (6s, 18H, 6Ac), 1.25 (t, 3H, SCH,CH;).

-Anal. Calculated for C3H460,7S: C, 53.82; H, 6.11;
S, 4.22. Found: C, 53.77; H, 6.24; S, 4.09.
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SCHEME 17: Synthesis of trisaccharide 62
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PREPARATION 53
Ethyl 4,6-0-benzylidene-2,3-di-O-methyl-1-thio-B-D-
glucopyranoside (59).

Sodium hydride (500 mg, 19.9 mmol) is added,
at 0°C, to a mixture of compound 58 (2.59 g, 8.29 mmol)
(A.F. Bochkov et al., Izv. Akad. Nauk SSSR, Ser. Khim.
(1968), (1), 179) and methyl iodide (1.70 ml,
19.9 mmol) in N,N-dimethylformamide (25 ml) and the
mixture is allowed to return to a temperature of 20°C.
The mixture is left stirring for 30 minutes'(TLC) and
methanol is then added. The mixture is poured into
water and extracted with ethyl acetate. The organic
phase 1is 'washed successively with aqueous 1M sodium
thiosulphate solution and water,  dried and
concentrated. The residue is triturated in ethyl ether
in order to obtain 59 (0.42 g, 15 %); purification of
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the mother liquors on a column of silica (12/1
toluene/acetone) followed by crystallization allows an
additional fraction of 59 (1.6 g, overall yield: 71 %)

t6_be obtained. m.p.: 108°C. [alp - 78 (c = 1.00,

dichloromethane) . LSIMS,  positive mode: m/z
thioglycerol + NaCl, 363 (M+Na)®'; thioglycerol + KF, 379
(M+K)*. *H NMR (cDCl;) & 7.51-7.33 (m, 5H, Ph), 5.52
(s, 1H, C¢HsCH), 4.45 (d, 1H, J = 9.8Hz, H-1), 3.64
(s, 3H, OCHs), 3.62 (s, 3H, OCH;), 2.78-2.68 (m, 2H,
SCH,CHs;), 1.31 (t, 3H, J = 2.7Hz, SCH,CH;) .

‘Anal. Calculated for Ci7H»40sS (340.44): C, 59.98;
H, 7.11; S, 9.42. Found: C, 59.91; H, 7.15; S, 8.96.

PREPARATION 54 .
2-{Trimethylsilyl)ethyl 4,6-O—benzylidene-2,3-di-Q—
methyl-a-D-glucopyranoside (60). =
Compound 59 (23.0 g, 67.5 mmol) and 2-
(trimethylsilyl)ethanol . (19.4 ml, - 135 mmol) are
dissolved in a 2/1 mixture of ethyl ether and dichloro-
methane (345 ml) and 4 A molecular sieves (11 g) are
added. The mixture is left stirring for 1 hour at 25°C
and N-iodosuccinimide (49.7 g, 220 mmol) 1is added,
followed, at 0°C, by silver triflate (2.20 g,

'8.78 mmol). The mixture is left stirring for 20 minutes

(TLC), and solid sodium hydrogen carbonate is then
added. The mixture is diluted with dichloromethane,

. filtered through Celite, washed successively with

30

35

aqueous 1M sodium thiosulphate solution and water,
dried and. evaporated to dryness. The residue is
purified on a column of silica {(15/1 and then 5/1
cyclohexane/ethyl acetate) in order to obtain 608
(4.20 g, 15 %) and 60a (8.40 g, 31 %).

. Compound 60a. [alp, + 96 (c = 0.4, dichloro-
methane). ESIMS, positive mode: m/z, 419 (M+Na)*; 435
(M+K)*. 'H NMR (CDCl3) & 7.52-7.35 (m, 5H, Ph), 5.54
(s, 1H, C¢HsCH), 4.98 (d, 1H, J = 3.7Hz, H-1), 3.64
(s, 3H, OCH;), 3.62(s,3H, OCH;), 1.24-0.96 (m, 2H,

OCHzCHzSi (CH3) 3) , 0.00 (S, 9H, OCHzCHzSi (CH3) 3) .
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Anal. Calculated for C.H3;0sS (396.56): C, 60.58;
H, 8.13. Found: C, 60.26; H, 8.39.

PREPARATION 55
2- (Trimethylsilyl)ethyl 6—6—benzyl—2,3—di—O—methyl—a—D-
glucopyranoside (61).

Compound 60 (21.1 g, 53.3 mmol) is dissolved
in_'dichloromethane (154 ml). Triethylsilane (34 ml,
213 mmol) 1is added at room temperature, followed by
dropwise addition of a mixture of trifluoroacetic acid
(16.3 ml, 213 mmol) and trifluoroacetic anhydride
(0.49 ml, 3.47 mmol). The mixture is left stirring for
2 hours and aquscus 1M sodium hydroxide solution is.
added until the cH is basic. After separation of the
phases by settling, the aqueous phase is extracted with
ethyl acetate and the organic phases are then comblned,
dried and concentrated The residue is purified on -a
column of silica (14/1 and then 12/1
dichloromethane/acetone) in order to obtain 61 (12.5 g,
59 %). [alp + 100 (c = 1.45, dichloromethane). 'H NMR &
7.40-7.20 (m, 5H, Ph), 4.98 (d, 1H, J = 3.5Hz, H-1),
3.62 (s, 3H, OCH:), 3.49 (s, 3H, OCH;), 1.14-0.91 (m,
2H, CH,CH,Si(CH:):), 0.00 (s, 9H, CH,CH,Si(CHs)s).

Anal. Calculated for CyoH300¢Si (398.58): C, 60.27;
H, 8.60. Found: C, 60.18; H, 8.81.

PREPARATION 56
2-(Trimethylsilyl)ethyl 0-(2,3,6-tri-0O-acetyl-4-0-p-

methoxybenzyl-a- -D-glucopyranosyl) - (1~ 4)-0-(2 3,6-tri-0O-
acetyl B-D-glucopyranosyl (1-4) -6-O-benzyl-2,3-di-0-
methyl-a-D-glucopyrancside (62).

A rmixt.re2  of thioglycoside 57 (19.1 g,

25.1. mmol) an i "n2 ‘glycosyl acceptor 61 (7.5 g,

18.7 mmol) is =r. ;=i according to Method 3 in order to

obtain, after r.r:fization on a column of silica (20/1

and then 10/: i=chloromethane/acetone), 62 (19.7 g,
95 8). [al: + 9C {z = 1.15, dichloromethane).

Anal. Calculated for Cs2H7402381 (1095.24);

C, 57.03; H, 6.81. Found: C, 57.38; H, 6.85,
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SCHEME 18: Synthesis of oligosaccharide 66
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PREPARATION 57

2-(Trimethylsilyl)ethyl 0-(2,3,6-tri-O-methyl-o-D-
glucopyranosyl) - (1-4)-0-(2,3,6-tri-O-methyl-3-D-
glucopyranosyl-(1-4) -6-O-benzyl-2,3-di-O-methyl-a-D-

- glucopyranoside (63).

Compound .62_ (19.7 g, 18.0 mmol) is treated
acqprding“to Method 4 in order to' obtain, after
pufification on a column of silica (3/1 and then 2/1
toluene/acetone), compound 63 (11.2 g, 79 % over the
three steps). [alp + 95 (¢ = 1.15, dichloromethane).
ESIMS, positive mode: m/z + NaCl, 829 (M+Na)™; + KF, 845
(M+K)*. 'H NMR (CDCl;) & 7.34-7.25 (m, 5H, Ph), 5.60
(d, 1H, J = 3.8Hz, H-1"), 4.96 (d, 1H, J = 3.8Hz,
‘H-1), 4.29 (d, 1H, J = 8.0Hz, H-1'), 1.08-0.91 (m, 2H,
CH,CH,Si (CH3)3), 0.00 (s, 9H, CH,CH,Si(CH3)s).
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PREPARATION 58 |
2-(Trimethylsilyl)ethyl 0-(2,3,6-tri-O-acetyl-4-0-p-
methoxybenzyI—a-D-glucopyrénosyl)-(1—4)-0-(2,3,6—tri—o—
aégtyl—B—D—glucopyrahosyl)-(1—4)-O-(2,3,6-tri-o—methyl—
a-D-glucopyranosyl) -(1~-4) -0-(2,3,6-tri~-O-methyl-B-D-
glucopyranosyl) -(1-4) -6-O-benzyl-2,3~di-0O-methyl-o-D-
glucopyranoside (64). _

A mixture of thioglycoside 57 (6.87 g,
9.10 mmol) and the glycosyl acceptor 63 (6.67 g,
8.30 mmol) is treated according to Method 3 and the

"residue 1is purified on a column of silica (2/5

toluene/acetone) ‘in order to obtain 64 (10.7 g, 86 %).
[alp + 90 (c = 0.83, dichloromethane). ESIMS, positive.
mode: m/z + NaCl, 1525 (M+Na)*; + KF, 1541 (M+K)'

'H NMR (CDCl;) & 7.33-7.25 (m, 5H, Ph), 7.15—6.34
(m, 4H, CgH,0CHj3), 5.56 (d, 1H, J = 3.9Hz, H-1"), 5.29
(d, -1H, J = 4.0Hz, H-1""), 4.97 (d,-1H, J = 8.1Hz,

H-1”"), 4.27 (4, 1H, J = 7.9Hz, H-1'), 1.08-0.91
(m, 2H, CH,CH,Si(CH3)3), 0.00 (s, 9H, CH,CH,Si (CHs)s).
Anal. Calculated for C70H105033Si (1503 . 69) :

C, 55.91; H, 7.11. Found: C, 56.05; H, 7.24.

PREPARATION 59 :
2-(Trimethylsilyl)ethyl [O-(2,3,6-tri-O-methyl-o-D-
glucopyranosyl)-(1-4)-o—(2,3,6-tri—0—methyl-B-D—
glucopyranosyl- (1-4) ],-6-O-benzyl-2,3-di-O-methyl-o~D-

_'giﬁcopyranoside (65) .

Compound ‘64 (10.7 g, 7.2 mmol) is treated
accordlng to Method 4 'and the residue is purified on a
coTumn of silica (2/1 and then 6/5 toluene/acetone) in
order to obtain 65 (6.50 g, 74 % over the three steps) .
[a]p + 102 (c = 0.68, dichloromethane). 'H NMR (CDCls)

§ 7.33-7.25 (m, 5H, Ph), 5.65 (d, 1H, J = 3.8Hz
H-1""), 5.62 (d, 1H, J = 3.8Hz, H-1”), 4.98 (d, 1H, J =
3.7Hz, H-1), 4.31 (d, 1H, J = 8.1Hz, H-1”'), 4.29
(d, 1H, J = 7.9Hz, H-1'), 1.08-0.91 (m, 2H,
CH:CHSi (CH3)3), 0.00 (s, 9H, CH,CH,S1 (CHa) 5) .

~Anal.  Calculated  for  CseHwOSi  (1215.48):

C, 35.34; H, 8.13. Found: C, 55.31; H, 8.19.
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PREPARATION 60 :
2-{Trimethyléilyl)ethyl 0-(2,3,6-tri-O-acetyl-4-0-p-
méthoxybenzyl-a-D—glucopyranosyl)—(1-4)—O-(2,3,6-tri-0—
acetyl-B-D-glucopyranosyl) - (1-4) -[0-(2,3,6-tri-0O-
methyl-a-D-glucopyranosyl) -(1-4)-0-(2,3,6-tri-O-methyl-
B-D-glucopyranosyl) - (1-4) ],-6-0O-benzyl-2,3-di-O-methyl-
a-D—glucopYranoside (66) .
A mixture of thioglycoside 57 (4.03 g,

5.31 mmol) and the glycosyl acceptor 65 (5.78 g,
4.75 mmol) is treated according to Method 3 and the
residue 1is purified on a column of silica (2/5
toluene/acetone) in order to obtain 66 (8.63. g, 95 %)..
[alp + 94 (c = 0.74, dichloromethane). ESIMS, positive
mode: monoisotopic mass = 1910.83, chemical mass =
1912.14, experimental mass = 1911.61 + 0.12 a.m.w.
'H NMR (CDCl;) & 7.33-7.25, (m, 5H, Ph), 7.15-6.83 (m,
4H, CeH,OCH:;), 5.62 (d, 1H, J = 3.8Hz, H-1 unit R-2),
5.60 (d, 1H, J = 3.8Hz, H-1 unit NR-2), 5.30 (d, 1H,
J = 4.0Hz( H-1 unit NR), 4.98 (d, 1H, J = 3.7Hz, H-1
unit R), 4.71 (d, 1H, J = 7.9Hz, H-1 unit NR-1), 4.30
(d, 1H, J = 8.1Hz, H-1 unit C), 4.29 (d, 1H, J = 8.4Hz,
H-1 unit R-1), 2.08 (s, 3H, Ac), 2.07 (s, 3H, Ac), 2.03
(s, 3H, Ac), 1.99 (s, 3H, Ac), 1.98 (s, 3H, Ac), 1.96
(s, 3H, Ac), 1.08-0.91 (m, 2H, CH,CH,Si(CHs)s), 0.00
(s, 9H, CH,CH,Si (CHs)3).

" Anal. Calculated  for  CeHisOuSi  (1912.14):
C, 55.28; H, 7.27. Found: C, 55.61; H, 7.35.
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SCHEME 19: Synthesis of oligosaccharide 72
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PREPARATION 61
2-{Trimethylsilyl)ethyl [0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl)—(1-4)—O-(2,3,6ftri-0—methyl—B-D— |
qucopyranosyl-(1-4)]3—6—O—benzy1-2,3—di—0-methyl—a—D-
gl;copyranoside (67).
Compound 66 (8.63 g, 4.50 mmol) is treated

according to Method 4 and the residue is purified on a

column of silica (3/2 and then 4/3 toluene/acetone) in
order to obtain 67 (5.67 g, 77 % over the three steps).
(alp + 102 (¢ = 0.70, dichloromethane). LSIMS, positive
mode: m/z thioglycerol + NaCl, 1645.9 (M+Na)®. 'H NMR
(CDC1ls) & 7.33-7.32 (m, 5H, Ph), 5.65 (d, 2H, J =
3.8Hz, H-1 unit NR and H-1 unit NR-2), 5.62 (d, 1H, J =
3.8Hz, H-1 unit R-2), 4.98 (d, 1H, J = 3.7Hz, H-1 unit
R), 4.31 (d, 1H, J = 8.1Hz, H-1 unit NR-1), 4.30 (4,
1H, J = 7.9Hz, H-1 unit C), 4.29 (d, 1H, J = 7.9Hz, H-1
unit R-1), 1.08-0.91 (m, 2H, CH,CH,Si(CH;3)3), = 0.00
(s, 9H, CH,CH.Si (CH.);:).

Anal. Calculated  for  C74H13003¢Si (1912.14):
C, 54.73; H, 8.07. Found: C, 54.61; H, 8.07.

PREPARATION 62 |
2-(Trimethylsilyl)ethyl 0-(2,3,6-tri-O-acetyl-4-0-p-
methoxybenzyl -a-D-glucopyranosyl) - (1-4) -0~ (2,3, 6-tri-O-
acetyl—B-D—glucopYranosyl)-(1-4)—[0—(2,3,6-tri-o—
methyl—a-D-glucopyranosyl)-(1-4)—0—(2,3,6-tri-0-methyl—
B-D-glucopyranosyl) - (1-4) 13-6-0-benzyl-2, 3-di-O-methyl-

' a-D-glucopyranoside (68).

A mixture "of thioglycoside 57 (1.47 g,
1.95.mmol) and :ze glycosyl acceptor 67 (2.89 g,
1.77 mmol) is -:.:ated according to Method 3. The
residue is on a column of silica (3/2

r

- YD

4.

cyclohexane/ace- :+: in order to obtain 68 (3.71 g,
92 %). An analvt.::. sample is purified on a column of
silica (3/2_ Ti..=n2/acetone). [alp, + 99 (¢ = 0.58,
dichloromethane:; Z=3IMS, positive mode: monoisotopic
mass = 2319.03, chemical mass ='2320.59, experimental

mass = 2319.03 £ 0.12 a.m.u. 'H NMR (CDCl;) & 7.33-
7.32, (m, S5H, Ph), 7.15-6.83 (m, 4H, CeH,0CHs;), 5.62



0

10

15

20

25

30

_85_
(d, 1H, J = 3.8Hz, H-1 unit R-2), 5.60 (d, 2H, J =
3.8Hz, H-1 unit NR-2 and unit C), 5.29 (d," 1H, J =

Ry, 4.70 (d, -1H, J = 7.9Hz, H-1 unit NR-1), 4.30
(d, 2H, J = 8.1Hz', H-1 unit NR-3 and unit R-3), 4.29
(d, 1H, J = 7.9Hz, H-1 unit R-1), 2.08 (s, 3H, Ac),
2.06 (s, 3H, Ac), 2.02 (s, 3H, Ac), 1.99 (s, 3H, Ac),
1.98 (s, 3H, Ac), 1.96 (s, 3H, Ac), 1.08-0.91 (m, 2H,
CH,CH,Si (CH3)s3), 0.00 (s, 9H, CH,CH,Si(CHs)z).

Anal. Calculated for C106H17005351 (2320.59):
C, 54;86;_H, 7.38. Found: C, 54.76; H, 7.45.

PREPARATION 63 .
2-(Trimethylsilyl)ethyl [0-(2,3,6-tri~-O-methyl-a-D-
glucopyranosyl) -(1-4) -0-(2,3,6-tri-O-methyl-f-D- _
glucopyranosyl—(1-4)]4-6—0-benzyl—2,3—di—O—methyl-a—D-ff
glucopyranoside (69).

' Compound 68 (3.61 g, 1.55 mmol) is treated
according to Method 4 and the residue is then purified
on a column of silica (4/5 toluene/acetone) in order to
obtain-69 (2.22 g, 70 % over the three steps). [alp +
103 (c = 0.80, dichloromethane). ESIMS, positive mode:
monoisotopic mass = 2031.01, chemical mass = 2032.38,
experimental mass = 2032.38 a.m.u. H NMR (CDClQ
& 7.33-7.32 (m, 5H, Ph), 5.65 (d, 1H, J = 3.8Hz H-1
unit NR), 5.64 (d, 1H, J = 3.8Hz, H-1 unit NR-2), 5.62
(d, 2H, J = 3.8Hz, H-1 unit C and unit R-2), 4.97
(d, 1H, J = 3.7Hz, H-1 unit R), 4.30 (d, 1H, J = 7.9Hz,
H-1 unit NR-1), 4.29 (d, 3H, J = 7.9Hz, H-1 unit R-1,
unft. R-3 and unit NR-3), 1.08-0.91 (m, 2H,
CH.CH,S1i (CH3)3), 0.00 (s, 9H, CH,CH,S1i (CHs) 3) .

Anal. Calculated for Co2H162046S1 (2032.38):

- C, 54.37; H, 8.03. Found: C, 54.51; H, 8.04.
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PREPARATION 64
2-(Trimethylsilyl)ethyl  O-(4-O-levulinyl-2,3,6-tri-oO-
methyl-a-D-glucopyranosyl) - (1-4) -0-(2,3,6-tri-O-methyl-
B-D-glucopyranosyl) - (1-4) -[0- (2,3, 6-tri-O-methyl-o-D-
glucopyranosyl) - (1-4) -0-(2,3,6-tri-O-methyl-B-D~
glucopyranosyl)-(1—4)];-s-o-benzyl—z,3-di—0—methyl—a—D—
glucopyranoside (70).

Compound 69 (855 mg, 0.42 mmol) is dissolved
in fdichloromethane (8 ml) and triethylamine (83 ul,
0.59 mmol), 4-dimethylaminopyridine (5.14 mg, 0.04
mmol) and levulinic anhydride (117 mg, 0.55 mmol) are
added at 25°C. After stirring for 2 hours (TLC),
dichloromethane is then added and the mixture is washed.
with aqueous 10 % potassium hydrogen sulphate solution
and then.with water, dried and evaporated to dryness.
This compound may be used crude in the following stép
without carrying out a purification. An analytical
sample 1is purified on a column of silica (5/74°
cyclohexane/acetone) to give pure 70. [a]p, + 101 (c =

- 0.89, dichloromethane). ESIMS, positive = mode:
monoisotopic mass = 2129.05, chemical mass. = 2130.48,
experimental mass = 2130.00 a.m.u. 'H NMR {CDCls)

6 7.33-7.32 (m, 5H, Ph), 5.65 (d, 3H, J = 3.8Hz, H-1
unit NR, unit NR-2 and unit C), 5.63 (d, 2H, J = 3.8Hz,
H-1 unit R-2), 5.02 (t, 1H, J = 10.1Hz, H-4 unit NR),
4.98 (d, 1H, J = 3.7Hz, H-1 unit R), 4.32 (d, 1H, J =
7.9Hz, H-1 unit NR-1), 4.30 (d, 2H, J = 7.9Hz, H-1 unit

.NR-3 and unit R-3), 4.29 (d, 1H, J = 7.9Hz, H-1 unit

R-1), 2.8Q-2.50 (m, ~ 4H, O(C:0)CH,CH,(C:0)CH;), 2.18
(57" 3H, = O(C:0)CHCH,(C:0)CHs), 1.08-0.91 (m, 2H,
CH,CHS1i (CHs)3), 0.00 (s, 9H, CH,CH,Si (CH:),).

Anal. Calculated for Co7H168048S1 (2032.38):
C, 54.69; H, 7.95. Found: C, 54.55; H, 8.07.

PREPARATION 65
O-(4-0-Levu1iny1-2,3,6-tri—O-methyl-a—D-gluco-
pyranosyl) - (1-4) -0-(2, 3, 6-tri-O-methyl-B-D-gluco-
pyranosyl)-(1-4)—[o-(2,3,6-tri—o-methyl—a—D-gluco-
pyranosyl)-(1—4)-o—(2,3,6-tri-o-methyl?B-D-gluco-
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pyranosyl)-(1—4)]3-6—O—benzyl-2,3—di—0~methyl—a,B—D-
glucopyrancse (71). _

Compound 70 (876 mg, 0.41 mmol) is treated as
in_ Preparation 44(a). The residue is purified on a
column of silica in order to obtain a mixture of
isomers (a/b = 60/40) of 71 (600 mg, 50 % over the two
steps). [a]lp + 89 (c = 0.74, dichloromethane). ESIMS(
positive mode: monoisotopic mass = 2028.97, chemical
mass = 2030.24, experimental mass = 2030.19 * 0.09
a.m.u. 'H NMR (CDCl;) & 7.33-7.32 (m, 5H, Ph), 5.65
(d, 3H, J = 3.8Hz H-1 unit NR, unit NR-2 and unit C),
5.63 (d, 1H, J 3.8Hz, H-1 unit R-2), 5.33 (4, 1H, J =

3.2Hz, H-lo. unit R), 5.02 (t, 1H, J = 10.1Hz, H-4 unit.

NR), 4.59 (d, 1H, J = 5.3Hz, H-1P unit R), 4.32 (d, 1H,

unit NR-3 and unit R-3), 4.29 (d, 1K, J = 7.9Hz, H-1
unit R-1), 2.80-2.50 (m, 4H, O(C:0)CH,CH,(C:0)CHs), 2.18
(S, 3H, O(C:O)CH2CH2_(C:O)CH3).

PREPARATION 66
0-(4-0-Levulinyl-2,3,6-tri-O-methyl-a-D-gluco-
pyranosyl)-(1-4)-0-(2,3,6~tri-O-methyl-f-D~gluco-
pyranosyl)-(1-4)-[0-(2,3,6-tri-O-methyl-a-D-gluco-
pyranosyl)-(1-4)40-(2,3,s—tri-o-mEthyl—B—D-gluco-
pyranosyl)-(1-4)]3-6—O-benzy1-2 3-di-O-methyl-a,-D~-
glucopyranose trichlorocacetimidate (72).

To a solutlon of 71 (593 ng, 0.29 mmol) in

dichloromethane (7 ml) are added potassium carbonate
(72 2 mg, . 0.52 mmol) &nd trichloroacetonitrile (176 ul,
1.75-mmol). The mixture is left stirring for 16 hours,
filtered and evaporated. The residue is filtered
through silica gel (5/4 cyclohexane/acetone + 1 %o of
triethylamine) in order to obtain a mixture of the
anomers (a/f = 47/53) of the imidate 72 (414 mg, 46 %).
[alp + 86 (c = 0.84, dichloromethane). H NMR (CDCls)
8 7.33-7.32 (m, 5H,.Ph), 6.50 (d, 1H, J = 3.5Hz, H-la
unit R}, 5.65 (d, 1H, J = 8.2Hz, H-1B8, unit R), 5.65
(d, 1H, J = 3.8Hz, H-1 unit NR), 5.64 (d, 2H, J =
3.8Hz, H-1 unit R-2 and unit C), 5.61 (d, 1H, J =



- 88 -
3.8Hz, H-1 unit R-2), 5.02 (t, 1H, J = 10.1Hz, H-4 unit
NR), 4.37 (d, 1H, J = 7.9Hz, H-1 unit R-1), 4.30
(d, 3H, J = "7.9Hz, H-1 unit NR-1, unit NR-3  and unit
R-3), 2.80-2.50 (m, 4H, O(C:0)CH,CH,(C:0)CHs;), 2.18
5 (s, 3H, O(C:0)CH,CH,(C:0)CHs) .
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SCHEME 20: Synthesis of polysaccharide 73
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PREPARATION 67 -
Methyl O-(4-O-levulinyl—2,3,6—tri-0—methyL-a—D—gluco-
pyranosyl)-(1-4)-[0-(2,3,6-tri-O-methyl-a-D-
glucopyrano-syl) - (1-4) -0~ (2,3, 6-tri~-O-methyl-B-D-
glﬁcopyranosyl)—(1L4)]3-0-(s-o—benzyl-z,3—di-o-methy1-a-
D~glucopyranosyl) - _
{1-4) -0~ (benzyl 2,3—di—O—methyl—B—D-glucopyranosyl—
uronate)-(1-4)-0-(3,6-di-O-acetyl-2-0O-benzyl-a-D-gluco-
pyranosyl)-(1-4)-O- (benzyl 2,3-di-O-methyl-a-L-ido~
pyrénosyluronate)-(1-4)-2,3,6-tri-O—benzyl-a—D-gluco—

. pyrarioside (73).

The glycosyl acceptor 26 (220 mg, 0.16 mmol)
and imidate 72 (344 mg, 0.16 mmol) are dissolved in a.
1/2 dichloromethane/ethyl ether mixture (5 ml). 4 A
molecular sieves (750 mg/mmol) are added and the
mixture 1is left stirring at 25°C for 1 hour. Tﬁé
mixture is cooled to -25°C and a 1M solution of tert-
butyldimethylsilyl triflate in dichloromethane
(0.20 mol/mol of imidate) is added. After stirring for
15 minutes, solid sodium hydrogen carbonate is then
added and the mixture is filtered and concentrated. The
residue is placed on a column of Toyopearl® HW-50 (1/1
dichloromethane/ethanol) and the fraction containing
the glycosyl acceptor is returned to the reaction and
then treated as above. Successive purifications are
carried out on a column of silica (5/4 and then 1/1

toluene/acetone) in order to obtain a fraction 73a/B =

7/3 (107 mg) and a fraction in 73a/p = 9/1 (201 mg) in
an overall yield "of 57 % (308 mg). 'H NMR (CDCls)
8 7.33-7.25 (m, 35H, 7Ph), 5.65 (d, 3H, J = 3.5Hz, H-1
unit A, unit C and unit E), 5.57 (d, 1H, J = 3.9Hz, H-1
unit G), 5.52 (d, 1H, J = 3.3Hz, H-1 unit I), 5.29
(d, 1H, J = 6.8Hz, H-1 unit L), 5.17 (d, 1H, J = 3.5Hz,
H-1 unit K), 4.56 (d, 1H, J = 3.5Hz, H-1 unit M), 4.31
(d, 3H, J = 7.9Hz, H-1 unit B, unit D and unit F), 4.27
(d, 1H, J = 8.0Hz, H-1 unit H), 4.08 (d, lH, Jd = 8.0Hz,
H-1 unit J), 2.80-2.50 (m, 4H, O(C:0)CH;CH- (C:0)CH3),
2.18 (s, 3H, O(C}O)CHQCHZ(C:O)CEQ), 1.97 (s, 3H, Ac),
1.81 (s, 3H, Ac).
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SCHEME 21: Synthesis of polysaccharides 74 and 75
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PREPARATION 68 -
Methyl [0-(2,3,6-tri-O-methyl-a-D~glucopyranosyl) -
(1-4)-0-(2,3,6~tri-O-methyl-B-D-glucopyranosyl) - (1-4) ]~
0= (6-0O-benzyl-2,3-di-0O-methyl-a-D-glucopyranosyl) -
(1:4);0—(benzyl 2,3-di-O-methyl-B-D-glucopyranosyluro-
nate) - (1-4) -0- (3, 6-di-O-acetyl-2-O-benzyl-a-D-
glucopyrano—sjl)-(1-4)—0—(benzyl 2,3-di-O-methyl -o-L-~
idopyranosyl-uronate)-(1-4)-2,3,6-tri-O-benzyl-a~D-
glucopyranoside (74).

Compound” 73 (130 mg, 38.2 pumol) is treated
according to Method 2 and the crude product is purified
on a column of silica in order to obtain 74 (118 ng,

93 %). [alp + 78 (¢ = 0.48, dichloromethane):; ESIMS,
positive mode: monoisotopic mass = 3301.49; chemical
mass = 3303.65; experimental mass = 3302.40 a.m.u.

'H NMR (CDCl;) & 7.33-7.25 (m, 35H, 7Ph), 5.64 (d, 3H,

J = 3.5Hz, H-1 unit A, unit C and unit .E), 5.57 (d, 1H,

J = 3.9Hz, H-1 unit G), 5.52 (d, 1H, J = 3.3Hz, H-1
unit I), 5.29 (d, 1H, J = 6.8Hz, H-1 unit L), 5.17

(d, 1H, J = 3.5Hz, H-1 unit K), 4.56 (d, 1H, J = 3.5Hz,

H—l unit M), 4.31 (d, 3H, J = 7.9Hz, H-1 unit B, unit D
and unit F), 4.27 (4, 1H, J = 8.0Hz, H-1 unit H), 4.08

(d, 1H, J = 8.0Hz, H-1 unit J), 1.97 (s, 3H, Ac), 1.81

(s, 3H, Ac). '

PREPARATION 69

Methyl O-(2,6—di-o-benzyl-4—O—levulinyl-3—O—methyl—a-D-

glucopyranosyl) - (1-4) -O- (2-O-acetyl-6-O-benzyl -3-0-
methyl-B—pfglucopyranosyl)—(1-4)-O-(2,6-di-0-benzyl-3-
O—ﬁéthyl;a-D-glucopyranOSYI)-(1-4)—O-(2-O-acetyl-6-o-
benzyl-3-o—methyl-B-D—glucopyranosyl)-(1—4)-[O-(2,3,6-
tri—o-methyl-a-D-glﬂcopyranosyl)-(1-4)-0—(2,3,6-tri—0-
methyl—B—D-glucopyranosyl)-(1-4)].-O-(G-O—benzyl-2,3—di-
O-methyl-a-D-glucopyranosyl)-(1—4)-0-(benzy1 2,3-di-0-
methyl-B-D-glucopyranosyluronate)?(1-4)—0-(3,6—di-0-
acetyl-2-O—benzyl-afD-glucopyranosyl)—(1-4)*0—(benzyl
2,3-di-0-methyl-a—L-idopyranosyluronate—(1—4)—2,3,6-
tri-O-benzyl-a-D-glucopyranoside (75).
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The glycosyl acceptor 74 (112 mg, 33.9 umol)
and the imidate 17 (59.1 mg, 37.2'umol) (see
Preparation 16) are dissolved in toluene (2 ml). 4 A
mé}ecular sieves (42 mg) are added and the mixture is
left stirring at 25°C for 1 hour. The mixture is cooled
to ~-20°C and a 1M solution of tert-butyldimethylsilyl
triflate in toluene (0.20 mol/mol of imidate) is added.
After stirring for 15 minutes, solid sodium hydrogen
carbonate is then added and the mixture is filtered and
concentrated. The residue is placed on a column of
Toyop_earl® HW-50 (1/1 dichloromethane/ethanol) and the
fraction containing the acceptor and the 17-mer is
returned to the 'reaction and treated as above. The.
product is purified successively on a column of
Toyopearl® HW-50 and on a column of silica in order to

obtain 75 (71 mg, 44 ). [alp + 80 (c = 0.26,
dichloromethane). ESIMS, positive mode: monoisotopic
mass = 4728.10; chemical mass = 4731.26; experimental

mass = 4731.27 + 0.39 a.m.u. 'H NMR (CDCls) & of the
main anomeric protons: 5.64; 5.57; 5.52; 5.48; 5.47;
5.29; 5.17; 4.56; 4.50; 4.29; 4.27; 4.08 ppm.
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SCHEME 22

Preparation of a synthon which is useful for the synthesis of a pentasaccharide Pe possessing a C—interglycoside linkage

(Compound [II.1])

. OR a0 OtBDMS
A
HO OMe
MeO OMe MeO
76:R=H " 78:R=0
A 77: R = tBOMS s 79=R=°H

. 81: R=q f§-OAc

& 82: R=a-Br ( 83: Rq,RzRy=Ac

s 84: R4 'RZ'RS-H

P”Tog SePh

80+85 ——— MeO
|
w0 L0 o
. 0" — RO . B
MeO OR OMe OMe
MeQ
S:R=H

W:R=Ac

H,C =
80
' (o] (o] SePh
> ,<
Ph (o]
MeO OH

PrT N © ° 0
o 4
- MeO o ° ome OMe

s{ Mmed
e N\

. Me
87

OAr S
’ ¥} CQ0Bn O

LevO OMe
MeO OMe

MeO
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PREPARATION 70
Methyl 2,3-di-O-methyl-6-O-tert-butyldimethylsilyl-oa-D-
glucopyranoside (77).

3 Tert-butyldimethylsilyl chloride (14.0 g,
92 9 mmol), triethylamine (15 ml, 108 mmol) and
4-dimethylaminopyridine (260 mg, 2.13 mmol) are added,
under argon, to a solution of 76 (D. Trimmell, W.M.
Doane, C.R. Russel, C.E. Rist, Carbohydr. Res., {(1969)
11, 497) (15.84 g, 71.3 mmol) in. dichloromethane
(300 ml). After stirring for 15 hours at room
temperature, the solution is diluted with dichloro-
methane, washed with saturated aqueous sodium hydrogen
carbonate soluticn, dried (magnesium sulphate),
filtered and concentrated. The residue is purified by’
flash chromatography .(1.3/1 cyclohexane/ethyl acetate)
in order to obtain 77 (22.79 g, 95 %) in the form of .a
colourless syrup. [alr + 87 (c = 1.2, chloroform). B

PREPARATION 71

‘Methyl 2,3-di-O-methyl- 6-O-tert-butyld1methyl51lyl-a-D-

xylo-4-hexulopyranoside (78). ,

A ‘solution of dimethyl sulphoxide (8.7 ml,
123 mmol) in dichloromethane (20 ml) is added, under
argon and at -70°C, to a solution of oxalyl chloride
(5.4 ml, 61.9 mmol) in dichloromethane (120 ml). After
15 minutes, a solution of 77 (18.78 g, 55.8 mmol) in
dichloromethane is added 'dropwis.e. After magnetic

- stirring for 15 minutes, triethylamine (37 ml,

265 mmol) is added and, after 15 ninutes, the mixture
is_;. allowéd' . r2turn  to room temperature_. Water
(150 ml) is adz =i and the aqueous phase is extracted
with dichlorome<«n :ne .(150 ml). The organic phases are
combined, washet! ..=h saturated aqueous sodium chloride

solui:ion, dried r~ajnesium sulphate) and concentrated.
The residue is c¢:r:fied by flash chromatography (9/1
and then 4/1 cvy:lizhexane/ethyl acetate) in order to

obtain 78 (17.3 g, 93 %) in the form of a colourless
oil. [alp + 98 (c = 1.0, chloroform) .
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PREPARATION 72
Methyi_ 4edeoxy-2,3—di—O—methyl-4—C—methylene—6-0¥tert—
butyldimethylsilyl-oa-D-xylo-hexapyranoside (79).

- A 1.6 M solution of n-butyllithium in n-
heRane. (75 ml) 1is. added dropwise, under argon, to a
suspension of methyltriphenylphosphonium bromide
(43.3 g, 127 mmol) in tetrahydrofuran (250 ml). After
30 minutes at room temperéture,.the mixture is cooled
to -70°C. A solution of 78 (13.97 g, 41.8 mmol) in
tetrahydrofuran (60 ml) is then added. After 30 minutes
at -70°C, the mixture is allowed to return to room
temperaturé. After 1 hour, saturated aqueous ammonium
chloride solution” (300 ml) is added and the aqueous
phase is extracted with ether. The organic phase is’
dried (magnesium sulphate), filtered and concentrated.
The residue is purified by flash chromatography (7/1
and then 4/1 cyclohexane/ethyl acetate) in order Eb.
obtain 79 (8.30 g, 60 %) in the form of a colourless
oil. [a]p + 151 (¢ = 1.3, chloroform).

PREPARATION 73
Methyl 4-deoxy—2,3-di-0¥methy1-4-c-methylenerq-D-xylof
hexapyranoside (80). | '

Camphorsulphonic acid (pH 1) is added to a
solution of 79 (8.50 g, 25.6 mmol) in a 5/1
dichloromethane/methanol mixture (250 ml). After
cdﬁplete disappearance of the starting material (TLC,

- 1/1  cyclohexane/ethyl acetate), the . solution is

neutralized by addition of triethylamine. After
concentrating, the residue is purified by flash
chrbﬁatography (1/1 and ‘then 1/2 cyclohexane/ethyl
acetate) to give 80 (5.32 g, 95 %) in the form of a
coloprless syrup. [alp + 239 (¢ = 1.0, chloroform).

PREPARATION 74 :
Phenyl 2;4,6—tri-o—acety1f3—0-methyl-1—seleno-B-D—
glucopyrancside (83).

- Method 1: Selenophenol (5.7 ml1, 53.7 mmol)
is added to a solution of 81 (E.L. Hirst, E. Percival,
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Methods Carbohydrate Chem., (1963) 2, 145) (1/1 mixture
of anomers: 13.05 g, 36.0 mmol) in dichloromethane
(120 ml) under argon. The reaction medium is cooled to.
0°C and 48 % trifluoroborane diethyl etherate solution
(838 ml, 71.9 mmol) is added dropwise. After 3 hours at
room temperature, the reaction mixture is diluted with
dichloromethane (100 ml), washed with saturated aqueous
sodium hydrogen carbonate solution, dried (magnesium
sulphate), filtered and concentrated. The crude
compound 83 (8.17 g, 68 %) from Bl) is used directly in -
the deacetylation reaction. _

Method 2: Sodium borohydride (510 mg,
14.6 mmol) is addéd,' at 0°C and under argon, to a

- suspension of diphenyl diselenide (2.27 g, 7.27 mmol)’

in ethanol. A further . portion of trifluoroborane
diethyl etherate is added if the reaction medium has
not lost its original yellow colour within 15 minutes.
This solution is tranSferred under argbn to a solution
of 82 (A.K. Sen, K.K. Sakar, N. Banerji, J. Carbohydr.
Chem., (1988) 7, 645) (4.22 g, 11.0 mmol) in
dichloromethane (25 ml). After refluxing for 3 hours,
the mixture is left to cool to room temperature, the
sodium bromide is filtered off and the filtrate is
concentrated. The residue is dissolved in
dichloromethéne (100 ml) and washed with 'aqueous 1M
sodium hydroxide solution (50 ml) and saturated aqueous
ammonium chloride solution (50 ml). The aqueous phases

- are extracted with dichloromethane (20 ml) and the

organic phases are dried (magnesium sulphate), filtered
ang, concentrated. The residue is purified by flash
chrbﬁatography (1.7/1 cyclohexane/ethyl acetate) and
then crystallized from ethyl acetate in order to obtain
83 (4.35 g, 86 %). m.p. 101-102°C. [a], - 20 (c = 1.0,
chloroform) . ' '

PREPARATION 75
Phenyl 3-o-methy1—14seleno-B—D—glucopyranoside (84).

_ The crude compound 83 obtained from 82
(32.3 g, 84.3 mmol) is dissolved in methanol (500 ml)
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and sodium (1.2 g) is introduced slowly. After 1 hour,
the solution is neutralized by addition of IR-120 (H')
resin, filtered and concentrated. The residue is
purified by flash chromatography (1.5/1/1 cyclohexane/
ethyl acetate/acetone) in order to obtain 84 in the
form of a syrup (22.7 g, 81 % from 82). [alp - 58 (c =
1.0, methanol).

PREPARATION 76
Phenyl 4,6-0—benzylidene-S-O—methyl—l—seleno—B-D-gluco—
pyranoside (85). _

P-Toluenesulphonic acid (45 mg) and
benzaldehyde dimethyl acetal (5.4 ml, 36.0 mmol) are
added, under argon, to a solution of triol 84 (7.65 g,
23.0 mmol) in acetonitrile (150 ml). After stirring for
2 hours at room temperature, potassium carbonaté
(1.5 g) is added. After 30 minutes, the solution is
filtered and then concentrated. The residue is purifiéd
by flash chromatography (3.5/1 cyclohexane/ethyl
acetate) in order to obtain 85 (8.55 g, 88 %) in the
form of white crystals. m.p. 123-124°C (cyclo-
hexane/ethyl acetate). [alp - 38 (c = 1.0, chloroform).

PREPARATION 77

Phenyl 4,6-O-benzylidene-3-o-methylF2—O-(methyl—
4-deoxy-6-0-dimethylsilyl-2,3-di-O-methyl-4-C-
methylene-a-D-xylo-hexopyranoside) -1-seleno-f-D-

: glucopyranoside (86).

A 1.6 M solution of n-butyllithium (7.0 ml,
11:2 mmol) " is added, undér argon and at -70°C, to a
solufion of 85 (4.30 g, 10.2 mmol) in tetrahydrofuran
(30 ml) placed in a Schlenck tube. After 10 minutes,
dichlorodimethylsilane (5.0 ml, 41.2 mmol) is added and
the reaction medium is warmed to room temperaturé.
After 3 hours, the mnixture is concentrated and a
solution of 80 (2.10 g, 9.62 mmol) and imidazole
(985 mg, 14.4 mmol) in tetrahydrofuran (20 ml) is
added. After 30 minutes at room temperature, the
solution is ~concentrated, water (50 ml) is added and
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the mixture 1is extracted with dichloromethane. The
organic phase is dried (magnesium sulphate), filtered
and concentrated. An analytical sample of 86 1is
purified by flash chromatography (25/1 toluene/acetone
containing 0.5 % triethylamine). A colourless syrup is
obtained in a yield of 90 %.

'H NMR (400MHz, Ce¢D¢) d 7.77-6.99 (m, 10H,
aromatic), 5.51 (m, 1H, C:CHy), 5.24 (m, 1H, C:CHy),

. 5.16 (s, 1H, CHPh), 4.85 (d, 1H, J = 3.7Hz, H-1), 4.81

(d, 1H, J = 9.8Hz, H-1'), 4.45 (m, 1H, H-5), 4.38 (dd,
1H, J = 10.8Hz, 4.8Hz, H-6a), 4.33 (dd, 1H, J = 6.2Hz,
H-6b), 4.20 (m, 1H, J = 9.2Hz, H-3), 4.05 (dd, 1H, J =
10.3Hz, 4.9Hz, H-6a’), 3.87 (dd, 1H, J = 8.1Hz, H-2'),
3.52, 3.38, 3.31 and 3.27 (s, 3H, OCH:), 3.37 (t, 1H,
J = 10.3Hz, H-6b'), 3.35 (t, 1H, H-4’), 3.32 (dd, 1H,
H-2), 3.22 (dd, 1H, J = 9.3Hz, H-3’), 3.05 (ddd, 1H,
J = 9.3Hz, H-5'), 0.38 and 0.37 (s, 3H, Si(CH),. MS
(m/z): 714 (M+NH,)*. - ) ’

PREPARATION 78

‘Radical cyclization reaction (formation of 87) and

cleavage of the tether (88).
A solution of tributyltin hydride (6.1 ml,

'22.7 mmol) and 2,2’—azobiéisobutyronitrile (200 mg,

1.22 mmol) in degassed toluene (14 ml) is added, over a
period of 8 hours, to a solution of crude 86 in toluene
(850 ml), obtained from 85 (10.2 mmol) and 80
(9.62 mmol).

After the radical cyclization, the mixture is
congentrated and the residue is . dissolved in
tefréhYdrofuran. An excess (20 equivalents) of
hydrofluoric acid (at a ¢oncehtration of 40 ¢ in water)
is added. After complete desilylation (TLC, 4/1
toluene/acetone), the solution is neutralized by
addition of solid sodium hydrogen carbonate, filtered
and concentrated. The major compound 88 may be purified
byicrystallization.'m.p; 105°c. [d]D + 119 (¢ = 1.1,
chloroform). *c NMMR  (62.896MHz, CDCls) d 137.29
(quarternary aromatic C), 128.88—125.96 (aromatic C),
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101.11 (CHPh), 97.64 (C-1), 83.52 (C-2), 82.76, 81.95,
80.84, 72.01, 71.92 and 64.31 (C-3, C-5, c-27, C-3',
c-47, Cc-5’),.75.19 (c-1'), 69.41 (C-6"), 62.69 (C-6),
60.93, 60.70, 58.31 and 55.20 (OCHs), 38.80 (C-4), 25.58
(methylene C). _ '

Anal. Calculated for = C24H360:10°H20 (502.558):
c, 57.36; H, 7.62. Found: C, 57.31; H, 7.54.

PREPARATION 79

‘Methyl 6—O-acetyl—4—c-(2-O—acetyl—4,6—0—benzylidene—3—

O-methyl-a—D—glucopyranosylmethyl)-4—deoxy-2,3-di-o-
methyl-a-D-glucopyranoside (89). '
Compound 88 is acetylated quantitatively in a

 mixture of 1/1 acetic' anhydride/pyridine, in the

presence of a <catalytic amount of 4-dimethylamino—
pyridine. The product is obtained after concentratiop
and chromatography. [a]lp + 87 (c = 1.0, chloroformf.
§ NMR (500MHz, CDCl:): see Table 1. 3 NMR (62.896MHz,
cDCcl;) 4 170.81, 169.80 (C:0), 137.18 (quarternary
aromatic C), 128.92-125.95 (aromatic C), 101.31 (CHPh) ,
97.51 (Cc-1), 83.22 (C-2), 81.94, 69.25 and 63.83 (C-5,
c-4', c-5"), 81.81 (C-3), 78.78 (C-37), . 72.74
(C-27), 71.96 (C-1’), 69.49 (C-6'), 64.17 (C-6), 60.64,
59.82, 58.30 and 55.19 (OCHs), 39.00 (C-4), 26.47
(methylene C), 20.91, 20.76 (OCOCH3). Mass .spectrum
(m/z): 586 (M+NH;)", 569 (M+H)', 554 (M-OMe+NH;)", 537
(M—-OMe) *.

Anal. Calculated for C28H40012°H20 (586.632)
C, 57.33; H, 7.22. Found: C, 57.28; H, 7.07.

«« . - The final part of the synthesis .consists in
conﬁérting 89 .:-> imidate 90. To do this, the
benzylidene is ::i--::»d using sodium cyanoborohydride and
hydrochloric z:-::i. The hydroxyl group thus. freed is
tempbrarily growiona2d in the form of the p-methoxy-
benzyl ether. Altar ieacetylation, the primary alcohol
function 1is prctected by selective introduction of

tert-butyldimethylsilyl ether, and the compound thus
obtained is methylated. Oxidation wunder the Jones
conditions leads - to the uronic acid, which is
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benzylated. The p-methoxybenzyl ether is subsequently
cleaved off and a levulinic ester is introduced in this
position. A system using a sulphuric acid/acetic
acid/acetic anhydride mixture leads to acetolysis of
the anomeric methyl group as well as of the benzyl
ether in position 6’, and gives a mixture of two
anomeric acetates. Selective deacetylation of position
1 is carried out using hydrazine in dimethylformamide,
and the mixture of anomers, dissolved in dichloro-
methane, 1is converted into 90' with trichloroaceto-
nitrile in the presence of 1,8-diazabicyclo[5.4.0]-
undec~-7-ene.
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SCHEME 23 - Synthesis of the pentasaccharide 99
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PREPARATION 80
Ethyl 0-(2,3-di-O-benzoyl-4,6-0-benzylidene-a-D-gluco-
pyranosyl)-(1—>4)-2,3,6-tri-O-benzoyl-1-thio-f-D-
glucopyrancse (92) |

Benzoyl chloride (24.5 ml, 211 mmol) is added
dropwise over 20 minutes to a cooled (0°C) solution of
compound 91 (16.7 g, 35.2 mmol) (J. Westman and
M. Nilsson, J. Carbohydr. Chem., 1995, 14(7), 949-960)
in pyridine (202 ml). The reaction mixture is stirred

-for 20 hours at room temperature; TLC reveals an
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approximately 50% conversion. The mixture is diluted
with water and dichloromethane. After extraction, the
organic phase is washed with 10% sodium hydrogen
carbonate solution, water, dried over magnesium
suiphate and concentrated. The residue is again treated
with benzoyl chloride according to the procedure
described above. The crude product is purified by
chromatography on a. column of silica gel to give 22 g
of compound 92.

TLC: Rf = 0.80, silica gel, 9/1 v/v toluene/ethanol

PREPARATION 81.

O-(2,3-Di-O-benzoyl-4,6-0-benzylidene-a-D-
glucopyranosyl) - (1—4) -0-(2, 3, 6-tri-O-benzoyl-B-D- .
glucopyranosyl)-(1—94)-1,6-anhydro—2,3-di—0-methyl—B—D—
glucopyranose (94) Q
A mixture of thioglycoside 92 (1.05 g,
1.05 mmol), compound 93 (200 mg, 1.05 mmol) (Jeanioz et

~al., J. Org. Chem. 1961, 26, 3939-3944) and powdered 4A

molecular sieves (1.1 g) in toluene (18 ml) is stirred
under a nitrogen atmosphere for 15 minutes. The mixture
i's then cooled to 420°C and a freshly prepared solution
of N-iodosuccinimide (1.11 mmol ) and
trifluoromethanesulfonic acid (0.125 mmol) in 1/1 v/v
dichloromethane/dioxane (6 ml) is introduced therein.
After 10 minutes, the red reaction mixture is filtered,
diluted with dichloromethane, extracted, washed

- successively with 10% sodium thiosulphate solution, 10%

sodium hydrogen carbonate solution and water, dried
over magnesium sulphate and then conéentrated under
vacuium. The residue is purified by chromatography, on a
column of silica gel in order to ‘obtain 1.25 g of
compound 94. '

TLC: Rf = 0.55, silica gel, 4/6 v/v heptane/ethyl
acetate
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PREPARATION 82 .
O-(4,6-0-Benzylidene-a~D-glucopyranosyl) ~ (1—+4) -O- (B-D-
glucopyranosyl) - (1—»4) -1, 6~anhydro-2,3-di-O-methyl-p-D-
glucopyranose (95) :

- Potassium tert-butoxide (about 50 mg) is
added to a solutioh of compound 94 (1.24 g, 1.11 mmol)
in 1/1 v/v nmnethanol/dioxane (7 ml). The mixture is
stirred for one hour and a further 50 mg of potassium
tert-butoxide are then added; the mixture 1is then
stirred for a further 60 minutes. The reaction mixture
is neutralized with a Dowex® 50WX8 H' resin, filtered
and concentrated under vacuum. After chromatography on
a column of silica gel, 665 mg of compound 95 are
isolated in the form of an oil. _
TLC: Rf = 0.50, silica gel, 85/15 v/v

dichloromethane/methanol

PREPARATION 83
0-(4,6-0-Benzylidene-2,3-di-O-methyl~-a-D-
glucopyranosyl) - (1—4) -0-(2,3,6~tri~-O-methyl-f-D-
glucopyranosyl) - (1-»4) -1, 6-anhydro-2,3-di-0O-methyl-B-D-
glucopyranose {96) '

| Sodium hydride (387 mg, 9.65 mmol) is added
under a nitrogen atmosphere to a cooled (5°C) solution
of. compound 95 (660 mg, 1.1 mmol) in dry
tetrahydrofuran (8 ml). Methyl iodide (0.51 ml1,
8.22 mmol) is added dropwise and the mixture is stirred

. for 20 hours at room temperature. The excess sodium

hydride is destroy?d with methanol and the mixture is
pOg;ed into 50 ml of ice~cold water. After extraction
with” ethyl acetate (3 times 20 ml), the organic phase
is washed with sodium chloride solution, dried over
magnesium sulphate and concentrated to give 690 mg of
pure compound 96.

TLC: Rf = 0.25, silica gel, 95/5 v/v dichloro-
methane/methanol
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PREPARATION 84 |
o—(2,3-Di-o—methyl-a—D-glucopyranosYl)—(1—94)—0—2,3,6-
tri-O-methyl-B-D-glucopyranosyl) - (1—4) -1, 6-anhydro-2,3~
d;—o—methyl—B—D—glucopyranose (97)

- The pure compound 96 (690 mg, 1.03 mmol) is
dissolﬁed in 80% acetic acid (7.3 ml) and stirred for
20 hours at 40°C. The' mixture is concentrated under
vacuum and co-evaporated with toluene. Chromatography

- on a column of silica gel in 8/1/1

dichloromethane/ethyl acetate/methanol allows 569 mg of
compound 97 to be obtained. _

TIL.C: Rf = 0.40, silica gel, 9/1 v/v dichloro-
methane/methanol

PREPARATION 85
O- (6-0-Benzoyl-2,3-di-O-methyl-o-D-glucopyranosyl) -
(154)-0-(2,3,6-tri-O-methyl-f-D-glucopyranosyl) - (1—94)-
1, 6-anhydro-2,3-di-O-methyl-B-D-glucopyrancse (98)
1-Benzoyloxy-1H-benzotriazole (227 mg,
1.05 mmol) and triethylamine (1.15 mmol) are added to a
solution of compound 97 (560 mg, 0.96 mmol) in
dichloromethane and the mixture is then stirred for 20
hours at room temperature. The reaction mixture is

 diluted with dichoromethane and washed with 10% sodium

hydrogen carbonate solution and water. The organic
phase is dried over magnesium sulphate, filtered and
evaporated to dryness. The product is purified by

- chromatography on a column of silica gel in order to

obtain 600 mg of ccmpound 98. :
TLC: Rf "= 0.5, silica gel, 9/1 v/v dichloro-
methane/methanc:

PREPARATION 86 _
O-(2,3-Di-0O-benzoyl-4,6-0-benzylidene-g-D-
glucopyranosyl) - (1 -»4) -0- (2,3, 6-tri~-O-benzoyl-p-D-
glucopyranosyl) - (1-4) -0O- (6-0-benzoyl-2,3-di-O-methyl -
a-D-glucopyranosyl) - (1->4) -0- (2,3, 6~tri~0O-methyl-p-D-
glucopyranosyl) - (1—4) -1, 6-anhydro-2, 3—d1-o-methyl g-D~-
glucopyranose (99)
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Compound 98 is converted into compound 99

according to the procedure described for the
preparation of compound 94. The coupling reaction is

carried out at 5°C.
TLE: Rf = 0.50,. silica gel, 2/8 v/v heptane/ethyl

acetate
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PREPARATION 87
O- (4, 6-0-Benzylidene-a-D-glucopyranosyl) - (1—>4)-0- (B-D~-
glucopyranosyl) - (1—54) -0~ (2, 3-di-0O-methyl-a-D-
glucopyranosyl) - (1—>4)-0-(2,3,6~-tri-O-methyl-B-D~
glucopyranosyl) - (1—>4) -1, 6-anhydro-2,3-di~-O-methyl-B-D-
glucopyrancose (100)

Compound 99 1is converted into compound 100
according to the same procedure as that described for
the preparation of compound 95.

TLC: Rf = 0.35, silica gel, 9/1 v/v dichloro-
methane/methanol '

PREPARATION 88
O-(4,6-0-Benzylidene-2,3-di-O-methyl-a-D-
glucopyranosyl) - (1>4) -0- (2,3, 6~tri-O-methyl-pf-D-
glucopyranosyl) -{1—>4)-0-(2,3,6~-tri-O-methyl-a-D-
glucopyranosyl) -(1-4)-0-(2,3,6-tri-O-methyl-f~D-~
glucopyranosyl)-(1—+4)-1,6—anhydro-2,B—di—o—methyl—ﬁ—D;
glucopyranose (101)

-~ Compound 100 is converted into compound 101
according to the same procedure as that described for
the preparation of compound 96. .
TLC: Rf = 0.50, silica gel, 9/1 v/v dicholoro-
methane/methanol

PREPARATION 89
0-1(2,3-Di-O-methyl-a-D~glucopyranosyl) - (1—>4)-0-(2,3, 6-

- tri-O-methyl-B-D-glucopyranosyl) - (1->4) -O- (2,3, 6-tri-0O-

methyl-a—D-glucopyranosyl) (1>4)-0-(2,3,6-tri-0O-
methyl B-D-glucopyranosyl)-(1—4) -1 6—anhydro-2 3-di-0O-
methyl B~-D-glucopyranose (102)

Compound 101 is converted into compound 102
according to the same procedure as that described for
the preparatlon of compound 97.

TLC: Rf = 0.35, silica gel, 9/1 v/v dichloro-
methane/methanol
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PREPARATION 90
O—(6-0—Ben20y1-2,3-di4O-methyl-a-D-glucopyranosyl)-
(1—>4) -0-(2,3,6-tri-0O-methyl-B-D-glucopyranosyl) - (1—>4) -
O;(2,3,6-tri-o—methylFa-D-glucopyranosyl)—(1—94)-0-
(273,6-tri—O—methyl—B—D-glucopyranosyl)—(1—94)-1,6-
anhydro-2,3—di—O-methyl—B-D—glucopyrahose (103)

Compound 102 is converted into compound 103
according to the same procedure as that described for
the preparation of compound 98.

TLC: Rf = 0.40, silica gel, 7.0/1.5/1.5 v/v/v
toluene/ethyl acetate/ethanol

PREPARATION 91
0-(2,3-Di-O-benzoyl-4,6-0~-benzylidene-a-D-
glucopyranosyl) - (1—5>4) -0-(2,3,6-tri~-O-benzoyl-B-D-
glucopyranosyl)—(1—+4)-O-(6-o—benzoy1-2,3-di—0—methyl-;:'
a-D-glucopyranosyl)-(1—54)-O-(2,3,6—tri—0-methyl-ﬁ—D- '
glucopyranosyl) - {(1—4) -0-(2,3,6-tri-O-methyl-o-D-
glucopyranosyl) - (1—34)-0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl) - (1—4) -1, 6-anhydro-2,3-di-O-methyl-f-D-
glucopyranose (104)

'The coupling reaction of compound 103 with
the disaccharide 2 1is carried out according to the
procedure described for the'preparation of compound 99.
TLC: Rf = 0.40, silica gel, 7.0/1.5/1.5 v/v/v
toluene/ethyl acetate/ethanol
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SCHEME 25 - Synthesis of the oligosaccharide 109
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PREPARATION 92
0-(4,6-0-Benzylidene-a-D-glucopyranosyl) - (1—4) -0- (B-D-
glucopyranosyl) ~{1—5>4) -0-(2,3~di-O-methyl-a-D-
glucopyranosyl) - (1—-4) -0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl) - (1—4) -0-(2,3, 6-tri-O-methyl-a-D~
glucopyranosyl) - {154) -0-(2,3,6-tri-O-methyl-p-D-
glucopyranosyl)-(1->4) -1, 6-anhydro—2 3-d1-0-methy1 B-D-
glucopyranose (105)

Compound 104 is converted 1nto compound 105
according to the same procedure as that described for
the preparation of compound 95.

TLC: Rf = 0.60, silica gel, 9/1 v/v dichloro-
methane/methanol |

PREPARATION 93 _
O-(4,6-0-Benzylidene-2,3-di-O-methyl-a-D~
glucopyranosyl) -{(1—-4)-0-(2,3,6~tri-O-methyl-Bf-D-
glucopyranosyl) -(1-34) -[0- (2,3, 6-tri-O-methyl-a-D-
glucopyranosyl) - (1—>4)-0-(2,3,6-tri-O-methyl--D-

‘glucopyranosyl) - (1—4) ].-1,6-anhydro-2,3-di-0O-methyl-f-

D- glucopyranose (106)

Compound 105 is converted into compound 106
according to the same procedure as that described for
the preparation of compound 96.

TLC: Rf = 0.70, silica gel, 9/1 wv/v dichloro-
methane/methanol

- PREPARATION 94

O-(2,3—Di—Ofmethyl-qrnfgludopyranosyl)-(;—+4)fo-(2,3,6—
tri;o—methjl-B—D—glucopyranosyl)—(1—)4)-[0—(2,3;6-tri-0-
meth&l—a-D-glucopyranosyl)-(1-94)—0-(2,3,6—tri—0-
methyl-B—D-glucopYranosyl)-(1—94)]2—1,6-anhydro-2,3-di-
O-methyl-B-D-glucopyrancse (107)

' A solution of compound 106 (3.05 g, 2.0 mmol)
in 80% acetic acid (50 ml) 1is stirred for 20 hours at
40°C. The mixture is concentrated under vacuum and co-
evaporated with toluene. The residue is dissolved in
ethyl acetate and extracted with water The aqueous
phase is extracted w1th dlchloromethane and the organic
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phase is dried over magnesium sulphate, filtered and
evaporated to dryness to give 2.68 g of compound 107.

‘TLC: Rf = .0.50, silica .gel, 9/1 v/v dichloro-
- methane/methanol

-

PREPARATION 95
O—(6-O-Benzoyl—2,3-di-O-methyl-a-D—glucopyranosyl)—
(1—94)—o—(2,3,6ftri—o—methyl-B-D-glucopyranosyl)—(1—94)-
[0-(2,3,6-tri-O-methyl-a-D-glucopyranosyl) - (1—4) -O-
(2,3,6-tri-O0-methyl-f-D-glucopyranosyl) ~(1—>4) ].-1,6-
anhydro-2,3-di-O-methyl-pf-D-glucopyrancse (108)

Compound 107 is converted into compound 108
according to the same procedure as that described for
the preparation of compound 98. : -
TLC: Rf = 0.80, silica gel, 7.0/1.5/1.5 wv/v/v ~
toluene/ethyl acetate/ethanol :

PREPARATION 96 -
O-(2,3-Di-0-benzoyl-4,6-0-benzylidene-a-D-
glucopyranosyl) - (1-»4) -0- (2, 3, 6-tri-O-benzoyl-B-D-
glucopyranosyl)—(1,4)-0-(6—O—benzoy1-2,3—di—0fmethyl-q-
D-glucopyranosyl) - (1-54) -0- (2,3, 6-tri~O-methyl-$-D-
glucopyranosyl)-(1—54)-[0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl) - (1—>4) -0- (2,3, 6-tri-O-methyl-B-D-
glucopyranosyl) - (1—4) ].-1, 6-anhydro~-2,3-di~-O-methyl-p-
D-glucopyranose (109) '

. A mixture of the thioglycoside 92 (1.97 g,

- 2.0 mmol, 3.5 eq), heptasaccharide 108 (0.86 g,

0.57 mmol) and powdered'4A molecular sieves in toluene
(22.ml1) is stirred under a nitrogen atmosphere for 15
minutes. A freshly prepared solution containing N-
iodosuccinimide (496 mg, 2.2 mmol) and trifluoro-
methanesulphonic acid (0.808 mmol) in 1/1 v/v dichloro-
methane/dioxane (12 ml) is then added dropwise at room
temperature. After 10 minutes, the reaction mixture is
filtered, diluted with dichloromethane, extracted,
washed with 10% sodium thiosulphate solution and with
10% sodium hydrogen carbonate solution, dried over
magnesium sulphate and concentrated under vacuum. The
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crude product is purified by chromatography on a column
of silica gel, to give 1.09 g of compound 109.

TLC: Rf = 0.80, silica gel, 6/2/2 v/v/v toluene/ethyl
acetate/ethanol
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SCHEME 26 - Synthesis of the oligosaccharide 115
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PREPARATION 97
O-(4,6-O—Benzylidene-a-D—glucqpyranosyl)-(1—94)—O-(B-D—
glucopyranosyl) - (1—-4) -0- (2,3, -di~-O-methyl~-a-D~

- glucopyranosyl) - (1-54)-0-(2,3,6-tri-O-methyl-p-D-

glucopyranosyl)-[ (1-4)-0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl) - (1->4) -0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl)]2-(1—)4)-1,6—anhydro—2,3—di—0—methyl-B;
D-glucopyranose (110) .
Compound 109 is converted into compound 110
according to the same procedure as that described for
the preparation of compound 95.
TLC: REf = 0.25, silica gel, 5.0/2.5/2.5 v/v/v
toluene/ethyl acetate/ethanol

PREPARATION 98
O-(4,6-0-Benzylidene-2,3-di-O-methyl-a-D-
glucopyranosyl) - (1—24) -0-(2,3,6-tri-O-methyl-p-D-
glucopyranosyl)-(1—94)-[O-(2,3,6-tri-0-ﬁethyl—a-DF
glucopyranosyl) - (1—4) -0-(2,3,6-tri-O-methyl-p-D-
glucopyranosyl)—(1—+4)]3-1,6—anhydro-2,3—di-0-methyl-B-
D~glucopyranose (111) ,

Compound 110 is converted into compound 111
accordlng to the same procedure as that described for
the preparation of compound 96. _

TLC: Rf = 0.50, silica gel, 6/2/2 v/v/v toluene/ethyl
acetate/ethanol

. PREPARATION 99

o-(2, 3-Di-0—methy1-a-D—glucopyranosyl) (1>4)-0-(2,3,6-
trl-o-methyl B- D-glucopyranosyl) - (1->4) -[0- (2,3, 6-tri-0O-
methyl—a—D—glucopyranosyl) (1—94)-0—(2 3,6-tri-O-
methyl- B-D-glucopyranqsyl) (1—>4) ]s-1, 6~anhydro-2,3-di-
O-methyl-B-D-glucopyranose (112)

Comgziri: 111 is converted into compound 112
according to the :ime procedure as that described for
the preparation =f zompound 97.

TLC: Rf = 0.20, silica gel, 6/2/2 v/v/v toluene/ethyl
acetate/ethanol ' |
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PREPARATION 100
O-(6-0-Benzoyl-2, 3-d1-0—methyl-a-D-glucopyranosyl)-
(1>4)-0-(2,3, 6—tr1-o-methy1 f-D-glucopyranosyl) - (1—+4)—
[0-(2,3,6- tr1-O-methyl-a-D—glucopyranosyl) (1>4)-0-
(2;3,6-tri-0-methyl-B-D-glucopyranosyl) - (1—>4)]1s-1,6~-
anhydro—2,3—di-0—methyl—B—D-g;ucdpyranose {(113)

Compound 112 is converted into compound 113
according to the same procedure as that described for
the preparation of compouﬁd 98,

TLC: Rf = 0.20, silica gel, 6/2/2 v/v/v toluene/ethyl
acetate/ethanol

" PREPARATION 101

O- (6-0-Benzoyl-4-0O-levulinyl-2,3-di-O-methyl-o-D-

glucopyranosyl) - (1>4) -0-(2,3,6~-tri-O-methyl-B-D-

glucopyranosyl) - (1->4) - [0~ (2,3, 6-tri-O-methyl-o-D-

glucopyranosyl) - (1—>4) -0-(2, 3,6~ -tri-O-methyl-f-D-

glucopyranosyl) - (1—+4)]3-1 6-anhydro-2, 3-d1—0—methyl B—
D-glucopyranose (114)

1- (3-Dimethylaminopropyl) -3-ethylcarbodiimide
hydrochloride (48 mg, 0.25 mmol), levulinic acid
(29 mg, 0.25 mmol) and dimethylaminopyridine '(4 ng,
0.033 mmol) are added to a solution of compound 113
(320 mg, 0.167 mmol) in dioxane (1 ml). The reaction
mixture is stirred for 3 hours at room temperature
under a nitrogen atmosphere. Dichloromethane and water
are then added and, after extraction, the organic phase

- is washed with water, dried over magnesium sulphate,

filtered and concentrated. The crude product is
pug}fied.by chromatography on a column of silica gel to
give 312 mg of compound 114. -

TLC: Rf = 0.50, silica gel, 6/2/2 v/v/v toluene/ethyl
acetate/ethanol '

PREPARATION 102

'O-(6—O-Benzoyl-4—O-levulinylf2,3—di-0-methyl—a-D-

glucopyranosyl) - (1—-4) -0-(2,3,6-tri-O-methyl--D-
glucopyranosyl) - (154)-[0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl) - (1—4) -0- (2,3, 6~tri-O-methyl-f-D-
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glucopyranosyl)-(1—+4)]3-1,6—di—0-acetyl—2,3—di-0-
methyl-a,B-D-glucopyranose (115) _

A _ solution of compound 114 = (312 mg,
0.155 mmol) in a mixture of acetic anhydride (2.25 ml),
acetic acid (50 pl) and tfifluoroacetic acid (0.14 ml)
is stirred for 4 hours at room temperatufe. After
addition of toluene (10 ml), the mixture is
concentrated and co-evaporated with toluene (3 times
10 ml). After chromatography on a column of silica gel,
324 mg of compound 115 are isolated. B
TLC: Rf = 0.65, silica gel, 6/2/2 v/v/v toluene/ethyl
acetate/ethanol o '
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SCHEME 27 - Synthesis of the oligosaccharide 117
115
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PREPARATION 103

0- (6-0-Benzoyl-4-0-levulinyl-2,3-di-O-methyl-o-D-
-glucopyranosyl)—(1—94)-O-(2,3,6-tri-o-methyl-BfD-_

glucopyranosyl)-(1—>4)-[0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl) - (1->4) -0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl) - (1—>4) ]3-6-O-acetyl-2,3-di~O-methyl-a, B-
D-glucopyranose {(116)

A solution .of compouhd 115 (324 mg,_0.153 mmol)
and morpholine (22.3 pl, 0.256 mmol) in toluene (2 ml)
is stirred for 4 hours at 35°C. Morpholine (22.3 ul) is
then added again and the reaction mixture is stirred
for 20 hours at 35°C. The mixture is cooled rapidly
with water. After extraction with dichloromethane, the

. organic phase 1is washed successively with 0.1N

hydrochloric acid and water, dried and evaporated to
dryness. After chrémétography' on a Cdlumn. of silica
gel, "280 mg of compound 116 are isolated.

TLC: Rf = 0.45, silica gel, 6/2/2 v/v/v toluene/ethyl
acetate/ethanol

PREPARATION 104
O-{6-0-Benzoyl-4-0-levulinyl~2,3-di~O-methyl-o-D-
glucopyranosyl)—(1—+4)-04(2,3,6-tri-0-methyl;B-D—
glucopyranosyl) - (1->4) -[0- (2,3, 6~tri-O-methyl-a-D-
glucopyranosyl) - (1-»4) -0- (2,3, 6~tri-O-methyl-B-D-
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glucopyranosyl) - (1—4) ]1;-6-0-acetyl-2,3-di~O-methyl-a,p-

~D-glucopyranose trichlorcacetimidate(117)

Trichloroacetonitrile (39 ul, 0.39 mmol) and
caesium carbonate (4.7 mg) are added to a solution of
compound 116 (138 mg, 0.066 mmol) in dichloromethane
(1.5 ml). After stirring for 2 hours, the mixture 1is

_ filtered and  concentrated and the residue is

chromatographed on a column of silica gel to give
152 mg of the imidate 117.

TLC: Rf = 0.35, silica gel, 8/1/1 v/v/v toluene/ethyl
acetate/ethanol
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SCHEME 28 - Synthesis of the disaccharide 128
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PREPARATION 105
Methyl 2-O-benzyl-4,6- O-benzyl1dene-a-D—glucopyranos1de
(119) .

} The compound 118 (60 g) (commercially
available) is dissolved in dimethylformamide (858 ml)
with benzyl bromide (50.5 ml). After cooling to 10°C,
aqueous 20% sodium | hydroxide solution is added
dropwise. After stirring for 1 hour, the temperature is
raised to 20°C and the mixture is stirred for a further
20 hours. The solution is then poured into a mixture of
ice-water and toluene and extracted. The organic phase
is concentrated and the crude product'is'purified by
crystallization to give 30.0 g of compound 119.

TLC: Rf = 0.60, silica gel, 7/3 v/v toluene/ethyl’
acetate

PREPARATION 106

‘Methyl 2-0-benzyl-4,6-0O-benzylidene-3-0O-p-methoxy-

benzyl-a-D-glucopyranoside (120) o

Compound 119 (26.4 qg) is dissolved in
dimethylformamide (211 ml) and cooled to 5°C. Sodium
hydride (2.5 g) is added under a nitrogen atmosphere.
4-methoxybenzyle chloride (13.3 q) is then added
dropwise and the mixture is stirred for 1 hour at room
temperature. The mixture is diluted with ethyl acetate,
washed twice with water and concentrated to give 40.7 g
of pure compound 120.

- TLC: Rf = 0.80, silica gel, 7/3 v/v toluene/ethyl

acetate
PREPARATION 107
Methyl _ 2-0O-benzyl-3-0-p-methoxybenzyl-a-D-gluco-
pyranoside (121) | |

' Compound 120 (34.9 g) is dissolved in -aqueous
60% acetic acid and stirred for 4 hours at 60°C. The
mixture is diluted with toluene and concentrated.
Purification by chromatography on a column of s:.llca
gel allows 26.4 g of compound 121 to be obtained.
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TLC: Rf = 0.07, silica gel, 7/3 v/v toluene/ethyl
acetate

PREPARATION 108
Methyl 2-0-benzyl-3-0O-p-methoxybenzyl ~6-O-methyl-a-D~
glucopyranoside (122)

Compound 121 (26.4 q) is dissolved in
dichloromethane (263 ml) under a nitrogen atmosphere.
Trimethyloxonium tetrafluoroborate (11.6 g) and 2, 6-di-
tert—butyl—4—methylpyridine (17.4 g) are added at room

- temperature. After 4 hours, the mixture is poured onto

ice-water and extracted with dichloromethane. The
organic phase is washed with sodium hydrogen carbonate
and concentrated. Purification of the crude product by’
chromatography on a column of silica gel allows 18.5 g
of compound 122 to be obtained. Q

TLC: Rf = 0.25, silica gel, 7/3 v/v toluene/ethyl
acetate o )

PREPARATION 109

Ethyl 2,4,6—tri-O-acetyl—3-O—methyl-1fthio—a—L—
idopyranose (124) _ o
Compound 123 (1,2,4,6-tetra~-O-acetyl-3-0-

- methyl-o-L-idopyranose) (Jaurand et al. Bio. Med. Chem.

Lett. 1992, 2, 897-900) (48.4 g) is dissolved in
toluene (175 ml) . Ethanethiol (20 ml) and boron
trifluoride étherate in toluene (134 ml) are added,

- under a nitrogen atmosphere. After stirring for 1 hour,

aqueous sodium hydrogen carbonate (400 ml) is added
and, the mikture is stirred for a further one hour;.The
miitﬁre is then poured into ethyl acetate. The organic
phase is washed twice with water and concentrated.
Purification by chromatography on a column of silica
gel allows 29.6 g of compound 124 to be obtained.

TLC: Rf = 0.45, silica gel, 6/4 v/v toluene/ethyi
acetate '
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PREPARATION 110
Methyl 0-(2,4,6-tri-O-acetyl-3-O-methyl-a-L-
idopyranosyl-(1-»4) -2-O~-benzyl-3-0-p-methoxybenzyl-6-0-
methyl-a-D-glucopyranoside (125)

-~ Compound 122 (17.5 g) and compound 124 (28.2 gq)
are dissolved 1in toluene (525 ml) under a nitrogen
atmosphere. After adding 4A molecular sieves, the
reaction 1s «cooled to -20°C. A freshly prepared
solution- of 0.1M N-iodosuccinimide (17.4 g) and
trifluoromethanesulphonic acid (1.38 ml) in 1/1 v/v
dioane/dichloromethane is added dropwise wunder a
continuous flow of nitrogen. After 10 minutes, the red
reaction mixture is filtered and washed successively
with aqueous sodium thiosulphate and aqueous sodium'
hydrogen carbonate. The organlc phase 1is concentrated
under vacuum and 30.0 g of compound 125 are isolated. .
TLC: Rf = 0.45, silica gel, 8/2 v/v dichloro-
methane/ethyl acetate o ) -

PREPARATION 111
Methyl 0= (3-O-methy1-a—L-ldopyranosyl) (1—94)—2—0-
benzyl-3-0-p-methoxybenzyl - 6-O-methyl-a-D—
glucopyranoside (126)

Compound 125 (30.0 g) is dissolved in 460 ml of
1/1 v/v methanol/dioxane and potassium tert-butoxide is
added. After 15 minutes, the mixture is neutralized
with a Dowex 50WX8H" resin and concentrated under

- vacuum. Purification is carried out by chromatography

on a column of sil;ca_gel to give 17.4 g of compound
126, '

TLC:” Rf = 0.25, silica gel, 95/5 v/v dichloro-
methane/methanol

PREPARATION 112

Methyl o-(4,G—O-isopropylidene-3-o-methyl-a-L-

idopyranosyl)—(1—94)-240-benzy1-3-O—p—methoxybenzy1-6-

O-methyl -o.~-D-glucopyrancside (127) - |
Compound 126 (17.4 g) is' dissolved in

dimethylformamide (77 ml) under a nitrogen atmosphere.
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2,2-Dimethoxypropane (26 ml) and p-toluenesulphonic
acid are added and the mixture is then stirred for 30
minutes. Dilution of the mixture with aqueous sodium
hydrogen carbonate followed by its extraction with
ethyl acetate allows 19.7 g of compound 127 to be
obtained after evaporation of the solvent.

. TLC: Rf = 0.45, =silica gel, 95/5 vwv/v dichloro-

methane/methanol

PREPARATION 113

Methyl O—(4,6-O-isopropylidene—2,3—di—0—methyl-a-L—
idopyranosyl) - (1->4) -2-0-benzyl -3~-O-methoxybenzyl -6-0-
methyl-o-D-glucopyranoside (128)

Compound 127 (18.5 qg) is dissolved in-
dimethylformamide (24.4 ml) and cooled to 0°C. Sodium
hydride (1.47 g; 60% dispersion in oil) and iodomethane'
(2.36 ml) are added under a nitrogen atmosphere. After
one hour, the excess sodium hydride is destroyéd with
methanol and the mixture is extracted with
dichloromethané and concentrated to give 20.0 g of
compound 128.

TLC: Rf = 0.85, silica gel, 95/5 v/v dichloro-
methane/methanol - '
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PREPARATION 114
Methyl O-(4,6-O-isopropylidene-2,3- dl-O—methyl-a-L—ldo—
pyranosyl) - (1—>4)-2-0O-benzyl-6-O-methyl-o-D-
glucopyranoside (129)

-~ Compound .128 (18.4 g) is dissolved in
dichloromethane (838 ml) and water {168 ml). 2,3-
Dichloro-5, 6-dicyano-1, 4-benzoquinoné (7.1 g) is added
and the mixture is stirred for 18 hours at 4°C. The
mixture 1is poured 1into aqueous sodium hydrogen
carbonate and extracted with dichloromethane.
Concentration of the organic phase gives 12.7 g of
compound 1289. o
TLC:  Rf = 0.40, silica gel,  95/5 v/v
dichloromethane/methanol '

PREPARATION 115

Methyl 0-(4, 6-0- 1sopropy11dene-2 3-d1—0—methy1-a L-ldo-
pyranosyl)-(1—>4)-2,3- dl-o-benzyl 6-O-methyl-o-D-
glucopyranoside (130)

Compouhd 129 (10.5 g) is dissolved in dry
dimethyl formamide (178 ml) and then cooled to 0°C under
a nitfogen atmosphere. Sodium hydride (1.91 g:; 60%
dispersion in oil) is added, followed by droﬁwise
addition of benzyl bromide (3.3 ml). After 30 minutes,
the reaction is complete and the excess sodium hydride
is destroyed with methanol. Water is added and the
mixture is extracted twice with ethyl acetate.

- Evaporation of the solvent allows 13.6 g of compound
. 130 to be obtained.“

TLC: RE. =" 0.50, silica gel, 1/1 v/& toluene/ethyl
acetate '

PREPARATION 116 :

Methyl 0-(2,3-di-O-methyl-a-L-idopyranosyl)-(1—4)-2,3-

di—o—benzyl—6-o-methyl-a-D-glucopyranoside (131)
Compound 130 is dissolved in 77/33 (v/v) acetic

acid/water and stirred overnight. The mixture is co-

evaporated twice with toluene and purified by
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chromatography on a column of silica gel to obtain
11.5 g of compound 131.

TLC: Rf = 0.09, silica gel, 1/1 v/v toluene/ethyl
- acetate '
- Rf = 0.68, silica gel, 9/1 v/v

dichloromethane/methanol

PREPARATION 117

Methyl O—(2,B-di—O-methyl—d—L-idopyranosyluronic'acid)-

(1—>4)-2,3-di-0-benzyl-6-0O-methyl -a-D-glucopyranoside

(132) |
2,2,6,6-Tetramethyl-l-piperidinyloxy [lacuna]

(33 mg), sodium hydrogen carbonate solution (40 ml),

potassium bromide (218 mg) and tetrabutylammonium’
chloride (289 mg) are added to a solution of compound
131 (11.6 g) in dichloromethane (60 ml). The mixture is
cooled to 0°C and a mixture of saturated sodium
chloride solution (44 ml), saturated sodium hydrogen
carbonate solution (21.8 ml) and sodium hypochlorite
(1.3 M, 50 ml) is added over 15 minutes. After stirring
for 1 hour, the mixture is diluted with water and
extracted (3 times) with dichloromethane. 'The organic
phase is washed with aqueous sodium chloride solution,
dried over magnesium sulphate, filtered and evapbrated
to dryness to give 13.4 g of the crude compound 132,
TLC: RE = 0.14, silica gel, 9/1  v/v
dichloromethane/methanol '

PREPARATION 118 o _

Methyl ."0-(benzy1" 2,3-di-0-methyl;a—L-idopyrano—
syluronate) - (1—4) -2, 3-di-0O-benzyl-6-0O-methyl-a-D-
glucopyranoside (133) |

' Compound 132 is dissolved in dimethylformamide
(110 m1) under a nitrogen atmosphere. Potassium
hydrogen carbonate (6.7 g) and benzyl bromide (10.7 ml)
are added and the mixture is stirred for 90 minutes.
Ethyl acetate and water are added and, after
extraction, the organic phase is concentrated.
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Purificat_io'n by chromatography on a column of silica
gel allows 9.9 g of compound 133 to be obtained.
TLC: Rf = 0.43, silica gel, 4/6 v/v toluene/ethyl
acetate '

-

_PREPARATION_IIQ

Methyl O- (benzyl 2,3-di-O-methyl-B-D-
glucopyranosyluronate)—(1—94)—2,3—di40-benzy1-6—0-
methyl-a-D-glucopyranoside (134)

_ Compound 133 (9.9 g) is dissolved in 300 ml of
methanol and heated to reflux under a nitrogen
atmosphere. A 1M solution of sodium methoxide in
methanol (65.2 ml) is added dropwise and the mixture is
stirred and heated at reflux for 3 hours. The nixture’
is then cooled to room_température, 1IN sodium hydroxide
(22.2 ml) is added and the reaction mixture is stirred'
for a further 90 minutes. After neutralization with
Dowex 50WX8H' resin and filtration, the mixture is
concentrated. The pure product is dissolved in
dimethylformamide (192 ml) and molecular sieves are
added under a nitrogen atmosphere. Potassium hydrogen
carbonate (3.2 g) and.benzyi bromide (4.8 ml) are added
and the mixture is stirred for 5 hours. After addition
of ethyi acetate and water, extraction and separation
of the two phases, the organic phase is concentrated.
The crude product is purified by chromatography on a
column of silica gel to give 6.19 g of compound 134 and

. 1.88 g of the starting compound 133.

TLC: Rf = 0.55, silica gel, 4/6 v/v toluene/ethyl
acq;ate b

PREPARATION 120

Methyl O- (benzyl 4-O-levulinyl-2,3-di-O-methyl~B-D-
glucbpyranosyluronate)—(1—94)—2,3-di-o-benzyl-6—0—
methyl-a-D-glucopyranoside (135) '

Compound 134 (6.2 g) is dissolved in 40 ml of
dioxane. Levulinic = acid (2.1 oy, | dicyclo-
hexylcarbodiimide (3.75 g) and 4-dimethylaminopyridine
(0.2 g) are added and the mixture is ‘stirred for
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2 hours under a nitrogen atmosphere. Diethyl ether
(95 ml) is added and the precipitate is filtered off.
The filtrate is washed with aqueous potassium hydrogen
sulphate, dried over magnesium sulphate, filtered and
cbncentrated. Crystailization from ether/heptane allows
6.2 g of compound 135 to be obtained. |

TLC: RE = 0.26, silica gel, 95/5 v/v
dichloromethane/acetone

PREPARATION 121 _ .
O- (Benzyl 4-0-levulinyl-2,3-di-O-methyl-f-D-gluco-

‘pyranosyluronate) - (1—5>4)-1,3-di-O-acetyl-2-O-benzyl-6-

O-methyl-a,B-D-glucopyranose (136)

Compound 135 (6.1 g) 1is dissolved in acetic anhydridg'
(256 ml) under a nitrogen atmosphere and cooled to
-20°C. A mixture of sulphuric acid (4.9 ml) in acetic .
anhydride (49 ml) is added dropwise over 30 minutes.
After 60 minutes, sodium acetate is added until a
mixture having a neutral pH is obtained. Ethyl acetate
and water are then added and the organic phase 1is
concentrated. Purification by chromatography on a
column of silica gel allows 4.2 g of compound 136 to be
obtained.

TLC: Rf = 0.24, silica gel, 8/2 v/v
dichloromethane/ethyl acetate

PREPARATION 122

. O-(Benzyl 4-O-levulinyl-2,3-di-O-methyl- B-D—gluco-

pyranosyluronate) - (1—+4)—3-O-acetyl-2—0—benzyl -6-0-
methyl-a BﬂD-glucopyranose (137)

_ Compound 136 (4.2 q) is dissolved in
tetrahydrofuran (42 ml) and piperidine (4.1 ml) is
added. The mixture is stirred overnight at room
temperature. Ethyl acetate is added and the mixture is
washed with 0.5 N hydrochloric acid. The organic phase
is concentrated and the residue is purified by

chromatography on a-column of silica gel to give 3.2 g
of compound 137.
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TLC: RE = 0.33, silica gel, 1/1 v/v
dichloromethane/ethyl acetate

PREPARATION 123
5 O-{Benzyl 4-0-levulinyl-2,3-di-O-methyl-a-D-
glucopyranosyluronate) - (15>4) -3-O-acetyl-2~O-benzyl-6-
O—methyl—a-D-glucopyranose trichloroacetimidate (138)
Compound 137 (1.59 g) is dissolved in dry
dichloromethane under a nitrogen atmosphere.
10 Trichloroacetonitrile (1.1 ml) and caesium carbonate
(72 mg) are added and .the mixture is stirred for 1
hour. The caesium carbonate is filtered off and the
filtrate is concentrated. - Purification by
_ chromatography on a column of silica gél allows 1.57 g’
15 of compound 138 to be obtained. _
TLC: Rf = 0.60, silica gel, 3/7 v/v toluene/ethyi
acetate ' B

SCHEME 30 - Synthesis of the tetrasaccharide 140
138 + 133

OMe
COOBn
UWO (o) OMo OBn OMe
' <> ié: i 0" oMme
-+ €oo8n © oBo
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|
|
T !
i
L 4
MeO oM coosn BnO
HO' 7>: OMe é o o%o % OBn OMe
0 Q o] o) OMe
COOBn = ,c0 OBn oMy

PREPARATION 124
Methyl O-(benzyl 4-0-levuliny1-2,3-di—o-methyl—B-D—
glucopyranosyluronate)-(1—94)-O—(3—O-acetyl—2—0-benzyl—
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6-O-methyl-a-D-glucopyranosyl) - (1—4) -O- (benzyl 2,3-di-
O-methyl-o-L-idopyranosyluronate) - (1—4) -2,3~-di-0O-
benzyl~6-O-methyl-a~D-glucopyranoside (139)

. A mixture bf compound 133 (300 mg) and compound
138 (455.6 mg) is co-evaporated with toluene and
dissolved in dichloromethane (6 ml) under a nitrogen
atmosphere. After addition of 4A molecular sieves, the
mixture is cooled to ~-20°C. After stirring for 20
minutes, trimethylsilyl trifluoromethanesulphonate
(15 mol%$ relative to compound 138) is added. After 10
minutes, the mixture is. quenched with aqueous sodium
hydrogen carbonate. After filtration of the molecular
sieves, the filtrate is diluted with dichloromethane,

washed -~ with 'water, concentrated and purified by’
chromatography on a column of silica gel to give 560 mg
of compound 139. . ' .

TLC: Rf = 0.50, silica gel, 3/7 v/v toluene/ethyi
acetate ' T ’

PREPARATION 125 -
Methyl O- (benzyl - 2,3-di-O-methyl-B-D-
glucopYranosyluronate)—(1—94)-O—(3—Q-acety1-2ﬁ0—benzyl-
6-0-methyl-a-D-glucopyranosyl) - (1>4) -O- (benzyl 2,3-di-
O—methyl-a—L—idopyranosyluronate)—(1~+4)-2,3-di-0-
benzyl-6-0O-methyl-a-D-glucopyranoside (140)

~Compound 139 (532.6 mg) is dissolved . in
pyridine (1.9 ml) and a mixture of acetic acid (2.4 ml)

. and ‘hydrazine hydrate (0.3 ml) in pyridine (1.9 ml) is

added at room temperature. After stirring for 9
migptes,.‘dichloromethane_ and water ére added. The
orgaﬁic phase is separated out and washed successively
with 0.1 N hydrochloric acid, aqueous sodium hydrogen

.carbonate and water. The organic phase is concentrated

and purified by chromatography on a column of silica
gel to give 451 mg of compound 140.

TLC: Rf = 0.45, silica gel, 3/7 v/v toluene/ethyl
acetate : ' ' '
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SCHEME 31 - Synthesis of the polysaccharide 142
17 + 140
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PREPARATION 126
Methyl O-(6-O-benzoyl-4-O-levulinyl-2,3-di-O-methyl-o-
D-glucopyranosyl) - (1—>4) -0-(2,3,6-tri-O-methyl-p-D-
g}ucopyranosyl)-(1—94)—[O-(2,3,6-tri—0-methyl-a—D-

' glucopyranosyl) - (1—>4) -0- (2,3, 6-tri-O-methyl~p-D-

glucopyranosyl) - (1->4) ]5-0-{6-0O-acetyl-2,3-di-O-methyl-
a-D-glucopyranosyl) - (1—->4) -O- (benzyl 2,3-di-O-methyl-f-
D—glucopyranoéyluronate)-(1—94)-O-(3—O-acetyl—2—0—
benzyl-6-O-methyl-oa-D~-glucopyranosyl) - (1—4) -O- (benzyl
2,3-di-O-methyl-o~-L-idopyranosyluronate) - (1—>4)-2,3-di-
O-benzyl-6-O-methyl-a-D~-glucopyranoside (141)

A mixture of compound 117 (144 mg, 0.064 mmol)
and compound 140 (76 g, 0.058 mmol) is co-evaporated
with toluene and dissolved in 1/2 v/v
dichloromethaﬁe/diethyl ether (3.0 ml). 4A molecular
sieéves (140 mg) are added under a nitrogen atmosphere
and the mixture .is cooled to 0°C. - Tert-
butyldimethylsilyl trifluoromethanesulphonate (128 nl
of a 0.1 molar solution in dichloromethane) is added
and, after 15 minutes, the mixture is quenched with
sodium hydrogen carbonate solution. After extraction
with water and dichloromethane, the organic phase is
dried and concentrated. The product is first purified
by chromatography on Sephadex LH 20 (1/1 v/v
dichloromethane/methanol) and then by chromatography on
a column of silica gel, to give 124 mg of éompound 141
in’an o/B ratio of 8/2. .

- TLC: Rf = 0.60, silica gel, 1/1 v/v toluene/acetone

PREPARATION 127 _
Methyl . O~ (6-0O-benzoyl-2,3-di~O-methyl-q-D-
glucopyranosyl) - (1—94)-0—(2 3,6-tri-O-methyl-B-D-
glucopyranosyl) - (1->4) -[0-(2, 3,6~ trl—o-methyl-a-D—
glucopyranosyl) - (1>4)-0-(2,3,6- -tri-O-methyl-B-D-
glucopyranosyl)-(1—+4)]3-0 (6-O-acetyl-2 ¢3-di-O-methyl-
-D—glucopyranosyl) -({1>4)-0-(benzyl 2 r3-di-O-methyl-B-
D-glucopyranosyluronate) - (1-94)—O-(3-O-acetyl-2-0-
benzyl- 6—0-methyl—a-D-glucopyranosyl) (1—94)—0-(benzyl
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‘2,3-di-O-methyl-a—Léidopyranosyluronate)-(1—+4)—2,3-di—
O—benzyl-6—O-methyl-d-D-glucopyranoside (142)

Compound 141 is converted into compound 142
according to the procedure - described for the
preparation of compound 140.
| Compound 142 is isolated as an 8/2 o/B mixture.
TLC: Rf = 0.45, silica gel, 1/1 v/v toluene/acetone
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SCHEME 32 - Synthesis of the trisaccharide 147
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PREPARATION 128 _
0-(2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl) - (1—4) -O-
(2,3,6-tri-O-acetyl-a-D-glucopyranosyl)-(1—->4)-1,2,3,6-
tetra-O-acetyl-f-D-glucopyranose (144) |

- Maltotriose (7 g, 13.9 mmol) (commercially
available) is added portionwise to a suspension of
sodium acetate (7 g, 85 mmol) in acetic anhydride
(70 ml) at 155°C. After 15 minutes, the clear solution
is cooled and quenched with ice-water (700 ml). After
extraction with ethyl acetate, the organic phase is
washed with water, dried over magnesium sulphate,
filtered and concentrated to give 13.1 g of compound
144. _ o
TLC: Rf = 0.53, silica gel, 7/3 v/v’
dichloromethane/ethyl acetate

PREPARATION 129

‘Ethyl O—(2,3,4,6-tetra-0—acety1—a—D;glucopyranosylY—

(1—+4)-O—(2,3,6-tri-0-acetyl-a-D—glucopyranosyl)—(1—94)—
2,3,6—tri-O—acetyl—1-thio-B—D—glucopyranoside (145)
Compound 144 (13 g, 13.5 mmol) is dissolved in
toluene (80 ml). Ethanethiol (1.97 ml, 26.9 mmol) and
boron trifluoride diethyl etherate (13.7 ml of a one
molar solution in toluene) is added under a nitrogen
atmosphere. After stirring for 60 hours, the mixture is
diluted with  water and dichloromethane. After
eXtraction, the organic phase is washed with 10% sodium

- hydrogen carbonate solution and water, dried, filtered

and concentrated. The crude product is purified by
chromatogrdphy on a column of silica gei to give 8.6 g
ofucémpound 145, _

TLC: Rf = 0.60, silica gel, 7/3 v/v
dichloromethane/ethyl acetate

PREPARATION 130
Ethyl O—(a—D—glucopyranosyl)—(1—94)—O-(a—D—
glucopyranosyl)-(l—+4)-1-thio-B-D-glucopyranoside (146)
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Compound 145 is converted into compound 146
according to the procedure described for the
preparation of compound 95. _
TLC: Rf = 0.80, silica gel, 13/7/1.6/4 v/v/v/v ethyl
acetate/pyridine/acetic acid/water '

PREPARATION 131

Ethyl 0-(2,3,4,6-tetra-0O-benzoyl~a-D-glucopyranosyl) -
(1—>4)-0-(2,3,6~-tri~-O-benzoyl-a-D-glucopyranosyl) - '
(1>4)-2,3,6-tri-0O-benzoyl-1-thio-f-D-glucopyranoside
(147)

Compound 146 is converted into compound 147
according to the procedure described for the
preparation of compound 82. : ]
TLC: Rf = 0.50, silica gel, 9/1 v/v toluene/ethyl
acetate |

ey
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PREPARATION 132
Methyl 0-(2,3,4,6- tetra-o—benzoyl-a-D-glucopyranosyl)—
(1—>4)-0-(2,3,6-tri-O-benzoyl-a-D-glucopyranosyl) -
(1>4)-0-(2,3,6-tri-O-benzoyl-B-D-glucopyranosyl) -
(1=94)-O—(6—O-benzoy1—2,3—di—0-methyl-a-D—
glucopyranosyl) - (1—4)-0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl)-(1—>4)-[0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl) - (1—-4) -0-(2,3,6-tri-O-methyl-f-D-
glucopyranosyl) - (1-—>4) ]3-0- (6-O-acetyl-2,3-di-O-methyl-
a-D-glucopyranosyl) - (1-—>4) -O- (benzyl 2,3-di-O-methyl-f-
D-glucopyranosyluronate) - (1—4) -0~ (3-0O-acetyl-2-0-
benzyl-6-0O-methyl-a-D-glucopyranosyl) - (1—4) -O- (benzyl
2,3-di-O-methyl-a-L-idopyranosyluronate) - (1—-54) -2,3~di-
O-benzyl-6-O-methyl-a-D-glucopyranoside (148) _

The thioglycoside 147 (105 mg, 0.066 mmol) and
the acceptor 142 (55 mg, 0.017 mmol), (o/B of 8/2) are

-coupled according to the procedure described for

compound 109. The product is first purified by
chromatography on Sephadex LH 20 (1/1 dichloro-
methane/methanol) and then by chrbmatography on a
column of silica gel (9/0.5/0.5 wv/v/v diethyl
ether/ethyl acetate/ethanol) to give 49 mg of compound
148. : .
TLC: Rf = 0.30, silica gel, 85/7.5/7.5 v/v/v diethyl
ether/ethyl acetate/ethanol '

PREPARATION 133

- Methyl o0-(2,3,4,6- tetra—o-benzoyl-a-D-glucopyranosyl)-

(1>4)-0-(2,3,6- tr1-O-benzoyl—a-D-glucopyranosyl)-
(1-24) -0- (2, 3,6-tri-0-benzoyl- B-D-glucopyranosyl)-
(1—94)-0-(6-0—benzoyl 2,3-di~-0O-methyl-a-D-
glucopyranosyl) - (1—94)—O-(2,3,6-tr1—0-methyl—B—D-
glucopyranosyl) - (1->4) - [0- (2,3, 6-tri-O-methyl-o~D-
glucopyranosyl) - (1>4)-0-(2,3,6-tri-O-methyl- B-D- _
glucopyranosyl) (1—94)]3-0-(6-0-acety1-2 3-di-O-methyl-
a-D-glucopyranosyl) - - (1-4) -0~ (2,3-di-0-methyl-B-D-
glucopyranosyluronic acid) - (1—»>4)-0- (3-O—acetyl -6-0-
methyl—a—D—glucopyranosyl) (1—>4)-0-(2, 3-di-O-methyl-o-
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L—idopyranbsyluronic acid) -(1—>4) ~-6-0O-methyl-a-D-
glucopyranoside (149) ' _

A solution of compound 148 (47 mg, 0.01 mmol)
in ethyl acetate (10 ml) is stirred under a nitrogen
atmosphere in the presence of 10% palladium-on-charcoal
(90% w/w relétive to compound 148) for 3 hours and
filtered. The filtrate is concentrated to give 42 mg of
compound 1489,

TLC: Rf = 0.35, silica gel, 20/7/1.6/4 v/v/v/v -ethyl
acetate/pyridine/acetic acid/water

PREPARATION 134
Methyl : o—(a—D—glucopy:anosyl)-(1—94)-O—(a—D-
glucopyranosyl) - (1-4) -0~ (f-D-glucopyranosyl) - (1 >4) -0~
(2,3-di-O-methyl-a-D- glucopyranosyl) (1—>4)-0-(2,3,6-
tri-O-methyl-p- D-glucopyranosyl) - (1-4) -[0-(2,3,6- trl-O—
methyl-a—D—glucopyranosyl) (1>4)-0-(2,3,6-tri-0O- '
methyl- B—D—glucopyranosyl)-(1—+4)]3—0-(2,3—d1—0—methyl—{
a—D—glucopyranosyl)-(1—94)-O—(2,3—di—0—methyl—B-D—
glucopyranosyluroﬁic acid) - (1—4) -0- (6-O-methyl-a-D-
glucopyranosyl) - (1—4) -0- (2, 3-di~O-methyl -a-L-
idopyranosyluronic acid) - (1—->4) -6-0-methyl-a-D-gluco-
pyranoside (150) '

A mixture of methanol (0.22 ml) and 0.66 N
sodium hydroxide solution (0.66 ml) is added to

~compound 149 (41 mg, 0.01 mmol) followed by stirring

far 20 hours at room temperature. The mixture is

- diluted with water and acidified with 0.5 N of 0.5 N

hydrochloric acid solution in order to obtain a pH of
6.§3 - After ccncentration, the pure product is
degéiinated on a ::iumn of Sephadex G-25, using 8/1 v/v
water/actetonitr:.2. The hexadecasaccharide fractions
are combined ani :rasze-dried to give 26 mg of compound
150 as an amorgh-:s white powder.

TLC: Rf = 0,33, s:iiica gel, 8/7/1.6/4 wv/v/v/v ethyl
acetate/pyridine/:zezic acid/water
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PREPARATION 135 .
6-O-Tert-butyldimethylsilyl-1,2~-0-isopropylidene-3-0-
methyl-a-D-glucofuranose (152)

. The diol 151 (10 g, 42.7 mmol) is taken up in
anhydrous dichloromethane _ (100 ml) and tert-
butyldimethylsilyl chloride (7.1 g, 47,3 mmol) and
imidazole (5.8 g, 85.3 mmol) are added. The reaction
mixture is stirred at room temperature. After 2 hours,
the mixture is diluted in dichloromethane and washed
with water. The organic phase is dried over maghesium
sulphate and concentrated and the residue is purified
by chromatography on a column of silica gel (1/9 v/v
ethyl acetate/cyclohexane) in order to obtain the
desired product 152 (11.9 g, 80%) in the form of a’
syrup.

[a]lp —34° (c 1.9,CHCl3)f

PREPARATION 136
6-0O-Tert-butyldimethylsilyl-1 2-0-1sopropy11dene 3-0-
methyl-5-C-vinyl-oa-D-glucofurancse (154)

Oxalyl chloride (3.2 ml, 36.8 mmol) and
dimethYl sulphoxide (5.2 ml, 73.4 mmol) are .added, at
-78°C, to anhydrous dichloromethane (40 ml) and the
mixture is stirred for 30 minutes. Next, compound 152
(6.4 g, 18.4 mmol) is added and the mixture is stirred
for a further 1 hour. Triethylamine (15.3 ml,
110.0 mmol) is then added and, after 30 minutes, the

- reaction mixture is diluted in dichloromethane.

Standard processing ~allows the 5—ulose compound (153)
to..be obtained, which is used dlrectly for the
follow1ng reaction. The crude ketone 153 is taken up in
anhydrous tetrahydrofuran (100 ml) and 1M vinyl-
magnesium bromide solution in tetrahydrofuran (28 ml,
27.6 mmol) is added at 0°C. After 1 hour, the reaction
mixture is diluted ‘Nlth ammonium chloride and washed
with water. The organic phase is dried over magnesium
sulphate and concentrated and the residue is purified
by chromatography on a column of silica gel (1/9 v/v
ethyl acetate/cyclohexane) in order to obtain the
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desired compound 154 (70%, 4.8 g) in the form of a
syrup. _
[a]p -40° (c 1.3, CHCls). _ ,
Anal. calculated: C, 57.72, H, 9.15. Found: C, 57.77,
=9.23.

PREPARATION 137
1,2,4,6—Tetra—O—acetyl—3-O-methylf5-C-viny1-B—D—
glucopyranose (156)

Compound 154 (3.5 g, 9.4 mmol) is taken up in
water (50 ml); IR-120 resin (1 g) is added thereto and
the mixture is heated at 80°C for 6 hours. The resin is
filtered off and the filtrate is concentrated. The
crude product 155 is acetylated using acetic anhydride’
(12 ml) and pYridine (13 ml). The excess acetic
anhydride is destroyed with methanol and the solvents
are concentrated. The residue is extracted with water
and dichloromethane. The organic phasé is dried over
magnesium sulphate, ‘concentrated and, . after
purification by chrométog’raphy’ on a column of silica

(3/2 v/v ethyl acetate/cyclohexane), the tetraacetate

compound 156 is obtained in the form of a ‘solid (75%,
2.7 g). m.p. 50°C.

[alp -84° (¢ 1.6, CHCls).

Anal. calculated: C, 52.47, H, 6.19. Found: C. 52.51,
H, 6.19.

Cl-MS: 406 (M + NH,), 389 (M + 1).

PREPARATION 138
Methyl .2,3,6- tri-o-benzyl 4-0-(2,4,6- trl-o-acetyl ~-3-0-
methyl-5- -C-vinyl-B-D-glucopyranosyl) -a-D-
glucopyranoside (158)

Compound 156 (1.6 g; 4.1 mmol) and compound 157
2.1 Q, 4.5 mmbl) (P.J. Garegg and H. Hultberg,
Carbohydr. Res. 1981, 93, C10) are dissolved ‘in
anhydrous dichloromethane (50 ml) and molecular sieves
(4.0 qg) are added. The reaction mixture is stirred at
room temperature for one hour and TMSOTf (0.95 ml,
5.2 mmol) is then added at -78°C. The reaction mixture
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is then left to warm.slowly to room temperature. After
2 hours, the reaction mixture is neutralized with
triethylamine and filtered through Celite; the filtrate
is washed with water. The organic phase is dried over
magnesium sulphate and concentrated and the residue is
purified by chromatography on silica (4/1 v/v ethyl
acetate/cyclohexane) in order to obtain the desired
compound 158 (2.77 g, 85%) in the form of a solid. m.p.
47°C. . '
[alp -36° (c 0.6, CHCl,). :
Anal. calculated: C, 65.14, H, 6.61. Found: C, 65.09,
H, 6.70.

PREPARATION 139 : )
Methyl 2;3,6—O-tri-o-benzyl-4—o-(4,6—0-isdpropy1idene-
3—O-methy1-5-c-vinyl—B—D?glucopyranosyl)—a-D-gluco
pyranoside (160) . ' _
Compound 158 (2.7 g, 3.4 mmol) is dissolved in
methanol (40 ml). Sodium (catalytic) is added at 0°C
and the mixture is stirred at room temperature for 3

hours. The solvent is concentrated and the residue 159

" I's taken up in anhydrous acetone (40 ml) and 2,2-

dimethoxypropane (2 ml) and p-toluenesulphonic acid
(catalytic) are added. The reaction mixture is stirred
at room temperature overnight. The solvent is
evaporated off and the residue is taken up in
chloroform and washed with water. The organic phase is

- dried over magnesium sulphate and concentrated and the

residue is purifie@,by chromatography on a column of
silica (1/1 v/v ethyl acetate/cydlohexane) in order to
obtain the 4’, 6'-isopropylidene-0- derivative 160
(1.7 g, 70%) in the form of a solid. m.p. 55°C.

[olp +13° (c 0.8, CHCl,).

Anal. calculated: C, 67.97, H, 7.13. Found: c, 67.87,
H, 7.16.

Cl-MS: 707 (M + 1), 724 (M + NH,) .
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PREPARATION 140
Methyl 2,3,6-tri-O-benzyl-4-0-(4,6-0O-isopropylidene-3-
O—methyl-5-Cfviny1-B—D—mannopyranosyl)-a—D—gluco-_
pyranoside (162)

- Oxalyl chloride (0.35 ml, 4.0 mmol) and
anhydrous DMSO '(0.57 ml, 8.0 mmol) in anhydrous
dichloromethane (10 ml) are stirred at -78°C for 30
minutes. Compound 160 (1.4 g, 2.0 mmol) in anhydrous
dichloromethane (10 ml) is added to the solution and
the mixture is stirred for a further 45 minutes. The
reaction mixture is ‘neutralized by addition of
anhydrous triethylamine (1.7 ml, 12.0 mmol) and is then
diluted with dichloromethane. After washing with water,
the organic phase is dried over magnesium sulphate and-
concentrated and the residue 161 is-used directly for
the following reaction without purification. The ketoné
161 is taken up _in' anhydrous tetrahydrofuran (15 ml)
and a 1N solution_bf super hydride in tetrahydrofuran
(4 ml, 4.0 mmol) is -added at -78°C. The reaction
mixture is stirred at room temperature for 1 hour and
5% sodium hydroxide (2 ml) and hydrogen peroxide (1 ml)
are then added. The solvent is evaporated off and the
residue is taken up in diethyl acetate and washed with
water. The organic phase is dried over magnesium
sulphate and .concentrated and the residue is purified
by chromatography (2/1 v/v ethyl acetate/cyclohexane)
in  order to obtain compound 162 (1.0 g, 70%).

[a]p -11° (c 0.5, CHCls).
Cl-MS: 724 (M + 18), 707 (M + 1),

PREPARAIION 141_
Methyl 2,3,6- tr1—0-benzyl-4-o—(2-0—acetyl-3-o-methyl-5-
Cevinyl-B-D-mannopyrangsyl)-d*D-glucopyranoside (164)

' Compound 162 (940 mg, 1.3 mmol) is dissolved in
pyridine (3 ml) and acetic anhydride (0.3 ml) is added.
The reaction mixture is stirred at room temperature for
3 hours. The excess pyrldlne and acetic anhydride is
evaporated off and the residue 163 is used dlrectly for
the deprotection of the isopropylidene using 80% acetlc
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acid (5 ml) at 60°C for 2 hours. The excess acetic acid
is evaporated off and the residue is purified by
chromatography on a c¢olumn of silica gel (4/1 v/v ethyl
acetate/cyclohexane) in order to obtain the diol 164
(660 mg, 70%) in the form of a solid. m.p. 53°C.
[@]lp -10° (c 0.8, CHCl,).
Cl-Ms: 709 (M + 1), 726 (M + 18).

PREPARATION 142
Methyl 2,3,6-tri-O-benzyl-4-(2-O-acetyl-3-O-methyl-6-0-
tosyl-5-C-vinyl~-B-D-mannopyranosyl) -a-D-glucopyranose

- {(165)

Compound 164 (600 mg, 0.9 mmol) is dissolved in
pyridine (3 ml) and tosyl chloride (240 mg, 1.3 mmol)
is added. The reaction mixture is stirred at room
temperature for 3 hours. The solvent is evaporated off
and the residue is diluted with chloroform and washed
with water. The crganic phase is dried over magnesium
sulphate and concentrated and the residue is purified
by chromatography on a column of silica gel (1/1 v/v
ethyl acetate/cyclohexane) in order to obtain the tosyl

compound 165 (297 mg, 80%) in the form of a syrup.

[a]lp =26° (c 0.8, CHClj;).

PREPARATION 143 |

Methyl 2,3,6—tri-o-benzyl—4-(2,6—anhydro—3-0-methy1-5-

C{Vinyl-B-D—mannopyranosyl)—a-D—glucopyranoside (166)
'Compound 165 (550 mg, 0.6 mmol) is taken up in

ethanol (3 ml) and a 0.1N solution of ethanolic sodium

hyé;oxide'(s ml; .35 then added. The reaction mixture is

heated at 70°C ::r 3 hours and then neutralized with
IR-120 resin % =::rm) and filtered through Celite.
After concentr:-: =, the residue is purified by
chromatography = +« -olumn of silica gel (1/1 v/v ethyl
acetate/cyclchexine: in order to obtain compound. 166
(292 mg, 70:) in =~e form of a syrup.

falp +13° (c 0.5, CHCl,).
Cl-MsS: 666 (M + 13).
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PREPARATION 144 _
Methyl 2,3,6-tri-O-benzyl-4-(benzyl 3-O-methyl-2-0-5-C-
methylidene-o-L-idopyranuronate) -a-D-glucopyranoside
(167) .
=  Compound 166 (260 mg, 0.4 mmol) is dissolved in
dichloromethane '(20 ml), the solution is stirred at

-78°C and ozone is then bubbled through for 30 seconds.

The colour of the solution becomes pale yellow.
Dimethyl sulphide is added to the solution and the
reaction mixture is then washed with water. The organic
phase is dried over magnesium sulphate and concentrated
and 1is péssed directly into the following reaction
without further purification. The crude aldehyde 1is
taken up in tert-butanol (16 ml) .and 2-methyl-2-butene’
(5 ml) and water (16 ml) are added. NaH,POs (700 mg) and
NaCl0, (700 mg) are theh added successively to thé
mixture. The suspension is stirred vigorously at room

temperature overnight, diluted with water and extracted

with ethyl acetate. The organic phasé is dried over
magnesiqm sulphate, concentrated and then passed
directly into the following reaction. The crude acid is

taken up in  dimethyl formamide (25 ml) and
tetrabutylammonium iodide (0.7 g, 2.0 mmol), potassium
bicarbonate (0.25 g, 2.5 mmol) and benzyl bromide

(0.250 ml, 2.1 mmol) are added. The reaction mixture is
stirred at room temperature for 5 hours. The reaction
mixture is extracted with water and ether. The ether

- phase is dried over magnesium sulphate and concentrated

and the residue is, purified by chromatography on a

‘column . °of silica gel (271 v/v ethyl

acététe/cyclohexane) in order to obtain the derivative
167 (236 mg, 80%) in the form of a sSyrup.
Cl-MS: 774 (M + 18). '
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SCHEME 34
Prepaiation of a synthon which is useful for the synthesis of a pentasaccharide

Pe for which the configuration of the L-iduronic acid is locked (III.1)
..": T

)

1. Preparation of the donor monosaccharide

HO

SO | . 1BSO
HO : - Ho— o ’
o ?n SWERN o;)ne
| : OMe oxidation
OMe L _ > o — o)
fo_ 0 o—xX
s 152 ' - 18
CH,= CHMgBr l THE, 0°C. 10 min
85 %
~ TBDMSO—;  //
OH '
OAc HO
OOAc : o) ' ' | ' ¥
_ _ ) A=0 IR-120, H,0 OMe
= Ac20, pyridine OMe Yw+OH 80°C, 6h ' °©
' . o.)(
AcO ' HO |
OAc OH |
o | e 154

75 %, two steps
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SCHEME 34 (continued 1)
2. Preparation and first transformations of the disaccharide

; OAc

MeONa, MeOH
o TMSOTY, 4A sieves 0 Bn0O 20°C, 3h
O
+ H CH2C|2
ACO -718°C->20°C
OAc 85 %
11 eq
158 157 _ 158

Megc(OMe)z APTS O Swem oxidation

acetone - >
. BnO
' 70 % over two steps OMS
160
o 1) LiMe4BH, THF

2) NaOH, Hy0, \\>(/ o BnO

s 1 ey
BnO OMe OMeo BnO OMe
70 % over two steps

161 162
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SCHEME 34 (continued 2)

3. Construction of the bicyclic system

: . ) : ' '
0OBn

0 aq AcOH B0 %
Acy0, pyr.
80°C, 3h
BnO dae 20°C,2h OMeOA
85 _
o 70 %
162 .

163

TsO
TsCl, pyr. 01 M NaOH
—_—
OMe o B 20°C,3h | OMeo

EtOH 70°C 3h

OMe
| 70%

80 %
166

1) O3, CHoCly, -76°C - OBn

o
2) NaCiO,, methylbutene, tBuOH o 9
s €O.Bn 8n0

3) BnBr, KHCO4, DMF OMe0O BnO  Ome

HO
75%
166

167
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EXAMPLE 1 |
Methyl O-(3-0O-methyl-2,4,6-tri-0-sulpho-a-D-
glucopyrano-syl)-(1-4)-0-(3-O-methyl-2,6-di-0-sulpho-B-
D-gluco-pyranosyl)-(1-4)-[0-(3-0-methyl-2,6-di-0O-
suipho-a-D-glucopyranosyl) - (1-4)-0- (3-O-methyl-2,6-di-
0-sulpho-B-D-glucopyranosyl) - (1-4)]¢-0- (2, 3-di-0-methyl-
6-O—sulpho-a-D—glucopYranosyl)—(1—4)—O-(2,3-di—o-
methyl-B—D—glucopyranosyluronic a;id)—(1-4)-o—(2,3,6-
tri-O-sulpho-a-D-glucopyranosyl)-(1-4)-0-(2,3-di-0-
methyl-a-L-idopyranosyluronic acid)—(1-4)-2,3,6—tri-o—
sulpho-a-D-glucopyranoside, sodium salt (168).

Compound 31 is treated according to Method 5 in
order to give 168 (80 % over the three steps). [alp + 41

(c = 0.8, water). ESIMS, negative mode: monoisotopiq'
mass = 7133.26; chemical mass = 7138.90; experimental
mass = 7137.26 * 0.0 a.m.u. 'H NMR (D,0) § of the main

anomeric protons: 5.71; 5.48; 5.46; 5.44; 5.17; 5.08;
4.81; 4.78; 4.67 ppn. ) ’

An identical proceduré allows compounds 169 and
170 to be obtained.
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TABLE I
,,: .
B so; s0:
0 0
—O 0o 0 coo O 0
MeO / MeO /
| soa so:_Jt 03 3 _
(I.1)
Example number St _ [alp
2 5 + 39
compound 169
3 6 +38
compound 170

OMe
(’ OMe ; ;
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EXAMPLE 4
Methyl 0-(2,3-di-0O-methyl-4,6-di-0-sulpho-a~-D-gluco-
pyranosyl)—(1-4)-[O-(2,3—di-O-methyl—6-O-sulpho-a—D-
glucopyranosyl)-(1-4)]1,5-0-(2,3-di-0-methyl-B-D-
glucopyranosyluronic acid)-(1-4)-0-(2,3,6-tri-O-sulpho-
a-D-glucopyranosyl) - (1-4)-0-(2,3-di-0-methyl-a-L-
idopyranosyluronic acid)-(l—4)—2,3,6—tfi—o—sulpho-a-D—
glucopyranoside, sodium salt (171).

Compound 51 (55 mg, 10.5 mmol) 1is treated

according to Method 5 in order to obtain, after freeze-

drying, the sulphated product 187 (50 mg, 77 % over

three steps). [alp, + 107 (¢ = 0.52, water). ESIMS,
positive mode: monoisotopic mass = 6194.16; chemical
mass = 6198.83; experimental mass = 6195.33 £ 1.79.°

'H NMR (D,0) & of the main anomeric protons: 5.71; 5.67; -

5.48; 5.43; 5.17; 5.10; 4.68 ppm. -
An identical procedure allows compounds 172 and
173 to be obtained. ) ’
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OMe
0O
/.
SO,

- 153 -

- TABLE II

: | MeO SQg ‘ se; 39;
MeO MeO e () COoO’ ' OMe
o MeO| o ; OMe o ; OMe E o Meowoo 0

7/ -
o©° 00O coo 0 Op ?o O "ome 50:0;
A Z. : o
. do- S0, SO, $0, $0
3
t : - .

(I.2)
Example number [olp
5 5 + 119
compound 172
6 6 + 124

compound 173
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EXAMPLE 7
Methyl O-(3—O-methyl—2,4,6-tri-O-sulpho-a-D-glucopyran—
osyl)—(1—4)—Q—(3-O—methyl—2,6-di-o—sulpho—ﬁ—D—glucd-
pyranosyl)—(1—4)—O-(3-O-methyl—2,6-di—0—sulpho-a—D—
glucopyranosyl) - (1-4) -0- (3-0-methyl-2, 6-di-0O-sulpho-B-
D—glucopyranosyl)-(1—4)—[O-(2,3,6-tri—0-methyl—a—D-
glucopyranosyl) - (1-4)-0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl) - (1-4)14-0-(2,3-di-0-methyl-6-0-sulpho-
a—D-glucopyranosyl)—(1—4)-0-(2,3-di—o—methy1—B-D—
glucopyranosyluronic acid)-(1-4)-0-(2,3,6-tri-0-sulpho-
a-D-glucopyranosyl) - (1-4) -0- (2, 3-di-0-methyl-a-L-

_idopyranosyluronic acid)-(1-4)-2,3,6-tri-0-sulpho-a-D-

glucopyranoside, sodium salt (174).

' Compound 75 is treated according to Method 5 in’
order to give 174 (84 % over the three steps).. -
[@l, + 62 (c = 0.46, water). ESIMS, positive mode:
monoisotopic mass = 4966.39; chemical mass = 4970.04;

_experimental mass = 4969.63 + 0.78 a.m.u. 'H NMR (D,0)

8 of the main anomeric protons: 5.69; 5.63; 5.57; 5.46;
5.44; 5.41; 5.15; 5.06; 4.79; 4.66; 4.62; 4.41 ppm.
By working according to Example 7 and using

_ suitable intermediates, Examples 8 to 12 described in

Table III below are prepared.
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TABLE IIT

MeO |
o© coo O 0
/.
SO,

3 3

_t
(I.3)

Example number m 't - lalp
' 8 3 3 + 51
compound 175 '

9 -1 5 . + 65
compound 176 _

10 1 4 + 59
compound 177 ‘ '

11 2 3 + 47
compound 178

12 . 3 2 + 36

- compound 179
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- a white powder. [a]
‘molecular weight is_  4370.6 (d form)  C,-:H-..0,,3S16

~ 156 -
EXAMPLE 13
Methyl 0-(2,3,4,6-tetra-0-sulpho-a-D-glucopyranosyl) -
(1—94)-0—(2,3,6—tri—O-sulpho-a—D-glucopyranosyl)—(15+4)-
0-(2,3,6-tri-0-sulpho-B-D-glucopyranosyl) - (1—>4)-0-
(273-di-0-methyl-6-0-sulpho-a-D-glucopyranosyl) - (14) -
O—(2,3,6—tri-o—methyl—B-D-glucopyfanosyl)—(1—)4)-[O—
(2,3,6-tri-0-methyl-a-D-glucopyranosyl) - (1—4)-0O-

_(2,3,6-tri—O-methyl-B-D-glﬁcopyranosyl)-(1—94)]3—0—(2,3-

di-O-methyl-6—O-sﬁlpho-a-D-glucopyranosyl)-(1—94)—0—
(2,3-di-0-methyl-B-D-glucopyranosyluronic acid)-(1—4)-
O0-(6-0-methyl-2,3-di-0-sulpho-a-D-glucopyranosyl) -

" (1—4)-0-(2,3-di-0-methyl-a-L-idopyranosyluronic acid)-

(1—+4)-6—O-methyl—2,3-di-o-sulpho-a-D-glucopYranoside
(180) . ' .
The fully deprotected hexadecasaccharide 1SQ
(26 mg, 0.0084 mmol) is diséolved in dimethylformamide
(0.87 ml). Sulphur trioxide/triethylamine complex
(125 mg, 0.67 mmol, 80 eq) is added, under a nitrogén
atmosphere, and the mixture is stirred for 16 hours at
50°C. The mixture is cooled to 0°C and aqueous sodium
hydrogen carbonate (227 md, 2.6 mmol) are added. The
mixture is concentrated to a small volume and. placed on
a Sephadex G-25 column, - eluted with 9/1  wv/v
water/acetonitrile. The appropriate fractions are
separated, concentrated to a small volume, placed on a
Dowex XW4 Na' ion-exchange column in water and the
eluate is freeze-dried to give 37 mg of compound 151 as
m% = +67.6 (c = 1, water) MS ESI:

(Theor. m.w. = 4370.14).

NMR; shift of the anomeric protons (ppm):

unit 1: 5.17; unit 2: 5.03; unit 3: 5.41; unit 4: 4.42;
unit 5: 5.49; unit 6: 4.66; units 7, 9 and 11: 5.67;

_unité 8, 10 and 12: 4.46; unit 13: 5.61; unit 14: 4.94;

unit 15: 5.59 ppm; unit 16: 5.69.
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SCHEME 35 - Structure of the polysaccharide 180 (Example 13)
ot '

_ . _
; Meo MeOs o OMe Me MeO OMe o OMe
/%ooé oo/éﬁé' 00 0 él \ cbo-Yo °o$ 00Me§:;
0 ) OMe OMeO
s0, o, S0, . _

R OMe
SO, so
0, -
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CLAIMS

1. Synthetic _polysaccharide comprising a region
for binding to antithrombin ~ITI consisting of a
sequence of five monosaccharides bearing in total two
carboxYlic acid functions and at least four sulpho

"groups, this region being bound directly at its non-

reducing end by a thrombin-binding region comprising a
sequence of 10 to 25 monosaccharide units chosen from
hexoges, pentoses or deoxy sugars in which the hydroxyl
groups are, independently, etherified with a (C;-
Ce¢)alkyl group or esterified in the form of sulpho
groups, as well as its sélts, in particular its:

‘pharmaceutically acceptable salts.

2. Polysaccharide according to Claim 1, -Qf-
formula: B

[ ox ] ' T
(o] .
}S/.'\’: “-.o,/P_e

X0 (QXh

\

n

o

~in which

- the wavy line denotes a bond either'below or above
the plane of the pyranose ring,

[ _ox 7]
o.
.. . o’/
P X oy,
- _ __J n

~denotes a polysaccharide Po containing n identical or

different monosaccharide units, which is linked via its
anomeric carbon to Pe,

o) {
(o

M
(OX)y, o

is a diagrammatic representation of a
monosaccharide unit of pYranose structure chosen from
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hexoses, pentoses and the corresponding deoxy sugars,
this unit being linked via its anomeric carbon to
another monosaccharide unit, and the hydroxyl groups of
this unit being substituted with identical or different

- greups -X, the groups X being chosen from (C,-Cgz)alkyl

groups and sulpho groups, |
- n is an integer from 10 to 25,
- Pe represents a pentasaccharide of structure:

R,O OR RO OR ) 'ooc' R.O soa-
' % oW OR, 0 OR o % OR
% ,éﬂ\ o \%:47/
-/o o coo © 0/ o p o) ORo
SO, s0, sSo,’ a 1

in which

- R, represents a (C;-C4)alkyl or a sulpho group,

- R,a represents R, or constitutes, with the oxyggp
atom to which it is linked and the carbon atom bearirg
the carboxylic function on the same rinyg, a group

C—CH,—O,

- R represents a (C;-C¢)alkyl group,

- W represents an oxygen atom or-a methylene group,
or one of their salts, in particular a salt which is
pharmaceutically acceptable. | '
3. salt of a polysaccharide according to Claim 2,
in- which the cation is chosen from cations of alkali

. metals, in particular sodium aﬁd potassium.

4. Polysacchari@e and salt according to either of
Claims 2 and 3, of formula: '

" OXO OXO r o,xo 'oxo ox0
St taling
t

\

X0
{OX)y, {OX)y, (oX), (OX), (OX)y,

p

— - dm
(LA)

in which
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[~ ox ox |[ ox ox T ox
0 vS/o 0 o <o
xdé? R AN W > AN “off - - ™0
(OX)p (OX, (O%)n X Il (ox), _p
i ' L .Jt
L -~ Im .
denotes a particular family of polysacch-arides Po,

linked wvia their anomeric carbon to Pe as defined for

(I,
oxX -

o .
' /V\‘ "y o P
(OX), '
is as defined for (I),
- the OXs are as defined for (I)
monosaccharide, may be identical or different,

and, for the same

- the monosaccharides contained -in [], form ‘a
disaccharide repeated m times, the monosaccharides
contained in []. form a disaccharide repeated t times,

- m ranges from 1 to 8,
to 1,

t ranges from 0 to 5 and p

ranges from O it being that
5<m+ t £ 12, _
and their salts, in particular their pharmaceutically

acceptable salts.

understood

5. Polysaccharide and salt according to either of
Claims 2 and 3, of formula:

X0

in which

1

o
o\

L_
3

3N

(OX);,

(I1 A)

—

o

_

tl.

;oxo
./’\ Y 01/ Pe
(OX)y,
- g
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| denotes a particular family of polysacchafides Po,

linked wvia their anomeric carbon to Pe as defined for

(1) ; |
oX

e

(0X)y,

is as defined for (I),

- the OXs are as defined for (I) and, for the same-:
monosaccharide, may be identical or different, =
- . the monosaccharide contained in [], is repeated m'
times, the monosaccharide contained in (], is repeated

. t' times and the monosaccharide contained in [l 1is

repeated p’ times,

- m' ranges from 1 to 5, t’ ranges from 0 to 24 and P
ranges from 0 to 24, it being understood that 10 £ m' +
t’" + p' £ 25, _ '

and their salts, in particular their pharmaceutically
acceptable salts. 4

6. Salt according to either of Claims 2 and 3, the
anién of which has the formula:

o OMe
o coo" © Ooé ° OMe %
_ sq

(L.1)
in which t represents 5, 6 or 7, and the cation being a

pharmaceutically acceptable monovalent cation, as well
as their corresponding acids.

7. Salt according to either of Claims 2 and 3, the
anion of which has the formula:
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SO, S0,

)
. MeO) o ? :D'“,o o %kzl'/ eé \%wo oue
o o © o o © “ome
"0 o 0 coo’ A
so, so,

02)

in which t represents 5, 6 or 7, and where the cation
is a pharmaceutically acceptable monovalent cation, as
well as their corresponding acids. _

8. Salt according to either of Claims 2 and 3, the
anion of which has the formula:

m; o, -
ou.o “.o o OMs
HeO °0 coo © °o§ ,0 ° OMe 5
weo 50, so
t
(1.3)

in which m represents 1, 2 or 3 and t represents 2, 3,
4 or 5, and where the cation is a bharmaceutically

" acceptable monovalent cation, as well as their

corresponding acids.
9. Polysaccharides chosen from:

o Methyl 0- (3-O-methyl-2,4,6-tri-0-sulpho-a-D-
glucopyranosyl) - (1-4)-0- (3-O-methyl-2, 6-di-0-sulpho—f-
D-glucopyranosyl) - (1-4) - [0-(3-0-methyl-2,6-di-0-sulpho-
a—D—glucopyranosyl)¥(1-4)—O—(3—O;methyl-2,6-di—0—
sulpho—B—D-glucopyranosyl)-(1-4)j4-0-(2,3-di—0—methyl-6-
O-sulpho-a-D-glucopyranosyl) - (1-4) -0- (2, 3-di-0-methyl-B-

.D-glucopyranosyluronic acid)-(1-4)-0-(2,3,6-tri-0-

sulpho—o~-D-glucopyranosyl) - (1-4) -0- (2, 3-di-O-methyl-a-
L- 1d9pyrandsy1uron1c acid)-(1-4)-2,3,6-tri-0-sulpho—o-

D- glucopyran031de, sodium salt

o Methyl  0O-(3-O-methyl-2,4,6-tri-O-sulpho—a-D-
glucopyranosyl)—(l 4)-0-(3-0- methyl-2,6- -di-0-sulpho-8~
D-glucopyranosyl) - (1-4) - [0-(3-O-methyl-2, 6-di-0O- sulpho-
a-D-glucopyranosyl)-(1,4)-0-(3-0O-methyl-2,6-di-O-
Sulpho—B-D—glucopyranosyl)—(1-4)]5-04(2,3-di-0-methyl-6-
O-sulpho-a-D-glucopyranosyl) - (1-4) -0- (2, 3-di-0-methyl-B~-
D~glucopyranosyluronic acid)-(1,4)-0-(2,3,6-tri-o-
sulpho—a—D—glucopyranosyl)—(1-4)-0-(2,3-di—0—methyl—a—
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L-idopyranosyluronic acid)-(1-4)-2,3,6-tri-0O-sulpho—o-
D-glucopyranoside, sodium salt
o Methyl O—(3-O-methylf2,4,6-trif0-sulpho—a—D—
g%ucopyranosfl)—(1—4)FO-(3-o-methyl-2,6-di-o—sulpho—B—

5 D;glucopyranosyl)—(1—4)—[O-(3—O—methyl—2,6—di-o-sulpho—
a—D-giucopyranosyl)-(1-4)-O-(3—O—methyl-2,6—di-0—
sulpho-f-D-glucopyranosyl) - (1-4)]14-0-(2,3-di-O-methyl-6-
O-sulpho—-a-D-glucopyranosyl) - (1-4)-0-(2, 3-di-0-methyl-B—
D-glucopyranosyluronic acid)-(1-4)-0-(2,3,6-tri-0-

10 sulpho—arD—glucopyranosylY-(1—4)—O-(2,3-di—0-methyl;a—
L-idopyranosyluronic acid)-(1-4)-2,3,6-tri-0O-sulpho—oa—
D-glﬁcopyranoside, sodium salt

0 Methyl 0-(2,3-di-O-methyl-4,6-4di-0-sulpho—o~-D-
glucopyranosyl)F(1-4)-[O-(2,3-di-0—methyl—6-o-sulpho—a— :

15 D-glucopyranosyl)-(1-4)‘]11-0-(2 3-di-0-methyl-B-D- .
glucopyranosyluronic acid)-(1,4)-0-(2,3,6-tri-0- sulpho—
o-D-glucopyranosyl) - (1-4)-0-(2,3-di-0-methyl-a-L-
idopyranosyluronic acid)-(1-4)-2,3,6-tri-0O-sulpho—-a-D-
glucopyranoside, sodium salt '

20 o Methyl O-(2,3-di-O-methyl-4,6-di-0-sulpho—a-D-
glucopyranosyl)-(1-4)-[0-(2,3-di-0O-methyl-6-0-sulpho—a—
D-glucopyranosyl)-{1-4)-]1,3-0-(2,3-di-0-methyl-B-D-
glucopyranosyluronic acid)-(1-4)-0-(2,3,6-tri-0O- sulpho—
o~D- glucopyranosyl) -{1-4)-0-(2,3-di-0O-methyl-o-L-

25 idopyranosyluronic acid)-(1-4)-2,3,6-tri-O-sulpho—a-D-
glucopyranoside, sodium salt

7 o Methyl 0-(2,3-di-O-methyl-4,6-di-0-sulpho-o-D-
. glucopyranosyl)-{(1-4)-[0-(2, 3-di—0—methyl-6-O-Sulpho—a—
D-glucopyranosyl) - (1-4)- 1,5-0-(2,3-di-0 methyl—B—D-

30. 'glucopyranosyluronlc aCld)-(l 4)-0-(2,3,6-tri-0-sulpho-
a—-D- glucopyranosyl)-(1-4)-0-(2,3-di-O-methyl-o-L-
idopYranosYluronic acid)-(1-4)-2,3,6-tri- 0- sulpho—a—D-
glucopyranoside, sodium salt

"o Methyl O-(3-0-methyl-2;4,6-tri—0—sulpho¥a-D—

35 glucopyranosyl)-(l—4)-o-(3-O-methyl-2,6-di—0—sulpho-B-
D-glucopyranosyl) - (1-4) - [0- (3-O-methyl-2, 6-di-0-sulpho-
a-D-glucopyranosyl) -(1-4)-0- (3-O-methyl-2,6-d1i-0-
sulpho-B-D-glucopyranosyl) - (1- 4)1,-[0-(2,3,6-tri-0-
methyl-o-D- glucopyranosyl)-(1-4)-0-(2,3,6—tr1—0-methyl-
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B-D-glucopyranosyl) -(1-4)],-0-2,3-di-O-methyl-6-sulpho-
a—D;gluCOpyranosyl)—(1—4)—O-(2,3—di-ofmethyl—ﬁ—D-
glucopyranosyluronic acid)-(1-4)-0-(2,3,6-tri-0-sulpho-
a-D-glucopyranosyl) -(1-4)-(2,3-di-0O-methyl-a-L-

' idepyranosyluronic acid)-(1-4)-2,3,6-tri-0-sulpho-a-D-

glucopyranoside, sodium salt

.0 Methyl 0-(3-O-methyl-2,4,6-tri-0-sulpho-q-D-
glucopyranosyl)—(1-4)?0—(3-O—methyl-2,6-di—0—sulpho-B—
D-glucopyranosyl) - (1-4) - [0- (3-O-methyl-2, 6-di-0-sulpho-
a-D-glucopyranosyl) - (1-4)-0-(3-O-methyl-2,6-di-0-
sulpho-B—D-glucopyranosyl)-(1-4)]2-[0-(2,3,6-tri-o—
methfl-a—D—glucopyranosyl)-(1—4)-O—(2,3,6-tri—o-methyl-
B—D—glucopyranosyl)—(1—4)]3—0-2,3-di-0—methyl—6—su1pho-
a-D-glucopyranosyl) - (1-4)-0-(2,3-di-0-methyl—B-D- _
glucopyranosyluronic acid)-(1-4)-0-(2,3,6-tri-0-sulpho- -
a-D-glucopyranosyl) - (1-4)-(2,3-di-O-methyl-o-L- '

idopyranosyluronic acid)-(1—4)—2,3,6-tri-d-sulpho—¢—D;

glucopyranoside, sodium salt
© Methyl 0-(3-0O-methyl-2,4,6-tri-0O-sulpho-a-D-
glucopyranosyl) - (1-4) -0- (3-0-methyl-2, 6-di-0-sulpho-B-
D—glucopyranosyl)—(1—4)—O-(3-O-methyl—2,6—di—0—sulpho—
a-D-glucopyranosyl)-(1-4) -0~ (3-0O-methyl-2, 6-di-0-
sulpho?B-D-glucopyranosyl)-(1-4)-[O—(2,3,6-tri-o-
methyl-a—D-glucopyranosyl)-(1-4)-0-(2,3,6-tri-0-methyl4
B-D—gluCopyranosyl)-(1-4)]4'0-2,3-di-0-methyl-6-sulpho-
®-D-glucopyranosyl) - (1-4) -0-(2, 3-di-0-methyl-B-D-
glucopyranosyluronic acid)—(1—4)—0—(2,3,6-tri-0—sulpho—

. a—D—glucopyranosyl)—(1-4)-(2,3—di-0-methyl—a—L-

idopyranosyluronic .acid)-(1-4)-2,3,6-tri-0-sulpho—a-D-
glycopyranocside, sodium.salt o

'T:'o Methyl 0-(3-0-methyl-2,4,6-tri-0-sulpho-o-D-
glucopyranosyl)-(1-4)-0—(3-O-methyl—2,6-di-o-sulpho-B—
D-glucopyranosyl)-(1—4)-O-(3—O—methyl-2,6—di—0—sulpho-
a-D-glucopyranosyl)-(1-4)-O-(3—O-methyl-2,6-di—0-
sulpho-B-D-glucopyranosyl) - (1-4) - [0- (2,3, 6-tri-O-
methyl-a-D—glucopyranosyl)—(1-4)-O-(2,3,6—tri-o—methyl—
BrD-glucopyranosyl)711-4)]3-0-2,3—di-o-methyl—6—sulpho-
a—D-glucopyranosyl)-(1-4)—0-(2,3-di-o?methyl—B—D-
glucopyranosylurQnic_ acid)-(1~4)-O—(2,3,6-tri-o-sulpho—
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a—D-glucopyranosyl)—(1-4)-(2,3—di—0-methyl—a—L-
idopyranosyluronic acid)—(1—4)42,3,6—tri—0-sulphofa—D-
glucopyranoside, sodium salt .

o Methyl 0- (3-0-methyl-2,4,6-tri-0O-sulpho-o-D-
giucopyranosyl)-(1—4)-o—(3—O—methyl-2,6—di—O-sulpho-B—
D-glucopyranosyl)-(1-4)-[0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl) - (1-4)-0-(2,3,6-tri-O-methyl-f-D-
glucopyranosyl)-(1—4)]4-0-2,3-di-0—methyl-6-sulpho—a-D-
glucopyranosyl) - (1-4)-0-(2,3-di-0-methyl—f-D-
Qlucopyranosyluronic acid)4(1—4)—0-(2,3,6-tri-0—sulpho—
a—D—glucopyranosyli-(1-4)-(2,3-di-o—methyl—a¥L— '
idop&ranosyluronic acid)-(1-4)-2,3,6-tri-0-sulpho-0-D-
glucopyranoside, sodium salt

o Methyl 0-(3-0-methyl-2,4,6-tri-O-sulpho-a-D--
glucopyranosyl) - (1-4)-0-(3-0-methyl-2,6-di-0-sulpho-B-
D-glucopyranosyl) - (1-4) - [0-(2,3,6-tri-O-methyl-a-D- B
glucopyranosyl) - (1-4)-0-(2,3,6-tri-O-methyl-f-D-
glucopyranosyl) - (1-4)14-0-2,3-di-0-methyl-6-sulpho-a-D-
glucopyranosyl) - (1-4) -0-(2,3-di-0-methyl-$-D-
glucopyranosyluronic acid)-{1-4)-0-(2,3,6-tri-0O-sulpho—
o-D-glucopyranosyl) - (1-4)-(2,3-di-O-methyl-o-L-
idopyranosyluronic acid)-(1-4)-2.3,6—tri—o-sulpho—a—D—
glucopyranoside, sodium- salt.

10. Process for the preparation of the compounds of
formula (I), wherein, 1in a first step, a fully
protected precursor of the desired polysaccharide (I),
édntaining a protected precursor of the Pe region

. elongated at its non-reducing end by a protected

precursor of the sulphated polysaccharide Po, 1is
sygphesized and, in a second step, fhe negatively-
chgréed groups ares then introduced and/or demasked.

11. Compound I formula
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- cooTn'0 °T

(I1.1)

in which T, and T,, which may be identical or different,
represent a temporary, semi-permanent or permanent
substituent, and Z is a protecting group for a hydroxyl

function. _
12. Compound of formula:
T X
T C
?’?;% N "
o (o]

Tn
(1L.1)

in which T, and T,, whlch may be identical or different,
represent a temporary, seml permanent or permanent
substituent, IZ is a protecting group for  a hydroxyl
function. ’

13. Pharmaceutical compositions containing, as
active principle, a polysaccharide or salt according to
any one of Claims 1 to 9, in the form of a salt with a
pharmaceutically acceptable base or in acid form, in

combination or as a mixture with an inert, non-toxic,

pharmaceutically acceptable excipient.
14. Pharmaceutical  composition according to Claim

' 13F in the form of dosage units, in which the active

principle is mixed with at least one pharmaceutical
excipient.
15. . Composition according to Claim 14, in which
each dosage unit contains from 0.1 to 100 mg of active
principle.
16. Composition accordlng to Claim 15, in which

each dosage unit contains from 0.5 to 50 mg of active
principle. -

R, O O
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17. Use of the polysaccharide or salt according to
Claims 1 to 9 for the preparation of a medicine which
is useful 1in pathologies which are dependent on

disfunctioning of coagulation.

-
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