WD.99/ 36443 : PCT/ FR99/ 00044 Synt hetic

pol ysacchari des, process for their preparati on and pharnaceuti cal

conposi tions containing them The present invention relates to novel 5
synt heti c pol ysacchari des whi ch have the anticoagul ant and antithronbotic

phar macol ogi cal ﬁ@t§%£ég§@3of heparin. Heparin bel ongs t Opdfprd$dd oo A
(GAGs)

gl ycosam nogl ycans whi ch are heterogeneous 10 natural sul phated

pol ysacchari des. Hepa_rsafwuﬁq% Yd19hcrharIisk Y BEolbss NBLASLREIPr i Sing a
nunber of nonosaccharide units ranging from 10 up to 100 or nore. This

nol ecul ar si ze hegjGaRgid dnd phafAdRLUedcRY dosbésitié®s déntaining
het erogeneity as regards not only the nature of the constituent

nonosacchari des but al so the substituentsthlefy bear (L. Rod[err]n in: "The
Bi ochem stry of d ycoproteins and d ycosam nogl ycans”, edited by Lennarz
WJ., Plenum Press, New Ydarhe gpx¥kedanddnvetion?@eldtes1880nové&dhch fam |y of
natural GAGs generally has a range of pharnacol ogical activities. Al are
conbi ned 5 synthetic polysaccharides which have the anticoagulant
and antithrombotic pharmacological activities of
heparin.
Heparin belongs to the family of
glycosaminoglycans (GAGs), which are.heterogeneous
10 natural sulphated polysaccharidesf
Heparin preparations are mixtures of chains
comprising a number of monosaccharide units ranging
from 10 up to 100 or more. This molecular size
heterogeneity is accompanied by a structural
15 heterogeneity as regards not only the nature of the
constituent monosaccharides but also the substituents
they bear (L. Rodén in: "The Biochemistry of
Glycoproteins and Glycosaminoglycans", edited by
Lennarz W.J., Plenum Press, New York and London, 267-
20 371, 1980).
Each family of natural GAGs generally has a
range of pharmacological-acﬁivities. All are combined
in the preparations which can be obtained from natural
products. Thus, for example, heparins and heparan
25 sulphates have an antithrombotic activity which is
associated with simultaneous action on several

coagulation factors.

REPLACEMENT SHEET (RULE 26)



I n-the preparations which can be obtained fromnatural products. Thus, for
exanpl e, heparins and heparan 25 sul phates have an antithronbotic activity
which is associated with sinmultaneous action on several coagul ation

factors. 2 Heparin catalyses - in particular via antithrombin Il (AT
I1l) - the inhibition of two enzynmes which f@re involved in the bl ood
coagul ation cascade, i.e. factor Xa and factor Ila (or thronbin). 5

Preparations of |ow nol ecuigpameh Kt AR NS il MAHS) ce2BEaiRachai ns formed
of 4 to 380 nonosacchari des and have the property of acting nore selectively

on factor Xa thagnefthhsmsbhnr1Le(ARi IOyt held dnblibgesaachar twes, in 10
particul ar those described in EP 84999, have the property of selectively

i nhibiting, via antyhésonhichldrte fraedloredannithieoblloady caatulatyonn
thrombin. It is known that the inhibition of factor Xa requires the binding
of heparin to ATcastadea {he. factor Xa and factor IIa (or thrombin).

5 Preparations of low molecular weight heparins (LMWHs)
contain chains formed of 4 to 30 monosaccharides and
have the property of acting more selectively on factor '
Xa than on thrombin.

Certain synthetic oligosaccharides, in
10 particular those described in EP 84999, have the
property of selectively inhibiting, via antithrombin
111, factor Xa without any activity on thrombin.
It is known that the inhibition of factor Xa
requires the binding of heparin to AT III via the
15 antithrombin binding domain (ABD), and that the
inhibition of factor IIa (thrombin) requires binding to
AT III, via the ABD, as well as to thrombin via a less
well defined binding domain (TBD).
Synthetic oligosaccharides corresponding to
20 the ABD of heparin are known and show antithrombotic
activity in venous thrombosis. These compounds are
described in EP 529,715 éna.ﬁP 621,282 and in patent
CA 2,040,905.
The efficacy of these oligosaccharides in the
25 prevention of arterial thrombosis is nevertheless

frustrated by their inability to inhibit thrombin.
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15 _anti thronbi n bi ndi ng domai n (ABD),

and that the inhibition of factor

I'la

(thronmbin) requires binding to AT Ill, via the ABD, as well as to thronbin

via a less well

defined binding domain (TBD). Synthetic oligosacchari des
cor-responding to 20 the ABD of heparin are known and show antithronbotic

activity in venous thronbosis. These conpoupds are described in EP 529, 715
and EP 621,282 and in patent CA 2,040,905. The efficacy of these

ol i gosaccharides in the ZﬁAgﬁgaEﬁ%%éﬁLéﬁ Hgﬁgyﬂq%ﬁykgronbosis S

neverthel ess frustrated by therr

ty"to’i I't thronbin. 3 A

synt hesis of he R ' lie s kRbkhiNt 4 ngs L hronbi n
y pﬁixgoéaﬂ&%@ﬁ“b%gﬂ:ﬁi@%% %mh%ilgét tﬂ?bﬁb&?l:%lé

via activation o

97/ 013447 5

active polysaccharide derivatives. In particular, they are anticoagul ant

1T I n patent appl I on PCT.

activatidftoPA TNt I BRY IdeddAbedesar pReenBoYphl REQEOghcal |y

and antithronbot pET/FR 97/01344.

5

10

15

20

25

That patent application describes novel
biologically active polysaccharide derivatives. In
particular, they are anticoagulant and antithrombotic.
Furthermore, since these polysaccharides are obtained
by synthesis, it is possible to selectively modify
their structure, and in particular to remove unwanted
sulphate substituents involved in interaction with
certain basic proteins such as platelet factor 4 (PF4),
which is released during the activation of the
platelets, leading to considerable neutralization of
heparin in the region of the clot. Thus,
polysaccharides can be obtained which are powerful
antithrombotic and anticoagulant agents and which,
furthermore, can escape in vivo the action of proteins
such as PF4, which neutralize the effect of heparin in
particular on thrombin.

It has been shown in particular that these
sulphated and alkylated éolféaccharides can be powerful
antithrombotic and anticoagulant agents depending on
the arrangement of the alkyl groups and of the sulphate
groups borne by the carbohydrate skeleton.

It has been found, more generally, that by

making polysaccharide sequences, it is possible to



Furthernore, since these polysaccharides are obtained by synthesis, it is
possible to selectively nodify 10 their structure, and in particular to
renove unwant ed sul phate substituents involved in interaction with certain
basic proteins such as platelet factor 4 (PF4), which is rel eased during
the activation of the platelets, |eading tq considerable neutralization of
15 heparin in the region of the clot. Thus, polysaccharides can be obtai ned

whi ch'are power . ANkichlyr At tABIGAAL L FRRMNNG i ROANtS, Ashehite,

furthernqore, can escape I'n vivo'the action of proteins such as PF4, which

neutralize the effiggl QferfeRAtiiNel BrdQublst WELERIM&Ve ttHO M dpeddidis been
shown in particular that these sul phated and al kyl ated pol ysacchari des can

be powerful antidfhgaelinc and anti coagul ant agents depending on the
arrangenment of the alkyl groups and of the sul phate 25 groups borne by the
car bohydrat e skel eton. |t Hwasvieegntheunde itmrbkumgemetleiapy tdfatcdntataki ng
pol ysacchari de sequences, it is possible to
5 products described in patent application PCT/FR

97/01344 can prove to be difficult, in particular if

these products have a long half-life. In the field of

preventing or treating thrombosis with the above

products, the fluidity of the blood must be re-

10 established or maintained while at the same time
avoiding the induction of a haemorrhage. The vital
nature of the functions associated herewith is such
that it is preferable to use, in order to obtain this
equilibrium, only compounds which have a short half-

15 life, which are easier to work with.

The reason for this is that it is well known
that a haemorrhage can be triggered in a patient under
treatment, due to any accidental cause whatsoever. It
may also be necessary to perform surgery on a patient

20 under antithrombotic treatment. For these various
reasons also, it is preferred to use compounds with a
short half-life. '

The half-life of the synthetic
polysaccharides of the invention was determined in

25 rats, in which it was observed, unexpectedly, that it

is influenced by the structure of the molecule and in



4 accurately nodify the GAG type activities in order to obtain very active
products which have the properties of heparin. However, the use in human
therapy of certain 5 products described in patent application PCI/FR
97/01344 can prove to be difficult, in particular if these products have a
long half-life. In the field of preventinggor treating thronbosis with the
above products, the fluidity of the blood nust be re- 10 established or

mai ntai ned Whi | ¢l 9 520 hEPABYO! GENEnd b NEkiGldSl b ihdiagyior T hage.

The vital natur nctions associated herewith is such that it is

preferable to U?ﬁhn fﬁ)O%Q@FoEOtBQtQ BebPis equilibrium only conpounds
whi ch have a shortaha fe, ich are easier to work with. The reason

for this is that it is welihug)owhet Babsanbachventibge vt tyod ggaredd in a
patient under treatnent, due to any acci dental cause whatsoever. It may

al so be necessargyﬁma:teird‘ Polysacghayidesa phicknareOsimilesr antithronbotic
treat nent. For these various reasons also, it is preferred to use conpounds
with a short haldetidture to that of the compounds of patent

application PCT/FR 97/01344, but which have specific

properties. The reason for this is that these compounds

unexpectedly have a half-life of removal, evaluated

after intravenous administration to rats, by means of

10 the anti-Xa activity, of less than one and a half

hours.

These compounds are hexadecasaccharides
comprising three distinct sequences: a sulphated
pentasaccharide sequence DEFGH, a non-sulphated

15 heptasaccharide sequence Z(MN); and a sulphated
tetrasaccharide sequence VWXY.

The compounds according to the present
invention are synthetic polysaccharides in acidic form
and the pharmaceutically acceptable salts thereof with

20 pharmaceutically acceptable cations, the anionic form

of which corresponds to one of the formulae (I), (II),

(III), (IV) and (V) below:



The half-1ife of the synthetic pol ysaccharides of the invention was
determned in 25 rats, in which it was observed, unexpectedly, that it is

i nfluenced by the structure of the nolecule and in 5 particular of the
ABD, of the TBD (thronbin binding domain) and of the spacer. Thus, the
present invention relates to novel synthetjgc pol ysaccharides, which are
simlar in 5 structure to that of the conpounds of patent application

PCT/ FR 97/ 01344, but i ch have spegific properties. Fhe reason for this is
t hat these conpounds xpectedly h&e a half-1ife of 8genoval, eval uated

after intravenous adn: ration to.9fh by nmeans of.918,t he anti - Xa
activity, of less th@n/ghe.§ind a hgl gurs These @ ds are
hexadecasacchari des ¢ |S|ng=thr fstinct sequen ~a sul phat ed

pent asacchari de sequ FGH a §u|phated 15 h; agaccharlde sequence
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tetrasacchari de sequence WWY. The conpounds according to the present
I nvention are synthetic pol ysaccharides in acidic formand the

pharmaceutically acceptable salts thereof with 20 pharmaceutically

accept abl e cati ons,
formulae (1), (I1),

the anionic formof which corresponds to one of the

(1),

(1'V) and (V) bel,ow.

6 [err]

[err]

I nventi on enconpasses the pol ysaccharides in their acidic form or
form of any of the pharnaceuti caI§y accept abl e salg s thereof. In the
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acidic form the -COJerr] and -S( err]- functions are in -COOH 5 and - SG3H
form respectively. The expression "pharmaceutically acceptable salt of the
pol ysaccharides of the invention" is intended to refer to a polysaccharide

i n,which one or nore of the -COJerr] and/or -SJerr] functions are
ionically 10 bonded to a pharmaceutically gcceptable netal cation. The
preferred salts according to the invention are those in which the cation is

chosen from alkal i netal gﬁ Q?l%eilgrignegﬁl?oﬂﬁ£§s@é ef 158 bW Wy d1easd imashi ch

the cati,on is Na[err] or present” invention also

relates to a prgh‘}i??t%efl% AR 'fBth be pAl MﬁéCfaﬁﬁléisSafo dthenavention. In

Its principle, I's process uses di- or oligosaccharide synthons prepared

as reported 20 pipwipushit iidalile abicbpeabueesaRes efieaesomi | in therade in
particular to EP 300,099, EP 529, 715, EP 621,282 and EP 649, 854, as well as

to C. van Boeckelgidic Reirn,0uheAngen: &hdm sd,nt fuket idmglare 1993,CRY
1671- 1690. These synthons are then coupled together so as to give a 25

fully protect®d giec8csHr fokma bhespeeciselyharide according to the
i nvention, which is then selectively
The expression "pharmaceutically acceptable
salt of the polysaccharides of the invention" is
intended to refer to a polysaccharide in which one or
more of the -COO™ and/or -S0;° functions are ionically

10 bonded to a pharmaceutically acceptable metal cation.
The preferred salts according to the invention are
those in which the cation is chosen from alkali metal
cations, and even more preferably those in which the
cation is Na* or K'.

15 The present invention also relates to a
process for preparing the polysaccharides of the
invention.

In its principle, this process uses di- or
oligosaccharide synthons prepared as reported

20 previously in the literature. Reference will be made in
particular to EP 300,099, EP 529,715, EP 621,282 and
EP 649,854, as well as td é: Qan Boeckel, M. Petitou,
Angew. Chem. Int. Ed. Engl., 1993, 32, 1671-1690. These
synthons are then coupled together so as to give a

25 fully protected precursor of a hexadecasaccharide

according to the invention, which is then selectively



9 deprotected and sul phated to give the hexadecasaccharide of the

I nvention. In the coupling reactions nentioned above, a "donor" di- or

ol i gosaccharide, activated on its 5 anoneric carbon, reacts with an
"acceptor" di- or oligosaccharide, containing a free hydroxyl. The
hexadecasacchari des of the invention can b%;synthesized according to the
foll ow ng sequence of operations, which refler to the saccharide units as 10

represented in f%%é%%é%ééédEgﬁaﬁ%%¥$@%9@52%§ﬁgigéeEHéSOr of GH, pGH which

has an al cohol f I~ posi protected precursor of EF

pEF, whose ano ' - . pr ecur s
Eﬁf*ﬁ%&@é Add @t e anSehkhish. prepare e

i nt er medi at es ~and p react together to give EFGH Position 4 of the
non-reductive end unit is jllpeghéied&gqu%eq-eta@tgbﬁg RAcAEE6HEQOALPEEECHR I Nn

parallel, a precursor of the portion YZ(MW)3D, whose anoneric carbon is
activated, pYZ(Mybgsft Qii- or oligosaccharide, activated on its
5 anomeric carbon, reacts with an "acceptor®" di- or
oligosaccharide, containing a free hydroxyl.

The hexadecasaccharides of the invention can
be synthesized according to the following sequence of
operations, which refer to the saccharide units as

10 represented in formula (I) above.

A protected precursor of GH, pGH, which has
an alcohol function in position 4', and a protected
precursor of EF, pEF, whose anomeric carbon is
activated, are first prepared. The intermediates pGH

15 and pEF react together to give EFGH. Position 4 of the
non-reductive end unit is then deprotected to give a
precursor pEFGH.

In parallel, a precursor of the portion
YZ (MN).D, whose anomeric carbon is activated, pYZ(MN)3D,

20 is prepared according to the same strategy.

The tetrasaccharide pEFGH then reacts with
pYZ (MN) 3D to give YZ(MN73bEFéH. The non-reducing end
unit is deprotected to give a precursor pYZ(MN);DEFGH.

A precursor of VWX, pVWX, is prepared in

25 parallel.
Reaction between pVWX and pYZ (MN);DEFGH thus

gives the direct precursor of the hexadecasaccharide,



20 is prepared according to the sane strategy. The tetrasaccharide pEFGH
then reacts with pYZ(M\)[err]D to give YZ(MN) [err] DEFGH. The non-reduci ng
end unit is deprotected to give a precursor pYZ(MN)[err] DEFGH A precursor
of . VWK, pVWX, is prepared in 25 parallel. Reaction between pVW and
PYZ(MN) [ err] DEFGH t hus gives the direct precursor of the

hexadecasacchari de, 10 which is déproté@?ed and sul phated to give the

expect ed hexadeg&ga cgﬁéggigbk%ckgdogxgFgﬁ%ﬁgaégggg) ;ﬁé:g?érgﬁﬂya&gf t hat

several ,syntheti are possi ependi n e acceptors and

donors chosen. Lt_J i f3ar exanple, to prepare a donor VWKYZ 3D
heﬂ%ﬁgﬁggaéaﬂgrlh (MN

and to couple it"W in-order to obtain a precursor of the desired
hexadecasacchari de. Ref er gicq "Ry BguERMS, those CxRITI&l 10 dile ahove

references and 10 to Monosaccharides, Their chem stry and their roles in
natural product sshdt Meveddll R§mthdtRc)stkategeés dre possible
5 depending on the acceptors and donors chosen. It is
possible, for example, to prepare a donor VWXYZ (MN) 3D
and to couple it with EFGH in order to obtain a
precursor of the desired hexadecasaccharide. Reference
may be made, for example, to the above references and
10 to Monosaccharides, Their chemistry and their roles in
natural products, P.M. Collins and R.J. Ferrier, J.
Wiley & Sons, 1995 and to G.J. Boons, Tetrahedron,
1996, 52, 1095-1121.
The compounds according to the invention have
15 undergone biochemical and pharmacological studies which
have shown that they moreover have the very
advantageous properties of the products described in
patent application PCT/FR 97/01344.
The compounds of the present invention which
20 bind selectively to AT III with an affinity equal to or
greater than that of heparin, have anticoagulant and
antithrombotic properties.wﬁich are superior to those
of heparin.
The overall antithrombotic activity of the
25 products of formula (I) to (V) has been evaluated
intravenously or subcutaneously in rats, in a model of

venous stasis and induction with thromboplastin,



W]ey & Sons, 1995 and to G J. Boons, Tetrahedron, 1996, 52, 1095-1121. The
conpounds according to the invention have 15 undergone bi ochem cal and

phar macol ogi cal studi es whi ch have shown that they noreover have the very
advant ageous properties of the products described in patent application
PCT/ FR 97/ 01344. The conpounds of the present I nventi on which 20 bind
selectively to AT Il with an affinity equaﬂ to or greater than that of

heparin, have anti coagu qg$ t .t Is rapert i | C

supgriog t? thos%c%ﬁr%%%ipg%. gﬁﬁggggggggﬁ?%F roﬁbgfigég%?%v?%ségf the 25
products of for %ﬁ%:gﬁF” | ugedgiBLEQY ENQESH¥1 OF

subcut aneousl y F%A?%_%%m%é?%&%% el o ’vg%%%g g%ésfggaﬁdxfngﬁc#¥on Wth

thrombopl astin, i, 2CHO&EH NG t-tde JTtdaBRseki bedshyt IngReFesssktngl . in

Thronbos!s Research, 1980, 18, 669-674, as well as in a nodel of arteri al
t hronbosi s Cons'§hbﬂ8n@éd3bé%%€&nlﬂﬁéEﬁaﬁaiimehweé&ytBﬁdcahétﬁdgaléﬁry and

t he jugul ar
5 vein in 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
least of the same order as or less than that of the
other synthetic heparinoids already known (EDse of

10 between 1 and 50 nmol/kg). The compounds of the
invention thus have a particularly advantageous
specificity of action and a particularly advantageous
anticoagulant activity.

By virtue of their biochemical and

15 pharmaceutical activity, the compounds of the present
invention constitute 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

20 specialities.

Furthermore, the compounds of the invention
are not neutralized by high-doses of cationic platelet
proteins such as PF4, which are released on activation
of the platelets during the process of thrombosis. The

25 compounds of the invention are thus most particularly
advantageous for treating and preventing thrombosis of

either arterial or venous origin.



5 veinin rats, as described by Uretsu et al. Thronb. Haenost., 1978, 39,
74-83. In these two experinental nodels, the ED50 of the conpounds of the
invention is at |east of the sane order as or |less than that of the other
synt heti c heparinoids al ready knowmn (EDerr] of 10 between 1 and 50
nnol / kg) . The conpounds of the invention t have a particularly

advant ageous specificity of action and a patticul arly advant ageous

anti coagul ant activity. ByT%E tggnogaggg%étﬁﬁq&gggg lpéﬁﬂ$:gaie

phar maceuti cal activity, the compoun e present "I nven 1901 consti tute

very advant ageousfoﬁ%m&ageg m@ﬁ?{gftcé{%gﬁiﬁg tt.lﬁeu YU S Da LYTRA Ithlee Wi th

this use. They are also Very stable an s particularly suitable for

constituting the RelguidtRbnNglBtEmOhr PEEAFRLE UWd 98 c Al S RRHi#Mg i es.
Furt hernore, the conpounds of "the invention are not neutralized by high

doses of cationi @iRlcrdRiret offf @hei Bar8i6hasculid, anthicdrebroviaRicRased on
activation of the platelets during the process of thronbosis. The 25

conmpounds of tdhe gyitenisi, oBuahe abhtArsasSdeniool i€ ud sdnieaty aisagsated or
treating and preventing thronbosis of either arterial or venous origin.

with arteriosclerosis and with diabetes, such as
unstable angina, strokes, restenosis after angioplasty,
endarterectomy, the installation of endovascular
prostheses; or thromboembolic disorde?s associated with

10 rethrombosis after thrombolysis, infarction, dementia
of ischaemic origin, with peripheral arterial diseases,
with haemodialysis, with auricular fibrillations or
during the use of aorto-coronary bridge wvascular
prostheses. This product can moreover be used for

15 treating or preventing thromboembolic pathologies of
venous origin, such as pulmonary embolisms. They can be
used to prevent or treat thrombotic complications
arising during surgery or in conjunction with other
pathologies such as cancer and bacterial or viral

20 infections. In the case of its use during the
installation of prostheses, the compound of the present
invention can cover the broééheses and thus make them
compatible with the blood. In particular, they can be
bound to intravascular prostheses (stents). In this

25 case, they can optionally be chemically modified by
introducing a suitable arm at the non-reductive or

reductive end, as described according to EP 649,854.



12 They can be used in various pathologies followng a nodification of the
honmeost asi s of the coagul ation systemarising in particular during

di sorders of the cardiovascul ar and cerebrovascul ar 5 systens, such as

t hronboenbol i ¢ di sorders associated with arteriosclerosis and wth

di abetes, such as unstabl e angi na, strokesjsrestenosis after angioplasty,
endarterectony, the installation of endovascul ar prostheses; or

t hr omboenbol i ¢ di sor ders CHgshindd bfl@neepReaahesi ivaht ebn can
t hrombol.ysi s, infarction, denmentia of ischaem ¢ origin, with peripheral

arterial diseaseg)s¥ipd haeaosh algsivanty durdugi enbartérbetbinpt cansied
during the use of aorto-coronary bridge vascul ar prostheses. This product

can noreover be ysedvigh PéréuLddIIbAis.preventing thronboenbolic
pat hol ogi es of venous origin, such as pul nonary enbolisns. They can be used
to prevent or treat thronbrie ccamppindstdfonheainyengidor ang yergery or in
conjunction with other pathol ogi es such as cancer and bacterial or viral
5 stable and are thus particularly suitable for
constituting the active principle of medicines.
Thus, the compounds according to the
invention can be used for the preparation of medicines
intended to treat the above diseases:
10 According to another of its aspects, the
subject of the present invention is thus a
pharmaceutical composition containing, as active
principle, a synthetic polysaccharide as defined above.
The invention preferably relates to
15 pharmaceutical compositions containing, as active
principle, a compound according to the invention in
acidic form, or one of the pharmaceutically acceptable
salts thereof, optionally in combination with one or
more inert and appropriate excipients. In general, the
20 polysaccharides of the invention can be used in the
treatment of pathologies associated with a coagulation
dysfunction. T
In each dosage unit, the active principle is
present in the amounts suited to the daily doses
25 envisaged. In general, each dosage unit is
appropriately adjusted according to the dosage and type

of administration envisaged, for example tablets,



20 infections. In the case of its use during the installation of

prost heses, the conpound of the present invention can cover the prostheses
and thus make them conpatible with the blood. In particular, they can be
bound to intravascul ar prostheses (stents). In this 25 case, they can
optionally be chemcally nodified by introggcing a suitable armat the
non-reductive or reductive end, as describ&d according to EP 649, 854. 13
The conpounds of e i ' C | s e dj during
The compounds o ad i SRRk Sild el 30, Gabfolsccvigt adl Wypals
nvention are verys Sl abhife AL (dbdnoBRELEULE! LYafitthiable | or
constituting the active princip of nedicines. Thus, the conmpounds
according to the%étE'Hﬁé%' LA WRk R0dokRgePLaRer 8bhoaifE FRsth CO NES
intended to treat the above diseases. 10 Accordi ng to anot her of

its aspects, thecsubp@chg Odf tdte: ifee Piiindipient ppafesabbysoas to 50 mg.

5 The compounds according to the invention can
also be used in combination with one or more other
active principles which are useful for the desired
therapy, such as, for example, antithrombotic agents,
anticoagulants, anti-platelet-aggregating agents such

10 as, for example, dipyridamole, aspirin, ticlopidine,
clopidogrel or antagonists of the glycoprotein IIb/IIIa
complex.

The pharmaceutical compositions are
formulated for administration to mammals, including

15 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, sugar-
coated tablets, ordinary tablets or gelatin capsules.

20 Injectable solutions are the preferred pharmaceutical
forms. The pharmaceutical compositions of the present
invention are useful in pérﬁicular for the preventive
or curative treatment of vascular wall disorders, such
as arteriosclerosis, the hypercoagulability states

25 observed, for example, after surgery on tumours or
after coagulation deregulation, induced by bacterial,

viral or enzymatic activators. The dosage can vary



phar maceuti cal conposition containing, as active principle, a synthetic
pol ysacchari de as defined above. The invention preferably relates to 15
pharmaceutical conpositions containing, as active principle, a conpound
according to the invention in acidic form or one of the pharmaceutically
acceptabl e salts thereof, optionally in coppination with one or nore inert
and appropriate excipients. In general, the 20 pol ysaccharides of the

i nvention can bewfn%?ﬁbigl v}:ﬂfe tlr%@t osage%fdiﬁgt BAl edbegapseRei atage i th a

coagul at,i on dysfu n eac e unit, the active principle is

present in the S S tadhdd dihedaichy dasenatbrenyhsagederity geferal ,

each dosage unit I's"appropriately adjusted according to the dosage and type
of adm ni strati opyenvbmanetht f ifs @eAMPlae babkdesrouteldfgel atin capsul es

and the |ike, sachets, vials, syrups and the |ike, drops, transdermal or
transmicous patchgsinsterat . sutls acdesegecmpirisesnthens from 0. 1
5 administration of one or more doses of about 0.1 mg to
about 100 mg per day, preferably from about 0.5 to
about 50 mg per day, intramuscularly or subcutaneously;
in continuous administrations or at regular intervals.
The subject of the present invention is thus

10 also pharmaceutical compositions which contain, as
active principle, one of the above compounds optionally
combined with another active principle. These
compositions are made so as to be able to be
administered via the digestive or parenteral route.

15 In the pharmaceutical compositions of the
present invention for oral, sublingual, subcutaneous,
intramuscular, intravenous, transdermal, transmucous,
local or rectal administration, the active ingredient
can be administered in unit forms of administration,

20 mixed with standard pharmaceutical supports, to animals
and to human beings. The appropriate unit forms of
administration comprise 6rai forms such as tablets,
gelatin capsules, powders, granules and oral
suspensions or soclutions, the sublingual and buccal

25 forms of administration, the subcutaneous, intra-

muscular, intravenous, intranasal or intraocular forms



to 100 ng of active principle, preferably 0.5 to 50 ng. 5 The
conpounds according to the invention can also be used in conbination with
one or nore other active principles which are useful for the desired

t herapy, such as, for exanple, antithronbotic agents, anticoagul ants,
anti-platel et-aggregating agents such 10 agg for exanple, dipyridanole,
aspirin, ticlopidine, clopidogrel or antagonists of the glycoprotein

l1b/111a conpl ex,r ThénphaitPataWn adly eABPeELEADNFoRRE dprmul ated for
adm ni stration to mammal s, including 15 man, for the treatnent of the

abovenent i oned dfgasiescradi®mphar maceutical conpositions thus obtained are
advant ageously in various forns, such as, for exanple, injectable or
drinkabl:e solutions, sugamheipal edlidbkemposottionaiy talblet sfarmged atin
capsules. 20 Injectable solutions are the preferred pharnaceutical fornms.
The phar maceut i qateprgbsitticonmiof achdver éagnedienentsonixed wsdi @ in
particular for the preventive or curative treatnent of vascul ar wall

di sorders, suBh plsammdenitissElervediiclet suchyper gehghinbi $5¥23x¥Cht ates 25
observed, for exanple, after surgery on tumours or after copagul ation
deregul ation, intackesdy tranesijuy stearate, talc, gum arabic or the

like. The tablets can be coated with sucrose or other
suitable materials, or alternatively they can be
treated such that they have sustained or delayed

10 activity and such that they release a predetermined
amount of active principle continuously.

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

15 capsules.

The water-dispersible powders or granules can
contain the active ingredient mixed with dispersion
agents or wetting agents, or with suspension agents,
such as polyvinylpyrrolidone, as well as with

20 sweeteners or flavour enhancers.

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

25 For parenteral, intranasal or intraocular
administration, agqueous suspensions, isotonic saline

solutions or sterile injectable solutions which contain



viral or enzymatic activators. The dosage can vary 15 within a w de
range dependi ng on the patient's age, weight and state of health, the
nature and severity of the conplaint, as well as on the route of

adm ni stration. This dosage conprises the 5 admi nistration of one or nore
doses of about 0.1 ng to about 100 ng per gay, preferably fromabout 0.5 to
about 50 ng per day, intranuscularly or subcutaneously, in continuous

adm ni strations Lgﬁaﬁﬁaé@&s&féaﬂw RIotidatiblaeasHpbesingf agbet prase/or

inventiqQn is th 10 al so pharmaceutical conpositions which contain, as

active principl ewet?@_ﬁ'xc_?faéékﬁ:@,bcﬁtﬂ: eppledpropyilenal §yycobboned with
anot her active principle. These conpositions are nade so as to be able to
be admi ni stered pheyldwe hRsdl vearer uysadenteral route. 15 In the

pharmaceutical conpositions of the present invention for oral, sublingual,
subcut aneous, i ntranmuscul éfor i ttarsmewous, admangderabiont r thenachige | ocal
or rectal adm nistration, the active ingredient
5 principle can be formulated in the presence of a

promoter such as a bile salt, a hydrophilic polymer

such as, for example, hydroxypropylcellulose,

hydroxypropylmethylcellulose, hydroxyethylcellulose,

ethylcellulose, carboxymethylcellulose, dextran,

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

15 The active principle can also be formulated
in the form of microcapsules, optionally with one or
more supports or additives.

The active principle can also be in the form
of a complex with a cyclodextrin, for example a, B, or ¥

20 cyclodextrin, 2-hydroxypropyl-p-cyclodextrin or methyl-
p-cyclodextrin.

The active priﬁciﬁie can also be released by
a balloon containing it or by an endovascular extender
introduced into the blood vessels. The pharmacological

25 efficacy of the active principle is thus not affected.

Subcutaneous administration is the preferred

route.



can be admnistered in unit forns of admnistration, 20 m xed with standard
phar maceuti cal supports, to aninmals and to human bei ngs. The appropriate
unit forms of adm nistration conprise oral forns such as tablets, gelatin
capsul es, powders, granules and oral suspensions or solutions, the
subl i ngual and buccal 25 forns of adm nistggtion, the subcutaneous, intra-
muscul ar, intravenous, intranasal or intraocular forns 16 of

admi ni stration and the recqal B0l tddpRephtations MENtie Sthdnes
conpositjion in tablet formis prepared, the nmain active ingredient is m xed

with a 5 phar macgwidisafo Ve Gl 18 UBtates el avhBhesiareh, thacvasiousmgnesi um
stearate, talc, gumarabic or the like. The tablets can be coated with

sucrose ;or ot herigtetmdd Bt atiidlls arer uskffelnfbrvebyaiheyg ctime be treat ed
such that they have sustained or delayed 10 activity and such that they
rel ease a predetpohysecclmides dfcaxtding poi sbepisvenhiotnuousl y.
5 The following abbreviations are used:
TBDMS: tert-butyldimethylsilyl; Lev: levulinoyl; Bn:
benzyl; Bz: benzoyl; TLC: thin-layer chromatography;
Olm: trichloroacetimidoyl; LSIMS: liguid secondary ion
mass spectrometry; ESIMS: electron sp;ay ionization
10 mass spectrometry; TMS: trimethylsilyl; TSP: sodium
trimethylsilyltetradeuteriopropionate; Tf: triflate;
MS: molecular sieve; PMB: p-methoxybenzyl; MP:
p-methoxyphenyl; TS: tosyl; ET: ethyl; Ph: phenyl; Me:
methyl; Ac: acetyl.
15 Dowex®, Sephadex@, chelex® and Toyopearl® are registered
trade marks.

In the methods, the preparations and in the
examples described below, general procedures regarding
the catalytic coupling of the imidates, the cleavage of

20 the levulinic esters, the catalytic coupling of the
thioglycosides, the saponification, methylation and
selective deprotection of fﬁé p-methoxybenzyl group,
the deprotection and sulphation of the oligo- and
polysaccharides by hydrogenolysis of the benzyl esters

25 or ethers, the saponification of the esters or the
sulphations can be carried out by applying the general

methods below to the appropriate intermediates.



Apreparation in gelatin capsules is obtained by m xing the active
ingredient with a diluent and by pouring the m xture obtained into soft or
hard gel atin 15 capsul es. The water-di spersi ble powders or granul es can
contain the active ingredient m xed with di spersion agents or wetting
agents, or with suspension agents, such aslgolyvinylpyrrolidone, as well as
with 20 sweeteners or flavour enhancers. FOF rectal admnistration, use is

made of supposi tﬁ;cé‘gﬁlg\gi&fln%f% W%%t }[Mef? lggrgi ggﬁbau%gcgf nehté at the

rectal tenperature, Tor exanpl or polyethylene glycols. 25
For parenteral, |nliapasalafd déidAQd!@r 3dMuBLShEIEOPurpEyEsUS |
suspensions, isotonic saline solutions or sterile injectable solutions
which caontain pdlephiséeeol ogi cally conmpati bl e di spersing agents and/ or
wetting agents, for exanple propyl ene glycol or butylene glycol, are used.



For transnucous adm nistration, the active 5 principle can be formulated in
the presence of a pronoter such as a bile salt, a hydrophilic polynmer such
as, for exanple, hydroxypropyl cellul ose, hydroxypropyl nethylcellul ose,

hydr oxyet hyl cel | ul ose, ethyl cellul ose, carboxynethylcellul ose, dextran, 10
pol yvi nyl pyrrol i done, pectins, starches, g§¢atin, casein, acrylic acids,
acrylic esters and copol yners thereof, vinyl polyners or copol yners, vinyl

al cohol s, al kox 5. RYellyeBe eKbdBeRClY R Rar il Yt hers or a
m xt ur e .t her eof . z o The active g??nciple can al so be formul ated

in the form of nicrosﬁﬁﬁﬁﬂ%ﬁgﬁgpt'unalIy with one or nore suppgmis or
addi tives. The active prips | g0 he ln the bog : ex with a
cyclodextrin, for exanple [err]®e , or [err] 20 cyfe 3.5¥n, om
2- hydr oxypropyl -[err]-cyclodexjrin or nethyl- [err]-cyclodgxtrin. The
active principle can al so be rel eased by a balloon containing it or by an
endovascul ar extender introduced into the blood vessels. THe
phar macol ogi cal 25 efficacy of the active principle is thu nog;é%??%ted.

o

Subcut aneous admi nistration is the preferred
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rogut e. 18 The nethods, the preparations and the schenmes which foll ow
illustrate the synthesis of the various internedi ates which are useful for
obt ai ni ng the pol ysaccharides according to the invention. 5 The
foll owi ng abbreviations are used: TBDMS: tert-butyldinmethylsilyl; Lev:
l'evulinoyl; Bn: benzyl; Bz: benzoyl; TLC 4jin-layer chronmatography; dm

trichl oroaceti m doyl ; LSINB | i quid secondary ion nass spectronetry; ESIMS:
el ectron sprayiﬁﬁﬁéﬁﬁa mass spectronetry; TMS: trinethylsilyl; TSP
sodi um tri net hyl si etradeuterloproplonate Tf: triflate; MS: nol ecul ar

si eve; PMB: p- é?ﬁ?ﬂ)’ 2, 13- dYP0-BefRbPRX Y PHSOYH défela-IEG1widy! ; Ph:
phenyl ; Me: ne?ﬁ@l Agﬁnacety 15 © mgx[e?r] éggﬁggzx[err] E%elex[err]

and Toyopearl[e Jiﬂréfo%flf)g-l (294 pel2 | 3 ASlet FPdeDerzbylha -tnibo@sD-t he
preparations and in the exanples described bel ow, general procedures
regardi ng glucopyranoside (2)

5 Benzoyl chloride (24.5 ml, 211 mmol) is added
dropwise over 20 minutes to a cooled (0°C) solution of
compound 1 (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

10 for 20 hours at room temperature; TLC reveals an
approximately 50% conversion. The mixture is diluted
with water and dichloromethane. After extraction, the
organic phase is washed with 10% sodium hydrogen
carbonate solution and water, dried over magnesium

15 sulphate and concentrated. The residue is retreated
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 2.

20 TLC: Rf = 0.80, silica gel, 9/1 v/v toluene/ethanol
PREPARATION 2
O-(2,3-Di-0-benzoyl-4,6-O;béﬁzylidene-a-D-gluco—
pyranosyl) - (1-54) -0- (2,3, 6-tri-0O-benzoyl-B-D-gluco-
pyranosyl) - (1-4) -1, 6-anhydro-2,3-di-0-methyl-p-D-gluco-

25 pyranose (4)

A mixture of thioglycoside 2 (1.05 g,

1.05 mmol), compound 3 (200 mg, 1.05 mmol) (Jeanloz et



the catalytic coupling of the i mdates, the cleavage of 20 the levulinic
esters, the catalytic coupling of the thioglycosides, the saponification,
met hyl ati on and sel ective deprotection of the p-nethoxybenzyl group, the
deprotection and sul phation of the oligo- and pol ysacchari des by

hydr ogenol ysi s of the benzyl esters 25 or gbhers, the saponification of the
esters or the sul phations can be carried out by applying the general

met hods bel ow toz§he 8pPELR! | @hémi MSETEHAL 6B39- 3912)Eéaapi36§de£eah@z;
synt hesis of the cofrpounds”of the invention are detailed for illustrative

pg”mses her ei nbgb¥eular 281 S6&EEMa 11 -g)SYiH Rdhuenef (LBempgntiasaechaedde 9
| | under a nitrogen atmosphere for 15 minutes. The mixture
is then cooled to -20°C and a freshly prepared solution
5 of N-iodosuccinimide {(1.11 mmol) and of trifluoro-
methanesulphonic 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
10 successively with 10% sodium thiosulphate solution, 10%
sodium hydrogen carbonate solution and water, dried
over magnesium sulphate and then concentrated under
vacuum. Purification of the residue is carried out by
chromatography on a column of silica gel, to give
15 1.25 g of compound 4.
TLC: Rf = 0.55, silica gel, 4/6 v/v heptane/ethyl
acetate
PREPARATION 3
O- (4,6-0-Benzylidene-a-D-glucopyranosyl) - (1->4) -0- (B-D-
20 glucopyranosyl)-(1—4) -1, 6-anhydro-2,3-di-O-methyl-B-D-
glucopyranose (5)

Potassium tert-bﬁﬁaxide (about 50 mg) is
added to a solution of compound 4 (1.24 g, 1.11 mmol)
in 1/1 v/v methanol/dioxane (7 ml). The mixture is

25 stirred for one hour and a further 50 mg of potassium
tert-butoxide are then added; the mixture is then

stirred for a further 60 minutes. The reaction mixture



22 PREPARATION 1 Ethyl 0-(2,3-di-0O benzoyl -4, 6- 0 benzyl i dene-a-D- gl uco-
pyranosyl) - (1[err]4) -2,3,6-tri-0Obenzoyl-1-thio-[err]-D glucopyranoside
(2) 5 Benzoyl chloride (24.5 m, 211 nmol) is added dropw se
over 20 mnutes to a cooled (O[err]C) solution of conpound 1 (16.7 g, 35.2
mmol) (J. Westman and M Nilsson, J. Carbojydr. Chem, 1995, 14 (7),
949-960) in pyridine (202 m). The reaction m xture is stirred 10 for 20

hours at room t gnpers %Itt%raﬁ’lz-ghcwﬁgﬁeél wod 1et eb¥iR0% copuesgi on. The

m xture.i s dllutedvvl wat er an d|c ororre ane. After extractlon t he

organi ¢ phase i %n\aa%%%ewt&'atéa%ﬁagf%m&aoqsft&@rmao@@aﬂdyo@nand

wat er, dried over nmagnesium 15 sul phate and concentrated. The residue is

retreated with Qe%j_)ﬁlmnCWforslld_QcaCﬁ@][(;ll 885 tfg tdE dmeRiia & dawcri bed above.
The crude product is purified by chromatography on a colum of silica gel

to give 22 g of icyeawdd id the fbem BE an0oBD, silica gel, 9/1 v/v
t ol uene/ et hanol
5 TLC: Rf = 0.50, silica gel, 85/15 v/v
dichloromethane/methanol
PREPARATION 4
0-(4,6-0-Benzylidene-2,3-di-O-methyl-a-D-
glucopyranosyl) - (14) -0- (2,3, 6-tri-O-methyl-B-D-
10 glucopyranosyl) - (1-»4) -1, 6-anhydro-2,3-di-O-methyl-p-D-
glucopyranose (6)

Sodium hydride (387 mg, 9.65 mmol) is added,
under a nitrogen atmosphere, to a cooled (5°C) solution
of compound 5 (660 mg, 1.1 mmol) in dry tetrahydrofuran

15 (8 ml). Methyl iodide (0.51 ml, 8.22 mmol) is added
dropwise and the mixture is stirred for 20 hours at
room temperature. The excess sodium hydride is
destroyed with methanol and the mixture is poured into
50 ml of ice-cold water. After extraction with ethyl

20 acetate (3 times 20 ml), the organic phase is washed
with sodium chloride solution, dried over magnesium
sulphate and concentrated-ts give 690 mg of compound 6.
TLC: Rf = 0.25, silica gel, 95/5 v/v

dichloromethane/methanol



PREPARATI ON 2 0-(2, 3-Di - O-benzoyl -4, 6- O-benzyl i dene-[err] - D-gl uco-
pyranosyl) - (1f[err]4) -0- (2,3,6-tri-O benzoyl-[err]-Dgluco- pyranosyl) -
(1[err]4)-1,6-anhydro-2,3-di-O nethyl-[err]-D-gluco- 25 pyranose (4) A
m-xture of thioglycoside 2 (1.05 g, 1.05 mol), compound 3 (200 ny, 1.05
mol ) (Jeanl oz et 22 al., J. Og. Chem,J961, 26, 3939-3944) and
pogdered 4[err] molecular sieves (1.1 g) in‘toluene (18 m) is stirred
under a nitroge ﬂ3§ﬂ¥fﬁ@ or 15 mnutes. The mxture is then cooled to
-20[err}.C ande;gé%s y preégred solution 5 of N-iodosuccinimde (1.11

mmol ) and of trid] uprp Ry haiesHl-alengludepgrafodyd) MDLM)i-0-12] 3ykv

di chl or onet hane/ di oxane (6 m) I's introduced therein. After 10 m nutes, the

red reaction m Xgi R infettyl-P-0dgidcbpiredndbiyD) d{Thi4r-ayet-anhydrexn; aet ed,
washed 10 successively with 10% sodi um t hi osul phate sol ution, 10% sodi um

hydrogen car bonage-sahdttyan prad glacepyrdnoed ¢ver magnesi um sul phate and
t hen concentrated under

5 Compound 6 (690 mg, 1.03 mmol) is dissolved
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

10 acetate/methanol gives 569 mg of compound 7.
TLC: Rf = 0.40, silica gel, 9/1 v/v
dichloromethane/methanol
PREPARATION 6
0- (6-0-Benzoyl-2,3-di-0-methyl-a-D-glucopyranosyl) -

15 (1-»4)-0-(2,3,6-tri-0O-methyl-p-D-glucopyranosyl) - (1->4) -
1, 6-anhydro-2,3-di-0O-methyl-p-D-glucopyranose (8)

1-Benzyloxy-1H-benzotriazole (227 mg,

1.05 mmol) and triethylamine (1.15 mmol) are added to a
solution of compound 7 (560 mg, 0.96 mmol) in

20 dichloromethane and the mixture is then stirred for
20 hours at room temperature. The reaction mixture is
diluted with dichloromethéné and washed with 10% sodium
hydrogen carbonate solution and water. The organic
phase is dried over magnesium sulphate, filtered and

25 evaporated to dryness. The product is purified by
chromatography on a column of silica gel to give 600 mg

of compound 8.



vacuum Purification of the residue is carried out by chromatography on a
colum of silica gel, to give 15 1.25 g of conmpound 4. TLC. Rf = 0.55,
silica gel, 4/6 v/v heptane/ethyl acetate PREPARATI ON 3 O-

(4;:6- O Benzyl i dene-[err]-D gl ucopyranosyl) - (1l[err]4) -O ([err]-D 20
gl ucopyranosyl)-(1[err]4)-1, 6-anhydro- 2, 3-di,- O-nethyl -[err]-D

gl ucopyranose (5) Potassiumtert-butoxide (about 50 ng) is added to a

solution of compeyad dr(d. @45, dililed@D), igy1lhYyv/ v nethanol / di oxane (7
m). Thesm xture is 25 stirred for one hour and a further 50 ng of

pot assi um t ert - bgi %1 8fomé Ehdne/maxdatbl the m xture is then stirred for a
further 60 m nutes. The reaction m xture 23 is neutralized with a

Dowex|[ err] S5O0WKSPREPARATI®N T, filtered and concentrated under vacuum
After chromatography on a colum of silica gel, 665 ng of compound 5 are
isolated in the Oel®) dfDhrOehénzoyl-4,6-0-benzylidene-a-D-

5 glucopyranosyl)-(1—>4)-0-(2,3,6-tri-O-benzoyl-p-D-
glucopyranosyl) - (1»4) -O0- (6-0-benzoyl-2,3-di-O-methyl-
o-D-glucopyranosyl) - (1->4) -0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl) - (1-54) -1, 6-anhydro-2,3-di-O-methyl-f-D-
glucopyranose (9)

10 Compound 8 is converted into compound 9
according to the procedure described for the
preparation of compound 4. The coupling reaction is
carried out at 5°C.

TLC: Rf = 0.50, silica gel, 2/8 v/v heptane/ethyl

15 acetate



5.TLC. Rf = 0.50, si Ilca gel, 85/15 v/v dichl oronet hane/ nmet hano
PREPARATICN 4 0-(4 C>Benzylldene 2,3-di-O-nethyl-[err]-D glucopyranosyl)
- (1[err]4) -O (2 3,6-tri-Onethyl-[err]-D 10 gl ucopyranosyl)
-¢1[err]4)-1,6-anhydro-2,3-di-Onethyl-[err]-D glucopyranose (6) Sodium
hydride (387 ng, 9.65 nnDI) i s added, undeg a nitrogen atnosphere, to a
cooled (5[err]C) solution of conpound 5 (6 8 ng, 1.1 mmol) in dry

t etrahydrof uran ). OhebtBbac8hid2igeoisd i s added
dropwi se and theé‘%%{éﬁ;% |s§‘§t§}¥érsecfo1(‘y§?%§% ho%rs at room tenperature. The
excess sodi um hydride is destroyed with nethanol and the m xture is poured
into 50 mM of ice-cold water. After extraction with etEyI 20 acetate (3

OU‘I

times 2Q m), the organic phase is washed with sodium ¢hl oride sol ution,
dried over nagnesiunlsulphate and concentrated to gi ve¥690 ng of conpound
6. TLC. Rf = 0.25, silica gqm 95/5 v/iv dlch&pronegpane/neuhnnol

10

1
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24 PREPARATION 5 O (2,3-Di-O-nethyl-[err]-D-glucopyranosyl) - (1l[err]4)
-0- (2,3,6- tri-Onethyl-[err]-Dglucopyranosyl) - (1l[err]4)

-1, 6-anhydro-2,3- di-Onethyl-[err]-Dglucopyranose (7) 5

Compound 6 (690 ng, 1.03 mmol) is dissolved in 80% acetic acid (7.3 m) and
stirred for 20 hours at 40[err]C. The m xt4ye is concentrated under vacuum
and co- evaporated with toluene. Chronmatography on a colum of silica gel

in 8/1/1 dichlo?8§§5§? yl 10 acetate/ met hanol gives 569 ng of conpound
7. TLC Rf = 0.40, si ?ggﬁ;gl, 9/ 1 v/v dichl oronet hane/ met hanol PREPARATI ON

6 O (6-0 Benzoyly_Z43edio- L l)r1-38) -61[(p+D}4)- O
020§ 0 o0 ool sl BRatiaraln yacprstame) 130 -011ben} )

1, 6- anhydr o- 2, 3-HcOpyRaRbsyll §& (1-$2 ) orc@B-dicsemethyl -a-D-

1- Benzyl oxy- 1H benzotri azole (227 ng, 1.05 mmol) and triethylamne (1.15
mmol ) are added glmcdpyaianoisel ) o 1entip@mni®, 3 ,(E>88irg-methyl ¥y in 20

di chl oronet hane and the m xture is then stirred for 20 hours at room

t enper at ur e. Fheylnenpyranosyld 4(d—4) i | (ranhydinon 2d 3cBloPomethuhePaRd

washed wi th 10% sodi um
glucopyranose (10)

Compound 9 is converted into compound 10
according to the same procedure as that described for
the preparation of compound 5.

10 TLC: Rf = 0.35, silica gel, 9/1 v/v
dichloromethane/methanol
PREPARATION 9
O- (4,6-0-Benzylidene-2,3-di-0-methyl-a-D-
glucopyranosyl) - (1>4) -0- (2,3, 6-tri-O-methyl-p-D-

15 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, 6 -anhydro-2,3-di-O-methyl-B-D-
glucopyranose (11)

Compound 10 is converted into compound 11

20 according to the same procedure as that described for
the preparation of compound 6.

TLC: Rf = 0.50, silica gei,—9/1 v/v
dichloromethane/methanol
PREPARATION 10

25 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) - (1>4) -0-(2,3,6-tri-0O-



hydr ogen car bon
magnesi um sul ph
purified by chr
conmpound 8.

di chl or onet hane

ate solution and water. The organic phase is dried over
ate, filtered and 25 evaporated to dryness. The product
onatography on a colum of silica gel to give 600 ng of
25 TLC Rf 0.50, silica gel, 9/1 v/v

/ met hanol PREPARATICN 7

S

0-(2,3-D -0 benzoyl -4, 6- O benzyl i dene-a- D % gl ucopyranosyl) - (1[err]4)

-0 (2,3,6-tri-
(6- O benzoyl -
(2,3,6-tri-C)ne
-1, 6-anhydro- 2,
Compound 8 is ¢
described for t

2, FeSEVA R Pr Rk pRr BT PYL CORI L 5, RARFREPTR, 3 508
B B Pr P PRI T ahose (9) 10

onverted i gbRpeQRROYNdi S A6KPEHdl 1rtd Rvmporerrure
he preparatlon of conpound 4. The coupling reaction is

carried out at HdddEngTke tRe safleSProsédute fHelthat! Bedorilbeat Five et hyl

5

10

15

20

25

the preparation of compound 7.
TLC: Rf = 0.35, silica gel, 9/1 v/v
dichloromethane/methanol
PREPARATION 11
0- (6-0-Benzoyl-2,3-di-0O-methyl-a-D-glucopyranosyl) -
(1-»4)-0-(2,3,6-tri-0O-methyl-p-D-glucopyranosyl) - (1->4) -
0-(2,3,6-tri-O-methyl-a-D-glucopyranosyl) - (1>4) -0~
(2,3,6-tri-0-methyl-p-D-glucopyranocsyl) - (1>4)-1,6-
anhydro-2,3-di-O-methyl-B-D-glucopyranose (13)
Compound 12 is converted into compound 13
according to the same procedure as that described for
the preparation of compound 8.
TLC: Rf = 0.40, silica gel, 7.0/1.5/1.5 v/v/v
toluene/ethyl acetate/ethanol
PREPARATION 12
0-(2,3-Di-O-benzoyl-4,6-0-benzylidene-a-D-
glucopyranosyl) - (1>4)-0-(2,3,6-tri-O-benzoyl-B-D-
glucopyranosyl)-(1r+4)-O-(6-6-benzoyl-2,3-di-o-methyl-
a-D-glucopyranosyl) - (1»4) -0-(2,3,6-tri-O-methyl-pB-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) -1, 6-anhydro-2,3-di-O-methyl-B-D-

glucopyranose (14)



18 acetate 26 SCHEME 2 - Synthesis of the heptasaccharide 14 [err] 12
27 PREPARATION 8 0- (4,6-0 Benzylidene-[err]-D-glucopyranosyl) -(1[err]4)
-O ([err]-D glucopyranosyl) -(1[err]4) -0- (2,3-di-Onethyl-[err]-D
gl-ucopyranosyl) - (1[err]4)-0O (2,3,6-tri-Onmethyl-[err]-D 5

gl ucopyranosyl)- (1[err]4)-1, 6-anhydro-2, -Qi-()nethyl-[err]-D—

gl ucopyranose (10) Conpound 9 is converted Tnto conpound 10 according to

the sare procedure as thatneseribedal OLaLheol SPAAAMON £ RS, 10

TLC. Rf .= 0.35, silica gel f'3ronet hane! ret hanol
disaccharide 2 is carried out according to the

. procedure described for the preparation of compound 9,
to give compound 14.
5 TLC: Rf = 0.40, silica gel, 7.0/1.5/1.5 v/v/v

toluene/ethyl acetate/ethanol



PREPARATI ON 9 O0O- (4, 6-0-Benzylidene-2,3-di-0-nethyl-[err]-D glucopyranosyl)
-(1[err]4) -0- (2,3,6-tri-Onethyl-[err]-D 15 gl ucopyranosyl) -(1[err]4)
-0- (2,3,6-tri-Onethyl-[err]-D glucopyranosyl) -(1[err]4) -0-
(2;3,6-tri-Omethyl-[err]-D

gl ucopyr anosyl ) -1, 6- anhydr o- 2, 3-di - 0- net hyiz- [err]-D gl ucopyranose (11)
Conmpound 10 is converted into conmpound 11 % according to the sane
procedure as th i he e | jrevers e oNy] 6. TLC. Rf =
0.50, silica gelg,m#% 3 o frethebis Bt aﬁg%?é?’%hnﬁc HAIRIATI O 10 25
O(2,3-D-Onethyl-[err]-Dglucopyranosyl)4(1[err]4)-0(2, 3, 6-
tri-Onethyl-[err]- Dglucopyranosyl) - (1[@rr]4) -O (2,3, 6 tri-

met hyl - [err] - D gl ucopyranosyl) rr]4) ;O (2,348 -tr| 28°M.

et m %g”} gg: ucop%a@sylé 6%’ %%ﬁ' ;, ound 12
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according to the sane procedure as that described for 5 the preparation of
conpound 7. TLC. Rf = 0.35, silica gel, 9/1 v/v dichl oronet hane/ net hanol
PREPARATI ON 11 O (6- O Benzoyl -2, 3-di -O net hyl -[err]-D- gl ucopyranosyl)- 10
(iferr]d) -O (2,3,6-tri-Onethyl-[err]-Dglucopyranosyl) - (1[err]4) - O
(2,3,6-tri-C)nethyl-[err]-D—gIucopyranosyl%l-(l[err]4) -0
(2,3,6-tri-Onethyl-[err]-Dglucopyranosyl)- (1[err]4) -1, 6-

anhydr o- 2, 3-di - R&Eﬁ&%l’ hk- D- gl ucopyranose (13) Conpound 12 is
converted into g%npoungﬁé? according to the sane procedure as that

described for the qreny. gl RRUROBOE1 Bcofi-FandlyE) O(134)so-i(Bapgel ,
7.0/1.5/1.5 v/ v/rb\a? d?ﬂgg}égg )}?hgcet at e/ gt hgcr’]%* PREPARATI ON 12 2013

o5 8 5 e e st etr s By gasayaneny)  (1err) 9
EgFf}?EféfﬁL5§§§%ﬂ§§$??$??%2??fiffzf}E?éf%ii}ﬁiﬁiﬁ%ﬁ?ﬁﬁ?yfgfffPﬁ-
gl ucopyranosys) gXlidaydatiosyd) -((2-345-0+ {2 3 rettni~-g-eethyd-o2B-
gl ucopyranosyl)-(1[err]4)-O (2,3,6-tri-Omethyl-[err]-D glucopyranosyl)
“(1[err]4) -1, 6-ghinapyradsydi)-Olret hy®= (23 |6 5ri-0-methyl-p-D-
glucopyranosyl)-(1-)4)-1,6-anhydro-2,3-di-0-methy1-B-D-
glucopyranose (15)
Compound 14 is converted iﬁto compound 15
10 according to the same procedure as that described for
the preparation of compound 5.
TLC: Rf = 0.60, silica gel, 9/1 v/v
dichloromethane/methanol
PREPARATION 14
15 O-(4,6-0-Benzylidene-2,3-di-O-methyl-ca-D-
glucopyranosyl) - (1->4) -0- (2,3, 6-tri-O-methyl-f-D-
glucopyranosyl) - (154) - [0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl) - (14) -0- (2,3, 6-tri-O-methyl-f-D-
glucopyranosyl)-(1-+4)]2-1,6-anhydro-2,3-di—0-methyl-B—
20 D-glucopyranose (16)
Compound 15 is converted into compound 16
according to the same proﬁeaure as that described for
the preparation of compound 6.
TLC: Rf = 0.70, silica gel, 9/1 v/v

25 dichloromethane/methanol



gl.ucopyr anose (14) 29 The coupling reaction of conpound 13 with the

di saccharide 2 is carried out according to the procedure described for the
preparation of conpound 9, to give conmpound 14. 5 TLC. Rf = 0.40, silica
gel, 7.0/1.5/1.5 v/v/v toluene/ethyl acetate/ethanol 30 SCHEME 3 -

Synt hesi s of the nonasaccharide 19 [err] 3231 PREPARATI ON 13 O
(4,6-0Benzylidene-[err]-Dglucopyranosyl )™= (1[err]4) -O ([err]-D

PREPARATION 15

0-(2,3-Di-0-methyl-a-D-glucopyranosyl) - (1—-4)-0-(2,3,6-

ER 2

tri-O-methyl-B-D-glucopyranosyl) - (1—>4) - [0-(2,3,6-tri-O-
methyl-a-D-glucopyranosyl) - (1—»4) -0-(2,3,6-txri-0-

5 methyl-p-D-glucopyranosyl) - (1—>4)]1;:-1,6-anhydro-2,3-di-
O-methyl-p-D-glucopyrancse (17)

A solution of compound 16 (5.05 g, 2.0 mmol)
in 80% acetic acid (50 ml) is stirred for 20 hours at
40°C. The mixture is concentrated under vacuum and co-

10 evaporated with toluene. The residue is dissolved in
ethyl acetate and extracted with water. The aqueous
phase is extracted with dichloromethane and the organic
phase is dried over magnesium sulphate, filtered and
evaporated to dryness to give 2.68 g of compound 17.

15 TLC: Rf = 0.50, silica gel, 9/1 v/v
dichloromethane/methanol
PREPARATION 16
O- (6-0-Benzoyl-2,3-di-O-methyl-a-D-glucopyranosyl) -
(1->4)-0-(2,3,6-tri-O-methyl-pB-D-glucopyranosyl) - (1—>4) -

20 [0-(2,3,6-tri-0O-methyl-a-D-glucopyranosyl) - (1—>4)-0-
(2,3,6-tri-O-methyl-p-D-glucopyranosyl) - (1—>4)]1.-1,6-
anhydro-z,3-di-o-methyl-B;b;élucopyranose (18)

Compound 17 is converted into compound 18
according to the same procedure as that described for

25 the preparation of compound 8.

TLC: Rf = 0.80, silica gel, 7.0/1.5/1.5 v/v/v

toluene/ethyl acetate/ethanol



glszucopyranosyl) -(1[err]4) -O (2,3-di-Onethyl-[err]-D gl ucopyranosyl)
-(1[err]4) -O (2,3,6-tri-Onethyl-[err]-D 5 glucopyranosyl) -(1[err]4)
-0 (2,3,6-tri-Onethyl-[err]-D glucopyranosyl) -(1[err]4) -O
(2,3,6-tri-Omethyl-[err]-D glucopyranosyl)- (1[err]4)

-1, 6-anhydro-2, 3-di -O-nmethyl -[err]-D- gl ucqgyranose (15) Conpound 14 is
converted into conpound 15 10 according to the sane procedure as that
descri bed for therppgRAFabirofyof conpound 5. TLC. Rf = 0.60, silica gel,
9/ 1 v/v.dichl oronet hane/ met hanol PREPARATI ON 14 15

O (4, 6-O Benzyl i geqg; 2-B1do-bei®dyl. 4 [er0bdazydlideapywanosyl ) - (1[err]4)
-O (2,3,6-tr|-C)netﬁyl-[err]-D— gl ucopyranosyl) -(1f[err]4)- [O (2,3,
6-tri-Osmethyl - getaebpPragbepDpy (BAady-b) (2( 3[ 6Ft¥i)0-Benzoyl-p-D-
(2,3,6-tri-Omethyl-[err]-D glucopyranosyl) -
(1[err]4)][err] - ylGcappydnosyl B- (1-5@)¥O-H$-OF benkoy202, - @l R opythybse (16)
Compound 15 is converted into conpound 16 according to the sane procedure
as that descrished-Pegluherpraposni] ofil-of)cOmiduddéetr¥t@-methyl BB silica
gel, 9/1 v/v 25 dichl oronet hane/ net hano
glucopyranosyl) - (194) - [0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl) - (1->4) -0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl) - (154)1,-1, 6-anhydro-2,3-di-O-methyl-f-
D-glucopyranose (19)
10 A mixture of the thioglycoside 2 (1.97 g,
2.0 mmol, 3.5 eq), of heptasaccharide 18 (0.86 g,
0.57 mmol) and of powdered 4A molecular sieves in
toluene (22 ml) is stirred under a nitrogen atmosphere
for 15 minutes. A freshly prepared solution containing
15 N-iodosuccinimide (496 mg, 2.2 mmol) and trifluoro-
methanesulphonic acid (0.808 mmol) in 1/1 v/v
dichloromethane/dioxane (12 ml) is then added dropwise,
at room temperature. After 10 minutes, the reaction
mixture is filtered, diluted with dichloromethane,
20 extracted, washed with 10% sodium thiosulphate solution
and 10% sodium hydrogen carbonate solution, dried over
magnesium sulphate and céncéntrated under vacuum. The
crude product is purified by chromatography on a column
of silica gel to give 1.09 g of compound 19.
25 TLC: Rf = 0.80, silica gel, 6/2/2 v/v/v toluene/ethyl

acetate/ethanol



32 PREPARATION 15 0- (2,3-Di-Onethyl-[err]-D-glucopyranosyl) - (1[err]4)
-0 (2,3,6- tri-Onethyl-[err]-Dglucopyranosyl) - (1l[err]4) - [O
(2,3,6-tri-O nethyl-[err]-D glucopyranosyl)- (1[err]4) -O (2,3,6-tri-0O 5
met hyl -[err]-D-gl ucopyranosyl) - (1[err]4)][err]-1, 6-anhydro-2, 3-di-

O nethyl -[err]-D-glucopyranose (17) A sol uy’lon of conmpound 16 (5.05 g, 2.0
nmmol) in 80%acetic acid (50 m) is stirred for 20 hours at 40[err]C. The
m xture is conc un n Oz QoL i th tol uene.
The residue is 3@%@#‘5% i %t\f#%%g%?g?a?ggaﬁa&giﬁ!act e%l&%\nc%%m wat er. The
aqueous phase is extracted with dichl oronetthane and the organi ¢ phase is
dried over magnesi um sul phate, filtered and¢evaporated to dryness to give
2.68 g of conpound 17. 15 TLC. Rf = 0.50, silicargel, 9/1 v/

di chl or onet hane/ met hanol _PREPARAT OMedl6 ue #ea OMe ome_ Y
O (6- O Benzoyl - 2, 3-d,m,§%g<l ; o, g A
(2,3,6-tri-0 nethyl - [ ens P D glu20py anasy| ) ] M8, a0 oM ©
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20 [0 (2,3,6-tri-Onmethyl-[err]-Dglucopyranosyl)-(1[err]4)-0
(2,3,6-tri-Onethyl-[err]-Dglucopyranosyl) -(1[err]4)][err] - 1,6-
anhydro-2, 3-di -O-nethyl -[err]-D gl ucopyranose (18) Conpound 17 is converted
i it o conpound 18 according to the sane procedure as that described for 25
the preparation of conpound 8. TLC. Rf = 0380, silica gel, 7.0/1.5/1.5

v/ v/ v tol uene/ ethyl acetate/ethanol 33 PREPARATI ON 17

0- (2, 3- D - O benzgpakarronbanzyl i dene-[err]-D glucopyranosyl) - (1l[err]4)
-0 (2,8,6-tri-0Obenzoyl-[err]-D glucopyranosyl) - (1l[err]4) -O

6- O benzoyl - 2, H-dig, @-RBenzylidefie- fi-D- gl ucopytaivsyl)- (1-H64) so-|(B)D- O
,3,6-tri-O-nethyl-[err]-D glucopyranosyl) - (1-+4) - [O

(
(2
(2,3, 6-tri- O neiglycdpstriahoBy 1) -(tepyy -s0n0&d),3-di -Otmethjd ) a-D-
(2,3,6-tri-Omethyl-[err]-D glucopyranosyl) -

(1

[err]4)]][err] dlucapyratiosy2 ) 3{(di>4) 11kt (8,13 [6ertnii-OBmgkbydpPrAnose (19) 10
A mxture of the thioglycoside 2 (1.97 g, 2.0 mmol, 3.5 eq), of
hept asacchar i de gigiqepys@ngsyl) - [(1->4) -0-(2,3,6-tri-O-methyl-a-D-
glucopyrancsyl) - (194) -0-(2,3,6-tri-O-methyl-p-D-
glucopyranosyl)].- (1-54) -1, 6-anhydro-2,3-di-0-methyl-f-
glucopyranose (20)
Compound 19 is converted into compound 20

10 according to the same procedure as that described for
the preparation of compound 5.
TLC: Rf = 0.25, silica gel, 5.0/2.5/2.5 v/v/v
toluene/ethyl acetate/ethanol
PREPARATION 19

15 ©0-(4,6-0-Benzylidene-2,3-di-0O-methyl-a-D-
glucopyranosyl) - (154) -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) - (154)];-1,6-anhydro-2,3-di-0-methyl-fp-

20 D-glucopyranose (21)

Compound 20 is converted into compound 21

according to the same proéé&ﬁre as that described for
the preparation of compound 6.
TLC: Rf = 0.50, silica gel, 6/2/2 v/v/v toluene/ethyl

25 acetate/ethanol



0.57 mol ) and of powdered 4A nol ecul ar sieves in toluene (22 m) is
stirred under a nitrogen atnosphere for 15 mnutes. A freshly prepared

sol ution containing 15 N-iodosuccininmde (496 ng, 2.2 mol) and trifl uoro-
met hanesul phonic acid (0.808 nmol) in 1/1 v/v dichl oronet hane/ di oxane (12
m) is then added dropw se, at roomtenperature. After 10 minutes, the
reaction mxture is filtered, diluted wi th dichloronethane, 20 extracted,
washed wi th 10% padergnribRsgbphate sol ution and 10% sodi um hydr ogen

car bonatte sol ution, dried over magnesi um sul phate and concentrated under

vacuum The crudg-Rpaogdupl -bsmethiil&d @éﬁgﬁg&ﬂ hy(1094 p-g0k 21/, ©f
silica gel to giveml?OQ g ofmcon%ound ﬁ%ﬁ 2 LC 3?92 0. 80, siligg gel

6/2/2 viv/v tol ugreletipthalepabogBidepittancsydd -STHEVE- 4o- (2,3 6 hesi so0-of
t he nonasaccharide 25 [err]
methyl-o-D-glucopyranosyl) - (15>4) -0-(2,3,6-tri-0O-
5 methyl-B-D-glucopyranosyl)-(1-4)]1;-1,6-anhydro-2,3-di-
O-methyl-fB-D-glucopyranocse (22)
Compound 21 is converted into compound 22
according to the same procedure as that described for
the preparation of compound 7.

10 TLC: Rf = 0.20, silica gel, 6/2/2 v/v/v toluene/ethyl
acetate/ethanol
PREPARATION 21
O0- (6-0-Benzoyl-2,3-di~O-methyl-a-D-glucopyranosyl) -
(1-4)-0-(2,3,6~-tri-O-methyl-p-D-glucopyranosyl) -

15 (1—-4)-[0-(2,3,6-tri-O-methyl-a-D-glucopyranosyl) -
(1—>4) -0-(2,3,6-tri-O-methyl-f-glucopyrancsyl) -
(1>4)1,-1,6-anhydro-2,3-di-O-methyl-f-D-glucopyrancse
(23)

Compound 22 is converted into compound 23

20 according to the same procedure as that described for
the preparation of compound 8.

TLC: Rf = 0.20, silica gél,.6/2/2 v/v/v toluene-ethyl

acetate/ethanol

25 PREPARATION 22
O-(6-0-Benzoyl-4-0-levulinoyl-2,3-di-O-methyl-a-D-

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



35 PREPARATION 18 0- (4, 6-0O Benzy
-O ([err]-D glucopyranosyl) - (
gl ucopyranosyl) - (1f[err]4) -O (
gkucopyranosyl)- [(1[err]4) -O ( tri-O-nethyl-[err]-D
gl ucopyranosyl) - (1f[err]4) -O (2,3, 6- trl-prrethyl [err]-D
gl ucopyranosyl)][err]-(1[err]4) -1, 6- anhydro 2,3-di-O-nethyl-[err]-

gl ucopyr anose <%cr%gp§§qw§9 &-58] VeS8 § i t.90MeuRsy0gl8-accor di ng

to the same pro descr ed for’t'he preparation of conpound 5.

TLC. Rf = 0. 25, 2361 Q/(3-S4Y-6- \dvg.tgyiu@lg{& l-gapet at e/ et hanol
PREPARATI ON 19 %4 GOSY%gnz(yl | d)(za‘ne (24 32di - O et hyl - rP] D

gl ucopyeanosyl ) -111 idn@syl@- (@2>8) ;11,16 Qnﬂ%lh»l-alsr-al =®-methyl-p-
gl ucopyr anosyl) err]4) (2,3,6-tri-Onmethyl-[err]-D

gl ucopyr anosyl) p- g;ﬂda{ jsz)nos@ (@2)3,6-tri-Onmethyl-[err]-D

gl ucopyranosyl)- (1[err]4)][err]-1, 6-anhydro-2,3-di-Onethyl-[err]- 20
D- gl ucopyranose (21) Conpauwd-24dmeshydameénopropyt b-3ostpurichitiodiimide

ene-[err]-D-glucopyranosyl) - (1[err]4)
rrl]4) -0 (2,3-di-Onethyl-[err]-D

I den

[err
3,6-tri-Onethyl-[err]-D 5
3, 6-

3,

I
1
2,
2,

hydrochloride (48 mg, 0.25 mmol), levulinic acid
(29 mg, 0.25 mmol) and dimethylaminopyridine (4 mg,
0.033 mmol) are added to a solution of compound 23
(320 mg, 0.167 mmol) in dioxane (1 mi). The reaction

10 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

15 purified by chromatography on a column of silica gel to
give 312 mg of compound 24.
TLC: Rf = 0.50, silica gel, 6/2/2 v/v/v toluene/ethyl

acetate/ethanol

20 PREPARATION 23
0- (6-0-Benzoyl-4-0-levulinoyl-2,3-di-O-methyl-a-D-
glucopyranosyl)-(1—94)-0-(é,ﬁ;s-tri-o-methyl-ﬁ-n-
glucopyranosyl) - (14) - [0-(2,3,6-tri-O-methyl-ca-D-
glucopyranosyl) - (1>4) -0-(2,3,6-tri-O-methyl-B-D-
25 glucopyranosyl)-(1-—4)];-1,6-di-O-acetyl-2,3-di-O-

methyl-a,B-D-glucopyranose (25)



acgording to the sane procedure as that described for the preparation of
conpound 6. TLC. Rf = 0.50, silica gel, 6/2/2 v/v/v toluene/ethyl 25
acet at e/ et hanol 36 PREPARATI ON 20 O-

(Z:3-Di-O-nethyl -[err]-Dglucopyranosyl) - (1[err]4) -0- (2,3, 6-
tri-Onethyl-[err]-D glucopyranosyl) - (l[erjréoél) [O (2,3,6-tri-O

nmet hyl -[err]-D-glucopyranosyl) - (1[err]4) (2 3,6-tri-0O 5

met hyl -[err] - D-gIucopyranoiy%élBEééggéf]é&ééﬁ@ﬁé QE%Qh 0-2, 3-di -

O met hyl~[err] - D gl ucopyr ano i's" convertéd into conmpound

22 according to bh?S%?Eﬁog5ogﬁd 1§§u{£ﬁgf%¥%ﬁ%’v/v Ege(ergga©ﬁston of

conpound 7. 10 TLC |ca gel uene/eth

acet at e/:et hanol BRRERPARAILON 240 w1 a f1 t d (0.14 ml
0- (6- O Benzoyl - 22 gl-C)ﬂEth$ - %r} s ?{k06§?§ﬁ5§§ﬁf-a°1 ( )

(1[err]4)-0 (2, 3,1@ gth rSefRERY! 4[1%u}s Qugl tsap Wedprdthirel SAfter
(1[err]4)-[0O(2,3,6-tri-Onethyl-[err]-D gl ucopyranosyl) -

5 adding toluene (10 ml), the mixture is concentrated and
co-evaporated with the toluene (3 times 10 ml). After
chromatography on a column of silica gel, 324 mg of
compound 25 are isolated.

TLC: Rf = 0.65, silica gel, 6/2/2 v/v/v toluene/ethyl

10 acetate/ethanol



(ferr]d) -O (2,3,6-tri-Onethyl-[err]-glucopyranosyl) -
(1[err]4)][err]-1, 6-anhydro-2,3-di-Onethyl-[err]-D glucopyranose (23)
Conmpound 22 is converted into conmpound 23 20 according to the sane
procedure as that described for the preparation of conpound 8. TLC. Rf =
0.20, silica gel, 6/2/2 v/ivliv tol uene-ethyl,_acetate/ethanol 25 PREPARATI ON
22 O (6-0 Benzoyl -4-0O1evulinoyl-2,3-di- ﬁgthyl [err]-D glucopyranosyl) -

(1[err]4) -0- (2 el - O -Jer apegsyl) -
(1[err]4) - [oO- fgﬂgM‘%%m%&n@%@#;[iﬂr ﬁ}m’ﬁ%g%%}?g%éy?‘? - (1[err]4)
-0 (2,3,6-tri-Onethyl-[err]-D gl ucopyfanosyl)
-(1[err]4)][err]-1, 6-anhydro-2, 3-di - O netlhyl -[err]- D glucopyranose (24) 5
1- ( 3- Di et hyl am nopr opyl ) - 3- et hyl car bodi iygri de hydrochl oride (48 ng, 0.25
mmol ), levulinic acid (29 ng, 0.25 nmol) and di=ret hyl am nopyri di ne (4 ng,
0.033 mmol ) are added tQm? solu%iqnoofmg 2 De oMe (MO peo

o D

E 0 Q. lo oH
Lav0 )
M0~ MO o> OMe “oue OMeD (> MOt N2

o8z OMe MO, pan MO MO, 1o jr
%) OQ?EQ MEO OQ?EOC%
Levd -] o |0
MeO nn;; oMe gl oMe {MeO qﬂ&o Hed ol
2
r{4

PREPARATION 24
5 0-(6-0-Benzoyl-4-0-levulinoyl-2,3-di-O-methyl-a-D-
glucopyranosyl) - (1-5>4) -0-(2,3,6-tri-O-methyl-f-D-
glucopyranosyl) - (1->4) -[0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl) - (194)-0-(2,3,6-tri-O-methyl-f-D~
glucopyranosyl) - (154)]1;-6-0O-acetyl-2,3-di-O-methyl-a,p-
10 D-glucopyrancose (26)
A solution of compound 25 (324mg, 0.153 mmol)
and of morpholine (22.3 pl, 0.256 mmol) in toluene
(2 ml) is stirred for 4 ﬂoufs at 35°C. Next, morpholine
(22.3 pl) is again added and the reaction mixture is
15 stirred for 20 hours at 35°C. The mixture is cooled
rapidly with water. After extraction with dichloro-
methane, the organic phase is successively washed with

0.1N hydrochloric acid and water, dried and evaporated



(320 ng, 0.167 mol ) in dioxane (1 m). The reaction 10 m xture is stirred
for 3 hours at roomtenperature under a nitrogen atnosphere.

Di chl or omet hane and water are then added and, after extraction, the organic
phase is washed with water, dried over magnesi um sul phate, filtered and
concentrated. The crude product is 15 puri bed by chromat ography on a
colum of silica gel to give 312 ng of conpound 24. TLC. Rf = 0.50, silica

|, 6/2/2 vlvl %\%ﬂi{ﬁé t t!=_q_c !ﬁ:'ic 20 P, gfgﬁ;} i q
%e(G-OBenz\(;y?l-zti%oc#1 u |sﬁb9¥é- ,3?é|-§a%5%§P§fle§?] B[E>g g ucg%%/rz%hlbégﬁ) -
(Lerr]d) -0 (2eh 6-340 g TeF Remploinid 28 agbucBYRBEESY!) - (lerr]d) -
[O (2,3,6-tri-CGnethyl-[err]-D dlucopyranosyl) - (1-+4) -O

(2,3,6-tri-O metfyd: [f rd -02425 silica gel, 6/2(2 v/v/v toluene/ethyl
gl ucopyranosyl)-(1[err]4)][err]-1,6-di-Oacetyl-2,3-di-O

met hyl -[err], [ er 4¢efigs txiytdsinose (25) 38 A solution of conpound 24
(312 ng, 0.155 mol) in a mxture of acetic anhydride (2.25 m),

5 PREPARATION
0-(6-0-Benzoyl-4-0-levulinoyl-2,3-di-O-methyl-a-D-
glucopyranosyl) - (1—4)-0-(2,3,6-tri-O-methyl-p-D-
glucopyranosyl) - (154) - [0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl) - (1-4) -0-(2,3,6-tri-O-methyl-f-D-

10 glucopyranosyl)-(1->4)]1;-6-0-acetyl-2,3-di-O-methyl-a, -
D-glucopyrancse trichloroacetimidate (27)

Trichloroacetonitrile (39 pul, 0.39 mmol) and

caesium carbonate (4.7 mg) are added to a solution of
compound 26 (138 mg, 0.066 mmol) in dichloromethane

15 (1.5 ml). After stirring for 2 hours, the mixture is
filtered, concentrated and the residue is
chromatographed on a column of silica gel to give
152 mg of the imidate 27.
TLC: Rf = 0.35, silica gel, 8/1/1 v/v/v toluene/ethyl

20 acetate/ethanol



acetic acid (50 [err]l) and trifluoroacetic acid (0.14 m) is stirred for 4
hours at roomtenperature. After 5 adding toluene (10 m), the mxture is
concentrated and co-evaporated with the toluene (3 tinmes 10 nl). After

chwr omat ogr aphy on a colum of silica gel, 324 ng of compound 25 are
isolated. TLC: Rf = 0.65, silica gel, 6/2/g2 v/iv/iv toluene/ethyl 10

acet at e/ et hanol 39 SCHEME 5 - Synthesis of the nonasaccharide 27 [err]

PREPARATI ON 24 <O B =é: e i 5 g @yethyl-[err]-D

gl ucopytanosyl )Fg- er rs] 4) g%gﬁ%&%%ktﬂ% O&ﬁy;éét%%%%ér] -D gl ucopyranosyl)
-(1[err]4) -[O (2,3,6-tri-Omethyl-[err]-D glucopyranosyl) -
(1[err]4)-0(2,3,6-tri-Onethyl-[err]-D glucopyranosyl) -

(1[err]d)][err]-6-0acetyl-2,3-di-Onethyl-[err],[err ! bigg | deodmyr anose
(26) A solution of conpound 25 (324ngy, 0.153 mmol )\(25 o rj&fvﬁe (22.3
(+]

[err]l, 0.256 mml) in toluene .

OMe OMe
. ?@ 8n0 UMe . g“ B0 OMe
o o Gemr— (] O
\TL-o o ‘14—0 ()
OMe OBn OH Ofn
30 28

Ho ObMe
Obe MeO
‘o #ﬂ Bn0 OMe *x‘;z<;7,c‘%§;;¥M¢
HO o Ho \
OMe o8n OMe o8n
31 32
OMe
BnoOC—7 / o0 o Br0 OMe
0 y%;ye/
Ho 0
OMe OBn
33

5 PREPARATION 26 o
Methyl-o-(4,6-0-isopropylidéne-3-O-methyl-a-L-
idopyranosyl- (1—>4)-2,6-di-0O-benzyl-3-0O-methyl-
a-D-glucopyranoside (29)

Compound 28 (2.5 g, 3.53 mmol) (M. Petitou
10 et al., J. Med. Chem. 1997, 40, 1600) is treated as for
the synthesis of 5, and, after chromatography on silica

(2/1 cyclohexane/ethyl acetate), give 29 (2.1 g, 98%).



(22mM) is stirred for 4 hours at 35[err]C. Next, norpholine (22.3 [err]l)
I s again added and the reaction mxture is 15 stirred for 20 hours at
35[err]C. The mixture is cooled rapidly with water. After extraction with
di'chl oro- nmethane, the organi c phase is successively washed with 0. 1N
hydrochl oric acid and water, dried and evaggrated 40 to dryness. After
chromat ography on a colum of silica gel 0 ng of conpound 26 are

isolated. TLC R RAS @Iﬂz Caid8loa G/, 22Y4VEYvt QLUEORERIAY et hyl
acet at et et hanol 5 PREPARAT

0- (6- 0-Benzoyl - 45&d el i noyl -2, 3-di -O-nethyl -[err]-D gl ucopyranosyl) -
(1[err]4) -O (2,3,6-tri-Onethyl-[err]-D glucopyranosyl) - (1[err]4) -
[O (2,8,6-tri- repiRATIoN 147 D- gl ucopyranosyl) - (1l[err]4) -O
(2,3,6-tri-Omethyl-[err]-D- 10 gl ucopyranosyl) -
(1[err]4)][err] -Bethyelady{4,5-D-discpropylilidener2] 3 éf +)-méxigylafly+ anose
trichloroacetimdate (27) Trichloroacetonitrile (39 [err]l, 0.39 nmol) and
caesi um car bohat Hdq¢plyFanqpylar @ -2dded, 6 odb-@dbenziyyr f0-methyl -
a-D-glucopyranoside (30)
Compound 29 (2.0 g, 3.3 mmol) is treated as
for the synthesis of compound 6, and, after
chromatography on silica (5/1 cyclohéxane/ethyl
10 acetate), give compound 30 (1.83 g, 89%).
TLC: Rf = 0.38, silica gel, 5/2 v/v cyclohexane/ethyl
acetate
PREPARATION 28
Methyl-0O-(2,3-di-O-methyl-a-L-idopyranosyl-(1>4)-2,6-
15 di-O-benzyl-3-O-methyl-a-D-glucopyranoside (31)
Aqueous 70% trifluorcacetic acid solution
(3.14 ml) is added to a solution of compound 30
(1.76 g, 2.84 mmol) in dichloromethane (16 ml). After
50 minutes, the reaction medium is diluted in
20 dichloromethane and then washed with water until
neutral. The organic phase is then dried (sodium
sulphate), filtered and théﬁ-concentrated. The residue
is purified on silica to give compound 31 (1.45 g,

88%) .

25 [0)*% = +10 (¢ = 1.0, dichloromethane).



conpound 26 (138 ng, 0.066 mml) in dichloromethane 15 (1.5 m). After
stirring for 2 hours, the mxture is filtered, concentrated and the residue
i s chromat ographed on a colum of silica gel to give 152 ng of the imdate
27: TLC. Rf = 0.35, silica gel, 8/1/1 v/v/v toluene/ethyl 20

acet at e/ et hanol 41 SCHEME 6 - Synthesis,qQf the disaccharide 33 [err] 5
PREPARATI ON 26 thhyl C>(4 6- C>isopropy|idene-3-C>nEthyI-[err]-L-

i dopyr anosyl - A%PT - O benzyl - 3- O net hyl - _
[err]- Dmglucopyrano i29) Cbnpound 28 (2.5 g, 3.53 nmol) (M Petitou 10

:t] dal aﬂé ; ('\:/ﬁgo n@gﬁuﬂ% %i@%chya-hr-ga&aa ?&aﬁeéﬁlﬂﬁoﬁwté’&&dﬁ- of 5,
, graphy on silica (2/1 cycl ohexane/ et acetate), give
29 (2.1°g, 98%.(1—»>4)-2,6-di-O-benzyl-3-0-methyl-a-D-glucopyranoside
(32)
5 2,2,6,6-Tetramethyl-1-piperidinyloxy
(3.3 mg), a sodium hydrogen carbonate solution (4 ml),
potassium bromide (22 mg) and tetrabutylammonium
chloride (29 mg) are added to a solution of compound 31
(1.16 g) in dichloromethane (6 ml). The mixture is
10 cooled to 0°C and a mixture of saturated sodium
chloride solution (4.4 ml), saturated sodium hydrogen
carbonate solution (2.2 ml) and sodium hypochlorite
(1.3 M, 5 ml) is added over 15 minutes. After stirring
for 1 hour, the mixture is diluted with water and
15 extracted (3 times) with dichloromethane. The organic
phase is washed with aqueous sodium chloride solution,
dried over magnesium sulphate, filtered and evaporated
to dryness to give 1.34 g of the crude compound 32.
Rf = 0.22, silica gel, 10/1 v/v

20 dichloromethane/methanol.

PREPARATION 30
Methyl-O- (benzyl-2,3-di-O-methyl-o-L-
idopyranosyluronate) - (1—4)-2,6-di-O-benzyl-3-0O-methyl-
25 o-D-glucopyranoside (33)
Compound 32 is dissolved in N,N-dimethyl-
formamide (11 ml) under a nitrogen atmosphere.

Potassium hydrogen carbonate (0.67 g) and benzyl



42-.TLC. Rf = 0.32, silica gel, 2/1 v/v cycl ohexane/ ethyl acetate
PREPARATI ON 27 Met hyl - O (4, 6-0Oisopropylidene-2,3-di-Onethyl-[err]-L- 5
i dopyranosyl - (1[err]4) -2,6-di-0O benzyl-3-0Onethyl- a-D gl ucopyranosi de
(30) Conpound 29 (2.0 g, 3.3 nmmol) is treated as for the synthesis of

conmpound 6, and, after chromatography on silica (5/1 cycl ohexane/ethyl 10
acetate), give conpound 30 (1.83 g, 89%. ffc R = 0.38, silica gel, 5/2

v Syeloneeane iyl cace o ERERLETANZ Y e 1o seiies
di'C>benzy|'3'C>f§£h§b'+fﬂﬁié£>9&%%?%2%&%%?&%%%@@3%%tégug?gsaaagﬁ and,

trifluoroacetic acid solution (3. to a solution of conpound
Feact | on medt um uar | T O O Ehl By R Snd t ROASRACFRCR  h vt er
until neutral. TbarQFgaat CoRhBy echiforidtG R dnS@dicBTumn of silica
5 gel gives 0.9%9 g of compound 33.
TLC: Rf = 0.58, silica gel, 1/4 v/v toluene/diethyl

ether



sul phate), filtered and then concentrated. The residue is purified on
silica to give conpound 31 (1.45 g, 88%. 25 [[err]][err] = +10 (c = 1.0,
di chl or onet hane) . 43 PREPARATI ON 29

Met hyl -O (2,3-di-O-nmethyl -[err]-L-idopyranosyl uronic acid)-
(1[err]4)-2,6-di-0O benzyl-3-Onethyl-[err]gD gl ucopyranoside (32) 5

2,2,6, 6- Tetrarret hyl - 1- pi peri di nyI oxy (3.3 ng) a sodi um hydrogen carbonate
sol uti on (4 mM)g S’E@&&S ms?h ( foer idearggoni um chl ori de
(29 ng)-~are adde 0 a solution o Cé%pgg%ld 31 é(%élG g) in dighloronet hane
(6 m). The mixture is 10 cooled to O[err]C andMe® gi xt yr.e of Cg%:urated
sodi um chloride solution (4.4 nml),33at#r atddd Love| ?Abge onat e
solution (2.2 nm) and sodi um hypochlorite (1.3 M b ® 15
m nutes. After stirring for 1 hour, thg m xt8n@€¢s diYupesl-™th ywgher and
15 extracted (3 tinmes) wth dichl oronetjhane. The organic

34
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PREPARATION 31
5 Methyl-O- (benzyl-4-0-levulinoyl-2,3-di-O-methyl-p-D-
glucopyranosyluronate- (154)-0-(3,6-di-O-acetyl-2-0-

benzyl-o-D-glucopyranosyl) - (1->4) -O- (benzyl 2,3-di-0-



phase is washed wi th aqueous sodium chloride solution, dried over magnesi um
sul phate, filtered and evaporated to dryness to give 1.34 g of the crude
conmpound 32. Rf = 0.22, silica gel, 10/1 v/v 20 dichl oronet hane/ met hanol .
PREPARATI ON 30 Met hyl - O (benzyl -2, 3-di - O-nethyl -[err]-L-

| dopyranosyl uronate) -(1[err]4) -2,6-di-C)g@nzyl-B-C)nethyl- 25
[err]-D gl ucopyranosi de (33) Conpound 32 is dissolved in N, N-di net hyl -

formam de (11 @ewqrai}_brlir&gkgg%gﬁ&gg§§?§{:g) - Pebassiup-ddoasenzgacbonat e

(0.67 g) and benzy ) are added and the m xture is

stirred for 90 r§ yltRsnAtlp-aekapgrandsvacerasye added and, after
extraction, the organic“phase i's conCentrated. Purification by

chromat ography on a col umpdfpotindl 82 292! mg| ves3D.Afbl) ofM c aemitoh,33.
TLC. Rf = 0.58, silica gel, 1/4 v/v toluene/diethyl ether
et al., J.Med. Chem., 1997, 40, 1600) and compound 33
5 (200 mg, 0.29 mmol) in toluene (10 ml) are treated in
the presence of a molecular sieve (220 mg), and at
-20°C, with tert-butyldimethylsilyl trifluoromethane-
sulphonate (0.15 ml of a 1 molar solution in toluene).
After stirring for 10 minutes, the reaction mixture is
10 neutralized (NaHCO;), filtered and concentrated.
Chromatography on a column of silica gel gives compound
35 (334 mg, 80%).

[0% = +31 (c = 0.76, dichloromethane)

15 PREPARATION 32
Methyl-0- (benzyl 2,3-di-O-methyl-B-D-glucopyranosyl-
uronate) - (1>4) -0-(3,6-di-0O-acetyl-2-0-benzyl-
a-D-glucopyranosyl) - (1->4) -0- (benzyl 2,3-di-O-methyl-a-
L-idopyranosyluronate) - (1—4) -2,6-di-O-benzyl-3-0-

20 methyl-a-D-glucopyranoside (36)

Compound 35 (308 mg, 0.22 mmol) is dissolved
in a toluene/ethanol mixtﬁré (1/2, 43 ml) and hydrazine
acetate (101 mg, 5 eq) is then added. After stirring
for 45 minutes, the mixture is concentrated and then

25 purified on a column of silica to give compound 36
(162 mg, 89%).

[c]*s = +29 (¢ = 1.05, dichloromethane)



45, SCHEME 7 - Synthesis of the tetrasaccharide 36 [err] PREPARATION 31 5
Met hyl - O (benzyl -4-O- |l evul i noyl -2, 3-di -O-nethyl -[err] -D
gl ucopyranosyl uronate- (1[err]4) -O (3,6-di-0O acetyl-2-0C
benzyl -[err]-D-gl ucopyranosyl)-(1[err]4)-0 (benzyl 2,3-di-O 46 et hyl
-[err]-L-idopyranosyluronate) - (1l[err]4) g2, 6-di-0O benzyl -
3-O-nethyl-[err]-D glucopyranoside (35) Conpound 34 (274 ng, 0.31 mml) (M
Petitou, et al.,gehifl 8 CNeiPnthb2396 o$0thdbpOlysacckariaainge 33 5 (200 ny,
0.29 mml) in toluene (10 m") are treated in t%e presence of a nol ecul ar
sieve (220 ng), and at -20[errgC, with tert-butyldinethylsilyl
trifluoronethane- sul phonate (J\ 15 m of a 1 nolar solgtion in toluene).
After stirring for 10 minutes,8tNe reaction mxture isg
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10, neutralized (NaHCO err]), filtered and concentrated. Chromatography on
a colum of silica gel gives conpound 35 (334 ng, 80%. [[err]][err] = +31
(c = 0.76, dichloronethane) 15 PREPARATI ON 32 Met hyl - O (benzyl

2:3-di -O-nethyl-[err]-Dglucopyranosyl - uronate) - (1[err]4) -O

(3, 6-di-O acetyl -2-0O benzyl - a-D-glucopyrapgsyl)-(1[err]4)-0O (benzyl
2,3-di-O-nethyl-[err]- L-idopyranosyluronate) - (1l[err]4)

-2, 6-di - O benzylyg &%}d}@tﬁyl -[err]-D gl ucopyranosi de (36) Conpound 35
(308 ngz 0.22 Mo I's dissolved in a toluene/ethanol mxture (1/2, 43 nm)

and hydrazi ne aqeldha (000 8l benz@Pl -usol Neduddasyl - 2§ 3 adi b imdtmeL f or 45
m nutes, the mxture iIs concentrgfga and then 25 purified on a gg?bnn of

silica to give cum@Nitoliyakfobyll - (3934) -0 €2 /3 ]9 -atxri]-O=methy(lc B=Dt. 05,
di chl or onet hane) 47 SCHEME 8 - Synthesis of the polysaccharide 38 [err]
glucopyranosyl) - (154) - [0-(2,3,6-tri-O-methyl-a-D-

5 glucopyranosyl)-(1—94)-0-(2,3,6-tri-0-methy1-ﬁ-n-
glucopyranosyl) - (1-54) -13-0- (6-O-acetyl-2,3~di-O-methyl-
o-D-glucopyranosyl) - (1—>4) -0- (benzyl 2,3-di-O-methyl-
B-D-glucopyranosyluronate) - (154) -0-(3,6-di-O-acetyl-2-
O-benzyl-a-D-glucopyranosyl) - (1—+4) -0O- (benzyl 2,3-di-0-

10 methyl-a-L-idopyranosyluronate-(1—4)-2,6-di-O-benzyl-
3-0-methyl-a-D-glucopyranoside (37)

The imidate 27 (177 mg, 76.6 umol) and the
acceptor 36 (201 mg, 0.15 mmol) in a 2/1 diethyl
ether/dichloromethane mixture (2.8 ml) are treated with

15 tert-butyldimethylsilyl trifluoromethanesulphonate
(11.5 ul of a 1 molar solution in dichloromethane) as
for the synthesis of compound 35. The compound is
purified on a Sephadex® LH-20 chromatography column
(1/1 dichloromethane/ethanol) and then on a column of

20 silica (3/0.5/1 toluene/acetone/ethanol) and finally on
a column of silica (3/2 diisopropyl ether/ethanol) to
give the derivative 37 (lié-mg, 44%) .

TLC: Rf = 0.31, silica gel, 3/0.5/0.4 v/v/v diisopropyl
ether/acetone/ethanol.

25
PREPARATION 34
Methyl O-(6-0O-benzoyl-2,3-di-O-methyl-a-D-glucopyrano-

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



48 PREPARATI ON 33 Methyl O (6- O benzoyl -4-0-1evul i noyl -2, 3-di - O- et hyl -
[err] D- gl ucopyranosyl) - (1[err]4) -O (2,3,6-tri-Onethyl-[err]-D

gl ucopyranosyl) - (1[err]4) - [O (2 3 6-tri-Onmethyl-[err]-D 5
gltucopyranosyl) -(1[err]4)-0(2,3 6 -o-nethyl-[err]-D glucopyranosyl) -

(1[err]4) -]1[err]-O (6-0O acetyl-2, 3- d| Ethyl-
[err]-Ddl ucopyranosyl) (1[err]4) O(benzy 2, 3-di - O net hyl -

[err]-D-gl ucopyrg _gax g ﬁtfy?)tﬁll(&i[n{eltﬁyj)-g D3 ﬁcébygaaea&xb

O benzyl-[err]- nos 2, 3-di - O 10
met hyl -[err]-L- Iaﬁpx aaowlyre L £:4 T 10p-B- %b%baaauw-

3-O-nethyl-[err] ucopyran03| e (37) The'im (177 ng, 76.6
[err]mok) and tfﬁh_aqyep;m- (?aG.c,(.?&Ltq;g,-zO3lalmhéthmaa2ﬁlgm@6hyl
et her/dichloro ane m xture are treated with 15

tert-butyl di met Rylysn dgylt)r|(&L;upymzmlmmml-e-@btwlﬁﬁpn}glu&oa 1

nol ar solution in dichloronethane) as for the synthesis of conpound 35.

compound i S PIT igyrehcdylauTonardsx (120 chinreaidiglapleetydl-ane-bentyl -
di chl or onet hane/ et hanol ) and then on a col um of
a-D-glucopyranosyl) - {1->4) -0~ (benzyl 2,3-di- -O-methyl-
a-L-idopyranosylurcnate- (1->4) -2,6-di-0O-benzyl-3-0-
methyl-a-D-glucopyranoside (38)
Compound 37 (110 mg, 0.032 mmol) is converted
10 into compound 38 (95 mg, 89%) according to the

procedure described for the preparation of compound 36.

TLC: Rf = 0.32, silica gel, 1/1 v/v toluene/acetone

The



2Q silica (3/0.5/1 toluene/acetone/ethanol) and finally on a colum of
silica (3/2 diisopropyl ether/ethanol) to give the derivative 37 (116 ng,
44% . TLC. Rf = 0.31, silica gel, 3/0.5/0.4 v/v/v diisopropyl
ether/acet one/ et hanol . 25 PREPARATI ON 34 Met hyl

O (6- 0O benzoyl -2,3-di-Onethyl-[err]-D-glu epyrano- syl) - (1[err]4) -0-
(2,3,6-tri-0O net hyI [err] Dgl ucopyr anosyl 49

(1[err]4)-10 (2,

BREERATS R 1&3&?@ ebeaBRsiblcige o
(1[err]4)-][err]-O (6- etyI di gethyl-[err]-Dgluco- pyranosyl) -
(1[err]4) -O (benzyl | uco- 5 pyranosyl-uronate) -
(1[err]d) -O (3,6-He y% - err]-D gl ucopyranosyl) -

(1[err]4) -O (benzyl g , 3-di - O thyI [err]-L-idopyranosyl uronate-
(1[err]4) -2,6-di-0O benzyl-3-0-"nmethyl-[err]-D gl ucopyranosi de (38)
Conmpound 37 (110 ng, 0.032 mmol )| is converted 10 into conpound 38 (95 ny,
89% according to the

AcoAco
oH OH oH
° o O, s&t
/é?< o~ &T‘ N ‘é?e
Ho ] OH
KO HO wo HO o
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procedure described for the preparation of compound 36. TLC: Rf = 0.32,
silica gel, 1/1 v/v tol uene/ acetone 50 SCHEME 9 - Synthesis of the
trisaccharide 43 [err] PREPARATI ON 35 0-
(2,3,4,6-Tetra-O acetyl -[err]-D-glucopyranosyl) - (1l[err]4) -O
(2,3,6-tri-OCacetyl-[err]-D-glucopyranosylgy-(1[err]4)-1,2,3,6-
tetra-O acetyl-[err]-Dglucopyranose (40) 5 Comrer ci a

mal totriose (7 Greb3sATYON 35 S added portionwi se to a suspension of sodium
acetate«(7 g, 85 mml) in acetic anhydride (70 m) at 155[err]C. After 15

m nutes, the solgiixn,iss scaeited-ondepeyl ed-DAghucepyraabyliit-cf1-62000n1 ) .
After extraction with 10 ethyl acetate, the organic phase is washed with

wat er, dried oveqz,BEesrii+O-acetyita-DE gluecopyramusybncthtdat-dd2r 8, §rve
13.1 g of conpound 40.
tetra-O-acetyl-pf-D-glucopyranose (40)
5 Commercial maltotriose (7 g, 13.9 mmol) 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 solution is cooled and poured
into ice-cold water (700 ml). After extraction with

10 ethyl acetate, the organic phase is washed with water,
dried over magnesium sulphate, filtered and
concentrated to give 13.1 g of compound 40.

TLC: Rf = 0.53, silica gel, 7/3 v/v dichloro-
methane/ethyl acetate

15
PREPARATION 36
Ethyl O-(2,3,4,6-tetra-0O-acetyl-c-D-glucopyranosyl) -
(1->4) -0-(2,3,6-tri-O-acetyl-a-D-glucopyranosyl) - (1—54) -
2,3,6-tri-0-acetyl-1-thio-B-D-glucopyrancside (41)

20 Compound 40 (13 g, 13.5 mmol) is dissolved in
toluene (80 ml). Ethanethiol (1.97 ml, 26.9 mmol) and
boron triflouride diethyl'efherate (13.7 ml of a molar
solution in toluene) are added under a nitrogen
atmosphere. After stirring for 60 hours, the mixture is

25 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



TEC. Rf = 0.53, silica gel, 7/3 v/v dichloro- nethane/ethyl acetate 15
PREPARATI ON 36 Ethyl 0-(2,3,4,6-tetra-O acetyl-[err]-D gl ucopyranosyl)-
(1[err]4) -O (2,3,6-tri-0Cacetyl -[err]-D-glucopyranosyl) - (1[err]4) -
2,/3,6-tri-0Oacetyl-1-thio-[err]-Dglucopyranosi de (41) 20

Compound 40 (13 g, 13.5 mmol) is dissolvedgdn toluene (80 nl). Ethanethiol
(.97 M, 26.9 mol) and boron triflouride diethyl etherate (13.7 m of a

nol ar sol ution Eﬂrb%ﬁé?@)apﬁyeoﬁd&'eéomrqﬁ i tilceg e 1atrngRker 8., 6AGt er
stirring for 60 hours, The mxture is 25 diluted with water and
di chl or omet hane ofAbbfpoantir agti on, the organic phase is washed with 10%
sodi um hydr ogen carbonate solution and water, dried, filtered and
concenttated. Thrgcer Rde=poodoct sikipargdl ed7 8/ v/v T ahilcamat ogr aphy on a
columm of silica gel to give 8.6 g of compound 41. TLC. Rf = 0.60, silica
gel, 7/3 v/v di meltthiane/ethyl acetate
5
PREPARATION 37
Ethyl O- (a-D-glucopyranosyl) - (1—4) -0- (a-D-gluco-
pyranosyl) - (1-4) -1-thio-p-D-glucopyranoside (42)
Compound 41 is converted into compound 42
10 according to the procedure described for the
preparation of compound 5.

TLC: Rf= 0.80, silica gel, 13/7/1.6/4 v/v/v/v ethyl

acetate/pyridine/acetic acid/water

15 PREPARATION 38
Ethyl 0-(2,3,4,6-tetra-0-benzoyl-a-D-glucopyranosyl) -
(1>4)-0-(2,3,6-tri-O-benzoyl-a-D-glucopyranosyl) -
(1>4)-2,3,6-tri-O-benzoyl-1-thio-B-D-glucopyrancside
(43)

20 Compound 42 is converted into compound 43
according to the procedure described for the

preparation of compound 2.



met hane/ et hyl acetate 5 PREPARATION 37 Ethyl O ([err]-Dglucopyranosyl) -
(1[err]4) -O ([err]-D-gluco- pyranosyl) -(1l[err]4)
-1-thio-[err]-Dglucopyranoside (42) Conpound 41 is converted into conpound
42- 10 according to the procedure described for the preparation of conpound
5. TLC Rf= 0.80, silica gel, 13/7/1.6/4 viy/v/v ethyl
acetate/ pyridine/acetic acid/ water 15 PREPARATI ON 38 Et hyl
O (2,3, 4, 6- t et r ascMan 2Q) lpdeiairatiPod! BEORNE2PETYEdccharide 46
(1[err]4)-0(2,3,6-tri-0O benzoyl-[err]-D glucopyranosyl)-
(1[err]4)-2,3,6-tri-0Obenzoyl-1-thiog[err]-Dglucdpyranoside (43) 20
Conmpound 42 is convertedé Lnto conpouging3 accordi% to the procedure
/%g—(ENE 10 Preparation of

descri bed for the prepar?i/on of conp ?*51 2. 5
°J%

t he pol ysacchari de 46
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[err] 54 PREPARATI ON 39 Met hyl

1N\ NN

O (2,3,6-tri-
(2,3,6-4ri -0 net

(2,3,4,6-tetra-O benzoyl -[err]-D gl ucopyranosyl) -
[err]4)-0(2,3,6-tri-O benzoyl-[err]-D-glucopyranosyl) -
[err]4)-0(2,3,6-tri-0O benzoyl -[err]-D-glucopyranosyl)- 5
[err]4)-0O (6-0O benzoyl -2,3-di-O nethyl-[gfr]-D-gluco- pyranosyl) -
[err]4) -O (2,3,6-tri-Onmethyl-[err]-D-gluco- pyranosyl) - (1[err]4)

%ﬂ?ﬁ;{ﬁgﬁ fif 9l D- gl uco- pyranosyl) - (1ferr]4) -O

y gl uco- pyranosyl) -(1[err]4)][err]-O

(6-C)acetyl-2,3?§%?§pg?%$ﬁ 3[Qﬂ%LtQtr&QO-benzoyl-a-D-glucoggranosyl)-

gl ucopyr anosyl)

O (benzyl 2,3-di-O nethyl-[err]

gl ucopyf anosyl ur o= (b ELES]) - G4 -TOAGRIYy randsyl) -
benzyl -[err]-D-g ucogy?aéoigﬁ-(1[er?f234%§f%enzyl 2,3-di -0 v

met hyl -[err]-L-i
3-O-nethyl-[err]
(170 nmg, 106.9 |

coupl ed according to the procedure described for co

dopwn anegel, 85 R8EE) 0-bédi®y1 {BHD-gAucopyirafosgidsy| -
- D- gl ucopyranosi de (44) 15

e1-PhYBb) (8R0-barzapl €Dl D+d B (mthy),-02D-jgdrucorpl ) are

first purified hyyrdnasgEtlogilaphy-0n(Bephbieiessd 19+m@rhyl-p-D-gluco-

10

15

20

25

pyranosyl) - (1»4) - [0-(2,3,6-tri-O-methyl-a-D-gluco-
pyranosyl) - (154) -0-(2,3,6-tri-O-methyl-p-D-gluco-
pyranosyl) - (1>4)13-0-(6-0O-acetyl-2,3-di-O-methyl-a-D-
glucopyranosyl) - (154) -0- (benzyl 2,3-di-O-methyl-B-D-
glucopyranosyluronate) - (14) -0-(3,6-di-0O-acetyl-2-0-
benzyl-a-D-glucopyranosyl- (1—>4) -0- (benzyl 2,3-di-0-
methyl-a-L-idopyrancsyluronate) - (1—54)-2,6-di-O-benzyl-
3-0-methyl-o-D-glucopyranoside (44)

The thioglycoside 43 (170 mg, 106.7 pmol) and
the acceptor 38 (90 mg, 27 umol) are coupled according
to the procedure described for compound 4. The product
is first purified by chromatography on Sephadex® LH 20
(1/1 dichloromethane/ethanol), followed by chromato-
graphy on a column of silica gel (12/10 v/v
cyclohexane/acetone) to give 89.5 mg (68%) of compound
44 . o
TLC: Rf = 0.43, silica gel, (12/10 v/v

cyclohexane/acetone)

PREPARATION 40
Methyl 0-(2,3,4,6-tetra-O-benzoyl-a-D-glucopyranosyl) -

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

npound 4. The product

The thiogl ycosi de 43

S



(%1 dichloronet hane/ et hanol), followed by chromato- 20 graphy on a col um
of silica gel (12/10 v/v cycl ohexane/ acetone) to give 89.5 ng (68% of
conpound 44. TLC. Rf = 0.43, silica gel, (12/10 v/v cycl ohexane/ acetone) 25
PREPARATI ON 40 Methyl 0-(2,3,4,6-tetra-0O benzoyl-[err]-D glucopyranosyl) -
(1[err]4)-0(2,3,6-tri-0Obenzoyl-[err]- 9_1 gucopyr anosyl ) - 55
(1[err]4)-0O(2,3,6-tri-0O benzoyl -[err]-D gl ucopyranosyl) -

(1[err]4)-O (6 | -
(1[err]4)-O (2@2%%“- £,341 %Jﬁ‘%“*&%’%?ﬁf’%ﬁ?iﬁ%‘éiﬁ“ erild) -[O

(2,3,6-tri -OWEt(]h)LL edl] sfb%é’&tb&ﬁz -di-0-methyl-a-D-gluco-
pyranosyl-(1[err]4)-0-(2,3,6-tri-Onethyl-[err]-Dgluco- pyranosyl) -

(err]#)][err] EQ:ah@s@ia((QG-iw =@ @3, 6Cvral-oynehipl - fHDegbyeanosy| -
(1[err]4) -0- 3-di-O-nmethyl-[err]-Dgluco- pyranosyluronic acid) -

(1[err]4) -O (@y&adbs@laeeu.ﬁq-ew-](2}3,@-m:dppr—machyﬂ.-aémfglu#d} -0
(2,3-di-Onethyl-[err]-L-ido-

S5 pyranosyl-(1—4)-0-(2,3,6-tri-O-methyl-f-D-gluco-
pyranosyl) - (194)],-0-(6-0-acectyl-2,3-di-O-methyl-a-D-
glucopyranosyl- (1-54) -0-(2,3-di-O-methyl-f-D-gluco-
pyranosyluronic acid)-(1—>4)-0-(3,6-di-O-acetyl-a-D-
glucopyranosyl- (1—4) -0-(2, 3-di-0-—metﬁy1-a-1.-ido-

10 pyranosyluronic acigd)-(1—4)-3-O-methyl-a-D-gluco-
pyranoside (45)
A solution of compound 44 (80 mg,
0.0163 mmol) in acetic acid (3 ml) is treated under
hydrogen pressure (10 bar) in the presence of 10%
15 palladium on charcoal (160 mg). After filtration, the

solution is concentrated and gives compound 45, which

is used in the following step without purification.

PREPARATION 41

20 Methyl O-{(c-D-glucopyranosyl)-(1—4) -0- (a-D-gluco-
pyranosyl) - (154) -0- (B-D-glucopyranosyl) - (1>4) -0-(2,3-
di-o-methyl-a-D-glucopyrahés-lr.l) -(1>4)-0-(2,3,6-tri-0O-
methyl-Pf-D-glucopyranosyl) - (1—4) - [0-(2,3,6-tri-O-
methyl-o-D-glucopyranosyl) - (1—-4) -0-(2,3,6-tri-O-

25 methyl-B-D-glucopyranosyl)-{(1->4)]3;-0-(2,3-di-O-methyl-
o-D-glucopyranosyl) - (1-»4) -0- (2,3-di-0-methyl-p-D-

glucopyranosyluronic acid) - (1—4) -0- (a-D-gluco-



10 pyranosyluronic acid)-(1[err]4)-3-Onethyl-[err]-Dgluco- pyranoside
(45) A solution of compound 44 (80 ng, 0.0163 mml) in acetic acid (3 nl)
is treated under hydrogen pressure (10 bar) in the presence of 10% 15

pal | adi um on charcoal (160 ng). After filtration, the solution is
concentrated and gives conpound 45, which used in the follow ng step

w t hout purification. PREPARATI ON 41 20 NbF%y O ([err]-Dglucopyranosyl)

- (1 4) -
([grgfréﬂg?ucopyégnos %ip-§f94)9?rQﬁo§yéi 0-£ééﬁ¥inDL :{dopyranosyl-

di-O-nethyl-[err -
met hyl -[err]-D- +ﬁ§:%%lrjﬁﬁ%%{/ (z%ér?fﬁ‘?tﬂ'}%d‘? l%-(zﬁlx%&gﬁd_n&;de (46)

nethyl -ferr]-D-gl ucopyran%%ﬁ:)xtux(el[ﬁr medhanel (2.8, @1} r an® of55N

met hyl -[err]-D-glucopyranosyl) - (1[err]4)][err]-O (2,3-di-0O nethyl-

a- D- gl ucopyr anosybdium (By&fsd#de -431dtd.chr dio-.@9mellhylis[ eddeédDeo
glucopyranosyluronlc acid) - (1[err]4) -O ([err]-D-gluco- - 56 pyranosyl)

- (1[err]4) -© ¢EEmpodnd QG seltylmd era.ols mtolyr.aAgegbusub¥niedium
acid)-(1[err]4)-3-Onmethyl-[err]- Dgl ucopyr anosi de (46)
hydroxide solution is added (in an amount such that the
concentration of sodium hydroxide is 0.5M at the end of
the addition) to a solution of an ester in methanol
(150 ml/mmol) . After 2-5 hours, water is introduced and
10 the mixture is passed through a column of Sephadex®
G-25 gel (1.6 x 115 cm) eluted with water. The eluate
is concentrated and passed through a Dowex® S50H* column
(2 ml) and freeze-dried. At this stage, confirmation
that all of the protecting groups have been removed is
15 made by proton NMR. If necessary, the product is

resubjected to the hydrogenation and/or saponification.

Compound 46 (34 mg, 68% in two steps) is thus obtained.



A -m xture of nethanol (2.8 m) and of 5N sodi um hydroxi de solution (0.69
m) is added to 5 conpound 45 (72 ng, 0.016 mmol ). Aqueous 5M sodi um

hydr oxi de solution is added (in an anmpunt such that the concentration of
sodi um hydroxide is 0.5Mat the end of the addition) to a solution of an
ester in nmethanol (150 m/mmol). After 2-5 pours water is introduced and
10 the mxture is passed through a col um1 of Sephadex[err] G 25 gel (1.6 X
115 cm el ut ed I c TN sed through a
Dowex[ exr] 50H e(?}ﬁm? F(}% r‘é@’i‘é rfeggg g%%ﬁ%%t th%@stage
confirmation that all of the pr ot ectl ng groups have been renoved is 15
made by proton NVR |f necessary, the product is resubj ected to the

hydr ogehat i on andm(mti on. 8% st eps)
i s thus obtained. o 11— Pr epa%&ﬁ the o dl'sac

[err] 4
l
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58 PREPARATI ON 42 Met hyl O-4, 6- O benzylidene-2-0O benzyl - a- D- gl ucopyr ano-
side (48) Conpound 47 (60 g) (commercially available) 5 is dissolved in

N, N-di met hyl f ormami de (858 ml) with benzyl bronmide (50.5 nl). The solution
i s cooled to +10[err] C and aqueous 20% sodi um hydroxi de solution is added
dropwi se while stirring the mxture. After_1 hour, the reaction tenperature
Is raised to 20[err]C and 10 the m xture iB | eft stirring for a further 20

hours. The sol ution.i $ﬁn oured into a m xture of water and i ce and
t ol uene; and exﬁ%@gé?& e42r gani ¢ phase is concentrated and the crude

product is purif}j ychystalli ' _ Qi NeE %;Iﬁ . Q%v]‘}%n@ 15
descri bed by J.k#S%FgrPréfgr6e%eé?§i?§e§§sgdgqile 'dgxiiﬁﬁ' 1975,
2179-2189. TLC:ﬁg{eF(Q'§O’ silica gel, 7/3 v/v toluene/ethyl acetate 20
PREPARATI ON 43 <%yl 84, 6- O benzyl i dene- 2- O benzyl -3-O-nethyl -[err]-D

gl ucopyranosi de (49) Compound 47 (60 g) (commercially available)

5 is dissolved in N,N-dimethylformamide (858 ml) with
benzyl bromide (50.5 ml). The solution is cooled to
+10°C and aqueous 20% sodium hydroxide solution is
added dropwise while stirring the mixture. After
1 hour, the reaction temperature is raised to 20°C and

10 the mixture is left stirring for a further 20 hours.
The solution is then poured into a mixture of water and
jce and toluene, and extracted. The organic phase is
concentrated and the crude product is purified by
crystallization to give 30.0 g of compound 48,

15 described by J.M. Kister et al. in Justus Liebigs Ann.
Chem. 1875, 2179-2189.
TLC: Rf = 0.60, silica gel, 7/3 v/v toluene/ethyl

acetate

20 PREPARATION 43
Methyl 0-4,6-0O-benzylidene-2-0O-benzyl-3-O-methyl-a-D-
glucopyranoside (49) o
Compound 48 (26.4 g) is dissolved in N,N-
dimethylformamide (211 ml) and cooled to +5°C. Sodium
25 hydride (3.2 g) is added under a nitrogen atmosphere.
Next, iodomethane (11.3 g) is added dropwise and the
mixture is stirred for 1 hour at room temperature. The

mixture is diluted in ethyl acetate, washed twice with



Cbnpound 48 (26 4 g) I's dissolved in NN dinethylformam de (211 nl) and

cooled to +5[err]C. Sodium 25 hydride (3.2 g) is added under a nitrogen
at nrosphere. Next, iodonmethane (11.3 g) is added dropwi se and the m xture is

stirred for 1 hour at roomtenperature. The mxture is diluted in ethyl

acetate, washed twice with

crude conpound 49, described by M Petitog%t al. in J. Med. Chem 1997,

40, 1600-1607.

TLC, Rf_ = 0.70 | | (7/3.v/ /ethyl 5 acet at
PREPARATI ON 44 WRE®Y| a%s f@%@%ﬁgef 6%%( gﬁésﬁ%%?ﬂ&ﬁ%ﬁnos. Sge(gof )
Co d 49 (28 | yed 1 468 i T | ph
26 (135 o) i SRR 58 1 IRP AR &% Mo BEPALEST 6F 33 hiBre: SHeB0[brriC

The m %ture is ShLMteP &ﬁth4¢ concentrated. Purification by
unh

chr omat ogr aphy 0on

10

15

20

25

ca gel gives 21 g of conpound 50.
TLC: Rf = 0.70, silica gel (7/3 v/v toluene/ethyl

acetate)

PREPARATION 44

Methyl 0-2-0O-benzyl-3-O-methyl-a-D-glucopyranoside (50)
Compound 49 (28 g) is dissolved in methanol

{468 ml). p-Toluenesulphonic acid (1.35 g) is added and

the mixture is stirred for 20 hours at 20°C. The

mixture is diluted with toluene and concentrated.

Purification by chromatography on a column of silica

gel gives 21 g of compound 50.

TLC: Rf = 0.07, silica gel (6/4 v/v toluene/ethyl

acetate)

PREPARATION 45
Methyl 0-2-O-benzyl-32,6-di-O-methyl-a-D-glucopyranoside
(51)

Compound 50 (11.8 g} is dissolved in
dichloromethane (160 ml) cndcr a nitrogen atmosphere.
Trimethyloxonium tetrafluoroborate (7.0 g) and 2,6-di-
tert-butyl-4-methylpyridine (10.6 g) are added at room
temperature. After 2 hours, the mixture is poured into
a mixture of water and ice, and is extracted with
dichloromethane. The organic phase is washed with

sodium hydrogen carbonate and concentrated.

59 water and concentrated to give 28 g of the



15 TLC. Rf = 0.07, silica gel (6/4 v/v toluene/ethyl acetate) PREPARATI ON
45 Met hyl O 2-O benzyl -3,6-di-O-nethyl-[err]-D gl ucopyranosi de 20 (51)
Compound 50 (11.8 g) is dissolved in dichloronethane (160 m) under a

ni‘t rogen at nosphere. Trinethyl oxoniumtetrafluoroborate (7.0 g) and 2, 6-di -
tert-butyl-4-nmethyl pyridine (10.6 g) are added at room 25 tenperature.
After 2 hours, the mxture is poured intcc@& m xture of water and ice, and
is extracted with dichl oronet hane. The organi c phase is washed with sodi um
hydr ogen car borPard fdratdomc oft theedrude poodugt fhy athramatfoguaphyr ¢de
product by chromatography on silica gel gives 10.1 g of conpound 51. TLC
Rf = 0.25, silisddiga get/ gives 28) bedePtt AoTPReRd i) . 5 PREPARATI ON 46

TLC: Rf = 0.25, silica gel (7/3 v/v toluene/ethyl

acetate).

PREPARATION 46

Ethyl 2,4,6-tri-O-acetyl-3-O-methyl-1l-thio-o-L-

idopyrancse (52)
1,2,4,6-Tetra-0-acetyl-3-0O-methyl-o-L-

10 idopyranose (prepared as described for its per-benzoyl
analogue by replacing benzoyl chloride with acetic
anhydride; 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 etherate (1M

15 in toluene, 134 ml) are added under a nitrogen
atmosphere. After stirring for 1 hour, agueous sodium
hydrogen carbonate (400 ml) and the mixture is added
and the mixture is stirred for 1 hour. The mixture is
then poured into ethyl acetate. The organic phase is

20 washed twice with water and concentrated. Purification
by chromatography on a column of silica gel gives
29.6 g of compound 52.

TLC: Rf = 0.45, silica gel (6/4 v/v toluene/ethyl

acetate) .



Etthyl 2,4,6-tri-Oacetyl-3-O-nethyl-1-thio-[err]-L- idopyranose (52)
1,2,4,6-Tetra-O acetyl-3-O-nethyl-[err]-L- 10 idopyranose (prepared as
described for its per-benzoyl anal ogue by replacing benzoyl chloride with
acetic anhydride; Jaurand et al. Bio. Med. Chem Lett, 1992, 2, 897-900)
(48.4 g) is dissolved in toluene (175 n1).6E1hanethioI (20 m) and boron
trifluoride etherate (1M 15 in tol uene, 13£'n1) are added under a nitrogen
at nosphere. Aft gpueparnirres k9r 1 hour, aqueous sodi um hydrogen carbonate
(400 M9 and the mxture 1s added and the m xture is stirred for 1 hour.

The mxture is MedhyROo-gd, uN60tet byl adef £ o-He 191 phase is 20
washed twice with water and concentrated.” Purification by chromatography on

a colunh of sil ii%p@&'h.n@h?ﬁ$-ZQ—ﬁi)g-ZlfO-%ﬂﬁlﬂé,52dinCmeE§1y'f—@-é5, silica
gel (6/4 v/v toluenel/ethyl acetate). 61 PREPARATI ON 47
methyl-a-D-glucopyranoside (53)

5 Compound 51 (10.1 g) and compound 52 (16.0 g)
are dissolved in toluene (304 ml) under a nitrogen
atmosphere. After addition of powdered molecular sieves
(4A), the reaction medium is cooled to -20°C. A freshly
prepared 0.1M solution of N-iodosuccinimide (10.1 g)

10 and of trifluoromethanesulphonic acid (0.80 ml) in a
1/1 v/v dioxane/dichloromethane mixture is added
dropwise under a stream of nitrogen. After 10 minutes,
the red reaction mixture is filtered and washed
successively with agueous sodium thiosulphate and

15 aqueous sodium hydrogen carbonate. The organic phase is
concentrated and the residue is purified by
chromatography on silica gel to give 21.1 g of compound
53.

TLC: Rf = 0.30, silica gel (6/4 v/v toluene/ethyl

20 acetate).

PREPARATION 48
Methyl O-(3-O-methyl-a-L-idopyranosyl)-(1—4)-2-0-
benzyl-3,6-di-O-methyl-a-D-glucopyranoside (54)

25 Compound 53 (21.1 g) is dissolved in 295 ml
of a methanol/dioxane mixture (1/1 v/v) and potassium
tert-butoxide is added. After 30 minutes, the mixture

is neutralized with Dowex® 50Wxs resin in H' form and



Met hyl O (2,4,6-tri-0Oacetyl-3-O-nethyl-[err]-L- idopyranosyl) -(1[err]4)
-2- 0O benzyl -3, 6-di - O net hyl -6- O net hyl -a- D gl ucopyranoside (53) 5

Compound 51 (10.1 g) and conpound 52 (16.0 g) are dissolved in toluene (304
m’) under a nitrogen atnosphere. After addition of powdered nol ecul ar
sieves (4A), the reaction nediumis cool edgbo -20[err]C. A freshly prepared
0. 1M sol ution of N iodosuccinimde (10.1 g) 10 and of

trifluoronet ha“eé&cﬁéi%%&é&iﬁdé} o JByuditida¥idn is carried out

di oxanef di chl oronet hane m xture 1s added dropw se under a stream of
nitrogen. After %9 Pt SSogtdihy ¥ 283aGth0gell, Xty §ivé 1211 egesf and washed
successively w th aqueous sodiumthiosul phate and 15 aqueous sodi um

hydr ogeh car bonagémpdingd csgani ¢ phase is concentrated and the residue is
purified by chromatography on silica gel to give 21.1 g of compound 53.

TLC. Rf = 0.30, 3Lt CRE gelo (@8 4 si/lidaolgedndBgThyl v20ohuenal efhy PREPARATI ON
48 Methyl O (3-O-nethyl-[err]-L-idopyranosyl)-(1l[err]4)-2-0C

benzyl - 3, 6- di 50 aeebgte] err] - D- gl ucopyranosi de (54) 25 Conpound
53 (21.1 g) is dissolved in 295



of: a nmet hanol / di oxane m xture (1/1 v/v) and potassiumtert-butoxide is

added. After 30 m nutes,
resin in Herr] formand

carried out by chromatography on silica gel,

TLC Rf
12 -

= 0.08, silica gel (3/7 v/iv toluen
Preparation of the tetrasaccharide 62

i

the mxture is neutralized with Dowex[err] 50WK8
62 concentrated under vacuum Purification is

to give 12.7 g of conpound 54.
ethyl 5 acetate) 63 SCHEME
err] 64 PREPARATI ON 49

SCHEME 12 - Preparation of the tetrasaccharide 62
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Mat hyl O (4, 6-0isopropylidene-3-O-nethyl-[err]-L- idopyranosyl) -
(1[err]4) -2-0Obenzyl-3,6-di-Onethyl-[err]-D glucopyranoside (55) 5
Compound 54 (12.7 g) is dissolved in tetrahydrofuran (67 m) under a

ni<¢ rogen at nosphere. 2, 2-Di net hoxypropane (19 m) and p-tol uenesul phonic
acid are added and the m xture is then sti 4red for 16 hours at room
tenperature. The reaction nediumis 10 then®*diluted with agueous sodi um

hydr ogen car bon ted with ethyl acetate to give, after
evapor ati on of ?ﬁ‘?@%@’rﬁ crude residue which is purified by

chr omat ogr aphy IJ1 &2 dele _h0.dj 4 fa S er-l5 TLC R =
0.35, silica ge%‘%”]f‘ F 48 E}e%g#’é?ﬂﬁla‘%ﬂ?gt%? PRE AR%):I ON 50 Met hyl

O (4,6-Oisopro Pg,q:r% di D1V 1 -l3- g2@4 -od 0 -
(1[err]4) -2-O lFJ}')edr'i-J |- %yg'? él%ﬁy%:ﬂéﬁé%lu?égy?gngs?ggh I‘5'ﬂ65&yié)(3rrpound 55

(10.4 9) iS_diS%ﬂhﬁﬁﬁhﬂf&ﬂ&@&&ghxggpfuraﬂ (140 nl) and cooled to 10[err]C
Sodi um hydride (1.387Q; 60% di spersion in oil) and i odonethane 25 (1.84 m)
are added undgr a nitrogercaipsRaahsse(18{veg) is dissolved in
tetrahydrofuran (67 ml) under a nitrogen atmosphere.
2,2-Dimethoxypropane (19 ml) and p-toluenesulphonic
acid are added and the mixture is then stirred for
16 hours at room temperature. The reaction medium is
10 then diluted with aqueous sodium hydrogen carbonate and
extracted with ethyl acetate to give, after evaporation
of the solvent, a crude residue which is purified by
chromatography on silica gel to give 10.4 g of compound
55.
15 TLC: Rf = 0.35, silica gel (1/1 v/v toluene/ethyl

acetate) .

PREPARATION 50

Methyl O-(4,6-0O-isopropylidene-2,3-di-O-methyl-a-L-
20 idopyranosyl)-(1->4)-2-0-benzyl-3,6-di-O-methyl-a-D-

glucopyranoside (56)

Compound 55 (1014-9) is dissolved in
tetrahydrofuran (140 ml) and cooled to 10°C. Sodium
hydride (1.38 g; 60% dispersion in o0il) and iodomethane

25 (1.84 ml) are added under a nitrogen atmosphere. After
4 hours, the excess sodium hydride is destroyed with
methanol and the mixture is extracted with

dichloromethane and concentrated. The residue is



4 :hours, the excess sodium hydride is destroyed with nethanol and the

m xture is extracted wth dichl oronmethane and concentrated. The residue is
65 purified by chromatography on silica gel, to give 11.1 g of conpound 56.
TEC. Rf = 0.55, silica gel (95/5 v/v toluene/ethyl acetate). PREPARATI ON 51
Methyl O (2,3-di-Onethyl-[err]-L-idopyraggsyl) - (1l[err]4) -2-O
bgnzyl-3,6-di-C>nEthyI [err]-D-glucopyranoside (57) Conpound 56 (11.1 g) is
di ssolved in a r#x'x’rﬂﬁéd’/ c?ﬁ%ﬁda% by Wbﬁrsﬂh%é”é‘eﬁnctét%yw@d

overni ght. The xture I s evaporated twCe in the presence of toluene and

purified by chropptogy E&f’l)@d&%oﬁﬂdj gg.gel, to give 9.2 g of conpound 57.
TLC. Rf = 0.09, silica gel /1 vlv toluene ethyl 15 acetate). PREPARATI ON
52 Methyl O (2, 3prl - RfMad hylsrs[ elgiflikai gepyrappsyv v oo uerns (Bthyl

acetate).

PREPARATION 51

Methyl 0-(2,3-di-O-methyl-a-L-idopyranosyl) - (1—24)-2-0-

benzyl-3,6-di-0-methyl-a-D-glucopyranoside (57)

Compound 56 (11.1 g) is dissolved in a 7/3

10 (v/v) acetic acid/water mixture and stirred overnight.

The mixture is evaporated twice in the presence of

toluene and purified by chromatography on silica gel,

to give 9.2 g of compound 57.

TLC: Rf = 0.09, silica gel (1/1 v/v toluene ethyl

15 acetate).

PREPARATION 52

Methyl 0-(2,3-di-O-methyl-a-L-idopyranosylurconic acid) -

(1>4)-2-0-benzyl-3,6-di-0O-methyl-a-D-glucopyranoside
20 (58)

2,2,6,6-Tetramethyl-1-piperidinyloxy (13 mg),

saturated sodium hydrogen-cérbonate solution (16 ml),

potassium bromide (88 mg) and tetrabutylammonium

chloride (117 mg) are added to a solution of compound
25 57 (4.7 g) in dichloromethane (28 ml). The mixture is

cooled to 0°C and a mixture of saturated sodium

chloride solution (17.8 ml), of saturated sodium

hydrogen carbonate solution (8.8 ml) and of sodium



(L[err]4)-2-0benzyl-3,6-di-Onethyl-[err]-Dglucopyranoside 20 (58)
2,2,6,6-Tetranet hyl - 1- pi peridinyloxy (13 ng), saturated sodi um hydrogen
carbonate solution (16 m ), potassium brom de (88 ng) and

t étrabut yl ammoni um chloride (117 ng) are added to a solution of conpound 25
57 (4.7 g) in dichloromethane (28 nl). Theggixture is cooled to O[err]C and
a mxture of saturated sodiumchloride solution (17.8 m), of saturated

sodi um hydr ogen QoS &0l Ut isa) 08- Rull 1sapdaed sesh urs mifbes.
hypochl-orite (1“%X§ 20 M) is added overWHS m nutes. After stirring for 1

hour, the medi um fgedidis0d it tebretihtouaGetabemedaedls vdi Tutsed windied
aqueous sodi um chl oride solution, dried over magnesi um sul phate, 5 filtered

and evapor ated t@ Ky eSSt JiwsahedSwithf shbaratedeagueposnsb&Bum TLC: Rf =
0.14, silica gel, 9/1 v/v dichl oronet hane/ met hanol 10 PREPARATI ON 53
chloride solution, dried over magnesium sulphate,
5 filtered and evaporated to dryness to give 3.5 g of the
crude compound 58.

TLC: Rf = 0.14, silica gel, 9/1 v/v

dichloromethane/methanol

10 PREPARATION 53
Methyl O- (benzyl-2,3-di-O-methyl-ca-L-idopyranosyl-
uronate) - (1->4) -2-0-benzyl-3,6-di-O-methyl-a-D-
glucopyranoside (59)

Compound 58 (3.5 g) is dissolved in N,N-

15 dimethylformamide (29 ml) under a nitrogen atmosphere.
Potassium hydrogen carbonate (1.76 g) and benzyl
bromide (2.85 ml) are added and the mixture is stirred
for 4 hours. Ethyl acetate and water are added and,
after extraction, the organic phase is concentrated.

20 Purification by chromatography on silica gel gives
3.4 g of compound 59.

TLC: Rf = 0.43, silica gél}-é/s v/v toluene/ethyl

acetate

25 PREPARATION 54
Methyl O- {(benzyl 4-0-levulinoyl-2,3-di-O-methyl-p-D-
glucopyranosyluronate) - (1>4) -0- (3-0O-acetyl-2-0O-benzyl-

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



Met hyl O (benzyl-2,3-di-O-nethyl-[err]-L-idopyranosyl- uronate) - (1[err]4)
-2-0Obenzyl -3,6-di-Onethyl-[err]-D glucopyranoside (59) Conpound 58 (3.5
g) is dissolved in NN 15 di nmethyl formam de (29 ml) under a nitrogen
athosphere. Potassi um hydrogen carbonate (1.76 g) and benzyl brom de (2.85
m ) are added and the m xture is stirred f 4 hours. Ethyl acetate and
water are added and, after extraction, the organic phase is concentrated.

20 Purification 1=]o| iV 3240 ound 59.
20 Pury Loat o i ATRL 90435y 88051 e aniE) 01183 Satodpabegarpound 52,
Met hyl O (benzyly 4_Q4l_@v Lelp3s ggpggﬁy r (dr)0>-

gl ucopyr anosyl ur3oi1k<:itgé') %- H\%‘f?&!ruﬁ) gﬂﬁc( -O aciejﬁlf ZdIC)} benzyl -

6-O et hyl -[err]-D-gl ucopyr aagsuke- 6£[ eshpdund> EPeryds &)3atia 67

O nethyl-[err]-L-idopyranosyluronate) - (1l[err]4) -2-0 benzyl-
3, 6-di - O et hyl doichnid glouqepyr gnoss devéPddtated in the presence of
5 toluene and dissolved in dichloromethane (16.2 ml)
under a nitrogen atmosphere. After addition of powdered
molecular sieves (4A), the mixture is cooled to -20°C.
After stirring for 15 minutes, trimethylsilyl
trifluoromethanesulph-onate (15 mol%,£elative to
10 compound 60} is added. After 15 minutes, the mixture is
treated with aqueous sodium hydrogen carbonate. After
filtering off the molecular sieves, the filtrate is
diluted with dichloromethane, washed with water,
concentrated and purified by chromatography on silica
15 gel to give 0.75 g of compound 61.
NMR: Rf = 0.45, silica gel (3/7 v/v toluene/ethyl

acetate) .

PREPARATION 55

20 Methyl O- (benzyl 2,3-di-O-methyl-p-D-glucopyrano-
gyluronate) - {1-»4)-0-(3-0O-acetyl-2-0-benzyl-6-0-methyl-
a-D-glucopyranosyl)-(1-94j;0;kbenzyl-z,3-di-0—methy1-a-
L-idopyranosylurconate) - (1-54) -2-0-benzyl-3,6-di-0O-
methyl-a-D-glucopyranogide (62)

25 Compound 61 (0.74 g) is dissolved in pyridine
(3.0 ml) and a mixture of acetic acid (4.1 ml) and
hydrazine hydrate (0.47 ml) in pyridine (3.0 ml) is

added at room temperature. After stirring for 9 hours,



A:m xture of conpound 59 (0.53 g) and conmpound 60 (1.0 g) is evaporated in
the presence of 5 toluene and dissolved in dichloronethane (16.2 nl) under
a nitrogen atnosphere. After addition of powdered nol ecul ar sieves (4A),
the m xture is cooled to -20[err]C. After stirring for 15 m nutes,
trinmethylsilyl trifluoronethanesul ph-onate £15 mol % relative to 10 conmpound
60) is added. After 15 mnutes, the mxtur is treated with aqueous sodi um

hydr ogen car bona%}%%f%]%%ﬁ%{ Iterl gt%rt g?ﬁngh?gal LS &N énlé Ek%géét rate

is diluted with concen rate

purified by chr oggllt_?%g]pg%/ (%)g?@ vd/“\%iat %h%ﬁ' ﬁgF¥§V91g5wgtHf conpound 61.

NVR: th: 0 uene acetate). PREPARATI ON 55
20 Met hyl O b - co nate) -
y ( :J:ogh]g?{jiz e ahich *Zaydlldcqgal (Q @w ORY5350 SydiRnat e)

(1[err]4) -O acet met hyl - [err]-D- gl ucopyranosyl) -

(1[err]4) -O bﬁ{?& bgen SedibAdRe e Waltel-. thedepyaanesyhasenas e)
-(1[err]4) -2- Obenzy? 6-di -O nethyl-[err]-Dglucopyranoside (62) 25

Conpound 61 (6. 7éoﬂ&en§r&l¢@@dn&<bdﬁﬂaya tiyneh¢3matobyaphy ennsikiica of
acetic acid (4.1 nm) and
gel to give 0.66 g of compound 62.
TLC: Rf = 0.25, silica gel (98/2 v/v
dichloromethane/methanol) .
The tetrasaccharide 68 below is prepared in a

10 similar manner according to Reaction Scheme 13 below,

starting with the disaccharide 55.



hy:dr azi ne hydrate (0.47 ml) in pyridine (3.0 m) is added at room
tenperature. After stirring for 9 hours, 68 di chl or onet hane and wat er
are added. The organi c phase is separated out and washed successively with
hydrochloric acid solution (1. ON), aqueous sodi um hydrogen carbonate and
wat er. The organic phase is 5 concentratedagnd purified by chr omat ogr aphy
on silica gel to give 0.66 of conpound 6 TLC. Rf = 0.25, silica gel

(98/2 v/v dichl g cglfmﬁqwq%e/% 42ukiodN8s! he ASECIAd AR AL BV | S

prepared in a 10 nanne according to Reactio bel ow,
starting with the disaccharide 55. 69 SCHEME 13 - wPepa uon of the
tetrasaccharide 68 [err]
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7Q SCHEME 14 - Preparation of the disaccharide 75 [err] 71 PREPARATI ON
56 Met hyl 2-0O benzyl -4, 6-di - O benzyl i dene- 3- O p- net hoxy-

benzyl -[err]-D- gl ucopyranosi de (69) Conpound 48 (26.4 g) is dissolved in
NN 5 dinethylformam de (211 m) and cooled to 5[err]C. Sodi um hydri de
(2.5 g) is added under a nitrogen atnosphe & Next, 4- met hoxybenzyl
chloride (13.3 g) is added dropwi se and the m xture is stirred for 1 hour

at 1 oom t enper ai e ey 1 gkt 0hl Ueednyl blaglindr pd6LRS 0, 10 washed

twice weth water an to give 7 g of conpound 69. TLC. Rf =
0.80, silica gel, 7/3 v/v tol uene/eth 10
‘ ”“’%& — aTNIn,
3 NO“ 08n PMBO OBn
89
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15 PREPARATI ON 57 Met hyl 2-0O benzyl

3- O p- et hoxybenzyl -[err]-D gl ucopyrano- side (70) Conpound 69 (34.9 g) is
di ssol ved in aqueous 60% acetic acid and stirred for 4 hours at 60[err]C
The 20 m xture is diluted with toluene and concentrated. Purification by
chromat ography on a columm of silica gel gj7 es 26.4 g of conmpound 70. TLC
Rf = 0.07, silica gel, 7/3 v/v toluene/ethy¥ acetate 72 PREPARATI ON 58

Met hyl 2-O benz%‘gl%%g%fpfﬁ fg?(ybenzyl -6-O-nethyl- [err]-D gl ucopyranoside
-4 g

(71) Conpound 7 | S dissolved in 5 dichl oronethane (263 ml) under

a nitrogen at mstg%%ﬁne%t %]W&Q)&O%i'ﬁ'geg)&ﬁa’yg&@ﬂ@rﬂ@'ﬁjﬂe@‘&yﬁnd

2,6-di- tert-butyl-4 pyri i né ( e added at roomtenperature.
After 4¢hours, tﬁﬁ#é?f@duﬁidf%dﬁﬂyiﬁiogﬁhg i(ggycol d water and extracted with

di chl or onet hane
Compound 48 (26.4 g) is dissolved in N,N-

5 dimethylformamide (211 ml) and cooled to 5°C. Sodium
hydride (2.5 g) is added under a nitrogen atmosphere.
Next, 4-methoxybenzyl chloride (13.3 g) is added
dropwise and the mixture is stirred for 1 hour at room
temperature. The mixture is diluted with ethyl acetate,

10 washed twice with water and concentrated to give 40.7 g
of compound 69.

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

acetate

15 PREPARATION 57
Methyl 2-O-benzyl 3-0-p-methoxybenzyl-a-D-glucopyrano-
gide (70)
Compound 69 (34.9 g) is dissolved in aqueous
60% acetic acid and stirred for 4 hours at 60°C. The
20 mixture is diluted with toluene and concentrated.
Purification by chromatography on a column of silica
gel gives 26.4 g of compoﬁnd 70.
TLC: Rf = 0.07, silica gel, 7/3 v/v toluene/ethyl

acetate



10- organi c phase is washed wth sodi um hydrogen carbonate and concentr at ed.
Purification of the crude product by chromatography on a colum of silica
gel gives 18.5 g of compound 71. TLC. Rf = 0.25, silica gel, 7/3 vl/v

t ol uene/ et hyl 15 acet ate PREPARATI ON 59 Met hyl
0-(2,4,6-tri-Oacetyl-3-O-nethyl-[err]-L-idgpyrano- syl) - (1l[err]4)

-2- O benzyl - 3- O p- net hoxybenzyl - 6- O net hyl - 20 a- D- gl ucopyr anosi de (72)
Conpound 71 (17. prepariereeepund 52 (28.2 g) are dissolved in toluene (525
m ) unde&r a nitrogen atnosphere. After addition of a 4[err] nolecul ar

si eve, the reactu@gny® Zwlwhiﬂfﬂ-g—ﬂe@hoﬁybéﬁﬁ?hyspbﬁﬁé‘ﬁﬁﬁlﬂaw 25

sol utiopn of N-iodosuccinimde (17.4 g) and of trifluoronethanesul phonic
acid (1.38 m) igliédpyranskideanegx)i chl oronet hane i s added dropwi se under a

continuous streamof nitrogen. After 10 m nutes, the 73 red reaction
mxture is filtered and wadmsbund 70 (26.4 g) is dissolved in
5 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-cold water and extracted with dichloromethane. The
10 organic phase is washed with sodium hydrogen carbonate
and concentrated. Purification of the crude product by
chromatography on a column of silica gel gives 18.5 g
of compound 71.
TLC: Rf = 0.25, silica gel, 7/3 v/v toluene/ethyl

15 acetate

PREPARATION 59

Methyl 0O-(2,4,6-tri-O-acetyl-3-0O-methyl-a-L-idopyrano-

syl) - (1>4) -2-0-benzyl-3-0-p-methoxybenzyl-6-0-methyl-
20 a-D-glucopyranoside (72)

Compound 71 (17.5 g) and compound 52 (28.2 g)
are dissolved in toluene kééé ml) under a nitrogen
atmosphere. After addition of a 4A molecular sieve, the
reaction is cooled to -20°C. A freshly prepared 0.1M

25 solution of N-iodosuccinimide (17.4 g) and of
trifluoromethanesulphonic acid (1.38 ml) in 1/1 v/v
dioxane/dichloromethane is added dropwise under a

continuous stream of nitrogen. After 10 minutes, the



successively with agueous sodi um t hi osul phate and aqueous sodi um hydrogen
carbonate. The organi c phase is concentrated under vacuum and 30.0 g of
conpound 72 are 5 isolated. TLC. Rf = 0.45, silica gel, 8/2 v/v

di-chl or onet hane/ et hyl acetate PREPARATION 60 10 Methyl O
(3-O-nethyl-[err]-L-idopyranosyl) - (1[errl4) -2-O

benzyl - 3- O p- net hoxybenzyl - 6- O net hyl - [err!}BD gl ucopyranosi de (73)

Compound 72 (30.0 %ﬁ%%%%sgl glé{?nl%\??éﬂﬁ Ldl‘%&?\/\{ré/s cihanol / di oxane and

potassiumtert- e m xture is
neutralized w th Dowex|.e 3H r nder
vaf:uum Puri fi caﬁlf%cf'neﬁ%n;e fg'g':%‘da@ ro%é g‘é‘?gg%%g%%fﬁaﬁa({:% E%‘ndjof silica
gel, tos%give 17. 4 Ce 2 I 20
di chl or onet hane/ anol A%Xﬁ&%zé R/gi)ﬁn?ge “Tné! bHEn EIpS 26V

O- (4, 6- O 1 sopr opydd denGeat-dd MRIdeY vieehbh Lmadgo DY 380 S¥dipourtd BT rdrd
-2- O benzyl - 3- O p- net hoxybenzyl - 6- O 25 net hyl - a- D- gl ucopyr anosi de (74)

Conpound 73 (47.4sdattesd di ssolved in N, N
TLC: Rf = 0.45, silica gel, 8/2 v/v

dichloromethane/ethyl acetate

PREPARATION 60
10 Methyl O-(3-O-methyl-a-L-idopyranosyl)-(1—>4)-2-0-
benzyl-3-0-p-methoxybenzyl-6-0-methyl-a-D-
glucopyranoside (73)
Compound 72 (30.0 g) is dissolved in 460 ml
of 1/1 v/v methancl/dioxane and potassium tert-butoxide
15 is added. After 15 minutes, the mixture is neutralized
with Dowex® 50WX8H* resin and concentrated under vacuum.
Purification is performed by chromatography on a column
of silica gel, to give 17.4 g of compound 73.
TLC: Rf = 0.25, silica gel 95/5 v/v

20 dichloromethane/methanol

PREPARATION 61
Methyl O-(4,6-0O-isopropylidene-3-0O-methyl-a-L-ido-
pyranogyl) - (1—>4) -2-0-benzyl-3-0-p-methoxybenzyl-6-0-
25 methyl-a-D-glucopyranoside (74)
Compound 73 (17.4 g) is dissolved in N,N-
dimethylformamide (77 ml) under a nitrogen atmosphere.

2,2-Dimethoxypropane (26 ml) and p-toluenesulphonic



dizmet hyl formam de (77 m ) under a nitrogen atnosphere. 2, 2-Di net hoxypropane
(26 mM) and p-tol uenesul phonic 74 acid are added and the m xture is then
stirred for 30 minutes. Dilution of the m xture with aqueous sodi um

hydr ogen carbonate and then extraction with ethyl acetate gives, after
evaporation of the solvent, 19.7 g 5 of caompound 74. TLC. Rf = 0.45, silica
gel, 95/5 v/v dichl oronet hane/ net hanol PREFPARATI ON 62 10 Met hyl

O (4,6-0Ci opyl.idene-2..3-di -O;net hyl - [err]-L- i dopyranosyl) - (1[err]4)
-250be“r-nzgus?gE ogééfih%?[ sﬁﬁfgaena{%@%% é&lr’rﬁg&ﬁd)f?ﬁ (18.CS 9)
is di | ved i ' I h . d 4.4 m.) .and.cooled to Olent] C 15
Sodi um hydr d:an(ay Et}ﬂa?géoﬁ’%?é’%%%%%( i o"l‘ﬁ’jt)ugﬁd 5 oREERIRE S@é’g‘mm)
dded, d ' t ok s sodi um

yride 15 dest ¥eaaoers oroShabaran dndl ' Slohdtith vith SLREY

acetate gives, after evaporation of the solvent, 19.7 g

5 of compound 74.
TLC: Rf = 0.45, silica gel, 95/5 v/v

dichloromethane/methanol

PREPARATION 62

10 Methyl O-(4,6-0-isopropylidene-2,3-di-O-methyl-ca-L-
idopyranosyl) - (1-4)-2-0-benzyl-6-0O-methyl-o-D-
glucopyranoside (75)

Compound 74 (18.5 g) is dissolved in
N,N-dimethylformamide (24.4 ml) and cooled to 0°C.

15 Sodium hydride (1.47 g; 60% dispersion in oil) and
iodomethane (2.36 ml) are added, under a nitrogen
atmosphere. After 1 hour, the excess sodium hydride is
destroyed with methanol and the mixture is extracted
with dichloromethane and concentrated to give 20.0 g of

20 compound 75.

TLC: Rf = 0.85, silica gel, 95/5 v/v

dichloromethane/methanol.



wi.t h di chl oronet hane and concentrated to give 20.0 g of 20 conpound 75.

TLC. Rf = 0.85, silica gel, 95/5 v/v dichl oronet hane/ net hanol . 75 SCHEME
15 - Synthesis of the disaccharide 60 [err] 76 PREPARATI ON 63 Met hyl
O{4,6-0isopropylidene-2,3-di-Onethyl-[err]-L- idopyranosyl) - (1[err]4)
-2-0O benzyl -6-O-nethyl -[err]-D glucopyranggide (76) 5 Conmpound

75 (18.4 g) is dissolved in dichloronmethane™ (838 ml) and water (168 m).

2,3- Dichl 0r0-5’§eghﬁﬁafe-.1,f%§@§%%;iapm( Gibagbnh?iaddeg and the nixture
is stirred for 1 ours at 4[err[C. The mxture Is poured Into aqueous
sodi um hydr ogen 75
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1CG carbonate and extracted wi th dichl oronmet hane. Concentrati on of the

organi ¢ phase gi

ves 12.7 g of conmpound 76. TLC. Rf = 0.40, silica gel,

v/ v di chl or onet hane/ met hanol . 15 PREPARATI ON 64 Met hyl
O14,6-0isopropylidene-2,3-di-Onethyl-[err]-L- idopyranosyl) - (1[err]4)

-2, 3-di - O benzyl
Conmpound 76 (10.

-6-O-nethyl-[err]-D glucogﬁﬁanoside (77) 20
5 9g) is dissolved in dry N,

then cooled to 0%&%‘15%»*“&5 ogen at nosphere. Sodi um hydride (1.91 g;
[ I'S added,

di spersion in o
bromde (3.3 m)

excess sodi um hydr

mxture’ is extragisgldau

10

15

20

25

foll owed by dropw se addition of benzyl

e I's destroye et hano er 1s - ad

glucopyranoside (76)

Compound 75 (18.4 g) is dissolved in
dichloromethane (838 ml) and water (168 ml). 2,3-
Dichloro-5,6-dicyano-1,4-benzoquinone (7.1 g) is added
and the mixture is stirred for 18 hours at 4°C. The
mixture is poured into aqueous sodium hydrogen
carbonate and extracted with dichloromethane.
Concentration of the organic phase gives 12.7 g of
compound 76.

TLC: Rf = 0.40, silica gel, 95/5 v/v

dichloromethane/methanol.

PREPARATION 64

Methyl O-(4,6-0-isopropylidene-2,3-di-O-methyl-a-L-
idopyranosyl)-(15>4)-2,3-4i-0-benzyl-6-0-methyl-a-D-
glucopyranoside (77)

Compound 76 (10.5 g) is dissolved in dry
N,N-dimethylformamide (178 ml) and then cooled to 0°C
under a nitrogen atmosphefe; Sodium hydride (1.91 g;
60% dispersion in oil) is added, followed by dropwise
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 gives 13.6 g of compound 77.

t:fﬁ Flo3 ,'E'-rﬁiﬁ%%pvﬂ_%?xﬂaeﬁggi}i:egﬁité- mfldcg-d@-gd the

nd t he

- Y2- - j1a-¢f- t he sol vent
gives 13.6 g of conrpoundd'p‘é%l\_/yI dl'%;] £-GO54REFE - R EHY 100

95/ 5

di met hyl formam de (178 nml) and

60%



TLC. Rf = 0.50, silica gel, 1/1 v/v toluene/ethyl acetate. PREPARATICN'65 5

Methyl O (2,3-di-Onethyl-[err]-L-idopyranosyl) -(1l[err]4) -2, 3-

di - O benzyl - 6- O net hyl -[ err]-D- gl ucopyranosi de (78) Conpound 77 is
di‘ssolved in 77/ 33 (v/v) acetic acid/water and stirred overnight. The

m xture is co-evaporated twice with toluene_and purified by 10

chromat ography on a colum of silica gel, 7 give 11.5 g of conpound 78.

TLC. Rf = 0.09, silica gel, 1/1 v/v toluene/eth ate. 0. 68,
silica-gel, 91 W\‘v G & 4o Ao raPRTE bl Y/ RO (UHE Vot hyl
O (2, 3-di- C)neth %;rr] L-i dopyranosyluronic acid)- (1[err]4)

-2, 3-di - O benzyl 2% thyl [err]-D gl ucopyranosi de 20 (79)
2,2,6, 68 Tetranet hyl - 1- pi peri dyl oxy (33 ng), sodium hydrogen carbonate
solution (40 m), potassiun1bronide (218 ny) and tetrabutyl ammoni um

chloride (289 %£¥ a solution of compound 78 25 (11.6 g) in
di chl or onet hane e nlxture S

5 Methyl 0-(2,3 di-O-methyl-o-L-idopyranosyl) - (1->4)-2,3-
di-O-benzyl-6-0-methyl-q-D-glucopyranoside (78)
Compound 77 is dissolved in 77/33 (v/v)
acetic acid/water and stirred overnight. The mixture is
co-evaporated twice with toluene and purified by
10 chromatography on a column of silica gel, to give
11.5 g of compound 78.

TLC: Rf 0.09, silica gel, 1/1 v/v toluene/ethyl

acetate,
Rf = 0.68, silica gel, 9/1 v/v

15 dichloromethane/methanol.

PREPARATION 66
Methyl O-(2,3-di-O-methyl-a-L-idopyranosyluronic acid)-
(1>4)-2,3-di-0-benzyl-6-0-methyl-a-D-glucopyranoside
20 (79)
2,2,6,6-Tetramethyl-1-piperidyloxy (33 mg),
sodium hydrogen carbonaté séiution (40 ml), potassium
bromide (218 mg) and tetrabutylammonium chloride
(289 mg) are added to a solution of compound 78
25 (11.6 g) in dichloromethane (60 ml). The mixture is
cooled to 0°C and a mixture of saturated sodium
chloride solution (44 ml), of saturated sodium hydrogen

carbonate solution (21.8 ml) and of sodium hypochlorite



cooled to O[err]C and a m xture of saturated sodium chloride solution (44
m ), of saturated sodi um hydrogen carbonate solution (21.8 m) and of

sodi um hypochl orite 78 (1.3M 50 m) is added over 15 m nutes. After
stirring for 1 hour, the mxture is diluted with water and extracted (3
times) wth dichloronethane. The organi c phase is washed wi th aqueous
sodi um chl oride solution, 5 dried over magresi um sul phate, filtered and
evaporated to dryness to give 13.4 g of the crude conpound 79. TLC. Rf =
0.14, silica gel(1.8M] 8bvmi)chboadded haver N3 aimnitesl.0 AFRERARATHrONNG7

Met hyl O (benzyl 2,3-di-Onethyl-[err]-D idopyranosyluronate) - (1[err]4)
-2, 3-di - O benzylfoi @ euly| thEemiktiregl i opidutresd ivid 8@teCGommdund 79 is
dissolved in N,N- 15 di nethyl formam de (110 m) under a nitrogen

at nosphere. Pot gsgirastiedd{dgtimeal behth edichlorpmetdwnsanZe Prgande (10.7

m ) are added and the m xture _is stirred for . , )
phase is washed with aqueous sodium chloride solution,

5 dried over magnesium sulphate, filtered and evaporated
to dryness to give 13.4 g of the crude compound 79.
TLC: Rf = 0.14, silica gel, 9/1 v/v

dichloromethane/methanol.

10 PREPARATION 67
Methyl O- (benzyl 2,3-di-O-methyl-a-D-
idopyranosyluronate) - (1>4) -2,3-di-0-benzyl-6-0-methyl-
a-D-glucopyranoside (80)

Compound 79 is dissolved in N,N-

15 dimethylformamide (110 ml) 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.

20 Purification by chromatography on a column of silica
gel gives 9.9 g of compound 80.

TLC: Rf = 0.43, silica gei, ;/6 v/v toluene/ethyl

acetate.



90. m nutes. Ethyl acetate and water are added and, after extraction, the

organi ¢ phase is concentrated. 20 Purification by chromatography on a

colum of silica gel gives 9.9 g of conpound 80. TLC. Rf = 0.43, silica
gel, 4/6 v/v toluene/ethyl acetate. 79 PREPARATI ON 68 Met hyl O (benzyl

2,3-di -O-nethyl-[err]-Dglucopyranosyl - uronate) - (1[err]4)
-2,3-di -0 benzyl -6-Onethyl-[err]-D glucopgyranoside (81) 5

Compound 80 (9.9 g) is dissolved in 300 mM of methanol and refluxed under
ni trogen at nosplpreparhrondéem net hoxi de in nethanol (65.2 m) is added
dropwi se and the mxture is stirred and refluxed for 3 hours.
is then cool ed MethydmOoiAbeazpar 2} Biréi -0dnattty L4 D dlmcopyr@@@sZ1r ) is
added and the reaction mxture is stirred for a further 90 mnutes. After
neutralizati on wirdnaPelexlers) -2 SDAHS- OHbenzyl-6sOnmehbylr&tPati on, the

m xture i s concentrated. The

10

15

20

25

glucopyranoside (81)

Compound 80 (9.9 g) is dissolved in 300 ml of
methanol and refluxed under a nitrogen atmosphere. 1M
sodium methoxide in methanol (65.2 ml) is added
dropwise and the mixture is stirred and refluxed for
3 hours. The mixture is then cooled £o room
temperature, 1N sodium hydroxide (22.2 ml) is added and
the reaction mixture is stirred for a further
90 minutes. After neutralization with Dowex® 50WX8 H*
resin and filtration, the mixture is concentrated. The
pure product is dissolved in N,N-dimethylformamide
(192 ml) and a molecular sieve is added under a
nitrogen atmosphere. Potassium hydrogen carbonate
(3.2 g) and benzyl bromide (4.8 ml) are added and the
mixture is stirred for S5 hours. After addition of ethyl
acetate and water, and 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 6.1° é of compound 81 and 1.88 g
of the starting compound 80.

TLC: Rf = 0.55, silica gel, 4/6 v/v toluene/ethyl

acetate.

The m xture

a



pure product is dissolved in N, N-dinmethylformam de 15 (192 m) and a

nol ecul ar sieve is added under a nitrogen atnosphere. Potassi um hydrogen
carbonate (3.2 g) and benzyl bromide (4.8 nm) are added and the mixture is
stirred for 5 hours. After addition of ethyl acetate and water, and
extraction and separation of the 20 two phases, the organic phase is
concentrated. The crude product is purified by chromatography on a col um

of silica gel t@pipaRadIbR g90f conpound 81 and 1.88 g of the starting
conpourrd 80. TLC. Rf = 0.55, silica gel, 4/6 v/v toluene/ethyl 25 acetate.

80 PREPARATI ON & dijahy- (BenR9lz%l 041 Srh B4tiby 1Dy 3 -4 i3-Hme@hyi-PyD-[ err ] - D-
gl ucopyr anosyl uronate) - (1[err]4) -2,3-di-O benzyl-6-0
net hyl -1 err] - D- guicepyranosydarofidkep- (1>4) -2,3-dde0pbendy816(0-2 g) is
dissolved in 40 m of dioxane. Levulinic acid (2.1 g), dicyclohexyl-
carbodi i m de (3 mEkhyl-and-4liicopyrahasidepy82Xi ne
5 Compound 81 (6.2 g) is dissolved in 40 ml of
dioxane. Levulinic acid (2.1 g), dicyclohexyl-
carbodiimide (3.75 g) and 4-dimethylaminopyridine
(0.2 g) are added and the mixture is stirred for
2 hours under a nitrogen atmosphere. Diethyl ether
10 (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
concentrated. Crystallization from ether/heptane gives
6.2 g of compound 82.
15 TLC: Rf = 0.26, silica gel, 95/5 v/v

dichloromethane/acetone.

PREPARATION 70
O- (Benzyl-4-0-levulinoyl-2,3-di-O-methyl-B-D-

20 glucopyranosyluronate)-(1->4)-1,3-di-O-acetyl-2-0-
benzyl-6-0-methyl-a,B-D-glucopyranose (83)

Compound 82 (s.i-éf is dissolved in acetic
anhydride (256 ml) under a nitrogen atmosphere and
cooled to -20°C. A mixture of sulphuric acid (4.9 ml)

25 1in acetic anhydride (49 ml) is added dropwise over
30 minutes. After 60 minutes, sodium acetate is added
until a mixture of neutral pH is obtained. Ethyl

acetate and water are then added and the organic phase



(0.2 g) are added and the mxture is stirred for 2 hours under a nitrogen
atmosphere. Diethyl ether 10 (95 m) is added and the precipitate is
filtered off. The filtrate is washed wi th aqueous potassi um hydrogen

sul phate, dried over magnesi um sul phate, filtered and concentrat ed.
Crystallization from ether/heptane gives 6g2 g of conpound 82. 15 TLC: Rf =
0.26, silica gel, 95/5 v/v dichl oronet hane/ acet one. PREPARATI ON 70

O (Benzyl - 4- O | eyul i noyl -2, 3-di - Lk err i
) (1F2i¥] 2) _1’gfg’ééiéé&ﬁge%ﬁ%_eg{.OguﬁkgﬁgtLSﬁrﬂay[%hg&n&é%ﬁ}ar&ﬁﬁ uronat e)

benzyl - 6- O met hyls{id lod &iida g'gqtrirg)@%an@s@ §88t &ompound &2, (6.1 g) is

di ssol ved in acetic anhydride (2 under a nitrogen atnosphere and

cooled to -20[erfld: #¥ i g.Wee @ilsebpbenicsgeid/€4.9 m) 25 in acetic
anhydride (49 m) is added dropw se over 30 m nutes. After 60 m nutes,

sodi um acet at e i@ @ieebmatHadney gthylluaeeactteeutral pH is obtai ned. Ethyl
acetate and water are then added and the organi c phase

5 PREPARATION 71
O- (Benzyl 4-0-levulinoyl-2,3-di-O-methyl-B-D-gluco-
pyranosyluronate)-(1—)4)-3-0—acety1-2-0-benzy1-6-o-meth-
yl-a,B-D-glucopyranose (84)

Compound 83 (4.2 g) is dissolved in

10 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 0.5N hydrochloric acid. The organic phase
is concentrated and the residue is purified by

15 chromatography on a column of silica gel to give 3.2 g
of compound 84.
TLC: Rf = 0.33, silica gel, 1/1 v/v
dichloromethane/ethyl acetate.
PREPARATION 72

20 O-(Benzyl 4-0-levulinoyl-2,3-di-O-methyl-a-D-gluco-
pyranosyluronate) - (1-»4) -3-0-acetyl-2-0-benzyl-6-0-
methyl-a,B-D-glucopyranoée érichloroacetimidate (60)

Compound 84 (1.59 g) is dissolved in dry

dichloromethane under a nitrogen atmosphere.

25 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



8L is concentrated. Purification by chromatography on a columm of silica
gel gives 4.2 g of conpound 83. TLC. Rf = 0.24, silica gel, 8/ 2 v/v

di chl oronet hane/ et hyl acetate 5 PREPARATION 71 O (Benzyl

4-0O | evul inoyl -2, 3-di-O-nethyl-[err]-Dgluco- pyranosyluronate) - (1l[err]4)
-3-0Oacetyl -2-0O benzyl -6-O-neth- yl-[err],gerr]-D-glucopyranose (84)
Conmpound 83 (4.2 g) is dissolved in 10 tetrahydrofuran (42 m) and

pi peridine (4.1 j dgi‘yﬁlq' e M i 1 {62 oV ek 1iiFetl a7 rgpom
tenperature. Et hf/‘}goactﬁa}t e’1s a dgghg%gﬁ]tﬁhggmgitur ecbls \E/\g;ashed vvithgg.SN
hydrochloric acige JdhgRirmec phase is concentrated and the residue is
purified by 15 chromatography on a colum of silica gel to give 3.2 g of
conpound 84. TLGLE rf Q& 3B.605i Igidacaebell/ 3/v/v/di edlwsmsrbdtiayie/ et hyl
acetate. PREPARATION 72 20 O (Benzyl

4- O | evul i noyl - 23ttt} net hyl -[err]-D gl uco- pyranosyluronate) - (1[err]4)
-3-0O acetyl -2-0 benzyl -6-O nethyl-[err],[err]-D glucopyranose

trichl oroacetsmn date (60)

SCHEME 16 - Synthesis of the tetrasaccharide 86
80 * 80

MeO OMe  .oopn BRO
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Compound 84 (1.59 g) is dissolved in dry dichl oronethane under a nitrogen
at nosphere. 25 Trichloroacetonitrile (1.1 m) and caesium carbonate (72 ng)
are added and the mi xture is stirred for 1 hour. The caesium carbonate is
filtered off and the filtrate is concentrated. Purification by 82
chronat ography on a colum of silica gel ggyes 1.57 g of conpound 60. TLC:
Rf = 0.60, silica gel, 3/7 viv tquene/ethy? acetate. 5 SCHEME 16 -
Synt hesi s of thqpﬁ€§ aj§ de 86 [err] 83 PREPARATI ON 73 Met hyl

ul'l

O (benzyl -4-0O | ev noyl-2,3-di-Onethyl-[err]-
Methyl O- (benzyl-4-0-levulinoyl-2,3-di-O-methyl-pB-
D-glucopyranosyluronate) - (1-»4) -O0- (3-0O-acetyl-2-0-
benzyl-6-0-methyl-a-D-glucopyranosyl) - (154) -0- (benzyl-
5 2,3-di-O-methyl-a-L-idopyranosyluronate)-(1—4)-2,3-di-
0-benzyl-6-0-methyl-a-D-glucopyranoside (85)

A mixture of compound 80 (300 mg) and
compound 60 (455.6 mg) is co-evaporated with toluene
and dissolved in dichloromethane (6 ml) under a

10 nitrogen atmosphere., After addition of a 4A molecular
sieve, the mixture is cooled to -20°C. After stirring
for 20 minutes, trimethylsilyl
trifluoromethanesulphonate (15 mol% relative to
compound 60) is added. After 10 minutes, the mixture is

15 neutralized with aqueous sodium hydrogen carbonate.
After filtering off the molecular sieve, the filtrate
is diluted with dichlorometﬁane, washed with water,
concentrated and purified by chromatography on a column
of silica gel, to give 560 mg of compound 85.

20 TLC: Rf = 0.50, silica gel, 3/7 v/v toluene/ethyl

acetate.

PREPARATION 74
Methyl O- (benzyl 2,3-di-O-methyl-B-D-glucopyrano-

25 syluronate) - (1>4)-0- (3-0O-acetyl-2-0-benzyl-6-0O-methyl-
o-D-glucopyranosyl) - (1-54) -0- (benzyl 2,3-di-O-methyl-a-
L-idopyranosyluronate) - (1—>4)-2,3-di-0-benzyl-6-0-

methyl-o-D-glucopyranoside (86)



D-.gl ucopyranosyluronate) - (1l[err]4) -O (3-OCacetyl-2-0O

benzyl -6-O net hyl -[err]-D-gl ucopyranosyl) - (1[err]4) -O (benzyl- 5
2,3-di -O-nethyl-[err]-L-idopyranosyluronate) - (1[err]4) -2, 3-di-

O-benzyl -6-O et hyl -[err]-D-gl ucopyranosi de (85) A m xture of conpound 80
(300 ng) and conpound 60 (455.6 ng) is co-gyaporated with toluene and

di ssol ved in dichloronethane (6 m) under a 10 nitrogen atnosphere. After

addi tion of a 4A nol ecul ars$) tolde (L%t Yr fg) Si6§0@1 ssoived 2Bierr] C. After
stirring for 20 m nutes, tcﬂ%,%\(ﬁ'ﬁ g y(l trifl %Z)r onet hanesul phonate (15 nol %

relative to co £ (5. 24ded.anff bemikbubknytescetie atid U(2. 4 )5
neutral i zed wi t H‘aqueous sodi um hydrogen carbonate. After filtering off the

mol ecul&ar si eve, gpliengdtdZ B Hyarditleut(@d 3whilh dhepyof@eé hemey milshied with
wat er, concentrated and purified by chromatography on a colum of silica

gel, to give 560;0@ed®fatt orgum brPera?@rel CAfRer=sfiffingifoxa gel, 3/7 v/v
tol uene/ et hyl acetate. PREPARATI ON 74 Met hyl O (benzyl
2, 3-di - O net hyl -$ efitguizgl uohlrammetAanes phdr water) are (ddded] 4he O
(3-0O acetyl -2- O benzyl - 6- O net hyl - a- D- gl ucopyr anosy!l %-él[ err]4)-0O(benzyl
2, 3-di - O net hyl -¢eganic phase is separated out and washe successively

with 0.1N hydrochloric acid, aqueous sodium hydrogen

carbonate and water. The organic phase is concentrated

and purified by chromatography on a column of silica

10 gel to give 451 mg of compound 86.
TLC: Rf = 0.45, silica gel, 3/7 v/v toluene/ethyl

acetate.



L-si dopyr anosyl uronate) -(1[err]4) -2,3-di-0O benzyl-6-0C

nmet hyl -[err]-D- gl ucopyranosi de (86) 84 Conpound 85 (532.6 ng) is

di ssolved in pyridine (1.9 nm) and a m xture of acetic acid (2.4 m) and
hydr azi ne hydrate (0.3 m) in pyridine (1.9 m) is added at room
tenperature. After stirring for 5 9 mnutegg dichloronethane and water are
added. The organi c phase is separated out and washed successively wth 0. 1N

hydrochl oric acighpmtiaous Aitne@sisdoedeeCabhosatchartiavg®r. The organic
phase iss concentrated and purified by chronmatography on, a,colum of silica

10 gel to give 451 ng of conpound 86. TLC. Rf = 0.45, s\fi Caggel, 3/7 v/v
t ol uene/ et hyl acetate. 85 SCHEME 17 - Synthesis of t osacchari de 93
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PREPARATION 75

1,6-Anhydro-4-O-p-methoxyphenyl-z-O-tosyl-ﬁ-D-gluco-
5 pyranose (88)

A mixture of epoxide 87 (20 g, 67 mmol) (M.

Cerny et al., Collect. Czech. Chem. Commun, 1961, 26,

2542) and of p-methoxyphenol (33.3 g, 268 mmol) is

heated to 90°C under argon. When the mixture becomes
10 liquid, AlCl; (0.3 g, 2.35 mmol) is added portionwise

and, after stirring for 30 minutes and recooling to



[err] PREPARATI ON 75

1, 6- Anhydr o- 4- O p- net hoxyphenyl -2-O-tosyl-[err]-D-gluco- 5 pyranose (88) A

m xture of epoxide 87 (20 g, 67 mvol) (M Cerny et al., Collect. Czech.

Chem Commun, 1961, 26, 2542) and of p-nethoxyphenol (33.3 g, 268 mmol ) is

heated to 90[err] C under argon. Wen the niyxture becones 10 |iquid,

QBO [er[] (O.g g, 2. 35 nmmol ) is added portronwi se and, after stirring for
m nutes and r 0 t £hst fumis

dilutedwith dic ‘?or one éal(r)laetu(re?dot %)%Tﬁgg't@rsgﬁgggm% ?ﬁ dtirl et%cgwi??n ne

(0.5 m), washedy %ﬁﬁ{%ﬂi&é'\ﬂmdhﬂm hﬁéﬁe*aﬂfzé@wimntfﬂ@&xﬂé

saturat ed aqueous o) oride 5 solUtion (3 0 m), aqueous 10%
pot assi um hydr oggp sa!l phad 90l Wasked( %2 el hqaadugamr@wﬁummmm um
chl oride solution. The organic phase is then dried (sodium sul phate),

flt Ihtereddand congsNit Bdred(12ihenlnesisdttrias eduaizheeds byodiwei ghtatide from
e er an

5 solution (3 x 60 ml), agqueous 10% potassium hydrogen
sulphate solution (50 ml) and saturated aqueous sodium
chloride solution. The organic phase is then dried
(sodium sulphate), filtered and concentrated. The
residue is purified by precipitation from ether and

10 chromatography on silica, to give compound 88 (19.4 g,
69%) .
TLC: Rf = 0.37, silica gel, 6/1 v/v

dichloromethane/ethyl ether

15 PREPARATION 76
1, 6-Anhydro-4-0-p-methoxyphenyl-3-0-methyl-2-0-tosyl-B-
D-glucopyranose (89)
Methyl iodide (54 ml, 954 mmol) and silver
oxide (18.4 g, 79.5 mmol) are added to a solution of
20 compound 88 (3.36 g, 7.95 mmol) in dry N,N-
dimethylformamide (8 ml). After stirring for 16 h, the
mixture is filtered (Celitej, diluted with ethyl
acetate (300 ml), washed with water (3 x 100 ml), dried
{sodium sulphate), filtered, concentrated and purified
25 by chromatography on silica to give the derivative 89
(3.23 g, 80%).
TLC: Rf = 0.36, silica gel, 2/3 v/v cyclohexane/ethyl

ether



10 chromat ography on silica, to give conpound 88 (19.4 g, 69%. TLC R =

0.37, silica gel

6/ 1 v/v dichl oronet hane/ et hyl ether 15 PREPARATI ON 76

1, 6- Anhydr o- 4- O p- net hoxyphenyl - 3- O-met hyl - 2-O-tosyl -[err] - D-gl ucopyranose
(89) Methyl iodide (54 mM, 954 nmmol) and silver oxide (18.4 g, 79.5 mmol)
are added to a solution of 20 conpound 88 .36 g, 7.95 mmol) in dry N N
dinmethylformam de (8 m ). After stirring for 16 h, the mxture is filtered

(Celite), diIut
m), dr+ed (sodi

Acetate (300 m), washed with water (3 x 100
égﬁhf?éﬁs (

um filtered, concentrated and purified 25 by

chr omat ogr aphy of, glidiutd glys H&h@ﬁ?ﬁﬁ@h&!%% 43taPL D - CWlna T R -

0. 36, S|I|ca ge

10

15

20

25

v cyclo xane/ e
B -D-mannopyranose (90)

et her PREPARATI ON 77

Compound 89 (27.4 g, 62.7 mmol) is dissolved
in N,N-dimethylformamide (315 ml). Tetrabutylammonium
benzoate (341 g, 940 mmol) is then added and the
solution is maintained at 150°C for 3 h. After cooling.
to room temperature, the medium is diluted with ethyl
acetate (300 ml), washed with water until neutral,
dried and concentrated. The residue corresponding to
compound 90 is used directly in the following step.
TLC: Rf = 0.53, silica gel, 10/1 v/v

dichloromethane/ethyl ether

PREPARATION 78
1,6-Anhydro-4-0-p-methoxyphenyl-3-0O-methyl-f-D-manno-
pyranose (91)

Sodium methoxide (13.5 g, 250 mmol) is added
to a solution of the above crude residue 90 in
dichloromethane/methanol {540 ml, 1/1). After stirring
for 1 h, the reaction medium is diluted with
dichloromethane (500 ml)-ané then washed with aqueous
3% hydrochloric acid solution and water. After drying,
filtration and concentration, the residue is purified
on silica to give compound 91 (10.5 g, 59% over two
steps) .

TLC: Rf = 0.29, silica gel, 1/1 v/v toluene/ethyl ether



1,:6- Anhydr o- 4- O p- net hoxyphenyl - 3- O net hyl - 2- O benzoyl -

[ err]-D mannopyranose (90) Conpound 89 (27.4 g, 62.7 mmol) is dissolved 5
in N, N-dinethylformam de (315 m ). Tetrabutyl anmoni um benzoate (341 g, 940
mml) is then added and the solution is maintained at 150[err]C for 3 h.
After cooling to roomtenperature, the nedigmis diluted with ethyl acetate
(300 M), washed mﬁth mater until neutral, 10 dried and concentrated. The

resi due corresp gound 90 is used directly in the follow ng
step. TLC Rf |I|ca gel, 10/1 v/v dichl oromet hane/ et hyl ether 15
PREPARATI ON 78 _ b Q‘W&%-é 6-BefiB b04¥@ mét&:@pﬁﬂw -y -@y-metByIRNNO-
pyranose (91) SodlunlnethOX|de (13. O nmmol) 1s added to a sol ution of
t he aboVe crude grhﬁoae nghloronethane/nethanol (540 M, 1/1).
After stirring or e reaction mediumis diluted with dichloromethane

(500 M) and then vvashed Behlzyadqbeomsd8%{ 6y2lrmkhl S i< mawild sl wdded and
water. After drying, filtration and concentration, the residue is purified
25 on silica 8oty \ee scdugdond ofil cotpodng, 95998 of/eg, t3d. 6 mmol) in
N,N-dimethylformamide (180 ml), followed, at 0°C, by
addition of 95% sodium hydride (1.16 g, 48.4 mmol).
After stirring for 16 h, methanol (3 ml) is added at
0°C and the reaction mixture is diluted with ethyl
10 acetate (200 ml), washed with water, dried, filtered
and concentrated. The residue corresponding to compound
92 is used directly in the following step without
purification. However, an analytical fraction is

obtained after chromatography on silica.

15 [a]?, = -49 (¢ = 0.73, dichloromethane).

PREPARATION 80
1,6-Anhydro-2-0-benzyl-3-0-methyl-B-D-mannopyranocse (93)
The above crude compound 92 is dissolved in a

20 THF/water mixture (311 ml, 17/1) and ammonium cerium
nitrate (76 g, 138 mmol) is then added at 0°C. After
stirring for 30 minutes, fhé reaction mixture is
diluted with dichloromethane (1 1) and then washed with
aqueous 2% sodium hydrogen carbonate sclution, and then

25 with water. After drying, filtration and concentration,
the residue is purified on silica to give compound 93
(6.63 g, 72% over two steps).

[@]?°; = -68 (c = 1.02, dichloromethane).



steps). TLC. Rf = 0.29, silica gel, 1/1 v/v toluene/ethyl ether 88
PREPARATI ON 79 1, 6- Anhydr o- 2- O benzyl - 4- O p- net hoxyphenyl - 3- O net hyl -
[ err]-D mannopyranose (92) Benzyl bromde (6.2 m, 51.9 mvl) is added 5 to
a solution of conpound 91 (9.8 g, 34.6 mml) in N, N-dinethylformam de (180
m), followed, at O[err]C, by addition of %5’% sodi um hydride (1.16 g, 48.4
nmml ). After stirring for 16 h, nmethanol (3°m) is added at O[err]C and the

reaction mixture is dil ut ad iy gbhkha1048C84 b1 (@00 Baepahackan th

water, #€ried, filtered and concentrate e residue corresponding to
conpound 92 is 1 ' cf‘s% 1 de93f QkEBYIHg StEPa Wédwrti o Wddieiidd ON.
However, an analy éljc‘%}r{ raécc%hlalc;"lr:t |s@8bt ai ned a?ter chr onmat ograprgy“l on silica.

15 [[err]][err]sfmiid (o THht! 3ardichl euemebharks - nGIERARAE S R4
1, 6- Anhydr o- 2- O benzyl - 3-O-net hyl -[ err] - D- mannopyr anose (93)

from the monosaccharide 3.

SCHEME 18 - Synthesis of the nonasaccharide 96
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The above crude conpound 92 is dissolved in a 20 THF/ water mixture (311 m,
17/1) and ammonium ceriumnitrate (76 g, 138 nmmol) is then added at
O[err]C. After stirring for 30 mnutes, the reaction mxture is diluted
wit h di chl oronet hane (1 1) and then washed w th aqueous 2% sodi um hydr ogen
carbonate solution, and then 25 with water  After drying, filtration and
concentration, the residue is purified on gPIica to give conmpound 93 (6.63

g, 72% over two g#ﬁ%ﬁ?%ﬁ#éﬁ”éi][err] = -68 (¢ = 1.02, dichloronethane).

89 The nonasacch elow is prepared fromthe nonosacchari de 93

R e R St
nonasacthari de 9§1{&5g4ranosyl) - (1-»4) -0- (2,3, 6-tri-O-methyl-p-D-
glucopyranosyl) - (1>4) - [0-(2,3,6-tri-O-methyl-a-D-
5 glucopyranosyl) - (1->4)-0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl) - (1->4)1,-1, 6-anhydro-3-0-methyl-B-D-
mannopyranose (95)
54 Pd/C (109 mg) is added to a solution of
compound 94 (759 mg, 0.36 mmol) in a dichloro-
10 methane/t-butanol mixture (3.3 ml, 1/2). After stirring
for 16 hours at 10 bar and at 55°C, the mixture is
filtered and concentrated. Compound 95 is used in the

following step without purification or

characterization.
15

PREPARATION 82

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

glucopyranosyl) - (154)];-1,6-anhydro-2-0-benzoyl-3-0-

methyl-B-D-mannopyranose (96)

Benzoyl chloride (62 ul, 0.54 mmol) and
dimethylaminopyridine (9 mg, 0.073 mmol) are added to a

25 solution of compound 95 (726 mg, 0.36 mmol) in
anhydrous pyridine (5.4 ml). After stirring for 2 hours

at 60°C, the same amount of benzoyl chloride is added



90 PREPARATI ON 81 O-(6- O Benzoyl -4-0O | evul i noyl -2, 3-di - 0- net hyl - a- D-

gl ucopyranosyl) - (1[err]4) -O (2,3,6-tri-Onethyl-[err]-D

gl ucopyranosyl) - (1f[err]4) - [O (2,3,6-tri-Onethyl-[err]-D 5
gl'ucopyranosyl) - (1[err]4) -O (2,3,6-tri-Onethyl-[err]-D

gl ucopyranosyl) - (1[err]4)][err]-1, 6-anhygfo-3-O-nethyl-[err]-D

mannopyr anose (95) 5% Pd/C (109 ng) is added to a solution of conpound 94
(759 ng,  0.36 gH@|) aftelr H ALAHEESD- tHE SELDEIE t {Butadidentrdte® (3.3
m, 1/2). After stirring for 16 hours at 10 bar and at 55 err]C, the
mxture is filtefgd PEGiGQECEN! falt&tl. ufCoip adivh Hrdretigek | waddhed ettt ng
step . wthout purification or characterization. 15

PREPARATI ON 82 Qufrteéudenzoyl - 4obakeytimi nbyldradgandi sQlphiahyl - [sylndtilon,

gl ucopyranosyl) - (1f[err]4) -O (2,3,6-tri-Onethyl-[err]-D

gl ucopyranosyl ) aq@ddesrl¥) sediGm bRdBpGenr catbonbhygl spéutjiod- apd then

gl ucopyranosyl) - (1[err]4) -O (2,3,6-tri-Onethyl-[err]-D

gl ucopyr anosyb) watefer (I | pegahice, dhaseydis- Xl@medrdpd over sodium

sulphate, filtered and then concentrated. The residue
is then purified on silica to give compound 96 (684 mg,

90% over two steps).

TLC: Rf = 0.5, silica gel, 1/1 v/v toluene/acetone



met hyl -[ err] - D- mannopyr anose (96) Benzoyl chl ori de

benzoyl chloride is added 91 and, after ¢35 m nutes,

concentrated, the residue is taken up in dichloronethane,

(62 [err]l,
nmol ) and di net hyl am nopyridine (9 ng, 0.073 mmpl) are added to a 25
solution of conpound 95 (726 ny, 0. 36 nmmol) i n anhydr ous pyridine
(524 m). After stirring for 2 hours at 60[err]C, the sanme anount of
the solution is

washed wi th

aqueous 10% pot aggjrif Ny 6" O0GPn SR PNAISE $QleiopRsadenaelde289sodi um
hydr ogen carbonate solution and then 5 water. The organic phase is then

dried over sodium sul phate, filtered and t®en concentrated. The residue is
then purified on silica to give conpound 91 (684 ng, 90% over two steps).

TLC. Rfi"= 0.5, silica gel, 1/1 v/v tol uene/jacet one 92
P :“%we B0 é““;o: SN O™
o> e DY Tome Sg2 N0 (o> OMeg o oa:
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PREPARATION 83

2

0.54

10

0- (6-0-Benzoyl-4-0-levulinoyl-2,3-di-O-methyl-a-D-
glucopyranosyl) - (1-54) -0-(2,3,6-tri-O-methyl-f-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) - (1>4)] 3-1,' 6'-ai-0-acety1-2-0—benzoy1-3-

O-methyl-a, -D-mannopyranose (97)

Compound 96 (657 mg, 0.31 mmol) is treated with
a mixture of acetic anhydride (4.5 ml), acetic acid
(100 pl) and trifluoroacetic acid (0.19 ml) as in

Preparation 23. After chromatography on a column of



SCHEME 19 - Synthesis of the nonasaccharide 99 [err] O

(6- 0O Benzoyl-4-Olevulinoyl-2,3-di-Onethyl-[err]-D 5

gl ucopyranosyl)-(1[err]4) -0O(2,3,6-tri-Onmethyl-[err]-D glucopyranosyl)-
(Herr]4)-[0(2,3,6-tri-Omethyl-[err]-D glucopyranosyl) -
(1[err]4)-0(2,3,6-tri-Onethyl-[err]-D- gbyicopyranosyl)
-(1[err]4)][err]-1, 6-di-0O acetyl-2-0 benzoyl-3- O nethyl

-[err],[err]-D r AR0S 0 432 Cogppungs Hraiihy, ng, 0.31
mmol) is treat egga%qt%%yg m'x%&&g)@gflaaggt i(csanﬂ?/'dri de (4.5 m%, acetic acid
(100 [err]l) and trifluoroacetic, K acid_ (0.19 nl) f\s i n Preparation 23.
After chromat ogrEghy R = Cdlumsidica ged, st icw/ geto REFFSE (432 ny,
9299 is“obtained. TLC. Rf = 0.53, silica gel, 1/1 v/v tol uene/ acetone
PREPARATI ON 84 QxEpxRAtaonnds4 4- O levulinoyl-2,3-di-Onethyl-[err]-D 5
gl ucopyranosyl) - (1f[err]4) -O (2,3,6-tri-Onethyl-[err]-D
gl ucopyr anosyl ) 6- (6{®BdnBoyl {450-12valanbyl - D, dedhy0-fhethyl {3-D-
gl ucopyranosyl) - (1[err]4) -O (2,3,6-tri-Onethyl-[err]-D
5 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-B-D-
glucopyranosyl) - (1-4)1;-6-0-acetyl-2-0O-benzoyl-3-0-

methyl-a, f-D-mannopyranose (98)

10 A solution of compound 97 (382 mg, 0.17 mmol)
and of benzylamine (736 pl, 6.74 mmol) in THF (6 ml) is
stirred for 5 hours. The mixture is then poured onto
ice and, after extraction with ethyl ether, the organic
phase is washed successively with 3% hydrochloric acid

15 and water, dried and concentrated. After chromatography
on a column of silica gel, compound 98 (241 mg) is

obtained.

TLC: Rf = 0.37, silica gel, 6/2/2 v/v/v toluene/ethyl

acetate/ethanol
20 PREPARATION 85

O- (6-0-Benzoyl-4-0-levulinoyl-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-tri-O-methyl-oa-D-
glucopyranosyl) - (1->4) -0-(2,3,6-tri-O-methyl-p-D-
25 glucopyranosyl)-(1->4)];-6-0-acetyl-2-0-benzoyl-3-0-

methyl-a, f-D-mannopyranose trichloroacetimidate (99)



gl-:ucopyranosyl)-(1[err]4)][err]-6-0 acetyl - 2- O benzoyl -3-0

methyl -[err],[err]-D nmannopyranose (98) 10 A sol ution of conpound

97 (382 ng, 0.17 mmol) and of benzylamine (736 [err]l, 6.74 mmol) in THF (6
m*) is stirred for 5 hours. The m xture is then poured onto ice and, after

extraction with ethyl ether, the organic phgse is washed successively wth

3% hydrochloric acid 15 and water, dried and concentrated. After

chr omat ography on a col gxg}_%o?d?lc%ﬁ?%%nf@gnpq};edﬁg? gggt}’g@dﬁaomﬁl ned.

TLC. Rfi"= 0.37, silica v tol uene nol

PREPARATI ON 85 Qéésﬁ@eeafménété) '(Q%Ufn?ﬂoﬂrez , addba OcBeldhybol€¥1dn Dot
gl ucopyranosyl) - (1l[err]4) - Onethyl-[err]-D

gl ucopyt anosyl) corgdwrd |98 t2410mg£)2 ih @idHIdRoRithrne] e(lzrlz Bl). After

gl ucopyranosyl) - (1[err]4) -O (2,3,6-tri-Onethyl-[err]- 25
gl ucopyr anosyl ) -gtliefirdt) | fekr ] - b-Kd@meet yiched O herzayé - 3- ﬁ filtered,
methyl -[err],[err]-D nmannopyranose trichl oroaceti mdate (99) 94

5 concentrated and the residue is chromatographed on a
column of silica gel to give the imidate 99 (221 mg,

56% over two steps).

TLC: Rf = 0.19, silica gel, 3/2 v/v cyclohexane/acetone



Trd chl oroacetonitrile (57 [err]l, 0.56 mol) and caesium carbonate (58
ng) are added to a solution of conpound 98 (241 ny) in dichloronethane (2.2
m). After stirring for 1 hour, the mxture S filtered, 5
concentrated and the residue is chromatographed on a colum of silica gel
to give the imdate 99 (221 ny, 56%overEx'tg steps). TLC. Rf = 0.19, silica
gel, 3/2 v/iv cycl ohexane/ acet one LE 1 Methyl

0-(2,3,4,6-tet rgx_gnﬁ pho- a- D- gl ucopyr anosyl ) -

(1[err]4)-0O (2, tri-0Osul pho-[err]-Dgl ucopyranosyl) (1[err]4) O
3,6-tri-0Osul pho L]err] Dglucopranosyl) err &3

- O et hyl - 6- MetkBho- [ Q14284 c&WF&nBSW% °(%t%r$}'ﬁ°}° ran“Yl"

, 3

2
5§18 Mt th B S BB - o
i - Oget hyl - OEJ Yikph [gﬂ?]'g ‘bf%‘@'ﬁ%lﬂ})‘ﬁﬁ*%%ff%@- LZ}—LB %1(22 3.
AE RO AR IR B

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

(2,3,6-tri-0O-methyl-c-D-glucopyranosyl) - (1>4) -0-
(2,3,6-tri-O-methyl-p-D-glucopyranosyl) - (194)]3;-0-(2,3-
di-O-methyl-6-0-sulpho-a-D-glucopyranosyl) - (1—>4) -0-

10 (2,3-di-O-methyl-p-D-glucopyranosyluronic acid)-(1-4)-
0-(2,3,6-tri-0-sulpho-a-D-glucopyranosyl) - (1->4) -0-
(2,3-di-O0-methyl-a-L-idopyranosyluronic acid)-(1—>4)-3-
O-methyl-2,6-di-0O-sulpho-a-D-glucopyranoside, sodium
salt (I)

15 The hexadecasaccharide 46 (34 mg, 11 umol) is
dissolved in N,N-dimethylformamide (1 ml). Sulphur
trioxide/triethylamine complex (180 mg, 0.89 mmol) is
added and the mixture is stirred at 55°C for 20 hours.
Triethylamine/sulphur trioxide complex (5 mol/mol

20 hydroxyl function) is added to a solution in
N,N-dimethylformamide (5 mg/ml) of the compound to be
sulphated. After 1 day at 55°C, the solution is placed
at the top of a Sephadex® G-25 column (1.6 x 115 cm)
and eluted with 0.2M sodium chloride. The fractions

25 containing the product are concentrated and desalified
using the same column eluted with water. Compound I

{47 mg, 87%) is obtained, after freeze-drying, as a



(2, 3-di -0-nethyl -a-L-idopyranosyluronic acid)-(1[err]4)-3-

O net hyl - 2, 6-di - O sul pho- a- D- gl ucopyr anosi de, sodiumsalt (1) 15
The hexadecasaccharide 46 (34 ng, 11 [err]nmol) is dissolved in
N,*N- di met hyl formam de (1 nl). Sul phur trioxide/triethyl am ne conpl ex

(180 ng, 0.89 mml) is added and the mixtyre is stirred at 55[err]C for 20
hours. Tri et hyl am ne/ sul phur trioxide conpl ex (5 nmol /ol 20 hydr oxyl

functi on) I's wﬁgg%dpo& eﬁgt E%pdo%; Ofks i%aNJ N @ EQ&? formam de (5 ng/m)

|
of the compound e“sul'p ter 1 day at 55[err]C, the solution is
pl aced at the top of a Sephadex[err] G 25 colum (1.6 x 115 cm and el uted
wi th 0.2M sodi uBKAMPBE| de. The fractions 25 containing the product are
concentfated and desalified using the sanme columm eluted with water.

Conpound | (47 pEehPI?N ic- @Oi33i4)8d tedbheD-BUEPHS- A D i glucoPyPanosyl) whi t e
powder. [[err]][err] = +65 (¢ = 1. 0 water). EXAMPLE 2 Met hyl
O (2, 3, 4, 6-t et r 110 s @h2 [Xre]t3-g-snlphoanebyglucopyranosyl) - (1->4) -
5 0-(2,3,6-tri-0-sulpho-f-D-glucopyranosyl) - (1->4) -0-(2,3-
di-O-methyl-6-0-sulpho-a-D-glucopyranosyl) - (1>4) -0-
(2,3,6-tri-O-methyl-f-D-glucopyranosyl) - (1->4) - [O-
(2,3,6-tri-O-methyl-a-D-glucopyranosyl) - (1—>4) -0~
(2,3,6-tri-O-methyl-p-D-glucopyranosyl) - (1-4)]3-0-(2,3-
10 di-O-methyl-6-0-sulpho-a-D-glucopyranosyl) - (1—>4)-0-
(2,3-di-0-methyl-p-D-glucopyranosyluronic acid)-(1-4)-
O- (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)-3,6-di-0-methyl-2-0-sulpho-a-D-glucopyranoside,

15 sodium salt (II)
EX2AMPLE 3

Methyl 0-(2,3,4,6-tetra-0-sulpho-a-D-glucopyranosyl) -
(1>4) -0-(2,3,6-tri-0-sulpho-a-D-glucopyranosyl) - (1—>4) -
0-(2,3,6-tri-0-sulpho-B-D-glucopyranosyl) - (1->4) -0-(2,3-

20 di-O-methyl-6-o-sulpho-a-Djglucopyranosyl)-(1—94)-0-
(2,3,6-tri-o-methyl-B-D-giucépyranosyl)-(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)]3-0-(3-0-
methyl-2, 6-di-0-sulpho-o-D-mannopyranosyl) - (1-4) -0-

25 (2,3-di-0-methyl-B-D-glucopyranosyluronic acid)-(1->4)-
0- (6-0-methyl-2,3-di-O-sulpho-a-D-glucopyranosyl) -

(1->4) -0-(2,3-di-O-methyl-a-L-idopyranosyluronic acid)-



(Mferr]d) -O (2,3,6-tri-0Osul pho-[err]-Dglucopyranosyl) - (1[err]4) - 5
O(2,3,6-tri-0Osul pho-[err]-Dglucopyranosyl) -(1l[err]4)-O (2, 3-

di - O et hyI 6- O sul pho-[err]-D-gl ucopyranosyl) - (1[err]4) -O

(2, 3,6-tri-Omethyl-[err]-Dglucopyranosyl) - (1[err]4) - [O
(2,3,6-tri-Onmethyl-[err]-D-glucopyranosylg,- (1[err]4) -O

(2,3, 6- tr -Onethyl-[err]-Ddl ucopyranosyl% -(1[err]4)][err]-O (2,3- 10
di - G- net hyl - 6- O Oglét 1310 BEpho-al-bl-glukébyr&hoside,
(2, 3-di «O net hy I( _g??]ség*%%%ogrgn%% ur oni (?hoam d) - (1[e%’¥] 4) -

O (6- O net hyl - 2 I rr]-D- gl ucopyranosyl) -

(1[err]4)-0(2,3 &ﬁu#%qgﬁggg?r] L-i dopyranosyluronic acid)-
(1[err]4)-3, 6-di - O net hyl -2- O sul pho-[err]-D-glucopyranosi de, 15 sodi um
salt (11) EXANPWW

O (2,3,4,6-tetra-O sul pho-[err]-D-glucopyranosyl)- (1[err]4)-0

(2,3, 6- tr| O sulmytmyfler r ] 0B 2} cops+ atosaH0- swmpq-m)gl@copyranosyl)-
(2,3,6-tri-0Osul pho-[err]-D-glucopyranosyl) - (1[err]4) - g 3- 20

di - O net hyI esocﬂ»pmeopéan;,o-grm@muw-)n-gl(uqommpsy (1->4) -
(2,3,6-tri-Omethyl-[err]-Dglucopyranosyl) - (1-+ -

(2,3,6-tri-0- rnﬂOnN2&3451yrdc@pyﬂéng9yB)D giqfeﬁyqaeos )-(1-*4)-0-(2'3'
(2,3,6-tri-Onmethyl-[err]-D gl ucopyranos err err].- (3-0O
met hyl - 2, 6-di - o@ﬂqrmf-t[bé'rh-]s-9-ﬁaﬁaasyﬁaﬁos}wé?i&f%?ﬁl1%’['CH’Z&S}'°‘
(2,3-d- thyI err Dglucopr onlc acid (1 errld).

0 (6.0 ot hyl 5, A+ G i rarb T Pobop hepprastest - 154 Y-

(2,3,G-tri-o-methyl-a-D-glucopyranosyl)-(1—94)-0-

10 (2,3,6-tri-O-methyl-B-D-glucopyranosyl)-(1—>4)]3;-0-(3-0-
methyl-2, 6-di-0-sulpho-a-D-mannopyranosyl) - (1->4) -0-
(2,3-di-0-methyl-B-D-glucopyranosyluronic acid) - (1->4) -
0- (6-0-methyl-2,3-di-0-sulpho-a-D-glucopyranosyl) -
(1>4) -0- (2,3-di-O-methyl-a-L-idopyranosyluronic acid)-

15 (1—4)-3,6-di-0O-methyl-2-0-sulpho-a-D-glucopyranoside,

sodium salt (IV)
EXAMPLE 5

Methyl 0-(2,3,4,6-tetra-0-sulpho-a-D-glucopyranosyl) -
(1~>4)-0-(2,3,6-tri-0-sulpho-a-D-glucopyranosyl) - (14) -
20 0-(2,3,6-tri-0O-sulpho-f-D-glucopyranosyl) - (1—4)-0-(2,3-
di-0-methyl-6-0-sulpho-o-D-glucopyranosyl) - (1->4) -0-
(2,3,6-tri-O-methyl-p-D-glucopyranosyl) - (14) - [O-
(2,3,6-tri-0-methyl-0-D-glucopyranosyl) - (1—>4) -0-
(2,3,6-tri-0-methyl-B-D-glucopyranosyl) - (1>4)]1;-0-(2,3-
25 di-O-methyl-6-0-gsulpho-a-D-glucopyranosyl) - (1—>4) -0-
(2,3-di-0-methyl-p-D-glucopyranosyluronic acid)-(1->4)-

O- (6-O-methyl-2,3-di-0-sulpho-a-D-glucopyranosyl) -



rj]4)-0(2,3-di-0-methyl-[err]-L-idopyranosyluronic acid)- 97
r]4)-6-0 nethyl -2, 3-di -0 sul pho-[err]-D gl ucopyranosi de, sodi um salt
EXAMPLE 4 Met hyl

4,6-tetra-O sul pho-[err]-D-glucopyranosyl)- 5 (1[err]4) -O
trl-OsuI pho-[err]-D-glucopyranosylgg -(1[err]4) -

6-tri-Osul pho-[err]- Dglucopyranosyﬁ) (1[err]4)-0O (2, 3-
thyl - 6- CHEU+PFQDLf§I& =ths MGG ARA: dLuLiLQHE%?}aﬁbsyluronlc
tri-O nethy err

t

t

2,

NN

— R

N —reree
NWN—D D
-~ = =

clee)

3,
6-
131

Q

D gl ucopyr anosyl err

ri - O metgylay [-qacda P 8] 6100 atmwl)- 2~ of- Buephbd-pO- 10
ri-Onmethyl-[err]-Dglucopyranosyl -(1[err]4)][err]-O (3-C

6- di - Og&hﬂdéﬁ?rbﬂbb]id@‘ nesaLENr eaDey(Y) - (1l[err]4) -O
di Omathyl [err]-D-glucopyranosyluronic acid)-(1[err]4)-

- O net hyl -2, 3-di O h -D-gl |

}rj? O (2,5 H\%ﬁs REreRrte oo RHAES o o a5 Prigeres
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tetrasaccharide with the appropriate nonasaccharide and
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then coupling with the trisaccharide 41 or 43 (as
described in Preparations 36 or 38), followed by the

usual deprotection and sulphation reactions.

10 In the case of Example 2, the tetrasaccharide
used is the one described in Preparation 55 (compound
62) and the nonasaccharide used is the one described in

Preparation 25 (compound 27).

In the case of Example 3, the tetrasaccharide
15 used is the one described in Preparation 74 (compound
86) and the nonasaccharide used is the one described in

Preparation 85 {compound 99).

In the case of Example 4, the tetrasaccharide
used is the one described in Preparation 55 (compound
20 62) and the nonasaccharide used is the one described in

Preparation 85 (compound 99).

In the case of Example 5, the tetrasaccharide
used is compound 68 and the nonasaccharide used is the

one described in Preparation 25 {(compound 27).
25 TABLE 1

H-NMR (D,O0, 4.80 ppm) & of H-1 protons (ppm):



(lferr]4)-0 (2,3,6-tri-Osul pho-[err]-D-glucopyranosyl) - (1[err]4) - 20

0- (2,3,6-tri-0Osul pho-[err]-Dglucopyranosyl) -(1l[err]4)-0 (2, 3-

di - O net hyl - 6- O sul pho-[err]-D- gl ucopyranosyl)-(1[err]4) -O

(2,3,6-tri-Omethyl-[err]-Dglucopyranosyl) - (1[err]4) - [O

(2,3,6 tr| O et hyl -[err]-D-gl ucopyranosyl hg- (1[err]4) -O
-Onethyl-[err]-Dglucopyranosyl) -(1[err]4)][err]-O (2,3- 25

hyI ho-L qggu{ Yol (1[err]4)-O

,3 i -0 met hylﬁlFJé?rP- De%ﬁ%%([%gérwanosy n| c acid)-(1[err]4)-

O (6-0Onethyl -2, 3-di - O sul pho-[err] -D-glucopyranOSé - 98

(1[err] )-C}(3 Cyﬂ%¥h¥$ 2- %?%&n%ﬁﬁh[n9q1rq_wq&6§yﬁa osyl uroni ¢ aci d)

-(1[err]4) -3,6Fdr= C}HEInyL Z-Osurpng-1{err]-or copyranogi de, sodi U

salt (V) The coppeunds of Erzmaber 2 Y exAMeeEe 3P| EXAMPLES 41 N EXZNPUR &

manner by coupl | } 1 ;

nonasacchari de and then coupling withjt tri sacqharide 41 0 43 (as
described in Pregarations 3§'hB 38), f&l%gwed by Eﬁ @ usual Tiﬁection and

sul phati on reacfrons. 10 I'n fhe case of [Exanple 2, the

tetrasacchari de| 2 4.93 5.02 5.02 4,93
3 5.37 5.41 5.43 5.37
5 5.49 5.57 5.48 5.57
6 4.66 4,71 4.65 4.70
7, ¢, 11 5.67 5.67 5.68 5.67

4, 8, 10, |4.39-4.49 |4.39-4.49 |4.37-4.47 |4.39-4.39

12

13 5.61 5.61 5.60 5.61
14 4.8 4.94 4.93 4.93
15 5.59 5.59 5.59 . 5.59

16 5.69 5.69 5.69 5.68




used is the one described in Preparation 55 (conmpound 62) and the
nonasacchari de used is the one described in Preparation 25 (conpound 27).
In the case of Exanple 3, the tetrasaccharide 15 used is the one descri bed
im Preparation 74 (conpound 86) and the nonasaccharide used is the one
described in Preparation 85 (conpound 99) 54hn the case of Exanple 4, the
tetrasaccharide used is the one described in Preparation 55 (conpound 20
62) and the nonggagghanii de used is the one described in Preparation 85
(conpound 99). In the case of Exanple 5, the tetrasaccharide used is
conpound 68 and & he nonasagcharide used is the one, described & Pr egar ation
25 (conpound 27)'Negatixg F1on| £193EIQR EBFEYr | FRUEB-Phn) ([ég /] BRSEL 1

protons (ppm :

9 Unit 1 = unit with reducing end Unit 16 = unit with
non-r educi ng end

EXAMPLE 2 EXAMPLE 3 EXAMPLE 4 EXAMPLE 5

EXAMPLE formula calculated found

2 Ci125H2240128815 4304.1 4304.5
3 C129H2200134517 4436.2 4436.2
4 C128H2220131816 4370.1 4370.4
5 C128H2220131516 4370.1 4370.5




1. 5.08 4. 68 5. 07 5.08 2 4.93
5.02 5.02 4.93 3 5.37 5.41 5.43
5.37 5 5.49 5. 57 5.48 5.57 6 4. 66
4.-71 4. 65 4.70 7, 9, 11  5.67 5. 67 5.68
5.67 4, 8, 10 3 4.39-4.49 4. 37- 7 4. 39 4 3

5. 61 ST 551 14T BoifrRds/09044
4.93 4 93 15 5.59 C£§€H? 5 59 5.59 16
5. 69 : 5. 69 5. 69 5. 68 0 TABLE Il "Negative ion
el ectron spray ionization" (ESI) mass net hod EXAMPLE formul a
cal cul at ed If.ound ZSYnt etic P°1YS€¥@h${+ﬂ%r¥§C}%%¢}QJ§F¥T and 3phe |
4304.5 3 Cerr]lHerr] errLS err 436. 2 4436. 2 4
C[err]H[err]C{eE#$gF@ppptlcgg Y ficceptabligy®adts thereof the anionic

form of which corresponds to one of the formulae (I) to

5 (V) below:

| RER R



5. Cerr]Herr]err] S[err] 4370.1 4370.5 101
CLAI M5 1. Synt heti c pol ysaccharide in acidic formand the
pharmaceutically acceptable salts thereof, the anionic form of which
corresponds to one of the formulae (1) to 5 (V) bel ow 102 Active
structures of the invention [err] 103 [l%rzr]

Active structures of the invention
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104 2. Pol ysaccharide according to Claim 1, in the formof sodium
or potassiumsalt. 3. Pol ysacchari de according to either of ains 1
and 2, of formula: nmethyl O (2,3,4,6-tetra-O sul pho-[err]- 5

D--gl ucopyranosyl) - (1[err]4)-O (2,3,6-tri-Osul pho-[err]-D

gl ucopyranosyl) - (1[err]4) -O (2,3, 6-tri1-og>sul pho-[err]-D

gl ucopyranosyl) - (1[err]4) -O (2,3-di-Onethyl-6-0sul pho-[err]-

D- gl ucopyranosyl) - (1[err]4) -O £2,3,6-tri-Onetdqyl-[err]-D

gl ucopyranosyl) - (1[err]4) - [Oj , 3,6-tri-Onettyl -[err]-D 10

gl ucopyranosyl) - (1[err]4) -O (2Foj-tri- O nethy? cgrr]-l}

gl ucopyranosyl) - (1[err]4)][err§- 2, 3-di - O ndt 6- O sul pho-
[err]-D gl ucopyranosyl) - (1[err]
gl ucopyranosyl uronic acid) - (1]
a- D-gl ucopyranosyl) - (1l[err]4) -O¥¢6
i dopyr anosyl uronic acid) - (1[eN

: ( ) -3-Onethyy 2, 6-di -O
sul pho- a- D- gl ucopyr anosi de, sodi ugi alt. 4, gg %maceutl cal

2,
14
| t
conposi tions cont ai ni ng, as atg) _%S"pri nci pl e, gg'ysacchari de
according to any one of Cains 1 §o In the for%a salt with a 20
n
g

O (2, 3-di- dwyl-[err]-D
-O (2,3, 6°¢18 -0 sul pho-
3-di-O-nmethyfeferr]-L- 15

1,
Bhte

phar maceuti cal | y accept abl e base acidic for n conbi nation or as a

m xture with an inert, non-toxic, :.
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pharmaceutically acceptabl e excipient. 5. Phar maceutical conposition
according to Caim4, in the formof dosage units, in which the active 25
principle is mxed with at | east one pharmaceutical excipient. 6.
Composition according to Caim5, in which each 105 dosage unit contains
fromO.1 to 100 ng of active principle. 7. 0 Conposition according to
Claim6, in which each dosage unit contai n8°%rom 0.5 to 50 ng of active 5

principle. 8. 9 Use oi,olfxgg%%lﬁ%ﬁlc riaq:% Qﬁg?‘ﬁdiggatcﬁoﬁq“ﬁi 5 1;40 3ie for

the preparation 6f a nedic 'S useru 0gi €3 associ at ed

W th a CoaQUEGEkPdexgéﬂgﬁt6fﬁkgéééséhm salt Use of a polysaccharide
to 3, fort

according to Cains 1 preparation of a nedicine which is

useful i'n the treatnent and prevention of cardiovascular and ,
cerebrovascul ar 3-syst enPolysaeckrride ag¢epriinmnpdl péither of Claims 1

and 2, of formula: methyl 0-(2,3,4,6-tetra-O-sulpho-o-
5 D-glucopyranosyl)-(1—4)-0-(2,3,6-tri-O-sulpho-a-D-
glucopyranosyl) - (1-4)-0-(2,3,6-tri-O-sulpho-f-D-
glucopyranosyl) - (154) -0- (2,3-di-O-methyl-6-0-sulpho-a-
D-glucopyranosyl) - (1->4)-0-(2,3,6-tri-O-methyl-p-D-
glucopyranosyl) - (154) - [0-(2,3,6-tri-O-methyl-a-D-

10 glucopyranosyl)-(1—>4)-0-(2,3,6-tri-O-methyl-p-D-
glucopyranosyl) - (1-54)]3-0-(2,3-di-O-methyl-6-0-sulpho-
o-D-glucopyranosyl) - (1-54) -0- (2,3-di-0O-methyl-B-D-
glucopyranosyluronic acid)-(1->4)-0-(2,3,6-tri-O~sulpho-
a-D-glucopyranosyl) - (1-24)-0-(2,3-di-O-methyl-a-L-

15 idopyranosyluronic acid) - (1—2>4) -3-0O-methyl-2,6-di-0-

sulpho-a-D-glucopyranoside, sodium salt.

4. Pharmaceutical compositions containing, as
active principle, a polysaccharide according to any one
of Claims 1 to 3 in the form of a salt with a
20 pharmaceutically acceptable base or in acidic form, in
combination or as a mixture  with an inert, non-toxic,

pharmaceutically acceptable excipient.

5. Pharmaceutical composition according to Claim
4, in the form of dosage units, in which the active
25 principle is mixed with at least one pharmaceutical

excipient.

6. Composition according to Claim 5, in which each

Yy




di-sorders associated with arteriosclerosis and with 15 diabetes, or
t hronboenbol i ¢ di sorders associated with rethronbosis after thronbolysis,
with infarction, with denentia of ischaemc origin, with peripheral

arterial diseases, W th haenodi al ysi s or W th auricul ar
fibrillations, or alternatively during th 0l,[gse of 20 aorto-coronary bridge
vascul ar prostheses. 10. Use according o Caim9, characterized in

that the medicings prepared are_ used i e prevepfi red r ;
t hr omboenbol i ¢ gf“é@?ﬁ?es.‘micf]. °°n€"i‘k‘gs ;kcllc%“r di'aﬁg tgéooi;?dr)n“fo,%%cggregé?%rized

in 25 that the negj%;nﬁikprepared are used in the prevention or treatnent
of unstable angﬁﬁ:, §§)o'es, restenosi s 106 after angiopl asty,

endarterectomy or the installation of endovascul ar prostheses, .
7. Composition according to Claim 6, in which each
dosage unit contains from 0.5 to 50 mg of active

5 principle.

8. Use of a polysaccharide according to Claims .1
to 3, for the preparation of a medicine which is useful
in pathologies associated with a coagulation

dysfunction.

10 9. Use of a polysaccharide according to Claims 1
to 3, for the preparation of a medicine which is useful
in the treatment and prevention of cardiovascular and
cerebrovascular system disorders, thromboembolic
disorders associated with arteriosclerosis and with

15 diabetes, or thromboembolic disorders associated with
rethrombosis after thrombolysis, with infarction, with
dementia of ischaemic origin, with peripheral arterial
diseases, with haemodialysis or with auricular
fibrillations, or alternatively during the use of

20 aorto-coronary bridge vascular prostheses.

10. Use according to Claim 9, characterized in that
the medicines prepared are used in the prevention or

treatment of thromboembolic diseases.

11. Use according to Claim 10, characterized in
25 that the medicines prepared are used in the prevention
or treatment of unstable angina, strokes, restenosis

—_—
—_—
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106
after angioplasty, endarterectomy or the installation

of endovascular prostheses.
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CONTAINING SAME

{54) Titre: POLYSACCHARIDES DE SYNTHESE, PROCEDE POUR LEUR PREPARATION ET COMPOSITIONS PHARMACEU-
TIQUES LE CONTENANT

(57) Abstract

~ The invention relstes to synthétic polysaccharides in an acid form and their pharmaceutically acceptable salts, the snionic form of
which complies with one of the formulas {I) to (V) described. in claim 1, Said polysaccharides can be used in the trestment of diseases
linked to coagulation disorders.

(57) Abrégé
La présente invention conceme des polysaccharides de synihdse scus forme acide et leurs sels pharmaceutiquement acceptabies, dont

£

1a forme snionigue répond i F'une des formules () A (V) définies & Ia revendication 1. Ces polysaccharides sont utilisables dans e traitement
de pathologies dépendantes d'un dysfongiionnemem de la coagulation.




