; e3ewf f g<nol hwewTw wl<~- | L; ~~i ?2 ~W_) W1 "'r"1¢t.t Mﬁ>99/ @44
{h%f9~'repa ati‘on and

PCiN¥-R99/ 00044 Synt heti c pol ysacchari des, process for
conpositions containing them The present invention rel ates

s pgprnaceutica
" t8 novel 5 synthetic polysaccharides which have the anticoagul ant and
activities of heparin. Heparin belongs to

art i t hronboti ¢ phar macol ogi ca
the famly QP gbygggqginoglycans (GAGs), which are heb&&?@%@%??%oﬁq nat ur al
sul phat ed po ysaécharldes. Heparin preparations are m xtures of chains

conprising a nuﬁbggneﬁe@eogaigba&ﬁsﬂa&% paogkag fe@medQ iyp to 100 or
nore. This nolecular size hetefogeneity 1s acconpanied by a structural 15
het er ogenei t yragat883bHSanat pRALMatBELtNALYUN Bofibokh@i608S Idontining
nonosacchari des but also the substituents they bear (L. Roden in: "The

Bi ochem stry of d ycoproteins and d yenaan nogl ycans”, edited by Lennarz
WJ., Pl2num Press, New York and London, 257 20 371, 1980). Each famly of
nat ural GAGS gener al | fheapraseangénobnphanneedkdagiscalo actvadi ties. All are

conbined in the preparations which can be obtained from natural products.
Thus, fob exgnpherihepaliysscahdrhdpar ahi2b selvphabhes dndie gt hr onbotic

activity which is assocciated wth sinultaneous action on several
coagul at i onafdceotsthrenbpticspiarmgcodoggcal acgivities of

heparin.
Heparin belongs to the family of

glycosaminoglycans (GAGs), which are heterogeneous

10 natural sulphated polysaccharides.
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

Hlllllﬂlll!!ﬂllﬂllﬂll!llﬂ"lﬂlm

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 o¢of natural GAGs generally has a

range of pharmacological activities. All are combined
in the preparations which can be obtained from natural

products. Thus, for example, heparins and heparan
stlphates have an antithrombotic activity which is

associated with simultaneous action on several

coagulation factors.
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Heparin catalyses - ~n particular via antithronbin I'Il (AT Il1) - the

iﬁh‘pition of two enzynes which are involved in the bl ood coagul ati on

cascade, i.e. factor Xa and factor Ila (or thronbin). 5 Preparations of |ow
| ecul ar wei ght heparins (LM-rl Hs) contain chains formed of 4 to 30

nonosacchari des and have the property of acting nore selectively on factor

Xa than on thronmbin. Certain syntheticojoligosaccharides, in 10 particul ar

t hose described in EP 84999, have the property of selectively inhibiting,

via antithronbin I'll,qéagton Xac¥{beyt -any gsktyttiyaenvihronbin. It is
known that the inhibition of factor Xa requires the binding of heparin. to

AT 111 via dhei dbratibis hr ombi AT bi ndj ng gpariAn{ABPlonapsd that the
inhibition of factor Ila (thronmbin) requires binding to AT IIl, via the
ABD, as weldnzpgm¢® wihiombaneviavaltvessimethedeiooedcbagdiagidomain ( TBD).
Synthetic oligosaccharides corresponding to 20 the ABD of heparin are known
and show amdsdaddbot ie. at2¢vptr yXa naneéndbasteohr bbosps. tiFhesbloonpounds are
described in EP 529,715 and EP 621,282 and in patent CA 2, 040, 905 . The
ef fi cacy® ofPigRaE2 bl PYDsRE chaly i Bekernla heWobahE ehemer SRS of LEWHEP i al

t hronmbosis is nevertheless frustrated by their inability to inhibit
t hr onbi n. ﬁEFl?KIEE?hﬁ%ﬂqEE$”FﬁEﬂEP§6§ t°(§0-m°nosaCChaflGeS 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
III, 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 and EP 621,282 and in patent
ca 2,040, 905.
The efficacy of these oligocsaccharides in the
25 prevention of arterial thrombosis is nevertheless

frustrated by their inability to inhibit thrombin.

REPLACEMENT SHEET (RULE 26)



t 3 A synthesis of heparin-type glycosam nogl ycans capabl e of inhibiting
.thrémbin via activation of AT Ill is described in patent application PCT/FR

97/ 01344. S That patent application describes novel biologically active

pol ysaccharide derivatives. In particular, they are anticoagul ant and
~antithronbotic. Furthernore, since these pol ysacchari des are obtai ned by

synthesis, it is possible to selectivelyy nodify 10 their structure, and in

particular to renove unwant ed sul phate substituents involved in interaction

wWith certain basic prateiynshevch as pkphelattipetor 4 (PF4), which is

rel eased during the activation of the platelets, |eading to considerable

neutral i zatgbypcofadbnbepacénsi naphpleegtonnaibtihengl ahrofimis, via

pol ysacchari des can be obtai ned which are powerful antithrambotic and

anti coagul amtt fgentsnanfl WAi ER] fardhernobed éanpeseape applvicad idhe action

0 proteins such as PF4, which neutralize the effect of heparin in 20

particul ar R AFR 09D/ AL 344 . has been shown i~ particul ar that these

sul phated and al kyl ated pol ysaccharides can be powerful antithrombotic and

anti coagul ant agents d%%%hﬂ?ﬁ@“%naPﬁélﬁﬁFéﬁ@eﬁéﬁFrépeﬁhéogﬁQy groups and

of the sulphate 25 groups borne by the carbqhy rate keleto It has been
found, mor &g HF 5L 3 tHr- R AGCpOR LACCREr B TedGtencds [t is

ble t t di f h GA! t t. d t
Obt i n ver \PHEC G 1 odUETS ST ch hAgRoPhecl 35%‘?& %aé'st-'a HRReR However
the use | ”nﬁ%@‘iﬁp I(-;T" P c&effakn éoPgQgHEhé géégrbl}%dobﬁ‘:a&%te%”t

applicatio can prov rcult, in particular if

these prodygfss ﬁ?ﬁ’t‘?‘e@;ionﬂt halfobifep1dncbhgefbetdval prewenti ng or
treating thronbosis w th the above products, the fl Ulé =ty of "t he bl ood nust

be re 4 esdrabdl 4 shregh@fur@ i ned phit ecatatheosaaRotminaweicdidng the
i nduction of a haennrrhage The vital nature of the functions associated

herewi th i susluteddhadubdrisudies efapbbvé@ UseintBracdebnt @iebtain this
equilibrium only conpounds which have a short half 15 life, which are
easi er to wadcanrt lbasic proteins such as platelet factor 4 (PF4),
which is released during the activation of the
platelets, leading to considerable neutralization of
15 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
20 particular on thrombin.

It has been shown in particular that these
sulphated and alkylated polysaccharides can be powerful
antithrombotic and anticocagulant agents depending on
the arrangement of the alkyl groups and of the sulphate

25 groups borne by the carbohydrate skeleton.

It has been found, more generally, that by

making polysaccharide sequences, it is possible to



The reason for this is that it is well known that a haenorrhage can be
tritggered in a patient under treatnent, due to any acci dental cause

what soever. It nay al so be necessary to performsurgery on a patient 20
under antithronbotic treatnment. For these various reasons also, it is
preferred to use conpounds with a short half-life. The half-life of the
synt hetic pol ysaccharides of the inventd on was determned in 25 rats, in
which it was observed, unexpectedly, that it is influenced by the structure
of the nol esaferandliynmods fyatthiec GRartygbet RetABDL igfs tilme OERB Y thwr onbi n

bi ndi ng domai n) and of the spacer. Thus, the present invention relates to
novel synt hePFeipoVgssceRaiiveeprodbiceR arécyi haver the Propeidti®se to t hat
of the compounds of patent application PCT/FR 97/01344, but which have
specific propel®P851iNThe reason for this .s that these conpounds
unexpectedly have a half-life ﬁgerennval, valu% ed _after. intravenous

admini stration to rat8°“by<fea OFSTOLPhB%QﬁPi IR&ETEEY \ﬂf_t f,er&fa]'lr‘es; t han
one and a hﬁ dQQHESdeIQ§§Se8°'pﬁgggéngggpgﬁﬁég%ﬁ%ﬁa%% rrdes comprising

three di Sstinct Séquences: "a Su ntasacchari dé 'sequence DEFGH, a

non- sul phat gg, 455 heptasagehaci dg seayense gt ) 3nand 2, sul phatied

t et rasacchari de”Sequénce e conpounds "accor ding to the present

i nvention agg a_mg,Psahetgohxsf@lcsh%hgeﬁaifx@V-Miltﬁggi.Czkortweaﬂetﬂaeof

pharmaceutically acceptable salts thereof \ 20 pharnaceutically
accept abl e ga4{,0R8in§herankeBLEnEOEAYOhLYBE Shweehr @5RORES W0 one of the

formulae (1), (I1), {111) , (1V) and (" J) bel ow
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 1life, 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 =z
short half-life.

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

25 rats, in which 1t was observed, unexpectedly, that it

1s influenced by the structure of the molecule and in
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Thus, the present invention relates to novel

synthetic polysaccharides, which are similar in

5 structure to that of the compounds of patent
application PCT/FR 97/01344, but which have specific
properties. The reason for this 1s that these compounds
unexpectedly have a half-life of removal, evaluated
afrter 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 segquence 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:
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pharmaceutically acceptable salts thereof. In the acidic form the -COO-
and -S0;- functions are in -COOF: 5 and -S03Y form respectively. The
expression "pharnaceutically acceptable salt of the pol ysaccharides of the
invention"” is intended to refer to a polysaccharide in which one or nore of
the -C00- and/or -S03- functions are ionicaily 10 bonded to a
pharmaceutical |y acceptable netal rati o®. The preferred salts according to
the invention are those in whicH the ratlon is chosen. fromal kali netal
rati ons, and even nore preferably those in which the ration is Na+ or K+.
15 The present inventi n also relates tg process for preparing the

pol ysacchari des of the®\gvention. In |»s nC|pIe this process uses di-
or oligosaccharide synt% prepared as Qrted 20 previously in the
literature. Referenceomr e made in p ular to EP 300, 099, EP 529, 715,
EP 621, 282 and EP 649 ,eaS well as to van Boeckel, M Petitou, Angew.
Chem _nt. Ed. Engl., 33 32, 1671- 1690 Phese synthons are then coupled
together so as to give a £ fuIIy protect precursor of a
hexadecasacchari de accordNyg to the |nve -~ Which is then selectively

9 deprotected and sul ph to give the h dé%asaccharlde of the
invention. In the coupliéb eﬁctlons ment d above, a "donor" di- or

ol i gosacchari de, activat B its 5 anonmeYi arbon, reacts with an
"acceptor” di- cr oli gosg ride, containin %’,‘ free hydroxyl .

Ri = C\‘\g
= SOy
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he hexadecasacchari des of the invention can be synthesized according to
F the follow ng sequence of operations, which refer to the saccharide units
as 10 represented in forrmula (1) above. A protected precursor of GH pGCH,
whi ch has an al cohol function in position 4', and a protected precursor of
- EF, pEF, whose anoneric carbon is activated, are first prepared. The
i nternedi ates pGH 15 and pEF react togeéther to give EFGH Position 4 of the
non-reductive end unit is then deprotected to give a precursor pEFGH In
paral l el , a precursor Tbe theepéibnorny¥Z2ENE3RSs Whes @odiysaadha aigson i s
activated, pYZ(M\)3D, 20 is prepared according to the sane strategy. The
t et rasacchatNdEhpEFGRCEHER Feamt STwithhtpezERMMDLt angi W& & MN) 3DEFGH. The
non-reduci ng end unit is_deprotected to give a precursor pYZ(M) 3DEFGH A
precursor oPNEPRACAYIKCALAYpREFSPEAPILR S5158r ANPEROtRed Yt iTO® bet ween pVWK

and pYZ 3DEFGH t hus gives -direct_precursor. of the |, ,
hexagecggﬂ;?:%ﬂé??‘aegogmig%ﬁi E%ﬁggs %ﬂe rfﬁ(&:t gﬁnﬁﬁdoéﬁl Gif&t 68 6% ve the

expect ed. hexa eggg o ag&defeéteééi@gfious to those skilled in the art that
sever al gyn?ﬁ tic ¥tr ?egﬁes A e pOSS|%Ie 5 dependi ng on the acceptors and

donors chosen. 1t 1S BRASLRLEeshEbnCXBHRLRncLACREERALE R ARNAL YWVZ(MY 3D

and to couple it with n-order t tain a precursor of the desired
hexadecasacg&gﬁl de. cRef ghepsscrRyrbe-9nde. cher j8yanRlient asthe above

references an
intended to refer to a polysaccharide in which one or
more of the -CO0” and/or -S0O3 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
oligcsaccharide 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 to C. van 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 1s then selectively



10 to Monosaccharides, Their chem stry and their roles in natural products,
- P.M Collins and R J. Ferrier, J. Wley & Sons, 1995 and to G J. Boons,
Tetrahedron, 1996, 52, 1095-1121. The conpounds according to the invention
have 15 under gone bi ochem cal and pharmacol ogi cal studi es which have shown
t hat they noreover have the very advantageous properties of the products
described in patent application PCT/FRg97/01344. The conpounds of the
present invention which 20 bind selectively to AT I1l with an affinity
equal to ordgpeatectéblaantihatlphahepatongihkavehanti coagul ant and
antithronbotic properties which are superior to those of heparin. The
overal | anthekedebasaccharidet gfothehéngsnpioducts of fornmula (1) to (V)
has been eval uated intravenously or subcutaneously in rats, in a nodel of
venous stasis and i ndietFBR WPERLEAEORBBGFASRENTENt]PNgEc PGV o t he
met hod described by J. Reyers et al. in Thronbosis Research, 1980, 18,
669- 674, as WRPPrastin G nBHRPOBRCERREFFSI BRFONBOEASORorSiSsting of a shunt

i mpl anted between the carotid artery and the jugular , 5 vein in rats, as

describeg b Rt 56 eErBPY ThEORDS %bgﬂn§?.,a%§g§¥°§9,d?4-§§. In these two

experinmental ., nodel s,. the EDSo_of _t he conpg?%gs of %leinvention is at |east
y

of the saneo%+%%?aﬁgh%Fl?%Ssc?ﬂgﬁl?h%? of %Yﬁé nt hetic hepari noi ds
al ready known (EDSo Oﬁhéohg%;ﬂgg{s@;céﬁgégeQnek/ kgl i fhergompoynds or the

i nvention thus have a particu advant ageous specificity of action and a

particul arly. agdyaniageoss antsdeQagyl ept tREt EYL L ¥wiRY Yl cal Jeheir
bi ochem cal and 15 pharmaceutical activity, the conmpounds of the present

i nvention constdtibesyenryiadveategepdstnedssbpraridbeunitexiaeity is
entirely conpatible with this use. They are also very stable and are thus
particul@rlyestédaitedf of £onstidutingabdeeacti ve principle of

phar maceuti cal 20 specialities. Furthernore, the conmpounds of the invention
are not neutralized W prgtecos@spoéceasoondt PHat pGEL phdtdi hessuch as
PF4, which are released on activation of the platelets during the process
of thronbosis.algphol 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) 3D, whose ancmeric carbon is activated, pYZ(MN);D,
20 is prepared according to the same strategy.
The tetrasaccharide pEFGH then reacts with
PYZ (MN)3D to give YZ(MN)3;DEFGH. The non-reducing end
unit 1s deprotected to give a precursor pYZ (MN)3;DEFGH.
A precursor of VWX, pVWX, is prepared in
25 parallel.
Reaction between pVWX and pYZ (MN)3DEFGH thus

girves the direct precursor of the hexadecasaccharide,



25 conpounds of the invention are thus nost particularly advantageous for
“treating and preventing thronbosis of either arterial or venous origin.
12 They can be used it various pathologies following a nodification of the
homeost asis of the coagulation systemarising in particular during

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

t hronboenbol i ¢ di sorders associated wi tild arteriosclerosis and with

di abet es, such as unstabl e angina, strokes, restenosis after angiopl asty,
endart er ect ehmicht he idestraltleattiesh aofd enderesad dro riost hesessxprcted

t hr omboenbol i ¢ di sorders associated with 10 rethrcnbosis after

t hr onbol ysi bexippegesticohardeitenti a of i schaemic origin, wth peripheral
arterial diseases, with haenodialysis, with auricular fibrillations or

during the use of aortIc'}- c,lér @r?é’rﬁ?‘{?rlt@géh%tﬂ]ﬁfll@rdos%még& anthi s product

can nDreover be used f H{eatln preventin Jgﬁgoerrbollc

pat hol ogi es “Bf tvERYGL Hi¥q¥ ﬁﬁﬁQﬁﬁ%ﬂ%F%E They can be used
to prevept or treat thrombotic comn Ilcag%pQP arising during surgery or in
conj unct P on“WFth %6t He pat ol 6giEs Sic i SAN e an&ebacterla or viral 20

i nfections. 81)@]55_??%8@%% feg Q@Dlléset%ur Ir%% tj%e i r&?)tnaolLJ akd prDost heses,

t he conpoun € present VertionFcan cover the pr os eses ’and t hus

make them CQHHaEbbL:%Lg'l%h 1the sk O%GH' an%radeeult%r odtleh can be bound to

i ntravascul ar prosthese stents his 25 case, they can optionally be

chem caly apppditsgd By ikREr Qi@lé(i'r@zgl %e@dé'ate%@s%f%'h@@tdé hexdwared@ductive or
reductive end as described according to E~ 649, 854. 13 The conpounds of

the presentmhpveBt malde¢amoal eXahe 1Sedcas hadjabeart sy tdigandaid er ect ony
carried out wth porous balloons. The conpounds of the invention are very 5
stabl e abd aveMbhusapahbirddkar,| Yhedirt ableefsar ycanst itthetimgdles aati ve
principle of nedicines. Thus, the conpounds according to the invention can
be used fornaherpiepardticts.off .MediCoildes si mneh®ed -t &'stamigtr t he. above

di seases. 10O According to another of its aspects, the subject of the
present i nvhieBn&i §ORRus1895handnseuti-dal BoomsosiTiEitare &ning, as

active prlnC|8Ie a sxnthetlc pol ysacchari de as defined above.
1996, 52 085

The compounds according to the invention have
15 wundergone 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 which 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, 1in a model of

venous stasis and induction with thromboplastin,



The invention preferably relates to 15 pharnmaceutical conpositions

- containing, as active principle, a conpound according to the invention in
acidic form or one of the pharmaceutically acceptable salts thereof,
optionally in conbination with one or nore inert and appropriate

- excipients. In general, the 20 pol ysaccharides of the invention can be used
in the treatnent of pathol ogi es associ ated with a coagul ati on dysfuncti on.
In each dosage unit, the active principle is present in the anbunts suited
to the dail gcdosdsng5tenthsagedhobndgenenbled back .d&sager Ukt dls.
appropriately adjusted according to the dosage and type of adm nistration
envi saged, hor TexampreisaBeeegrch,149§6) atlibn E&Fs6’ds a@fd whe |dke,
sachets, vials, syrups and the like, drops, transdermal or_transmucous
pat ches, suth &h&Pd8licAfa2dbsadalukhEorBREASNSPEGMENT 1 P0G Tof active
principle, preferabl 5 The conpounds according to the

0.5 to 50 .
i nvention c %péﬁgﬁeﬂgbﬁéﬂﬁePntESggPHSFFSnaﬁFFﬁyoﬁQdoF Pe BT acti ve
rinci ples which,are useful for th esi red therapy, .su as,. for exanpl e,
gntithpogboY?é“ab@nf@?san?fcgﬁéﬁFéﬁFg,ggnﬁpggﬁﬁtgﬁgﬁgag§?8§’ ng agen?g
such 10 as,Hg §qnp3578d| grlq?Fg;?ingBhr

r i.n, ticlopidine, .cl.opidogrel or
ant agoni sts o%m?ﬁe glyccpfo?efn a coﬁs e%ﬂoTﬁb ﬁﬁg%ﬁﬁggh i cal

conposi tiong,aLesf ogaul E‘P?od 0T AR REd QT Lo IBIRL Se 1 bfcl ydipg 15
man, for the treaf menf of the abovenentioned di seases. The pharnmaceuti cal

conposi ti ongef hUsc @bt RENgdnar eradyantageousky ikRavaninaus JOrdms such as,
for exanple, injectable or drinkable solutions, sugarcoated tablets,

ordinary tabtgés eyngrbaitnheppsithesds2@1kapagt abbensalnmpoms are the
preferred pharmaceutical fornms. The pharnaceutical conpositions of the

pr esent 19 nviesat woan al eangef 0l nnol pagt i. cChar chbapouhespoévertta ve or curative
treatnment of vascular wall disorders, such as arteriosclerosis, the

hyper coagul abvént yost ehes Rsvebsepuetichdrréyanpientaitesussurgery on
tumours or after coagul ation deregul ati on, induced by bacterial, viral or
enzymati c a¥Revhfbesty ThE dothge ehfl faPgrtirslarili fdyantdgafge
depending on the patient's age, weight and state of health, the nature and
severity ofdtheCeumptatht2<aEVieYt as on the route of administration. This
dosage conprises the n.of . one or .nore doses of about 0.1 ngy

to about 100 nmg per d§¥?9g%g¥§£égf§R?F5nPéBSBFm6F§ltSngbout 50 ny per day,
|t r amuseul ) ¥ Ot SUDCUE angpUSL Yy, | DnGORELAYRS AU Y Ay o at
regul ar™1 nterval's:
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 specialiities.
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

elther arterial or venous origin.



The subject of the present invention is thus 10 al so pharnmaceuti cal
conpositions which contain, as active principle, one of the above conpounds
optionally conbined with another active principle. These conpositions are
made so as to be able to be adm nistered via the digestive or parenteral
route. 15 In the pharmaceutical conpositions of the present invention for
oral, sublingual, subcutaneous, intranlacular, intravenous, transder mal
transmucous, local or rectal adm nistration, the active ingredient can be
admini stered in unit Thepscah henmiaedtiatvanio2d piakbdleigtlsst andard

phar maceutical supports, to aninmals and to human beings. The appropriate
unit forms B3 beiERY s2 rapfbhlcarbPsef ofaf PORRBSSathSastt &BPets, gel atin
capsul es, powders, granules and oral suspensions_or sol utions, t he

subl i ngual %9&9%&%%3?“2§V?B?ﬂsa6$shﬂ%1h?s??éf?bﬁlafhﬁusbﬁgutaneous
|ntranuscuh$ ﬁtrave pous i ntranasal g i ntraocul §r for s 16 of

adni ni st r at$ o R T hR r%%? ?a?%fﬂ%a%?“ Uhi At PRt TBRCVRSH 18 S0l i d
CoMoST L4 O LA A0 Ly LRTAL S RLRRALAGs. | Deg TBLPaGEL! NE bpgLEdient | s T xed

with a ITHCEU'[I cal ve e Suc arc Fact 0se, nmagnesi um

stearate, t@ﬁn QR A1 801 08,1 b ?Aak&tﬁh&sﬁ@cggs agphgscoated wiih
er sulta a

sucrose or e materi or al ternafivel y t can be treated

such that thew have susigl ned: oy sel aﬁ’@gté-z%@i:&'éleé!raQFlg%HﬁhlaElE?t they
rel ease a predeterm ned anount of active principle continuously.

prepar at i ornerds 86l Al dfoR@PSthE€Sih St &L at N6l by shdbhgstheaactive i ngr edi ent
with a diluent and by pouring the m xture obtained into soft or hard

gel atin 15 mapsiHese s ;Ther weth esmish afies 51 b1 @1 ponders ossgranukdsweéah contain
the active ingredient mxed with dispersion agents or wetting agents, or
with suspensitrragemss aslivdr ash poilyel nyl pyrinfidoneonasdasehtas with 20
sweet eners or flavour enhancers. For rectal adm nistration, use is nade of
supposi t or ics MdviEemire reporedd il Por rekesahicherbel diseheepect al
tenperature, for exanple cocoa o _
with haemodialysis, with auricular fibrillations or
during the use of aorto-coronary bridge vascular
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 prostheses 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 mocdified by

introducing a suitable arm at the non-reductive or

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



butter or polyethylene glycols. 25 For parenteral, intranasal or

i ntraocul ar adm ni stration, aqueous suspensions, isotoT~ic saline solutions
or sterile injectable solutions which contain 17 pharnmacol ogically
conpati 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 fornul ated i b3the presence of a pronoter such as
a bile salt, a hydrophilic polymer such as, for exanple,

hydr oxypr opyl cel | ul osBhehgdmprypdeppEnmehby pcestutosaevention can

hydr oxyet hyl cel | ul ose, ethylcellul ose, carboxynethylcellul ose, dextran, 10
pol yvi nvl pyetebi denesegessi adjuyeatehdsrigel andartegseiuvnvacadiicdci ds,
acrylic esters and copolyners thereof, vinyl polynmers or copol ynmers, vinyl
al cohol s, aPkbxypbhyREESUSpBR}EPRYFene oxi de pol ymers, pol yethers or a

m xture thereof. 15 The active principle can also be fornulated in the form
of microcapsul es, optFBRaFPPPRFEASORE GPendRESBGpRBr S SorVedddi ti ves. The

ti i ncjpl I in the f f W th | odextrin,
For exampl cshiofe “GRalas BuboRBAEHFAL 5 Hy APORIBropy P rer oycl odextrin or
methyl ~-cycl odext t],p, n Ihepactive, prinehpl g, cag ala0;he fol eased by a
bal | oon con a?nlhgulf r By an-en o@ascuﬁgr exFenger itroduced into the

bl ood vessels. The phﬁﬁgggokggiggﬁﬁggnggfgggg¥dgggtgg a¢ld ve principle is

t hus not affected. Subcutaneous nistration 1s"the preferred route. 18

The net hods; n{bec prRPEEAt bONSsaAdrbber aehgrBpa WAL EBAf Qld awdildiusdd ate the
synthesis of the various internediates which are useful for obtaining the

pol ysacchar i gesnacgot i fgeh® the bByeatHoBeabedhe fol | owing abbreviations
are used: TBDWMS: tert-butyldinmethylsilyl; Lev: levulinoyl; Bn: benzyl; Bz:

benzoyl10TLC: thin-| ayecoeht ngatogaapbyer0dm itei ebpberaacettha doyl ; LSI MS:
| i quid secondary ion nass spectronetry; ESIMS: el ectron spray ionization 10
mass spectromeiegt; JhBtherpresaytsihyentISR: isotdhum a
trinmethylsilyltetradeuteriopropionate; Tf: trifiate; MS: nolecular sieve;
PMB: p- net ihapeaesitioml pompehbkyphepagnta¥isingesyls; aErivet hyl ; Ph:
phenyl; hle: methyl; Ac: acetyl., 15 Dowex, Sephadex, Chel ex and Toyopearl
are regi st REPTRER ndar kKERERALE AePPRY RdEShaE hepRrEpdRALInGRs 3RRYS n t he
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.
In each dosage unit, the active principle 1is
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, Zor example tablets,



exanpl es descri bed bel ow, general procedures regarding the catalytic
coupling of the imdates, the cleavage of 20 the levulinic esters, the
catal ytic coupling of the thioglycosides, the saponification, nethylation
and sel ective deprotection of the p-nethoxybenzyl group, the deprotection
and sul phation of the oligo- and pol ysacchari des by hydrogenol ysis of the
benzyl esters 25 or ethers, the saponif4cation of the esters or the

sul phations can be carried out by applying the general methods below to the

appropri at gd Ideriesh@é @bes adQd Exanples, ofathetsynvhesss ef,rtipe conmpounds

of the invention are detailed for illustrative purposes hereinbel ow. 20
SCHEME 1 - asyhtdtesi kiled, tdeopent esacsdarnde Or Pbransmuocous ~a No Na o . C-
-...-p NO.~~/ NCOoNoM 0O rn "ro ~~~~~Do0ONO~~~0O03 Quo ~Et O
r,. o~~~o"®araless sueil thap @@nh&@@@g@\@nistoasnomna 6rao Bul,uo ~0 O
04 oM oM off oruu oM rn ~0 ~~~ *"~~0 --1 ~r~~ "~ o0o0a.~~0 0 M
oWl Mo 0 % IPIs by @rbn%mle/@r@)fmably 0.5 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,
anticcagulants, 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 particular 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



se ~~~~0 Mo 0 oMo M1 2 8 sso~ i~~ uo]~ ~ols oss o,n, DM rh 0 '~~0~.C~ 0
~-wWG 0 0o Ooas wo 0~~~a 00 21 PREPARATI ON 1 Et hyl

0- (2, 3-di - O benzoyl - 4, 6- O benzyl i dene- a- D- gl ucopyranosyl) - (I-~4) -2 ( 3,
6-tri-O benzoyl -1-thio-~i-Dglucopyranoside (2) 5 Benzoyl chloride (24.5 ml,
211 mmol ) is added dropwi se over 20 minutes to a cooled (0C) solution of
compound 1 (16.7 g, 35.2 mol) (J. Westgan and M N | sson, J. Carbohydr.
Chem, 1995, 14 (7), 949-960) in pyridine (202 m). The reaction mxture is
stirred 10 4DrthR20 howide atangeoni¢papeiayuoe; thkCoatveaks samgappr oxi mat el y
50~ conversion. The mxture is diluted with water and di chl or onet hane.
After extractiont ahed otybdief phaskths tashedtwrehahdosswodirdmyhydr ogen
carbonate solution and water, dried over magnesium 15 sul phate and
concent r at e TFRMRP X1 ue 35 Yot tcafedPwihf BenE®yPLichl oride according to

t he procedure descri bed above, The crude product is purified by

chr omat ogr #HYE B E &0t Utm 01181 1PEaIGeFOrBIYPSR ¥Bg of conpound 2. 20
TLC. Rf - 0.80, silica gel,_.9/1 v/v toluene/ethapol, PREPARATI ON 2
0(230-3 L5 70 Ben29f | QerfiOLS CHOP CRopyr aN0SYI 4 (6. 8) -0 (2,
3, 6-tri-O | - {3-D gl 7 ==~ 21 -anhydro-2 ,
3 di- 0 et RHCE G s Y aree ado I h K0T 20 B E L R Sglycosi de 2 (1. 05
, 1.05 ‘ J ., J. Og.
Chem 1061 2w B Gey (B Thealis BRI {008 08cBh ety 1 7O
toluene (18 4 ,d¢ ifild Tk ANIEFa @ Bh 4 r 99eR: at BBSPRer enkak- A3 sm nutes.

The m xture 1s then cooled to -20C and a freshly prepared solution 5 or
N-i odosucci ni mide (1.fhe MM )ednNbOftiéiptel®EQ 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 oral forms such as tablets,
gelatin capsules, powders, granules and oral
suspensions or solutions, the sublingual and buccal

25 forms of administration, the subcutaneous, intra-

muscular, intravenous, 1intranasal or intraocular forms



met hanesul phonic acid (0.125 mmol) in 1/1 v/v dichl oronet hane/ di oxane (6
m) is introduced therein. After 10 mnutes, the red reaction. mxture is
filtered, diluted with dichloronmethane, extracted, washed 10 successively
wi th | oo sodi umthiosul phate sol ution, 10% sodi um hydrogen carbonate
- Solution and water, dried over magnesi um sul phate and then concentrated
under vacuum Purification of the resigge is carried out by chromatography
on a colum of silica gel, to give 15 1.25 g of conpound 4. TLC. Rf = 0. S5,
silica gel, o4/ amiuibephangheshyl racerates PREBARATLEN 3 O- ( 4,
6- O Henzyl i dene- a- D- gl ucopyranosyl ) - ( 1->4 ) -O ( ~1-D2 O
gl ucopyranogymipistbation4 ) -1, 6-anhydro-2 ,
3-di - O et hyl - ~i - Dgl ucopyranose (5) Potassium tent-butoxide (about 50 np)
is added to a sol uti onhefi eospduddcdmpds24ign inltabirel) fommlAis v/ v
met hanol / di oxane (r m ). The mxture is 25 stirred for one hour and a
further 50 ppepirpdt asbeumaienacbiuvexideradeenhensandadd whdhmiaxture is
than stirred for a further 60 mnutes. The reaction mxture 23 is
neutral i 2edPIf FREGEWORER L SUSKBC IR FeshnastgpidEél, a@2&6Recent rat ed under
vacuum After chromatography on a colum of silica ge|l, 665 of conpound
5 are isol at3GEPHSt WE2FBRAL B aReerftes FRES, RPUR HI3H1CPF ggegel , 85/15
v/ v di chl or opet hane/ net hanol PREPARATI ON 4 O 4 6- O Benzyl i dene-2 ,
3-di .-Orret%Jy]F@ccT‘EﬁlE%BS?F%nB%S}l § coitaé-wat§ SEFrpse o3 ,O)&‘er
6-tri-Onmethyl-~3;:D _1 . .
gl ucopyr anos S‘??Jl?-nl?l??if‘%%%hh?/ﬂr%yf%r}‘aﬁ c%n‘!,t ﬁg}ﬁyﬂc-aﬂgf)ﬁcopyr anose (6)
Sod-~. um hydy g%éé% 2L AID o ke ggggginaadgz BefLiLagen atnosphere,
S 5 ng, .1

to a cool ed ol ution of conpound mol) in dry

t et rahygds of yr@an, 4o, (8ndl duchethyt £99§d9egga§é g pr8dd2efpRhlqi s added

dropwi se and the mxture is stirred for 20 hours at roomtenperature. The

excess sodidmahydrédeatsidesproyeto v tbonei havek1and the mxture is poured
into 50 m of ice-cold water. After extraction with ethyl 20 acetate (3

times 20 m), the organpcepipseios vashelawihhcspdubeschkovbdeiaeluti on,
dried over magnesi um sul phate and concentrated to give 690 ng of conpound
6. TLC. Rf by ni26ingitheaageive 95ddred et chi ohoaethanehnethdnbly 24 PRE
PAR AT I ON5 O (2, 3-D-0Onethyl-a-D glucopyranosyl) - (1->4 ) -O (2,
3, 6tri-ORARNg 4the i xivopyrapozited infolsofy pr-hard- gahpdio-2 |

3di - O net hyl - (3-D gl ucopyranose (7) 5 Conpound 6 (690 ng, 1.03 mmol) is

di ssol Vet iGpERAStetic acid (7.3 n) ar.d stirred for 20 hours at 40C. The
m xture i s concentrated under vacuum and. coevaporated with tol uene.

Chr omat ogr aphy on a cotHfoHr T IREE HePL ¢ PRY4#4S dPENPSRBHeERafi@ et hyl

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
suppecsitories which are prepared 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



10 acet at e/ net hanol gives 569 ng of conpound 7. TLC. Rf = 0.40, silica gel,
. 9/1 v/v dichl oronet hane/ met hanol PREPARATI ON 6

O (6- O Benzoyl - 2, 3-di - O net hyl -a- D- gl ucopyranosyl )15 ( 1-->4 ) -O ( 2, 3
, 6-tri-O nethyl-~3-Dglucopyranosyl ) - ( 1--~9)

- 1,6-anhydro- 2, 3-di - O net hyl - ~i - D- gl ucopyr anose (8)

1- Benzyl oxy- 1H benzotri azole (227 ng, 1305 mmol) and triethylamne (1.15
mol ) are added to a solution or conpound 7 (560 ng, 0.96 mml) in 20

di chl or onet paaemand1bBechi X UEembatiBeR Stisbeed iher adR Arandtod oom
tenperature. The reactfion mxture is diluted with dichloronethane and

washed wit hybeeisgdayanhydr gger examphenptrepyokuti gnyand wat er. The organic
phase is dried ever nagnesi um sul phate, filtered and 25 evaporated to
dr: aness. Thetpiedacylisopur eteedsby.chromat ography on a colum of silica
gel to give 600 ng of conpound 8. 25 TLC. Rf = 0.50, silica gel, 9/1 v/v
di chl or onet hane/ net hafiok PRERPARATPOB Zdministration, the active
0-(2, 3-Di - O benzoyl -4, 6-0-benzyl i dene- a- D5
gl ucopyr anogyipcinledyap be Sogmutptedbénzéye- pirepence of a
gIucopyranosyl)-(1-~4)-C)(6-C)benzoy|-2,3-di-C)neth§La-D-glucopyranosyl ) -
( 1-34 ) -opfppotey sughtpp-® RetRyFalf: Dl HE¥EFYPRAGHA PO-YMET- - ~4 ) -] |
6- anhydro-2 , 3-di-C>nethxl-~E-D ﬁlgcoggrqnosg %Qé éo Compound 8 is
converted i AEGRcdRApobRd §*3BBOFdi ng 8 YRECBYGEEGuFe F&cri bed for the
preparation_of conpound.4.. The ¢ iLng reaction i rri.ed out at 5C. TLC
B 0 S0, R r AR R bRt Y ocR el b arerel For - re setvate e e 2 -
Synthesis o asacchar| N ~Q~0000~~~0
MeO OM 0 T\ftﬁp m%f%*%%%’N?%kﬁfx%ﬁﬁtg(fto@?u%a%e%e%ﬁgo ~\L~ 00 O-—~~0
MO OM g %o%v%@&}r%i%@e%%%%s%ches, 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 o, B, or y
20 cyclodextrin, 2-hydroxypropyl-fi-cyclodextrin or methyl-
B-cyclodextrin.
The active principle can also be released by

a balloon containing it or by an endovascular extender

introduced into the blood vessels. The pharmacological

o
w

efficacy of the active principle is thus not affected.
Subcutaneous administration is the preferred

route.
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- PARAT I ON8 O- ( 4, 6-0-Benzylidene-a-D-glucopyranosyl ) - ( 1-~4 ) -O
(~i -Dgl ucopyranosyl) - (1--~9) -O (2,18-di-0O nethyl-a-Dgl ucopyranosyl) -
(1-~4) -O (2, 3, 6-tri-Onmethyl-~3-D 5 glucopyranosyl) - (1~4 ) -1,
6-anhydro-2 , 3-di-O1rshyéthsdH9l teopyrapaset (3N SpapeHadsBhiesegonverted
into conpound 10 according to the sane procedure as that described for the
preparati orwipfcicofpblewd D111t Jh€e Rie=sPnBhesssl dcatpel vad9idug/ v

di chl or onet hane/ met hanol PREPARATI ON 9

O (4, 6- O Beimzte Froechib: 22 8- i G netéyhsa@f Dyl ficopypbabsyhy £hel-~9 ) -O (2 ,

3, 6-tri-Onethyl-~i-D15 glucopyranosyl)-(1-~4)-0(2,3,6-tri-Onmethyl-a-D
gl ucopyranmlygaccquri@eg ag:O{Qir,xgth the invention.

6-tri-O et hyl - ~3- Dgl ucop%/r anosyl ) -1, 6- anhydro- 2, 3-di - O net hyl - ~i - Dgl ucopyr
anose (1) Conpound 19R¢ stebhRetRed2PP¥evEdhpdtnd2i® $8°Hcécording to the

sane procedure as that described for the preparation of c und 6. TLC. Rf
S sh Cor S 0Ty A Ra ey Lot KL P eFogt RLae PrePRmaein 10

benzyl; Bz: benzoyl; TLC: thin-layer chromatography;
Olm: trichlorcacetimidoyl; LSIMS: liquid secondary ion
mass spectrometry; ESIMS: electron spray 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 the 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.



250 (2, 3-D-0Onethyl -a-Dglucopyranosyl ) - (Z-~4) -O (2, 3,
6tri-Onethyl-(i-Dglucopyranosyl ) - ( 1-~4) -O (2, 3,
6-tri-Onet hyl -a-D gl ucopyranosyl) - (1-->4) -O (2, 3, 6-tri-O 28

met hyl - (3- D-gl ucopyranosyl ) - (I~4 ) -1 , 6-anhydro-2 ,

- 3-di - Onet hyl - ~i - D- gl ucopyranose (12) Conpound 11 is converted into conpound
12 according to the sane procedure as that described for 5 the preparation
of conmpound 7. TLC. Rf = 0.35, silica gel, 9/1 v/v dichl oronet hane/ net hanol

PREPARATI ONz 2dmf1. £6- ©£BeR20¥kn2hdsdis- @fmMehRy lcoaphu@ldec oy ragnosyl ) 10 ( 1-~4

) -0- (2, 3, 6-tri-Onmethyl-~i-Dglucopyranosyl ) - (1-~4) O (2, 3,
6-tri-O netbyleatDogl aeepyeanadgd for (1lus4rkti®e( Purpdses
6-tri-O nethyl -~i-D glucopyranosyl ) - ( 1--~4 ) -1,

5anhydr o- 2, Bedeiflbakohyl - | 3- D- gl ucopyranose (13) Conpound 12 is converted
into conpound 13 15 according to the sanme procedure as that described for
the preparation of conmpound 8. TLC. Rf = 0.40, silica gel, 7.0/1.5/1.S
v/vlv toluene/ ethyl acetatel/ethanol PREPARATION 12 20

O (2, 3-D -0 benzoyl -4, 6- O benzyl i dene-a-D

gl ucopyranosyl )-(1-~4)-0 (2, 3,6-tri-0O benzoyl - ~i - Dgl ucopyr anosyl )-(1-~4)-0O
(6- O benzoyl -2, 3-di - O net hyl a- D- gl ucopyranasyl) - (1-~4) -O (2, 3,

6-tri-O nethyl -~i-Dgl ucopyranosyl) - (1-~4) -O (2, 3 ( 6-tri-Onethyl-a-D
2 S glucopyranosyl ) - ( Z-->4) -O (2, 3,
6-tri-0-nethyl-~i-Dglucopyranosyl)-(1->4)-1, 6-anhydro-2, 3-di - O net hyl - (3-Dg
| ucopyr anose (14) 29 The coupling reaction of conmpound 13 with the

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

Synt hesi s of the nonasaccharide 29 14 ow OH ~ A1.0 MO M OB Al OO



(7))

ao rio cHoM Mo 15 ate. OMM M- Mp Mo O ONis 0 a
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OO0 8z0 08s Gx OPs p~~1d.0 Zz 18 31 ?@EPARATIO\I 13 O (4,

6- O Benzyl i dene- a- D- gl ucopyranosyl) - (1-~4 ) -O

(=1 - Dgl ucopyFGHRIBY|D A Synmthe3i( o¥ dind) pBHIMa A yePRYr anosyl) - (1--~4)

-0 (2, 3, 6- tr| hyl,-[3-D 5 glucopyranosyl) ?%?-%) -0- (2, 3,

6-tri-O nethyl - no N ) ( 1--~4) -O

6-tri-O methyl - (3Dg —-tdan=d %%,
3-di - O et hyl - ~i - Dgl ucopyra -(n15) Corrpound 14 i iiltO conpound

15 10 according to the sant procedure as that descrl bed, f'Or the preparation
of conpound 5. TLC. Rf - 0.60, silica gel, 9/1 v/v di chT or onet hane/ net hanol
PREPARATI ON 14 15 O (4, 6- O Henzyl i dene- 2, 3-di - O net hyl - a- D gl ueopyr anosyl )
- (1->4) -0 (2, 3, s

T
& o

6-tri-O et hyl -~3-Dgl ucopyranosyl)-(1--~4)-[0(2,3,6-tr|{-OTe -a- Dgl ucop
yranosyl) - ( 1-~4 ) -O (2, 3, 6-tri-O nethyl-~3-Dgl ucopyr akosyl ) - (
1-->4 ) 1 2-1, 6-anhydro-2 , 3-di-Onethyl-~i 20 D gl ucopyranos®e (16)

Compound 15 is converted |nto conpound 16 according to the sang pr ocedure

as that descfi ob_th re,para |on of CQ@ 06. . B silica
gel, 9/1 viv™ 25 mo@%ﬁ _—i ﬁ\
l 4
OMa OMe .
rnﬁg% é o_ o > ouo otte . oM
Meo T Olel > M Mg 0 ":,oé omg.agu.o °O o
8
7
ma ° "o e o OMe_ Ol
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32 PREPARATION 15 O (2, 3-D -0 nethyl-a-Dglucopyranosyl) - (1~4)
3, 6 tri-Onethyl-~3-Dglucopyranosyl) - (1--~4) - [O (2, 3, 6-tri
nmet hyl - a- D- gl ucopyranosyl ) - ( 1-~4) -O (2, 3, 6-tri-0O5

met hyl - ( 3-

D gl ucopyranosyl )-(1--~4)] 2- 1, 6- anhydr o- 2, 3-di

O net hyl - (3- D- gl ucopyranose (17) A solution of conpound 16 (5.05 g,
nmml) in 80% acetic acid (5G m) is starred for 20 hours at 40C. Th
m xture is concentrated under vacuum and co 10 evaporated with tol uene.
BREPAHARTIDN rl et hyl acetate and extracted with water. The aqueous
phase is extracted with dichl oronethane and the organic phase is dried over

residue is

magnesi um SihytatQe; (F i 3-tdiir-<-bank eylapbr Gt @ubenz yik

conmpound 1

7. 15 TLC. Rf = 0.5C, silica gel, 9/1 v/v

di chl or ore PYARsYaEHINaMA—BREBARAPHGRiT@-benzoyl-1-thio-f-D~

O (6- O Ben
6-tri-One

GhAcCRYI3RAS Iy

zoyI-2,3-di-Q-net&%l-a-D-glucopyranosyl) (1-~4) -0 ( 2
nosyl ) - ( 1--~4 ) 2C

0-(2,3,6-tri-0O hyl - a- D- gl i -(1-~9)-0 (2 3.
[0 (23011170 oL o B0l Meoh 2008y) )e (5 5101 %4 saaan
BIaQ RN T RSP ase (I8) Comoutd: s, sonvered,

anhydr o- 2,
i nto conpo
t he prepar
v/iv/iv tolu

10

15

20

25

rocedur e’ as &5V

Bl O & G flog 00 nellhe sel 101
M. Nilsson, J. Carbohydr. Chem., 1995, 14 (7), 949-960)
in pyridine (202 ml). The reaction mixture is stirred
for 20 hours at room temperature; TLC reveals an
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
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.
TLC: Rf = 0.8C, silica gel, 9/1 v/v toluene/ethanol
PREPARATION 2
0-(2,3-Di~0O-benzoyl-4,6-0O-benzylidene-a-D-gluco-
pyranosyl)-(1—4)-0-(2,3,6-tri-O-benzoyl-Bf-D-gluco-
pyranosyl) - (1—4) -1, 6~-anhydro-2,3-di-O-methyl-f-D-gluco-
pyranose (4)

A mixture of thioglycoside 2 (1.05 g,

1.05 mmol), compound 3 (20C mg, 1.05 mmol) (Jeanloz et

-0 (2,

-0

2.0
e

, 3

for
1.5

The

-¢oDggluce-68 g of



PREPARATI ON 17 O (2, 3-Di - O benzoyl -9, 6- O benzyl i dene- a- Dgl ucopyr anosyl) - (
.1-~4) 'O (2, 3,

6-tri-0O benzoyl - ~3- Dgl ucopyranosyl )-(1-~4)-0O (6-0-benzoyl -2, 3-di -Onethyl 5
a- D-gl ucopyranosyl) - (1->4) -O (2 ( 3, 6-tri-Onethyl-(3-D

- gl ucopyranosyl) - (1~4) - [O (2, 3, 6-tri-O nethyl-a-Dglucopyranosyl ) -
(1-~4) -0 (2, 3, 6-tri-Onethyl-y4-Dglucopyranosyl ) - ( 1-~4) ]
2-1, 6-anhydro-2 , 3-di-O nethyl-(3D gl ucopyranose (19) 10 A m xture of the
thi ogl ycosige, 2 f1.8rgg,CRe. MI®b1, 26, exd39089hept asacpbaueded18A(0. 86 g,
0.57 mmol ) and of powdered 4A nol ecul ar sieves in toluene (22 m) is
stirred underleculdr ogesvas npsphege fortdbushaut 8. mA)f Lteshkyrpedpared

sol ution containing 15 Niodosuccininmde (496 ng, 2.2 nmol) and trlfluoro
met hanesul phote c ach dtfOg8082 tmuéphere 1fdr viy nichtesonBhbhamektdiiorane (12
m) is then added dropw se, at roomtenperature. After 10 m nutes, the
reaction mb& when scd¢ledres, -0 TGtand v t freiskehy opbRBERAAESORDtERAY act ed,
washed wi th 10~ sodi um t hi osul phate sol utjon and [ oo saodi um rydrogen
cazbonat®e &f dt1inAo s ehn Bt nbhlgnesi e Sul phat ef ahgiEbHeERTr at ed under

vacuum The crude product is purifjied by chyronmptography on a colum of
silica gel M&Fhft %%W@l%fagb%biﬁdzigm%@ THE: 91&? ¥/¥.80, silica gel,

6/ 2/ 2 vivlv, taluenel ethyl etate/ethano|l . 34 SCHEME 4 -, Synthesis of the
nonasacchar lﬁrWﬁh%”?\Aﬂgﬁ@?\ﬁ% W@rh(l\))l JovE o “cgé 5 ofro o0 o ph
00~-"~ 00 \ 1 5O Le = 20. MO M- M
M ow oD% SERSE g%]%quﬁaé_ggé{m@gt\l% ?so%f%/r% M O
OAf | Mp~M Qg3 QM QAML A Ve Q- hex MM IVAQ ML M o OM  OSRQH0 \f~0 MM/ 0
~C~~~/~0~", 0reyy OMMM~Q ~M-OM OM M-d~~M-O MLO O MO t |
061 QM MeQuMe LA ORL v B dRQH0 M3 Q2 Dlokar© WIOM M, OOV OV
112.O0OOMMOM OMOt 13 0os: o~! Mo Mo ~u.c o oM oM ~A~~0 ~~~0 ~ ~5~
0 sodium hydrogen carbonate solution and water, dried

O
00O
2
0

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—54)-0- (B-D-
20 glucopyranosyl)-(1-4)-1,6~anhydro-2,3-di-O-methyl-B~D-
glucopyranose (5)

Potassium tert~butoxide (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 1is

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
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35 PREPARATION 18 O ( 4 , 6-0O Benzylidene-a-D gl ucopyranosyl ) - ( 1--~4)
-O. (~-Dglucopyranosyl) - (1--~4) -O (2, 3-di-Onethyl-a-Dgl ucopyranosyl)
- (1 ~4) -0 (2, 3, 6-tri-Onethyl-(3-D 5 glucopyranosyl) - [ (1-->4)
-0 (2, 3, 6-tri-Onethyl-a-Dglucopyrqnosyl) - ( 1--~4) -O ( 2, 3,
6-tri-O nethyl -~i-Dgl ucopyranosyl) ] 2- (1--~4 ) -1, 6-anhydro-2 ,

3-di - O net hyd (Ra tecoyE@neseh (2Dowed Bowkd X1 seeanvertactd i conpound
20 10 according to the sane procedure as that described for the preparation
of conpoundirid cddrZeRfratdd 2nded |taoaugel ,ASOF 2cibr@mbtugyvaphtyobnene/ et hvl
acet at e/ et hanol PREPARATI ON 19 15

O (4, 6- O Benadliwene 2, ssildica(}qﬁelt,hy%h r&gl@ﬁowmm‘@sgilﬁ argl-~4) -O (2, 3,
6-tri-O et hyl -~i-Dgl ucopyranosylg -~4) - [O (2, 3,

6-tri- O metipdlataohlidc ogig ar(101L4) -0 (2, 3,

6-txi - O et hyl - ~3- Dgl u yranosyl - - -~ 3-1, 6-anhydro-2 ,

3-di - O reet ﬁ}lc(éﬁbﬂ} i@op’iﬂr%ée(lzlﬁwﬁ)o‘%\ﬁl 20 is converted into
conpound 21 accordl ng .to the sarre procedure as that described for the
preparatio (§ 3 —050 silica gel, 6/2i2 v/ivlv

t ol uene/ et %E%Eﬁ te /et hanol 36 PREPARATI ON 20 O (2,

3-D - O net copyranosyl) - (1-->4) -0 (2, 3,

6t ri-0-met hyl -g-pO (2, 3,
6- '::’I -OrrrgtlaL(‘:( % uco ranosys% g(ldlzl)ojom??é%iG tél -05

met hyl - (13- QJW:@W- 1->4§ -&-(24 3, é- t¥ilo-GreAydipr2- . 3-di

O et hyl -~|91D gl ucopyr anoseo(22)6 Co( ound 21l| S converteﬁé— i nto conpound 22
accordiing 1qwa%a)a§ %h&thQl&“d’-lzb@i&LOfoinh@t Bpumtio;, of
conpound 7. 1 = 0. 20, si I ica gel, 6/2/2 virlv torlgrjene/ et hyl

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 to give 690 mg of compound 6.
TLC: Rf = 0.25, silica gel, 95/%5 v/v

dichloromethane/methanol



acet at e/ et hanol PREPARATI ON 21

O (6- O-Benzoyl - 2, 3-di - O net hyl - a- D- gl ucopyranosyl) (1-~4) -O (2, 3,
6-tri-O nethyl -(3-Dglucopyranosyl) 15 ( 1--~4) - [ O0- ( 2, 3,
6-tri-O nethyl -a-Dglucopyranosyl ) (1~4) -O (2,3,

. 6-tri-Onethyl-(3-glucopyranosyl)

(1-~9)] 3-1, 6-anhydro- 2, 3-di - O net hyl -~§'4- D- gl ucopyranose (23) Conpound 22 is
converted intc conpound 23 20 according to the sane procedure as that
described f A6 Cﬂ‘pagati on of conpound 8. TLC ~tf = 0.20, silica gel,
6/2/2 vivl vﬂ%zo% uen'l(F'-:)llr ethy' _ acet at e/ et hanol 25 PREPARATI ON 22

O (6-0B lg) - (1--4
) EC} ( gn@dz%%lrﬁ%é t -~| %mﬁ%%pygag%ﬁwﬁﬁ%if)g- j((3‘

(2,3, 6-trit-~mBinetdn -%JDW@styl)(—l(-%)A)-Q 6-anh¥dro-2,3-
6-tri-O nethyl - (3-Dgl ucopyranosyl)-(1-~4)J3-1, 6-anhydro-2, 3-di - O et hyl -[ 3D

- gl ucopyr arts®©-(nixha “B-IBS-divaeigydardswptpy!l ) - 3- et hyl car bodi i m de

hydrochl oride (48 ng, 0.25 mmi), levulinic acid (29 ng, C 25 nmol) and

di met hylSam nopyri di n€qmbamnd 6 0ES0nmyd,) lar®3 addeld tios adsssoiven of
conpound 23 (320 ng, 0.167 mml) in dioxane (1 m). The reaction 10 m xture
is stirrediforf@ lroatsi @tadisbnit-ehperatand undared 0 rdyemoarsrospher e.

Di chl oronet hane and water are then added and, after extraction, the organic
phase is wd$héd Wiheh Mdatterce dis é&rmﬁévtrrﬁégﬁéstmﬁﬁrsmwa% 294 | ¢@red and

concentrated. The crude roduct is 1 urified chr omat ogr aphy _on a
col um of &YARSF &4 %“31 Vs 3@2"% Cg\‘rp q’éyél OFLE: C um'g %/g silica

|, 6/2/2 viv/v tol / et.hyl tel et I PREPARATI ON 23
%e(G OBenf\(;y“Iv Yfﬁ%llg\?‘g’le (;y/lx‘ éialcf a%”??ett ke 2t([)5jg‘JucopyranosyI) - (1-~4)

E’SOt ri(-ze}orretaﬁelttgte%q ucro%{/orla osy‘1 U%Wrnggz_yl)cango%rh&' 75 ) RRSRE
gl L(rzlomc/}r gﬁosyl ) - 1-- ?5] SGleLcaO géleclet 9/1 { di - Oret hyl - a, ~i - D- gl ucopyr anos
e (25) dichloromethane/methanol
PREPARATION 6
O-(6-O~-Benzoyl-2,3-di-O-methyl-a-D-glucopyranosyl) -
15 (1—-4)-0-(2,3,6-tri-O-methyl-f-D-glucopyranosyl) - (1—54) -
1, 6-anhydro-2,3-di~0O-methyl-p-D-glucopyranose (8)
l-Benzyloxy-1lH-~-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 dichloromethane 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.



38 A solution of conpound 24 (312 ng, 0.155 mmol) in a m xture of acetic
anhydride (2.25 m), acetic acid (50 ul) and trifluoroacetic acid (0.14 m)
is stirred for 4 hours at roomtenperature. After 5 adding toluene (10 nil),
the m xture is concentrated and co-evaporated with the toluene (3 tinmes 10
nt). After chromatography on a colum of silica gel, 324 ng of conpound 25
are isolated. TLC. Rf = C. 65, silica ggl, 6/2/2 v/v/v toluene/ethyl 10

acet at e/ et hanol 39 SCHEME 5 - Synthesis of the nonasacchari de 27 25 1 0Bz

ove M M- MAQ; @i a~Beil~p 97 10v@vO OH O ~7y/ ~~I Q' Me " Q ~ O-
~/ 5~G M-0 %@g Egpuéwggb " O MW ~ %NAO QAh Ma0 OO 0 \f~p MMOO O Q ~

~-—0-Ca, Qr\wg%met%e@ﬁle’tth@l‘*‘*‘* Ma0 ~pA-lc 27 PREPARATION 24 5

O (6-0- Benzoy evul i noyl - 2, 3-di - O net hyl -a-D gl ucopyranosyl ) - (
1--~4 ) - Opr&2Ara@IONGTtri - O-nethyl -/3-Dgl ucopyranosyl ) - ( 1-~4 ) - [ O
(2, 3, 6-tri-Onethyl-a-Dglucopyranosyl ) - ( 1->4) -O ( 2, 3
6- tr|-C>nebhxh shbmgbubemqudody@rofhgnz¥®lquﬁT¢ﬂ9acetyl ,
3-di-Onethyl-a, (3 10 D-qucopKranose (26) A solution_of, onpound 25
(324ny, 50. §33copyiranasyldz (ForBhoPrié @Zﬁ‘ﬁrlfp 62398 25 i n tol uene (2

m) is stirred for 4 hours at 35C. Next, . norphqlin
: glucopyranosyl) - (1—4) -0~ (6-0 - pX0LR09L LG 45 ~0-methyl-

a—D-glucopyranosyl)-(1—+4)-O-(2,3,6-tri—0—methyl-B—D—
glucopyranosyl)—(1—+4)—1,6-anhydro-2,3-di-0-methyl—B—D—
glucopyranose (9)

10 Compound & is converted into compound 9
according to the procedure described for the
preparation of compound 4. The coupling reaction 1is
carried out at 5°C.

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

15 acetate



(22.3 ~.1) is again added and the reaction mxture is 15 stirred for 20
heurs at 35C. The m xture is cooled rapidly with water. After extraction
wi th dichloro nmethane, the organi c phase is successively washed with 0.11
hydrochl oric acid and water, dr_ed and evaporated 40 to dryness. After
chr omat ography on a colum of silica gel, 280 ng of conpound 26 are
isolated. TLC. Rf = 0.45, silica gel, 266/2/2 vl v/ v tol uene/ et hyi

acet at e/ et hanol 5 PREPARATI ON

O ( 6 o Be”é%ﬂégﬁ G ‘r%\%x*]{}fé’élls_?[gf dip Q- ﬁ@ﬁ&%a@cmy&@pyaanosyl ) - (1--~4)

ucopyranosyl) - (1-~4) - [O (2, 3,
6tr|-0rrethyl a- Dgl ucopyr anosyl - 1-~4 ) -O g2,
6-tri-Onmethyl-~D 10 ¢l ucopyranosyl) - (1-~4) 1 3}6- Oacetyl
3-di -O et hyl -a, ~i D-glucopyranose trichloroaceti ridat e (27)
Trichl oroacetonitrile (39 ~tl, 0.39 mmol ) and caesYum carbonate (4.7 ng)

are added to a soluti on oOf co%ound 26 (138 NMhgy 0. 066 Ml ) in

di chl or onet hane 15 (1 r,o8tirgi f r ur s« the mxture is
filtered, concentrﬁt\s’{b \Qgr a n a colum of
silica gel to glve|52ngoftheommuate 2'?'moL Rf =\1*35, silica gel,

8/1/1 vivlv toluene/ethyl 20 acetat e/ et hanol 41 4CHEME 6 - Synthesis of
t he di saccharide 33 OML M~ 0 BnO OMB ~~//-~O 0 08s,~n 28 1 Ova Sn0O OVMB O O
OW Qyn 30 OMe M- p 8n0 OVB ' ' -~~r' ~O O pH OBn zsl

OMa
OMae QOMe
) %M: N %ku.’o’?\ . &,O [
Ph\/
Q
o 9 %: o MaO o
OMe MeO OM'M'O OM
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v
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NO MO OBnO OMB | OVMB OBn 31 ;~-WO OBno ONe O--a Ho 1 O Qw OBn 32

. OnOOC BnO OVe O O Cht~ OBn 33 5 PREPARATI ON 26

Met hyl - O (4, 6- O-i sopropyl i dene- 3- O net hyl - a- Li dopyr anosyl - (1~4) - 2, 6-di - O be
nzyl - 3- O- net hyl a-D- gl ucopyranosi de (29) Conmpound 28 (2.5 g, 3.53 nmol) (M
- Petitou 10 et al., J. Med. Chem 1997, 40, 1600) is treated as for the
synthesis of 5, and, after chromatograshy on sil~~ca (2/1 cycl ohexane/

et hyl acetate) , give 29 (2 . i g, 98 0) . 42 TLC. Rf = 0.32, silica gel,
2/ 1 viv cy@RARARARIGN 8| acet at e PREPARATI ON 27

Met hyl - O- (4, 6- O i sopropyl i dene-2,3-di -O-nethyl -a-L5

i dopyr anosyA={(4L-6 %B@@md@mwg@@mmayb gl dcopyrembEtRe (30)
Compound 29 (2.0 g, 3.3 mmol) is treated as for the synthesis of conpound
6, and, af tgém%qﬂmwypﬁ oh) s (@a3('5’;°-1'°c§"tﬂt6’r¥e"xé%é? ®thyl 10 acetate),

8;Xfoﬁ8$ﬁéd Y=gt PREPARET &R 36 oo ey Foo- 2 Y
i dIO be zylgﬁém@pﬁgli%%yyf)nogﬁyué (53]/'r’an05| efe FBf}G%ic?t}eou meﬁ}‘oylt M frf uor oacetic
aC'd SOlu“dﬁﬁcopyranose (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-O-methyl-a~-D-
glucopyranosyl)-(1—4)-0-(2,3,6-tri-O-methyl~f-D-

15 glucopyranosyl)-(1—4)-0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl)-{(1—4)-0-(2,3,6-tri-O-methyl-f-D-
glucopyranosyl) -1, 6~anhydro-2,3-di-O-methyl-f-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 gel, 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-0O-

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



(3.14 M) is added to a solution of conpound 30 (1.i6 g, 2.84 mmol) in

- dichloronethane (16 m). After 50 minutes, the reaction nediumis diluted
in 20 dichl oronet hane and then washed with water until neutral. The organic
phase is then dried (sod=um sul phate), filtered and then concentrated. The
"residue is purified on silica to give conpound 31 (1.45 g, 88% . 25 [a]~_
- +10 (¢ = 1.0, dichloronethane) . 438 PREPARATI ON 29

Met hyl - O (2, 3-di - 0- met hyl - a- L-i dopyr anosyl uroni c

aci d) ( 1- ~4)metisy Hrf 60 bahugeppranesy hyt { 3=3 gl ucomntiardee o, 3333 -G
2,2,6,6-Tetramet hyl - 1- pi peridinyloxy (3.3 ng), a sodium hydrogen carbonate
sol ution (4MetrhylpdrRseluaepysamese (£92hy) and tetrabutyl anmoni um chl ori de

(29 ng) are added to a solution of compound 3l (1.16 %) in dighlcronethane
(6 mM). The nmixture iSRRGl el 1D BeNERECAI i REDr 8OBPORAR UL 4t ed sodi um

hioride sol ution, (4.4 turated sodi um hyd . | uti
(2.2 m) artFSORTR hyPOEE of F1E TISS°RR S AP) LeCaanaaZ008r T8%mi nut es.
After stirring f ' is diluted with wat d 15

xt ract el (311 ST R LRl SR BFIRErAAnb. The or gani c phase i o washed wi th

aqueous sogjt.t@] chlori @I§3§,ol yjt_%?(ga %jaréeld%pyeg{ﬂggnesi um sul phate, filtered

and evaporated to dryness’' to e of crude conpound 32. Rf -

0. 22, siIic&aéﬁj@rg&gghgﬂg/ggtgéggioronethane/nethanol. PREPARATI ON 30

Met hyl - 0- (benzyl - 2, 3-di - O net hyl - a- Li dopyr anosyl uronat e) - (1-~4) -2, 6-di - O be
nzyl - 3- O nepimypRRaredl gl ucopyranosi de (33) Conpound 32 is dissolved in

N, N-di net hyl formam de (11 ml) under a nitrogen atnosphere. Fotass=um

hydr ogen cadbofrad€Bdzdyl € , Zrdi-beaefeyhyl -d4DbgbutdpytanBéyll) )y are added
and the mxture is stirred for 90 m nutes. Ethyl acetate and water are
added dtl, 6F-bdr) -Oct(2a@ 6ot it-Pe mertPardi-§ Phradadop yramasm itk Jat 6d>4) -
Purification by chromatography on a colum of silica 5 gel gives 0.99 g of
conpound 33- GXG , Rftel 09eethylePyelucapurangsyd) néherdl 2yl et her

(2,3,6~tri-O-methyl-f~D-glucopyranosyl)-(1—>4)-1,6~
anhydro-2,3-di-O-methyl-f-D-glucopyrancse (13)
Compound 12 is converted intoc compound 13

15 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

20 0©0-(2,3-Di-O~-benzoyl-4,6-0O-benzylidene-a-D-
glucopyranosyl)-(1->4)-0-(2,3, 6-tri~-O-benzoyl-f-D-
glucopyranosyl)-(1—>4)-0- (6-0O-benzoyl-2,3-di-O-methyl-
a-D-glucopyranosyl)-(1—4)-0-(2,3,6-tri-O~methyl-pf-D-
glucopyranosyl)-(1—>4)-0-(2,3,6-tri-O-methyl-oa-D-

25 glucopyranosyl)-(1-4)-0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl)-(1—4)~1, 6-anhydro-2,3-di-O-methyl-f-D-

glucopyranose (14)



45 SCHEME 7 - Synthesis of the tetrasaccharide 36 Mep OAc 33 + 34 ~evO
-\~~~Me ~ Oirn BnOOC O AcO OBn 3d Mep OAc COOBn MeO LevO \~~~ a O Mep/~~ O

oBn Ok COOBr~ O~ ~\0O~- ~, O(Ow 3s Mao o~ cook Meo HO ~~~e O M~ O OBn
Ove ~~0O C009n O A~ O~ O Ova O 36 PREPARATION 31 5
" Met hyl - O (benzyl -4-O | evulinoyl -2, 3-di-Onethyl-~i-D

gl ucopyr anosyl uronate-(1~4)-0O (3, 6-di -E®acet yl -

benzyl - a- D- gl ucopyranosyl ) - ( 1--~4 ) -O (benzyl 2, 3-di-O 46

met hyl - a- L- i dopyr anosPhar caupé}nglzgpciondpLOchapzyng: Q3netiyl té&eD- gl ucopy
ranosi de (35) Conpound 34 (274 ng, 0.31 mmol) (M Petitou, et al., J.Med.
Chem , 1997isRCCN®BODYeaAdlorpbuAEd38uS egeg*#gnqotggt@#ol) in toluene (10
m) are treated in the presence _o. a nolecul ar sieve (220 ng), and at -20C,
with tent- tﬂﬁ%ﬁ%ﬁi%@? h‘}‘F%FFiﬂPe?rf?FuBF@w@FﬁEHééGP—BHoﬁ& E°reoEndnid of a 1

nmol ar solution jin tol ueneI)l l\gfter stirring for 10 m nutes, the reaction
mxture is %0 Felf raPT2e% % #c03), filtered and concentrat ed.

.0”2”'332'&5 B e 2 0AT dlc Wbt gt hane! YoSkemnmAt en 32 o0

th hyI hucopyranosyl uronate ) - ( 1~4 ) -O
, 6-di h%lac%?g/%ﬁg benz ?%%7@.?% f%l:%pyr anosyl) (1-~4)-0O (benzyl

2 3 di - O net hyl - aL i dopyranosyl uronate)-(1-->4)-2, 6-di - O benzyl-3-0 20

met hyl - a- D- gl ucopyr anosi de (36) Conpound 35 (308 rrg, 0.22 mmol ) is

di ssolved in a toluene/ethanol m xture (1/2, 43 m) and hydrazi ne acetate
(101 ng, 5 eq) is then added. After stirring for 45 mnutes, the mxture is
concentrated and then 25 purified on a colum of silica to give conmpound 35
(162 nmg, 890) . [a]'r'~ _ +29 (c = 1.05, dichloronethane)



8Cr ~r ¢ B0 B0 O-~ O ugb00 OVO CaWCa~aWwO a O ~-NIO B0 O aw O~ ~O O
l~r7~""~ON b O~-Z~~CaW O aW-t) 7", ~CaW~0O O O CGaW O Ga ~W aW) ue0 CaW

u' g~00~0 aVo O-WQOaw aWw) aWw ~CaWOGaW N NU Urt NO 41 if wO C u80 a Q0
O d u900 wo OaW'V\awo CaWwaw) zgO NooppoOOOOXx o0 o~-Wo aWw o; ~~0
o O~ oaWp~ ~!~~~0"a~ WO a O WaWw) SAO CGaW u8000 ayp GCaW 0aWw TWO syyp 'O W
OWNsc + tz U 48 PREPARATI O\I§§3 Met hyl

O (6- O benzoyl -4- 0O | evul i noyl - di - Orret hyI a&é}@ ucopyranosyl ) - ( 1->4
) -O (2, 3 nasacch

6- trl-OrrethyI-~|-[;%l_ r%ﬁno*s‘kﬁ‘)4 (1-~4)-[O(2,3,6-tri-Omethyl-a-D 5
gl ucopyrrEMEsY3 )™ 3( --~4) O (2,3, 6-tri-0-methyl-(3-D

gl ucopyranosyl)-(1-~4)-) 3-0- (6 0- etyl-2,3-di- O et hyl a-

- (1--~4) -O (benzyl 2 , Orret hyI D gl
14578005 RATE
6-di - Oacetyl 20 ben op r -© -O (ben

"gl ucopyr anosyl )

ronate) - (
[}

yl 2,3-di-0 10
net hyl - on ~49"‘2 - O benzyl 3- O et hyl - a- D- gl ucopy
r anosi de ewgdate 27 (177 , T76. 6 ~rm|) and the acceptor 36 (201
ng, 0.15 rrmj'F in a 2/1 diethyl et’iﬁr/dlchl oronet hane m xture (2.8 m) are
treated with 15 tert-butyldinmethylsylyl trifl uoronet hanesuf honate (11.5 ~1

of a 1 nolar solution in dichl oromethane) aswfor tH% s
35. The conpound is purifi g om.a"‘s ex 0%‘@?&
di chl or onet hane/ et han p a oof] silica“*(3/0.5/1

t ol uene/ aceLT ¢ ﬁal |y a¥m §'°col um of silwea (3/2 diisopropyl
et her/ et hdh t'ffe deFf'vatl ve 37 (116 ny, 44-~).
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TLC. R =0.31, silica gel, 3/0.5/0.4 v/v/v diisopropyl
et her/ acet one/ et hanol . 25 PREPARATI ON 34 Met hyl
O (6- O benzoyl - 2, 3-di - O net hyl - a- D- gl ucopyranosyl) - ( 1-~4 ) -O (2, 3,

6-t.ri - O- et hyl - ~i - D- gl ucopyr anosyl ) 49 (1~4 ) - [O (2, 3,

6-tri-O nethyl -a-Dglucopyranosyl) ( 1--~4 ) -0- (2, 3,
6-tri-C}nEthyI ~i-D-qucopyranosyI ) @l1--~4) -] 3-O ( 6-Oacetyl-2 ,
3-di-Oneth Iucop%ranosyl ) - ( 1-~.4 ) -O (benzyl 2
3-di-O-neth

11 | - 2- | a-D- gl |
T ‘(”22 ;? bt Qa3 0ol A B2 A5 12 5P g gopyr anosy D) -

D of ucopyr aRBEFAEYF 38 SEdTpaaRt BP0 Ho° 0L -6 B8Rk D ."E“i%hvir?;ﬁt 0
into conpouagu 8509208y, 1 9Qi 0, dkgg Lpf rased e descri bed for the
Ry ESnimyig et e (273, 8, 0L PragebbipTRic )

preparation: mpoun ica’g
o] kot USSR s U0 e b aggnifoece 15 11 01
e e e Sl
0 os 9o :Ql@cbpyrﬁthyQ)Bsm—ﬁ@p-Bs@-éﬁhydm -2,3-di~0O-methyl-B-D-
glucopyranose (15)
Compound 14 is converted into compound 15
10 according to the same procedure as that described for
the preparation of compound 5.
TLC: REf = 0.60, silica gel, 9/1 v/v
dichloromethane/methanol
PREPARATION 14
15 0-(4,6-0-Benzylidene-2,3~-di~O-methyl-a-D-~
glucopyranosyl)-(1—-4)-0-(2,3,6-tri-O-methyl-f-D-
glucopyranosyl)-(1—4)-[0~(2,3,6~-tri-O-methyl~qa~D-
glucopyranosyl) - (1—-54)-0-(2,3,6-tri-O-methyl-B~D-
glucopyranosyl)-(1—4)],-1, 6-anhydro-2,3-di-O-methyl-f-
20 D-glucopyranose (16)
Compound 15 is converted into compound 16
according to the same procedure as that described for
the preparation of compound 6.

TLC: Rf = 0.70, silica gel, 9/1 v/v

25 dichloromethane/methanol



51 PREPARATI ON 35

O (2,3,4,6-Tetra-O acetyl -a-D gl ucopyranosyl )-(1-34)-0(2, 3,6-tri-0O acetyl -a
-D-gl ucopyranosyl )-(1--~4)-1, 2, 3,6tetra-0O acetyl -j 3-D gl ucopyranose (40) 5
Conmerce al maltotriose (7 g, 13 . 9 mmol) is added portionwise to a
suspensi on of sodium acetate (7 g, 85 mmol) in acetic anhydride (70 m) at
155C. After |5 mnutes, the solution i%2cooled and poured into ice-cold
water (700 m). After extraction with 10 ethyl acetate, the organic phase
is washed WREPARABIONdiPed over magnesi um sul phate, filtered and
concentrated to give 13.1 g of compound 40. TLC. Rf = 0.53, silica gel, 7/3

v/ v di chl or@mé? harkd =@ e thrbrarR-gbuerpyraags i oh) 361 ety t0- (2,3, 6~

0O (2,3,4,6-tetra-0O acetyl-a-D gl ucopyranosyl ). ( 1--~4 -0 (2 ( 3,

oL 11 -0 aodkit s UL dgAPy SAng et oty b4y 10+ (2,5, 64 Eed-o
135 ol ) e LTV edh PeOR b ey £ BB e 1 oF X1007 i - 26,0 =
mmol ) a Idflouri e et heragtie (13,7 f_a,ml ay. sol ution
in tol ue%ﬁe%?%%gadde% %ﬁ%&%’%ﬁ%@en@?@ﬁﬁhéf& ag}‘ grrostzimr%r i%hg for 60
hours, the Aq 1% i i r and di chl oronet hane. Ater
extracti on,dqu}%&ﬂo% nigcj%ﬂ%és%gﬁ%r\y/éags{egfiwpth 10~ sodi um hydr ogen carbonate
solution and water, dfigsh,didtesedaHubeoncent jated. g2he grydgiproduct is

purified by 52 chromat ography on a colum of silica’gel to give 8.6 g of
conmpound 4L HEE fMetid £0id Sid0 aaL)geis ¢ Brvéd dbghbor potethane/ et hyl
acetate 5 PREPARATI ON 37 Ethyl O (a-D-glucopyranosyl) - (1-~4) -O

(a- D-gl ucopyranosste Jmixt{urde ~4s )coredrit fatdd Daglieicopycanasade €od42 )
Compound 41 is converted into conpound 42 10 according to the procedure
descri léd feoragdm tpreeparat ionlwincoMounde Sidde G s Rirs8oB80edsihi ca gel,
13/7/1.6/4 vivlivliv ethyl acetate/pyridine/acetic acid/ water 15 PREPARATI ON
38 Et hyl ethyl acetate and extracted with water. The agueous

O (2,3,4,6-tetra- O benzoyl - a- D- gl ucopyranosyl ) (1->4)-0 (2, 3,6-tri - O benzoyl
- a- D gl ucoprafosy Hrapted 31gh ([qiah erptsibane heed ~Fo®- graedpgr anosi de
(43) 20 Cor;%%l'slzrjed i452 (Jl':sieCdononeerrt ?ndaginrgsoiucrr?@flupr]rgaég, 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
O0-(6-0O-Benzoyl-2,3-di-O-methyl-a-D-glucopyranosyl) -
(1>4)-0-(2,3,6-tri-O~methyl-pf-D-glucopyranosyl) - (1—54) -

20 [0-(2,3,6-tri-O-methyl-a~-D-glucopyranosyl) - (1—4)-0-
(2,3,6~tri~-O~-methyl-f-D-glucopyranosyl)-(1—4)].-1,6~
anhydro~-2,3-di-O-methyl-f~-D-glucopyranose (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



according to the procedure described for the preparation o
53 SCHEME 10 Preparation of the polysaccharide 46 0 a O
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PREPARATION 17
0-(2,3-Di-O-benzoyl-4,6~-0O-benzylidene-o-D~-
glucopyranosyl) - (154) -0~ (2,3, 6-tri-O-benzoyl-f-D-
glucopyranosyl) - (1—>4) -0O- (6-O~benzoyl-2,3~di-O-methyl~
o-D-glucopyranosyl)~(1—4)-0-(2,3,6~-tri-O-methyl~f-D-
glucopyranosyl)-(1—4)-[0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl)-(1—54)-0-(2,3,6-tri-O-methyl-p-D~
glucopyranosyl)-(1—4)],-1,6-anhydro-2,3-di-O-methyl-f-
D-glucopyranose (19)

A mixture of the thioglycoside 2 (1.97 g,
2.0 mmol, 3.5 eg), 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
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,
extracted, washed with 10% sodium thiosulphate solution
and 10% sodium hydrogen carbonate sclution, dried over
magnesium sulphate and concentrated under vacuum. The
crude product is purified by chromatography on a column
of silica gel to give 1.09 g of compound 19.

TLC: Rf = 0.80, silica gel, 6/2/2 v/v/v toluene/ethyl

acetate/ethanocl



54 PREPARATI ON 39 Met hyl
‘0-(2,3,4,6-tetra- O benzoyl - a- D- gl ucopyranosyl ) (1-~4)-0 (2, 3,6-tri-0O benzoyl
-a-D-glucopyranosyl ) (1~4) -O (2, 3, 6-tri-0O benzoyl -~i-D gl ucopyranosyl)
5(1--~4) -O ( 6-Obenzoyl-2 ( 3-di-Onethyl-a-D gluco pyranosyl) -
(1-~4) -O (2, 3, 6-tri-Onethyl-f3-Dglucopyranosyl ) - (I-~4) - [0- (2,
3, 6-tri-0-nethyl-a-Dglucopyranosyl33 - ( 1-~4) -O (2, 3,
6-tri-O nethyl - (3-D gl ucopyranosyl)-(1-~4)] 3- 0(6 Oacetyl 2, 3-di - 0- net hyl -
a-D 10 gl usepEMBNosy| Synthésis- of theOnopgsasFhagi de3 2R - 0- met hyl - ~i - D
gl ucopyr anosyl uronate)-(1-~4)-0 (3, 6-djp- O acetyl - 2- Gbenzyl - a- D- gl ucopyr anos
-(1- ~4) - O (benzyl
, 3-di - Oret hyl - a- L-i dopyr anosyl ur onat e+ (1~

-2,6-di-0-b nzyI 3- O net hyl -

-gI ucopyr anosi de (44) 15 The t CQ.§I de 43 (01,70 NYome106. “~nol ) and
‘ﬁéﬁ’ a di °t ocedur e
SL > | t ogr aphy

the acceptor 38 (9 277~
described for "to i i A
on Sephadex LH 20r°(1/1 ‘t!ﬂ“thl oromat°ﬁane/ effa 1), f of'T ove zby chromato 20

graphv on a colum of silica gel (i2/19 v/v cyclohexane/acetone) to give
5 ng (680) of conpound 44. TLC Rf 0.43, silica gel (12/ 10 v/v
cycl ohexane/ acet one) PREPARATI ON 40 Met hyl

O (2,3,4,6-tetra- O benzoyl,24Q- g y q3 r| O benzoyl
-a- D gl ucopyr a@‘i% g
6-tri-O benzoyl -wé=D gMyigdpyr ﬁhosgﬂg ) Mao OH S
(1--~4)- O (6- O benzoyl -2, 3-di - G et hyl - a- D- gl ucopyr anosyl - (1--~4 ) -O (2

é-tri-OrrethyI-(B-DgIucopyranosyl)-(ll4) [O(2,3,6-tri-Onethyl-a-Dgluco
5 pyranosyl- ( 1--~4) -O ( 2, 3, gl ugo

pyranosyl ) - (1-~4)] 2*O ( 6-Dsaceiy k0B B dise |O- °'f'=hy| -8 co anosyl -
(1-~4) -O (2, v?@* al \y ac o ((1--~4)
S0 (3, 6-di-@atetyfsa? Df*ticotHr anoPyd -

P-~4)-0(2, 3idi - rrethyl a-L-ido
10 pyranosyl uronic acid)-(1-~4)-3-0 methyl -a-D gl ucopyranosi de (45) A

sol ution of conpound 4~ (80 ng, C 0163 ymol) in acetic acid (3 m) is
treated under hydrogen pressure (10 bar# in the presence of 100 15

pal I adi um on charcgal (160 rra . After fil ratd,‘pn the solutken is

concentrated and gfges ¢Of OW‘: d in,ee-faolhow ng step
W t hout purlfloal%ﬂ'\ 41

D- (a- D- gl ucopytiosyl*heq1- ~4)'- O°ta- Dg?"Uc

~i - D-gl ucopyranosyl ) - ( 1-~4 ) -o-

3di - O net hyl - a- D- gl ucopyr anosyl ) - ( 1- >4f 0(2 3,6-tri-0Oret hyl-(3-D glucopyra
nosyl) - (1- ~4) - [0- (2, 3, l
i 2, .6-triﬁ.O 5  ome
o]

6-tri-Onet hyl - | ucopyr anosyl)-(1~4) -

met hyl - ~i - D- gl uco g‘\éanos g M e ¥ o

3-di - O net hyl a.-,p%qee S Tnd
I

3-di - O net hyl - (*3 rano'gyl%!f oni c°'aC| 'd'? (1--49
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pyranosyl ) - (1-->4) -O (2 , 3-di-0-nethyl-a-L-idopyranosyluronic acid)
- (1~4) -3-0Onethyl-a-D glucopyranoside (46) A m xture of nethanol (2.8 m)
and of 5N sodi um hydroxide solution (0.69 m) is added to 5 conpound 45 (72
ng, C. 016 mmol ). Aqueous 5M sodi um hydroxi de solution is added (.n an
anount such that the concentration of sodium hydroxide is 0.5Mat the end
of the addition) to a solution of an &ster in nmethanol (150 ml/mmol). After
2-5 hours, water is introduced and 1C the m xture is passed through a

col um of BEERARAETIONGLIB5 gel (1.6 x 115 cm) eluted with mater The el uate
is concentrated and passed through a Dowex 50H+ colum (2 and

freeze- dr|@d(4Aﬁ“phﬁgnswdgden@umhﬁﬂﬁ%ﬁQQPxH%HOQXEDTﬁlﬂ?ﬁé‘ﬁrdﬁéérlng gr oups
have been renoved is 15 _nade by proton_ NVR |f necessary, t he product -~s
resubjecteﬂlpﬁoPN€aﬁféﬂéééd&r?éh ~@nd? of ~dApBnAPLLRYL G D Conpound 46 (34 ny,

UL ERUT, PP o= o N
0 v KPR raen T AP Q. by i agage R 150, O 10
5a glucopyranosyl) - (1—54)-0-(2,3,6-tri-O-methyl-f-D-
glucopyranosyl) ].-(1—4)~1, 6-anhydro-2,3-di-O-methyl-f-
glucopyranocse (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-O-methyl-a-D-
glucopyranosyl)-(1—-4)-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-p-D-
glucopyranosyl) - (1—-4) ]3-1, 6-anhydro-~2,3-di-O-methyl-f-
20 D-glucopyranose (21)
Compound 20 1s converted into compound 21
according to the same procedure 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/ethanocl



58 PREPARATI ON 42 Met hyl O 4, 6- O benzyl i dene-2- O benzyl - a- D- gl ucopyr ano
side (48) Conpound 97 (60 g) (commercially available) 5 is dissolved in

N, N- di met hyl f ormami de (858 m ) with benzyl bromide (50.5 ml). The sol ution
is.cooled to +10C and aqueous 20% sodi um hydr oxi de solution is added

" dropwi se while stirring the m xture. After 1 hour, the reaction,
tenperature is raised to 20C ana 10 th& i xture is left stirring for a
further 20 hours. The solution is then poured Into a m xture of water and
i ce and t ol RRRRARBRECRx£Pact ed. The organic phase is concentrated and the

d d I ified | i [ [ . f d 48,
15" desr | el 6 3 M- OB ERYLTa YR Sl nedRkraBor b (L OB Bars.
2179 2189 JLE o Blobnds 9.0 5L L6dp Pebaod(D) YUY eSS40 - Roptat e 20

PREPARATI

O 4, 6-0 be | oene-mw- s 3= thylsa. - C L shde (49) Conpound
48 (26.4 a?&%%& |gg&?fggg?ﬁ§¥f%ﬁ%§¥£Fh???gﬁnéﬁ?gg'%g%leﬁf)band(coéleanou
+5C. Sodi u i i r.-a Bl tespiier e, Next,
i odonet ﬁﬁan;ﬁ%ﬁ%ﬁ%)&f‘%i\g%%%}gé%#%%%ﬁgg@%ﬁ?ﬁeam%x%@fﬁ e iog- stirred for 1

hour at roQsu}SRReL a8 -Li5£g1 . Faddde 23 diluted in ethyl acetate, washed
trace with 59 matg% éﬁ% é%ﬁ%%%trated(%o give 28 g of the crude conpound

49, described by N . ®Eshpdondetl als ¢édndertedednt&nesnpolf7224G
1600-1607. TLC. Rf = C. 70, silica gel (7/3 v/iv toluene/ethyl 5 acetate)
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
0- (6-0O-Benzoyl-2,3-di-O-methyl~-a-D-glucopyranosyl) -
(1-4)-0-(2,3,6-tri-O-methyl-pf-D-glucopyranosyl) -
15 (1-4)-[0-(2,3,6~-tri-O-methyl-a-D~-glucopyranosyl) -
(1->4)-0-(2,3,6-tri-O-methyl-pf-glucopyranosyl) -
(1—+4) 15-1, 6-anhydro-2,3-di-O-methyl-f~D~glucopyranose
(23)
Compound 22 is converted intc compound 23
20 according to the same procedure as that described for
the preparation of compound 8.
TLC: Rf = 0.20, silica gel, 6/2/2 v/v/v toluene-ethyl

acetate/ethanol

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

glucopyranosyl)-(1—54)~0-(2,3,6-tri-O-methyl-f3-D-



PREPARATI ON 44 Met hyl O 2- O benzyl - 3- 0- met hyl - a- D- gl ucopyr anosi de (50)
Conpound 49 (28 g) is dissolved in nethanol 10 (408 m ). p-Toi uenesul phonic
acid (i.35 g) is added and the m xture is stirred for 20 hours at 20C. The
m xture is diluted with toluene and concentrated. Purification by

* chromat ography on a columm of silica gel gives 21 g of conpound 50. 15 TLC
Rf = 0.07, silica gel (6/4 v/iv tcluenelethyl acetate) PRE PARAT | ON 4 5
Met hyl O 2- O benzyl - 3, 6-di - O net hyl - a- D- gl ucopyr anosi de 20 (51) Conpound 50
(11.8 g) | FlHceryxanPsyL)di thidrd ok H2ne (665 InO-metdrl 22 R 1 r ogen

at nosphere. Trinmethyl oxonium tetrafl uorobcrate (7.0 g). and 2, 6-di

tert - butyl SEYRIBKTFRATI el ¥28)69)(Zarke Gad'd’éd'odtmer%%m'errper a~u-e.

After 2 hours, the mxture |s red into_a nexture of wat ngd i ce, and
is extract &%‘Vﬁ‘iﬂ#”iﬁ'&?ﬁﬁ’o‘nﬁ'ﬁgag?"drhg'ﬁf‘ﬁgﬁi‘?' hé§8‘159'ﬂ}§§hé{ With sodium
hydr ogen carbgnate and conc rated. 60 Purification of the crude product
by chronatgbé%ﬂﬁ?ﬁ%f%ﬂ?ﬁ%ﬁ&%@l gives 10.1 g of conmpound 51. TLC. Rf =

0-25, il ica gel (713 ol Uenel et 4551 Al Plec i, PREBABATL N0 Bty

2,4,6-tri-0Oacetyl -3-0 1-thio-a
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 ml). 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, €/2/2 v/v/v toluene/ethyl

acetate/ethanol

20 PREPARATION 23
O-(6-0O-Benzoyl-4-0O-levulinoyl-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~O-methyl-p-D-

25 glucopyranosyl)-(1—4)];-1,6~di-O-acetyl-2,3-di-0-

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



i dopyranose (52) 1,2,4,6-Tetra-0-acetyl-3-Onethyl-a-L 10 i dopyranose

- (prepared as described for its per-benzoyi anal ogue by repl aci ng benzoyl
chloride with acetic anhydride; Jaurand et al. Bio. Med. Chem Lett, 1992,
2, .897-900) (48.4 g) is dissolved in toluene (175 m ). Ethanethiol (20 m)
“and boron trifluoride etherate (1M 15 in toluene, 134 nl) are added under a
ni trogen at nosphere. A~ter stirring fo¥8 1 hour, aqueous sodi um hydr ogen
carbonate (400 m) and the m xture is added and the mixture is stirred for
1 hour. The nixture i% $hEhtpoured ¢ompoetdy?4acétat®9. The organic phase is
20 washed twice with water and concentrat ed, Purlflcatlon bg chronatography
on a col umP 0f3%iMe gkt @i%st%e 6y FCEbAPBdUREEERITIE: 2Rf M) 9. 45,

0% AR AR M ey TREP NI, o o
- met hyl - 6- QQ?f%- é%&}ébyqpqxgan03|de‘§g3)t ?g%ggn$)5ﬁfg%9 1 g) and

conmpound SZ( are di ssof uener €r a nitrogen

t h t t
ﬁeg?ﬁgligecégf Q§%%$ f@reshly preparedy%aﬁ)lségM g??gﬁzg 98ar eaction
N-i OdOSUCCid?J-'E&epc(zjaocé'd 9); 40 and Qf fdad | F?r@f&?éé‘aﬂ@SHiPhOﬂfEeE‘C' d (0.8C

m) in a 1/1 v/v d~oxane/ di chl oronet hane m xture is added dropw se under a
stream of RIHARG&IbgAdEEF D AMduihesm dhesiedcseqet) opomixgupre is filtered
and washed successively w th aqueous sodi um thiosul phate and 15 aqueous
sodi um hydreggiowal haire 9wl agegghni ¢ phase is concentrated and the
residue is purified by chromatography on silica gei to give 21.1 g of
conmpound 53LCTLBE Rf 0= €h,3Gilsida celgel 6 (B/2A wi/v/totouknehel byhy20 acetate).
PREPARATI ON 48 Methyl O (3-O nethyl -a-L-idopyranosyl) - (1--~4)

- 2- CheRPy| aZegadie/Buvatntoll - a- D- gl ucopyr anosi de (54) 25 Conpound 53 (21.1 g)
is dissolved in 295 m of a nethanol/di oxane m xture (1/1 v/v) and

pot assi um test-butoxide is adder. After 30 mnutes, the mxture is
neutralized with Dowex 50WK8 res~" in |-; form and 62 concentrated under
vacuum Purification is carried out by chromatography on silica gel, to
give 12.7 g of conpound 54. TLC. Rf = 0.08, silica gel (3/7 viv

tol uene/ ethyl 5 acetate)



63 SCHEME 12 - Preparation of the tetrasaccharide 62 HO Ove HO Ove HO O a
~---~ 0 HOOOWw OOOOQOw O Ma0O 8n0 ONe MeO BnO 5~ 55 M~ Ove Ma0O OMB 0 O

HO O ~----- OHOO O OO ~ Ovw M0 BnO OV MO "' gnp OV 37 sa Meo MeO
Ovee O O HO O~ HO O O O HOOC Owve MsO BnO Owve BnOOC OVe MeO 8n0 Owve 6d SO
-O CAcO 08n BnOOC ~ G mLevOt MsO O O Ovb sa Ma0 OV O OQAcO OHOn O enoOC
O RO OOw MsO Ova C OVs MeO 8n0 OVB ~Bi3R~-LEY 62: RH 64 PREPARATI ON 49
Met hyl O (4, 6- O i sopropylidene-3- 0O net hyl -

SCHEME 5 - Synthesis of the nonasaccharide 27

25

PREPARATION 24

5 O-(6-0-Benzoyl-4-O-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) - (1-54)-0-(2,3,6~tri~-O-methyl-pf-D-
glucopyranosyl) - (1—>4) ]3-6-O-acetyl-2,3-di-O-methyl-a, B~

10 D-glucopyranose (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 hours at 35°C. Next, morpholine
(22.3 ul) is again added and the reaction mixture 1is

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



i dopyranosyl )-(1~4)-2- O benzyl - 3, 6-di - O net hyl -a-D gl ucopyranosi de (55) 5

» Compound 54 (12.7 g) is disso _ved in tetrahydrofuran (67 ml) under a
nitrogen atnosphere. 2, 2-Di net hoxypropane (19 nml) and p-tol uenesul phonic
aci-d are added and the m xture is then stirred for 16 hours at room

" tenperature. The reaction. nedzumis 10 then diluted wi th aqueous sodi um
hydr ogen carbonate and extracted with €@hyl acetate to give, after
evaporation of the solvent, a crude residue which is purified by

chr omat ogr aphydonnesbi cAfger cbrghgeogoanhy oh soApound 935. siSiFeC: Rf =
0.35, silica gel él/l v/iv toluene/ethyi acetate). PREPARATI ON 50 Met hyl
C>(4,6-C}is%%£op% Pdedecd, goapo et Aiypra- Lselatedopyranosyl ) - ( 1-~4 )
-2-0-benzyl -3 , 6-di- thyl - a- D gl ucopyranosi de (56) Conpound 55 (10.4 g)
i s dissol vet-sn %Et‘?‘aﬁ;g?of %Jréh@(‘l%%lm 7 526 866?&&?@%@@/ e§5d¢3um hydri de
(1.38 g; 6Q;;gisger%%on inh oil) and iodonethane 25 (1.84 nl) are added
under a nitr%g%% { g%ﬁ% e. After 4 hours, the excess sodiumhydride is
destroyed V@ﬁﬁbéﬁi | a:~d the mxture is extracted with dichleronethane
and concentrat ed. e residue .s 65 purified by chromatography or. silica

25 o 8157 P B SR A gm0 Eomathlaca-gel (0575 v/Y
glucopyranosyl)-(1-—>4)~0-(2,3,6-tri-O-methyl-f-D-
glucopyranosyl)-(1—>4)~-[0-(2,3,6-tri-O-methyl-a-D-
glucopyranosyl)—(1—94)—0-(2,3,6-tri—o—methyl—B-D-

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

Trichloroacetonitrile (39 upl, 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



Met hyl

O (2, 3-di - O et hyl - a- L-i dopyr anosyl ) - (1- ~4) - 2- Gbenzyl - 3, 6-di - O- et hyl -a-D- g
| ucopyr anosi de (57) Conpound 56 (11.1 g) is dissolved in a 7/3 20 (v/v)
acetic acid/water m xture and stirred overnight. The m xture is evaporated
- twice in the presence of toluene and purified by chromatography on silica
gei, to give 9.2 g of conpound 5 7. TI&Z Rf = 0.09, silica gel (1/1 v/v

tol uene ethyl 15 acetate). PREPARATI ON 52 Met hyl

O (2, 3-di - GOHAME/| 6 a= [Synihys i osf| thendisaccharide 33

acid)(1~4)-2-0 benzyl -3, 6-di - O net hyl - a- D- gl ucopyr anosi de 20 (58) 2, 2, 6,
6- Tet ranet hyl - 1- pi peridiny~oxy ( 13 ma) , saturated sodi um hydrogen
carbonate solution (16 nl), potassium bromi de (88 ng)onand.o

t et rabut yl ammoni um chloride (1i 7 ng) are added tO"Zég}ngl oyonpound 25
57 (4.7 g) in dich~.oromethar.e (28 m) . The pur S C to OC and a
m xture of saturated sodiumchloride solution (|i 7.8 né, of waturated

sodi um hydrogen carbonate solution (8.8 m) and of sodigwn 66 hypochlorite
(1.3M 20 m) is added over 15 minutes. After stirring for 1 hour, the
mediumis diluted with ethyl acetate, washed with satur%t ed aqueous sodi um
chloride solution, dried over magnesi um sul phate, 5 filter ed and evapor at ed
to dryness to give 3gR of the crude conpound 58. TL&, = 0.14, silica
gel, 9/1 v/v dic gne cioptehanol 10 PREPARAT ﬁno OMe

O (benzyl - 2, 3¢ Pz%ﬁyl\%bﬁi dopyr an6syT ur o f%?:ll) benzyl - 3, 6-d
i - O-net hyl - a- Ogl ucopymeanosiose ( 5 9 ) Corrpound 58 (3 i %edli ssol ved in
N, N 15 di net hyl f or mam (}E (29 m) under a nitrogen atnosphere. Potassium
hydr ogen car bonate (1. g) and benzyl brom de (2.85 rri) are added and the
mxture is stirred for 4 hours. Ethyl acetate and ceater are added and,
after extraction, the organic phase is concentrated. 20 Purifi catl on by
chromat ography on sili ca gel gives 3.4 g of conpound 59. TLC. Rf = 0. 43,
silica gel, 4/6 v/iv to' _uene/ethyl acetate 25 PREPARATI ON 54 Met hyI o

(benzyl 4- OI*@ ul i peyl .2 | ou-
3-di - O net hyl - | ur onat e)-(l--~53°° %%Obenzyl 6-
O et hyl - aDngn:uco,rano of - (1- ~4) - O (berrzyl 2,8- d| b

n QBn

OMs QB
32

l

31

5 PREPARATION 26
Methyl-O-(4,6~-0O-isopropylidene-3-O-methyl-a-L-
idopyranosyl-(1—4)-2,6-di~-O-benzyl-3-O-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%).



67 .0 net hyl - a-L-idopyranosyl uronate) - ( 1--~9 )

- -2-0-benzyl 3, 6-di - O net hyl - a- D- gl ucopyranosi de (61) A m xture cf conpound
SG (0.53 g) and conpound 60 (1.0 g) is evaporated in the presence of 5

t ol uene and di ssol ved in dichloronmethane (16.2 m ) under a nitrogen

- atnosphere. After addition of powdered nol ecul ar sieves (4A), the m xture
is cooled to -20C. After stirring for 45 mnutes, trimethylsilyl
trifluoromethanesul ph-ovate (15 nolo relative to 10 conpound 60) is added.
After 15 miTLE esRfthed n3Xt uskelisatgedt ed/ W vhvaquedbokegadedrthydr ogen
carbonate. After filtering off the nolecular sieves, the filtrate is

di l uted wi tdcelietd or onet hane, washed with water, concentrated and purified
by chronmat ography on silica 15 gel to give 0.7S g of conpound 61) NVR Rf =
0.4S, sili c@‘%&%’@%ﬁ@ t ol uene/ et hyl acetate). PREPARATION 55 20 Met hyl

5 S0 E MY LTOT Ay e SRR L $RReE? . 19129 PRERYA SRy | - 2 0- benzyl

-6- O nethyl a; D-gl D G - L2,
2ar. O vt HABE AR S pesias o hednadl S HRAAL o

6- di - Onet hy] -a- i d 2) 25 Co d 61 (C. 74 .s di ssol ved
in :oyri di n??@f@:‘%ﬁﬁ#%‘gﬁétﬁ?épog acet i (r:rpg.g?d (4.(1 n ) S%d f]yder;On\ée

hydrate (0.47 m) ~n<ﬂ¥ﬁ%%hg?a%?.gzpa%%is3ggd ng igogkggggerggure. After

stormng for 9 hous=s, or'oiet hane and wat er are added.  The organic

phase i's separ atied Opte g yashed, sUs6LESE Ve ya W & B bydrochl ori ¢ acid
solution (1.0N), aqgqueous sodi um hydrogen carbonate and water. The organic

phase is 5 gpngseitdatashanch pprifded(dyl coyorahogaaphythplsilica gel to
give 0.66 g of conmpound 62. TLC. Rf = 0.25, silica gel (98/2 v/v
di chl orlanetdwed vt haniold .coimoured raGacthadigde 68%pel ow is prepared in a 10
simlar manner according to Reaction Schene 13 below, starting wth the
di sacchari d&G5.RE 69 SCHEME Ui-a drkpa¥ael i ofivofytheheranadatthari de 68 HO
Ovw 0 0 O~O0QOw MO BnO Owv db6
acetate
PREPARATION 28
Methyl-0-(2,3~di-O-methyl~oa-L-idopyranosyl-(1—5>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 1is then dried (sodium

sulphate), filtered and then concentrated. The residue

is purified on silica to give compound 31 (1.45 g,

25 [al% = +10 (c = 1.0, dichloromethane).
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_f1 M~ MeO 8n0 b4 b3 AcO OMe O HO O HOOC 9Ma Map $~O OVe 65 Aa0 Ova
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15

20

25

PREPARATION 29
Methyl-0-(2,3-di~O-methyl-a-L-idopyranosyluronic acid)-
(1-—>4)-2,6-di-0O-benzyl-3-O-methyl-a-D-glucopyranoside
(32)

2,2,6,6-Tetramethyl-l-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 1is
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
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

dichloromethane/methanol.

PREPARATION 30
Methyl-0O- (benzyl-2,3~-di-O-methyl-a-L-
idopyranosyluronate) - (1—4)-2,6-di-0O-benzyl-3-O-methyl-
a-D-glucopyranoside (33)

Compound 32 is dissolved in N,N-dimethyl-
formamide (11 ml) under a nitrogen atmosphere.

Potasszum hydrogen c¢arbonate (0.87 g) anrd berzyl



72.00 Ph O ~~~~OM PMBO OBn 89 1 HO O HO "~Ow PMBO 8n 70 HO OVB HO O O
. HO OW-PMBO BnO ~M~- 73 MMOOMB OO .COOO0O1.---_. OvB PMBO Bn0O OVMB 7a HO
OB Oj OO0 OOw PVAI ~~~OM~ 74 71 PREPARATI ON 56 Met hyl

2- O benzyl - 4, 6-di - 0- benzyl i dene- 3- O p- met hoxy benzyl - a- D- gl ucopyr anosi de
* (69) Conpound 48 (26.4 g) is dissolved in NN 5 dinethylformam de (211 m)
and cooled to 5C. Sodium hydride (2.5 @) is added under a nitrogen
at nosphere. Next, 4-methoxybenzyl chloride (13.3 g) is added dropw se and
the m xtur éransdértedoionll aoaradtiedoamit enpenaktnee Thesmilxtrarde i s
diluted with ethyl acetate, 10 washed t'rl1Ce with water and concentrated
to give 40.foy ¥ mompoend BOhyTL&eRite n80waseki easgelded/ ang) v
toi uene/ ethyl acetate 15 PREPARATI ON 57 Methyl 2-0O benzyl
3- O p- net hBEIRN X LB TE P UcopYE apBIdN 86 PIOFeChAPEANRESBYrEe88d9 ) is
d~. ssclved ~.n aqueous 60% acetic acid and stirred for 4 hours at 6CC. The

Purification by chromatography on a column of silica

5 gel gives 0.99 g of compound 33.
TLC: Rf = 0.58, silica gel, 1/4 v/v toluene/diethyl

ether



20 m xture is diluted with tol uene and concentrated. Purirication by
chromat ography on a colum of silica gel gives 26.4 g of conpound 70. TLC
Rf = 0.07, silica gel, 7/3 vlv toluene/ethyl acetate 72 PREPARATI ON 58
Met hyl 2- O benzyl - 3- O p- net hoxybenzyl - 6- O net hyl - a- Dgl ucopyr anosi de (71)
Compound 70 (26.4 g) is dissolved in 5 dichloronethane (2&3 m) under a

ni trogen atnosphere. Tri nethyl oxoni umsgtset r af |l uoroborate (11.6 g) and
2,6-ditert-butyl-4-nmethyl pyridine (17.4 g) are added at room tenperature.
After 4 hoBCHEMEnG mi Symthesdspelff etheortetnasaaailatindd e36 and extracted with
di chl oronmet hane. The 10 organic phase is \A/?f.?ed wi th sodiggp hydrogen
carbonate and concentr at ed. Pgélfl cat Crggg prodyst by

chromat ography on a col um of ilitca g| % d 71. TLC
Rf = 0.25, silica gel, 7/3 v/v tol ene/eéhag tate}&%%h‘ﬂ\lw

Met hyl ngoc AcO OBn
0-(2,4,fi-tri-0Oacetyl-3-0O nethyl-p-L-idopyranosyl)-(1-~4)-2-0 benxyl-3-Op
- met hoxybenzyl - 6- O-net hyl 20 a- D- gl ycopyranosi de (72) Conpound 71 (17.5 g)
and conpound 52 (28.2 g) are dissqgved in toluene (5 nl) under a nitrogen
at nosphere. After addition of a 4A nol ecul ar sieve, the reaction is cool ed
to -20C. A freshly prepared 0.1M 25 solut ~ on of P3-iodosuccinim de ( 17
. 4 g) anal cf trirluoronethanesuiphonic acid (1.38 m) ~ni/1 v/v

di oxane/ d~i chl oggnet hane is added dr yyMgRe YRder a cor.t~.::uous stream of

ni trogen. AftiglolOxmsms, yheo MZ§ ed reeg:ti nbeiome is filtered and
washed successiv a nd aqueous sodi um
hydr ogen car bona& &g @ﬁg d under vacuum and 30.0
g of compound 72 are 5 A8 ated CIEC Rf 5,0Bilica gel, 8/ 2 v/v

di chl or omet hane/ et hvl acet at e PREPARATI ON 60

35

HO ; o MeO E OBn OMe

coosn © ° ‘o OMe

36

PREPARATION 31
5 Methyl-0O- (benzyl-4-0O-levulinoyl-2,3-di-O-methyl-p-D-
glucopyranosyluronate- (1—4)-0-(3,6-di~O-acetyl-2-0-

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



10. Met hyl O (3-O net hyl - a-L-i dopyranosyl )-(1-~4)-2-0

. benzyl - 3- O p- net hoxybenzyl - 6- O net hyl - a- D gl ucopyranosi de (73) Conpound 72
(30.0 g) is dissolved in 460 m of 1/1 v/v nethanol/di oxane and potassi um
tert-butoxide 15 is added. After 15 mnutes, the mxture is neutralized

- W th Dowex~ 50WK8H+ resin and concentrated under vacuum Purification is
perfornmed by chronat ography on a col unmsof silica gel, to give 17.4 g of
conpound 73. TLC. Rf = 0.25, silica gel 95/5 v/v 20

di chl cr onethetkyhetthhndHoPRERABAYLONo6a thpt-HtI>4) -2, 6-di-O-benzyl-

O (4,6-0isopropylidene-3-0Onethyl-a-Z-ido

pyr anosyl ) - 3iO*m#tEYIr@eﬁzgﬂusopypannshdnyHéﬁiyI-6 O 25

nmet hyl - a- D- gl ucopyr anosi de ( % ngound 73 él7.4 is dissolved in L~ N
di metryl f or mam de (77Cﬁmpouﬁde 4a Al trogenfa hn@@ﬁgﬁe (M2, Petitou,

2' D~|Llethoxgpropar~e i1 26 ni 5 toluenesul?honlc 74 acjd _are added
and the nixttrdlis fh%ﬁd s?b?@ed i% 7804H1 ndPEE) PRPUFPBRCYNS Ke mi xt ure

wi t h aqueou d|un1 ogen. carbonat e and xtraction. t.h et hyl
acetate g i%gng?e é %?%%?oh OFOEH%H§O|@EHP1 18r% r§a5FgL&ﬁpound 74.
TLC. Rf - 0,45, S|I|ca geL 95/ 5 hIoroqEEBa S/neth%nol PREPARATI ON
62 10 Nhthy?h 'presencevor’a mol ecu ar “§leve

O (4,6-O i sopseopyldene:2, 3 %egggn%ﬁpskngpgt??gEé&zagngha 4) - 2- 0- benzyl

-6-Onethyl-a-D glucopyran05| di'ssol ved |n
N, N- di et hyé&p;,sm@@ (14 #)oand copbed:too€heidn Sadcumiydnide (i

g; 60% dispersion in oil) and i odonethane (2.36 m) are added, under a
ni trogen atgpephese;r AL4Er £d: NoUT ni e EXCERS $OEEYTLRY ALk@R ries is
10 neutralized (NaHCO;), filtered and concentrated.
Chromatography on a column of silica gel gives compound
35 (334 mg, 80%).

20

[}y = +31 (¢ = 0.76, dichloromethane)

15 PREPARATION 32
Methyl-O- (benzyl 2,3-di-O-methyl-f~D-glucopyranosyl-
uronate) - (1—4)-0~-(3,6-di-O-acetyl-2-0O-benzyl-
a-D-glucopyranosyl) - (1—-54)-0- (benzyl 2,3-di-O-methyl-a-
L-idopyranosyluronate)-(1—54)-2,6-di-O-benzyl-3-0-

20 methyl-oa~-D-glucopyranoside (36)

Compound 35 (308 mg, 0.22 mmol) is dissolved
in a toluene/ethanol mixture (1/2, 43 ml) and hydrazine
acetate (101 mg, 5 eg) 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%).

(0% = +29 (c = 1.05, dichloromethane)



destroyed with netr.anol and the mxture is extracted w th dichl oronet hane
‘ahd concentrated to give 20.0 g of 20 conpound TLC. Rf - 0.85, silica gel,
95/5 v/ v dichl oronmet hane/ net hanol . ~s SCHEME 15 - Synthesis of the

di saccharide 64 75 Ova HO O CGAn OM O-! '~ O Ova OM 76 coow & Ovp O~ Owe
~ 7~0~pMa\ ~~ Ova 79 COOBn oM-o oan oM ht0O O CAAa p Ova 80 7i A a0 (df a
Lsvo \~~a o C008n O /i~ Q- Ae0 BnO 1400Ova Bn p OBn Ova O Ova Ova 7T oM OBn
Ok "%~00I1 OM Ova T8 Ma0 OM HO v oooen Q ~O ~~ Ova $1 Wap Ol Na COCL&)
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08n AcO 09n 84 80 76 PREPARATI ON 63 Met hyl

. 0-(4,6-0-isopropylidene-2,3-di-0O net hyl -a-Li dopyranosyl ) - (1--~4)-2-0-benzyl
- 6- O net hyl - a- Dgl ucopyr anosi de (76) 5 Conmpound 75 (18.4 g) is dissolved in
dichl oronet hane (838 ml) and water (168 m).

- 2,3Di chl oro-5, 6-di cyano-1, 4- benzoqui none (7.1 g) is added and the m xture
is stirred for 18 hours at 4C. The m:4Bure is poured ~.nto aqueous sodi um
hydrogen 10 carbonate and extracted wi th di chl oronmet hane. Concentration of
t he organi cPREPARAQIONS332. 7 g of compound 76. TLC. Rf = C 40, silica gel,
95/ 5 v/v dichl oronet hane/ net hanol . 15 PREPARATI ON 64 Met hyl

O (4, 6-C>i§b@tbp¥lDdéﬁeOQbendbyIkﬁeohybvalihdyéyBaﬁodykpr@gihéﬁrz,3-di-C>be
nzyl - 6- O net hyl - a- Dgl ucopyr anosi de U;% 20 Conpound 76 (10.5 g) is

di ssol ved ¥ RrglRCRPUFABPRYL) o (K2783n§‘)t’ahti°rﬂeﬁhﬁébﬁé ~to OC under

ZdS'eér"?ﬁFl SHEROBYEaraBRLL (SOt AT A 6 belz ot BOGRF BRVE303BR1 ) | ATter 30
dest oyl v rﬁhgaéf%‘%%ég”lmi%s %&%%%3%8 ST ﬁgﬁﬂifi'aﬂfehstw ce
7o S SRR E PRt R P e i i ¢
S’F*EBAE’QI'ZS‘& ?él%?%*a%é}ﬁ Spﬁaﬂﬁé% Kol &"f’y&%‘ﬁﬁ dotord g Clolved i
77133 (v/Vv)gas. 1 £4465 iufBHaELSLK§¢®V-%ﬂL9hé -aibhe-gtetgi-pe is
co- evaporated t th to uene and p~~rified by 10 chronatography on a
col um of Scbikbé?:@zﬂﬂ-a bOogUu¥Ep}Eahodylf ~¢QRPPLO- (Benzyl 2,3-di-O-
10 methyl-a-L-idopyranosyluronate-(1—4)-2,6-di-O-benzyl-
3-O-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
(L1.5 pl 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 (116 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-B-D~glucopyranosyl) -



T~C. R~ - 0.09, silica gel, 1/1 v/v toluene/ethyl acetate. Rf = 0.68,
stlica gel, 9/1 v/v 15 di chl or onet hane/ net hanol . PREPARATI ON 66 Met hyl

O (2, 3-di - O net hyl -a-Z-i dopyranosyl uroni ¢ aci d)

(1-->4)-2,3-di - O benzyl -6- O et hyl - a- D- gl ucopyr anosi de 20 (79)
2,2,6,6-Tetranet hyl - 1- pi peri dyl oxy (33 ng), sodi um hydrogen carbonate
solution (4C m ), potassiumbromde (228 ng) and tetrabutyl anmoni um
chloride (289 ng) are added to a solution of conpound 78 i?_(ll.G g) in d~;
chl or onet hete=d )62 )3, Rt imGmgthy k- & RT SR FPYERARTY S’ i xt ur e of
saturated sodi um chl oride sol ution (940(?1}# of sat urat edlf_c_)di um hydr ogen
carbonat e Eobud)i-or (213 F 1YL @nmeth gt A FYHREY 0P~/ 7a (1.3M 50 nl)

is added over 15 minutes. After stirring for | hour .t jxture is diluted
with wat er (I exisr@ct{éa Or 2SSy i -&'&‘ﬁﬁﬂy@t‘ré{?aréﬁ e organi c phase

is washed wi th aqueous_sodi u hl or i sol wriQn Ledpo gnhesi um
sul phat e, PY*%%‘Péﬂlbﬁéla/gp#af%%f‘f%Pg% y%eaél}é ‘?g“%?f}gilg.ﬁ ggg%ﬁ?he crude
conmpound 79. TLC. = 0.14, siligp Qe L s VAV di opopebeareret hanol .
10 PREP%WW%%Y%PﬁﬁPa%f(bZ%E%/@a 83, 8Ldivovateeid 7
2,3-di-O methyl ;a-Di yloyr ) 1bdnz¢l- 2, 3-di~O-herayll-6- 0- met hyl a-
D gl ucopyr%ﬁ ggﬁgcfgggg&%gznég-?_gm?‘éédi(]é%ol ged fn N, N 15 di ryfet hyl f or mam de
(110 m) u&gﬁgig g&,%ﬁgnggt,__gg‘gQQer 8 »Ppt2asetdin-bybeagel-Gabonate (6.7 Q)
and benzyl brom-d .7°m) are added and the m xture is stirred for 90
m nutes. Efby, Qcatgtgla&@p%habsaae Jadsed and, after extraction, the
organi ¢ phase ?’s concéntrated. 20 Purification by chromatography or. a
colum of silica gel cghﬁ@&n& 879 (afl ocampoind 320 mmAIC: IR comyertedi|ica
gel, 4/6 v/v toluene/ethyl acetate.

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



79 PREPAR. AT | ON 6 8 Methyl O (benzyl

2; 3-di - 0- net hyl - ~3- D- gl ucopyr anosyl uronate) - (1~4) - 2, 3-di - O benzyl - 6- O net hy
| - a- Dgl ucopyranosi de (81) 5 Compound 80 (9.9 g) is dissolved in 300 m of
met hanol and refl uxQd under a .nitrogen atnosphere. 1M sodi um nmethoxzde in

. methanol (65.2 nl) ~s added dropwi se and the mixture is stirred and

refluxed for 3 hours. The mixture is t3en cooled to room 10 tenperature, 1N
sodi um hydroxide (22.2 m) is added and the reaction mxture is stirred for
a further SCHEMRIt®S SAfttdvesisutafltheattuisagehrTiAdRxd30WK8 H+ resi: ~ and
filtration, the m xgyre i s eencentrat ed. The pine product is dissolved in
N, N-dinethylforna de° 5 ) gpl ecul ar sieve is added under a

ni trogen atnmospp g4, Carbonate (3.2 g) and benzyl

brom de (4.8 nl) nafe a d%ﬂ and®t#ee mi xture 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 jon a colum cf silica gel to give 6.19 g cf
conpound 8i and 1.88 g of tlhe starting conmpound 80. TLC. Rf = 0.55, sil~~ca
gel, 4/6 v/v toluene/ethyl €5 acetate. 80 PREPARATI ON 69 Met hyl

0- (benzyl - 4- 0-1 evul j noyl - 25,3- di - Ogyet hyl - (3- Dgl ucopyr anosyl uronate) - (1- ~4) -

2, 3-di - O benzyl t hyl ¢ a-oD- gl pyr.anosi de (82) 5 Conmpound 81 (6.2 g) is
di ssolved in 4oag§;£§*q k%%ﬁ*%ﬁlc acid (2.1 g),
di cycl ohexyl *Phodl AP d@~{ 347505 and™*i- di et hyl ani nopyridine (0.2 g) are

added and the m xture is stsgrred for 2 hours under a nitrogen atnosphere.
Diethyl ether 1C (95 m) is;added and the precipitate is filtered off. The
filtrate is washed with agupous potassi um hydrogen sul phate, dried over
magnesi um sul phate, filterefd and concentrated. Crystallization from

et her/ heptane gives 6.2 ¢ conpound 82. 15 TLC. Rf = 0.26, silica gel,
95/ S v/ v dichl oronet hane/ gget one, . PREPARATI ON 70 O (Benzyl -

o
-O |l evul i noyl - /goep | -~/|S<?‘aé/m
o” %( N
. A0 o AcO pco Aco © OAc

AcO
41

é?s:%é%y



20.
. gl ucopyranosyluronate)-(1-~4)-1, 3-di - O acetyl - 2- Cbenzyl -6-0-nethyl -a,j3-D-g
| ucopyranose (83) Conpound 82 (6.1 g) is dissolved in acetic anhydride (256
m ) under a nitrogen atnosphere and cooled to -20C. A m xture of sul phuric
cacid (4.9 m) 25 in acetic anrydr~de (49 m) is added dropw se over 30
m nutes. After 60 m nutes, sodiumacetgte is added until a m xture of
ne~:tral p~: is obta~ ned. Ethyl acetate and ware= are then added and the
organ~. c phBBEPARBTIDON B6ncentrated. 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/9-@R¢BI 41, 6nFehaaePetbekydcatbt-glBcPRFRARABYIN -A1L-84(] BOnzyl
4-0-1evulinoyl -2, 3-di - O-met hyl - ~i - D- gl ucopyr anosyl uronat e) - (1- ~4) - 3- G- acety
| - 2- O benzyK 6366n§thQ acetytrgrucggypenygenesaﬁ)ed#peehdlag B482 g) is
di ssolved in 10 tetrah¥droéuran (42 m) and p|Ber|d|ne (4.1 m) is added.
The ni xt ur eteEX3rPracatyve nPgﬂ%“ﬁPPYEBH?FSnﬁé dture. Ethyl acetate is
added and the nlxture i S_was E E 5N hy qQOChI % %%k& The organic
phase i s°concent r at ed“8H8eEhedre&p E8tF%°BGr| |8d 5 ondtSogr aphy on a
colum of silic ound _84. TLC Rf ,.=.0.33, silica
gl - TR B s TANE Beng P s deRP R L SH PREPARRI TGN T2 36 %0, ( Bensyl

4-C>IevuI|n?%l%hégad%mgiFeg%ggfgtgéggyﬁgg¥£?go§ybuE9 a%%)1@§mc4) 3-0O acetyl

-2- O benzyl UCOopyranos rlchloro cetini-dat’e (60)

compound 84, £fe 91 8) niRy LSS l:?{gds?@u?%éfndﬁr LBEoUER! hane Judery @ nitrogen

at nosphere. rTchlor oacef oni tri ar~d caesi onate (72

ng) are added.and-thecthx{yEeri $766i hipd ABkel BQUELacTio® GAQS3 UM carbonate
is filtered off and the filtrate is concentrated. Pur~ficatien by 82

chronatp@ra@bu DNade€OLEMeRE StbhEacIFhagEVES Ladhed @fitGORReWRd 60. TLC
Rf 0. 60, S|I|ca gel, 3/7 vlv toluene/ethyl acetate. 5 SCHEME 1B -

Synthe5|s ofiridue &eeramagn@aiuﬂesﬁipﬁ@t& 86iMeBrbH and~O LevO-~~e OM~"~O
09n Owe coQ~a ~~ ~ ~ag '1/ a aMe o-,
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 0-(2,3,4,6-tetra-0O-acetyl~a-D-glucopyranosyl) -
(1—>4)-0-(2,3,6-tri-O-acetyl-a-D-glucopyranosyl) - (1—4) -
2,3,6~tri-O~acetyl-1l-thio-f-D-glucopyranoside (41)
20 Compound 40 (13 g, 13.5 mmol) is dissolved in
toluene (8C ml). Ethanethiol (1.97 ml, 26.9 mmol) and
boron triflouride diethyl etherate (13.7 ml of a molar

solution in toluene) are added under a nitrogen

atmosphere. After stirring for 60 hours, the mixture is

(3]
w

diluted with water and dichloromethane. After
extraction, the organic phase 1s washed with 10% sodium
hydrogen carbonate solution and water, dried, filtered

and concentrated. The crude product is purified by



n5 Mep O HO ~~~ a Owve~~~ Q OBn OV COOBn O Aco ~ OBn ~O~' Ove OWe as 83
. PRE P~rRAT | ON 7 3 Met hyl

O (benzyl -4- O | evul i noyl - 2, 3-di - O net hyl - ~3D- gl ucopyr anosyl uronat e) - (1- ~4) -
O (3-0 acetyl - 2- Gbenzyl - 6- O net hyl - a- D- gl ucopyr anosyl )-(1-~4)-0O (benzyl 5

» 2,3-di - O net hyl -a-Z-i dopyranosyl uronate)-(1->~)-2, 3-di O benzyl - 6-0-net hyl -a
-D-gl ucopyranosi de (85) A m xture ef ceppound 80 (3C0 ng) and conpound 60
(455.6 ng) is co-evaporated with toluene and dissol ved in dichl oronethane
(6 M) undetheoddtagteobggnoat aospheme. oAf sel iaddigeilonoofyiared -8l engl ecul ar
sieve, the mxture is cooled to -20C. After stirring for 20 m nutes,
trinmethyl si¢§lcompbindr ket hanesul phonate (15 nolo relative to conpound 60)
is added. After 10 minutes, the mxture_is 15 neutralized with aqueous

sodi um hydrbeen RarboRab8, Afterafppiering 8fv fhehddTCecul ar sieve, the
filtrate is diluted with dichloronethane, washed wth water, concentrated
and puri ~i REBY2RR BRBY bgRE&BRFEBN a col um of silica gel, to give 560 nmg of
conmpound. 85. 20 'ALC. Rf = 0.50, silica gel, 3/7 v/iv toluenel/ethyl acetate.
PREPARATI ON 74 Met hyl O (benzyl 2, 3-di-0O nethyl -~3-D gl ucopyrano 25

syl uronat e),gs 55 - Q=
(3-O-acetydg%géé%%%gév-gjc>nethyIa-D—gIucopyranosyl) - (1->4 ) -0 (benzyl

2, (=T - -0~ (o-D- -
3-di .- 0- methg Y w07 S8 o GRaCoPYFana sy ({120 =% PR TH BERZy 1 - 6- Omet hyl - a-
D- gl UCODyrag(}pé' > OO G5 oy PBll o4 Sdédli §42) ved in pyridine
(1.9 M) an a%ﬁfi%gfe(%?ﬁﬁketic acid (Z.4 m) and hydraginL hyd=ate (0.3
m) in pyridine (1.9 gbhpbsnadded; at c6pErteAPERAbUEEmMPAlIhEr 49tirring for 5
9 mnutes, dichloronmetr.ane and water are added. The organic phase is
separ atied ciicardgin@sbedtBecoesstueky wbtbrdbdll Bydreek' _oric acid, aaueous
sodi um hydr ogen carbonate and water. The organic phase is concentrated and
purified bymdpanatdgnaphycompausdl Gim of silica 10 gel to give 451 ng of
conmpound 86.

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~-O-benzoyl-a~-D-glucopyranosyl) -
(1—4)-0-(2,3,6~tri-0O-benzoyl-a-D~glucopyranosyl) -
(1-»4)-2,3,6~-tri-O-benzoyl-l1-thio-B-D-glucopyranoside
(43)

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

preparation of compound 2.



TLC: Rf = 0.45, silica gel, 3/7 v/v toiuene/ethyl acetate. 85 SCHEME 17 -
Synt hesi s of the nonosaccharide 93 o 'o 'QJ Ofs 87 Ovap OH p OJ 1-- O MPO
MPO OTs OIs 89 OWO OhhO O ~ O MPO OBz MpO OH 91 90 OV O~ O 0 A O HO OBn
MPO OBn 93 gZ PREPARATI ON 75

1, 6- Anhydr o- ~- O p- net hoxyphenyl - 2- OG-t osyl - ~i - D- gl uco5 pyranose (88) A

m xture of epoxide 87 (20 g, 67 mmol) g Cerny et al., Collect. Czech.
Chem Ccrmrun, 1961, 25, 2542) and of p-nethoxyphenol (33.3 g, 268 mmmol) is
heated to $XEEMEI0 @Fgwardticn (ol thetpokydeconeside 4fauid, ALC13 (0.3
g, 2.35 mml) .s added portionwige and, a~ter stirring for 30 mnutes and
recooling to 86 room t enper at \&_e, the reactgon mediumis diluted with

di chl or onet hane (6Q§ m), neutradized with trgéshylamne (0.5 m), washed
wi th aqueous 1M so m hydr oxi de Eution (120/pty, saturated aqueous
sodium chloride 5 s ﬁ;on (3 g% aque - 00 potassi um hydrogen

sul phate solutlon ) and bugated aque $odi um chl oride sol ution
The organic phase 8’ tshen dried (godi um sul pha , filtered and
concentrated. The re °due IS pu LNl ed by preg (tation. fromether and 10
chr omat ogr aphy on fca, to glv conmpound 8 9.4 g, 690) . TLC Rf =

he

0.37, silica gel, v/ v di chl A®t hane/ et h %§
Q
; o\g s\g\

%%

OBn
AC
(o]

OAc

46




| 5. PREPARATI ON 76

. 1, 6- Anhydr o- 4- O p- net hoxyphenyl - 3- O net hyl - 2- Ot osyl - ~i D- gl ucopyr anose (89)
Met hyl iodide (54 m, 954 mmmol) and silver oxide (18.4 g, 79.5 muol) are
added to a solution of 20 conpound 88 (3.36 g, 7.95 nmmol) ~n dry N, N

- dimethylformamde (8 m ). After stirring for 16 h, the mxture is filtered
(Celite), diluted with ethyl acetate (300 m ), washed with Ovate; (3 x Z00
m), dried (sodium sul phate), filtered, concentrated and purified 25 by

chr omat ogr BREPARABION CRSt 0 give the derivative 89 (3.23 g, 80J). TLC. R =
0.36, silica gel, 2/3 v/iv cycl chexane/ethyl ether 87 PREPARATI ON 77

1, 6- Anhydr Metlyb-Ore{ hoX yphetye £ 3 D ety P-O-Depkogbpgranaamhbpyr anose (
90 ) Conpound 89 (27.4 g, 62.7 nmmol) is dissolved 5 in

N, N- di net hyl ¥odna@-d& 3365 b O~herzayd@-EmeH Rt 1341 g, 940
mml ) is then added and the solution is i ntained at 150C for 3 h. After
cool i ng to Fodh rOrdéra G &rirRs beeFoyhPs PaalRcP¥HaP Bty acetate (300
m ), washed w th water t neutr 1 and concentrated. The

resi due or?le‘?ﬁéﬁ&)l'rﬁf'toggfg?ﬁg nd '%Lf’di"s'%ﬁdé‘{?if%g’ilr'é’c'rq'ﬁ 4T he fol | owi ng
EEEIQAREI_'FZO‘?RY;?:MOSY%,' 8 L5298y, 3 YL b gl g ianelethyl ether 15

1, 6- Anhydr Q- 4- -t h eny_-(3- |~ ‘e!%h%”@?tw (91) Sodium

met hoxi de ?"f’%@%@m&%@?) rti¥)s (éd?é?:tgxadg%\ utron o t%e agove crude

resi due 904 iohd or t / hanRql- o add - der stirring for
1 h, the rgz%ai%%néynfe)di %n?:zz (?ialr(gt'e@gtsw%?ﬁ' doi(chl é{?g]rreﬁtl{%-)r?elugoo mL) and then

washed Wi t hagee 3-(hydy 9ghboy coagkdeg oot BOAL -0Rfetal@ra-pit er drying,
filtration"and concentration, the residue is purified 25 on silica to give

conpound 9k1lukdbgy andHfl JovEr->iye ost(Beazyl PLE-dRf-o~mdt¥;1-P~0-~ca gel, 1/1
v/ v toluene/ethyl ether 88 PREPARATI ON 79

1, 6- Anhydr gl2rdogyerand syl-uZgnats )hofdy-phé AP (3-, B-Et-dHace tiyIredvbpy r anose (
92 ) Benzyl bromde (6.2 m, 51.9 mvol) is added 5 to a sol ution of
conpound 9benZyd w-IBAl3gapudanas W Ndi>de oy ttenrrdi de 3800t ), fol | owed,
at 0C, by addition of 95% sodi um hydride (1.16 g, 48.4 mmol). After
stirring fE‘Fti’@lﬁ,am%ra(@ﬁﬁl)uﬁ@%‘aﬁeﬁ(]at""gczarﬁj'cﬁllf@'rwiﬂoﬁ m xture
is diluted with (eég’\ilr 1Q acetate (200 ml), shed with water, dried,
filtered andCocOREEWMl 48T I HRCRYFARAR: r?%@pondi ng to conpound 92 is used

diecty in the (ol |wnqsten i Lholt gur| f ety onp fopeyer, o, gnal v fca
the acceptor 38 (90 mg, 27 pmol) 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-

20 graphv on a column of silica gel (12/10 v/v

cyclohexane/acetone) to give 89.5 mg (88%) of compound

44q.

TLC: Rf = 0.43, silica gel, (12/10 v/v

cyclohexane/acetone)

PREPARATION 40

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

(1—54)-0-(2,3,6-tri-O-benzoyl-a-D-glucopyranosyl) -



15.[a]z -49 (c = 0.73, dichloronethane). PREPARATI ON 80

1, 6- Anhydr o- 2- O benzyl - 3- O net hyl - ( 3- D- mannopyr anose (93) The above crude
conmpound 92 is dissolved in a 20 THF/ water m xture (311 nm, 17/1) and
ammonium ceriumnitrate (76 g, 138 mmol) is then added at 0C. After

. stir=ing for 30 mnutes, the reaction. mxture is diluted with

di chl oronet hane (1 1) and then washedsw th aqueous 20 sodi um hydr ogen
carbonate solution, and then 25 with water. After drying, fi' _tration and
concentr at i(@r>4) -04.(2 , BeSi-dnre ~Osbpribi e -DR gl hulcopd riamcgipds) -conpound 93
(5.63 g, 720 over two steps). [a] z;, _ -68 (c - 1 . 02, dichloronethane)
89 The nonddaedhabrd€é-94bkakowli2, Brdpaﬁemeﬂ:hgm-tulwmchari de 93
according to a reaction sequence simlar to that carried out for t:

nonasacchapydanzsyloh-tRe - ﬁnr‘aséeéh&rn-d@"@etbygeﬁEﬂEgﬂ&co-Synt hesi s of t he
nonasaccharide 96 08z Ovd MW Mo ~O OVe Ova O\l~ MO OO OBn L6VO . ~'~ O
O MsO OVva Pyranewho(mre‘imtfoo(maé @vFew@ommthyl-m:P-giuﬂp-uvs MsO M- MsO

Ov Ove OO Q] ~ OOC]—ILIY%) ~—— ~ 800~~~ONAO O MLO /5~
OVh Ms0SM BYIﬁE“’I:"Yéb' ®24) N6 (Rmd- 8-kEd- aweawlo oPoSLuess My o o O OBz

1L.wo ~~, quranosfi)-q 2, %) 95202 (6 0h§é€é§§102t3hgl 6:m;tgy%'a- b-

glucopyranosyl-(1—4)-0-(2,3-di-O-methyl-p3-D-gluco-
pyranosyluronic acid)-(1->4)-0-(3,6-di-O-acetyl-a-D-~
glucopyranosyl-(1—4)-0-(2,3-di-C-methyl-a-L-ido~

10 pyranosyluronic acid)-(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) 1s 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

1s used in the following step without purification.

PREPARATION 41

20 Methyl O~ (a-D-glucopyranosyl)-(1—4)-0-(a-D-gluco-
pyranosyl)-(1-»4)-0- (f~-D-glucopyranosyl) - (1—4) -0~ (2,3~
di-O-methyl-a-D-glucopyranosyl)-(1—-4)-0~(2,3,6-txri-O-
methyl-B~D-glucopyranosyl) - (1—>4)-[0-(2,3,6~tri-0O-
methyl-a-D-glucopyranosyl)-(1—4)-0~-(2,3,6-tri-0-

25 methyl-B-D-glucopyranosyl)-(1—>4)];-0~(2,3~di~O~methyl-
a~-D-glucopyranosyl)-(1—54)-0-(2,3-di-O-methyl-pf-D-

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



PREPARATI ON 81

. O (6-0 Benzoyl -4-0-1 evul i noyl -2, 3-di - O net hyl - a- Dgl ucopyr anosyl ) -
) -O (2, 3, 6-tri-Onethyl-~3-Dglucopyranosyl ) - (1-->4) - |
,- 6-tri-O-nethyl-a-D 5 glucopyranosyl ) - ( 1->4 ) -O (2, 3,

- 6-tri-Onethyl-(3-Dglucopyranosyl) - (1-~4) ] 3-1,

6- anhydr o- 3- O net hyl - ( 3- Dmannopyr anose5¢95) 50 Pd/C (i09 ng) is added to a
sol ution of conpound 94 (~59 ng, 0.36 nmmol) in a dichlorol0

met hane/ t - RiEARPSY kt (3 4)3.@- (@, 3-H)0-mdthyl stikridepyoandsyhours at 10
bar and at 55C, the m xture is filtered and concentrated. Conpound 95 is
used in t h&FRIWRABALT 6b M It RnR-maihy D Wl wroryRanRs e 264Fbn. 15
PREPARATI ON 82

O (6- O Benzoyl - 4- O | vulthbyFe 208-Betenet hy? - 8- Byl ugBpyPans¥yl) - (1--~4)
-0 (2, 3 . . . :

6-tri-O metIRALY- ’Pj@%%’éb?ﬁ atbyEyoR 1! 4?9[’E‘H2-}§, 89ePH. EPmet hyl -a-D 20

gl ucopyranos (2 6- tr rre hy| ;

-~i - Dgl usgopyérﬁlagnoo%n%) ?1- - ~Afﬁ’3 Ol %1 anrpﬂl/d %)V%) %3035/(1\4 §°6’r§¥‘hyl - ~3- D- manno

Y el el an eaRas s S L0 %%dded ﬁr%na%%“’*%o@ﬁg%tgs P8, of
conpound 9%&n7@eq~@pat9m$%ma ny W&‘:EP&@ pyrodmea@tﬂnmd pkter

stirring for hours at 60C, the sarme anmount of benzovl chloride i's added
91 and, af tt&fe i tiles, cd e solution o5 g£onsentrat gdnethenpesi due is
taken up in dichloronethane, washed wi th aqueous 10~ potassi um hydrogen

sul phate sollHd ot/ Maepleloush 2% s ath Arndyels pgeacear bonahersat.oetoarand then 5
wat er. The organic phase is then dried over sodi um sul phate, flltered and

t hen cadfcenthreateidt it regadised Stﬁﬂ'tﬁl‘tﬂpLHlCEmblﬂimmnoﬁlSEpHaﬁeAQI ve conpound
96 (084 ny, 900 over two steps). TLC Rf 0.5, silica gel, 1/1 v/v

t ol uene/ acé&te@de 9e192( ISGHHVE 110 cm)Symitutessi v igfh thateonaBaechinite 99 1 G3s
oM MO~ I~IvOOM OM MOOOO~~-0~00p d~ M 'i~ OMOMOMO1
OM MO ~ MSOCOMAEME AR GO aTC-GasTIMEFrowylp  Dowex™ 50H” 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% 1in two steps) is thus obtained.



~~]/ ON~/s~-O0OOM O ~ ~/~~-OAaOL M~J 1108 OAl. MO~ MO OM
MOOOopoamOOWMB ~ ~~~0 MO ""S~.0 ow. ~ h,,p ~ o~ oe~ PREPARATI ON
83 O (6- 0O Henzoyl -4-0O 1 evulinoyl-2,3-di-Onethyl-a-D 5 glucopyranosyl ) - (
1-~4 ) -O (2, 3, 6-tri-Onmethyl-(3-D glucopyranosyl) - (1-~4) - [O (2,
3, 6-tri-Onethyl-a-Dglucopyranosyl ) - ( 1-~4 ) -O (2, 3,

6-tri-0rret hyl - ~i - Dgl ucopyr anosyl) - (13%~4)] 3-1, 6-di - Oacetyl 2- O benzoyl -

-net hyl - a, ~i - D-mannopyr anose (97) 10 Conpound 96 (657 gg .31 mol) is
treat ed wgdhmn 1Tt 4l Preparation aﬁhymlééSEGCBaﬁP fe 28etic acid (100 ~1)
and trifluoroacetic acid (0.19 m) as in Preparation 23. After

chromat ography cn a col unr. of 93 silica gel, conpound 97 (432 ny, 92%
is obtained. TLC. Rf 7 0.53, silic el, &1 v/v tolu 913%/ et ope

PREPARAT] mmef%g%ﬁ@zow$®ﬂa§%% 2-3*di PO- e %

gl ucopyranosyl ) w3 14 O ( 2 , 8077 &eErri - O et hyl - ¥ o8n

gl ucopyranosyl) - €1--~4 ) - [O (2, 3 4 6-tri-O nethyl-a-DB4l ucopyranosyl)
- (1-~4) -O (2, 3,

6-tri-O nethyl -~i-Dgl ucopyranosyl)-(1-~4)] 3-6-0 acetyl - 2- O benzoyl - 3- Oret hy
| -a, (3- D- mannopyr aff%se (98) 10 A sool ution of conpound 97 (382,ngy, O0.17
mol ) and of Qgnzyl axi ne (736MeQ 4 mmol) jn THF (6 } tirred for 5
hours. The maeb i fert podff, LM ce and, after ex tiost™wi t h et hyl
et her, the organic PMase i s washedssuccessively with 30 hydreehl oric acid
15 and water, dried?and concentrated. After chronatography on a col um of
silica gel, conpound 98 (241 ny) is obtained. TLC. Rf - 0.37, silica gel,
6/ 2/ 2 vivlv tol uene/ et hyl

AcQ OMa
/ o
AcO o
AcO [o] OMe
OMe MeO BnO
5

l

HC OMe
o]
HO
Q
HO 0 OMe
OMs MeQ BnO

54




acet at e/ et hanol 20 PREPARATI ON 85

. O (6-0 Benzoyl -4-0O 1 evul i noyl -2, 3-di - O net hyl - a- Dgl ucopyranosyl) - (1--~4 )
-0 (2, 3 ( 6-tri-Onethyl-(3-Dglucopyranosyl ) - ( I--~4) - [O ( 2, 3
,- ©-tri-O methyl -a-Dgl ucopyranosyl ) - ( 1-~4) -O ( 2, 3,

- 6-tri-Omethyl-~3-D 25 gl ucopyranosyl) - (1-->4) ]

3-6- 0O acetyl - 2- O benzoyl - 3- Onet hyl - a, ~i58D- rannopyr anose

trichl oroacetimdate (99) 94 Trichloroacetonitrile caesium carbonate (58
ng) are CONMPREPARMIIOMIM42mg) in dichlo stirring for 1 hour, the 5
concentrated and the residue colum of silica gel to give 560 over two
steps). (5 Mefghyl ©@-456-@rblenzyid dedeed -0 bensyi Urd-dir gifugapmtarare (2. 2
m). After mxture |s filtered, is chromatographed on a the imdate 99 (221
ng, TLC: RfS9@ |(48)sjlica gel, 3/2 v/v cycl ohexane/ acetone 95 EXAMPLE 1

Met hyl

O(2y3 4, 6-tetra- O sulFpPRECANS dlhdéﬁyﬁénd%”ﬁrﬂuzf’)ll@(aé’ag-l@mﬁ O sul pho-a
-D-gl | O sul.p 3- D 1) -
(1 24) CO%Vra”Ody s%of}.veéa& N%’ -glheShriio T s euc%mﬁr ey et (1Y 1y

[8((3 336 ?rh 6“|¥é¢ %‘l d% drd lg{%‘r nogﬁl S)é{’)futi%”qlf capled to
6- o) 3- 1,
Sa1 -G et nyl LB 6 BT aRgE RS B8 Lhat ah Tt ok S s g 4s)

3-di - O met hyhyzgd- Qr%ucg@ymm@éylsw ORI 6 a¢hd) m dthiredarter _
O (2,3, 6- trl-Osqu 0- a- D- gl ucopyranosyl’) - (1~4) - O(2 3-di - O net hyl -a-L-idopy

ranosyl uronichagi-qd) thé- Té)sc@QOHEEEMEe%_a@u@b— @ss Waphewa-tld gafopHanosi de,
sodiumsalt (1) 15 The hexadecasaccharide 46 (34 ng, 11 unol) is dissolved

in N, N-donethyl hokrarkedes( ledt) stOukrphygr foiri axifdethkiretity hanidte conpl ex
(180 ng, 0.89 mml) is added and the mi xture is sty rred at 55C for 20
hours. Tri eThyl aninefsul phuchtn~pyudedcanpber (M5 xmolremolf G deyedraond/|
function) is added to a solution in N, N-dinethylformam de (5 rng/m) of the
conpound t oibe sutiphatedneA terd &xdagpcaed55Chet begsoligt ipdredes jd aced at the
top of a Sephadex G 25 colum (1.6 x 115 cn) and eluted with 0.2bl sodi um
chloride. TRenfeRErRrbAS 2BdcbheaFrniAg phedpesdust Pard fdescdit rat ed and

desaiif~ed using the same colum el ut ed with water. Conpound | (47 nmg, 87-~)
~s obt ai nedST%FEer L EFBEIBAEDi BgVeaslal 998 TWRPIECHGREE [a] "0 = +65 (c =

1.0 er
m?% &escrlbed by J.M. Kuster et al. in Justus Liebigs Ann.

Chem. 1975, 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-oa-D-
glucopyranoside (49)
Compound 48 (26.4 g) is dissolved in N,N-
dimethylformamide (211 ml) and cooled to +5°C. Sodium
25 hycdride (3.2 g) is added under a nitrogen atmosphere.
Next, lodomethane (11.3 g) is added dropwise and the
mixture i1s stirred for 1 hour at room temperature. The

mixture 1s diluted in ethyl acetate, washed twice with



EXAMPLE 2 Methyl O (2, 3,4, 6-tetra-O sul pho-a-D-glucopyranosyl)( 1~4 ) -O (
.2, 3, 6-tri-0Osul pho-a-D-glucopyranosyl ) - ( 1-~4) 506 ( 2, 3,
6-tri-O sul pho-~i -Dglucopyranosyl ) - ( 1-~r4 ) -O ( 2
3di - O net hyl - 6- O sul pho- a- D- gl ucopyranosyl )-(1-~4)-Q 2, 3
6-tri-Onethyl-j3-D glucopyranosyl) - (1~4) -
[0(2,3,6-tri-O nethyl-a-D glucopyranosy$)-(1-~4)-Q(2 , 3,
6-tri-Onmethyl-(3-Dglucopyranosyl) - ( 1-~4 ) ] 3-O0 (2, 3 10
di - O et hylwd:<€¥ sath¢gphooacén gtacepyrangsye) 28 1g~4f- Ohg2crude
3-di - 0-met hyl - ~i - D- gl ucopyranosyluronic acid) - (1-~4)
O (6- O net pdmRoBrdi 4 D std phoilbed- gy udopyetndbsyl Elad4) inOJ.( Med.
3-di - O net hyl -a-L-i dopyranosyl uroni c aci d)
(1-~4) - 3, 6-%eo nk? hyl -?GO%%@%hb5%7Dgl ucopyr anosi de, 1S sodiumsalt (I1)
EXAIVPLESNEthyI (2,3,4,6-tetra- O sul D yrans 1) ( 1~4) - 0-
(2.3, g R NI IR e te W S SR ST S Y VU P
6 tri- ul ho-~|-DqucopyranosyI ) - (1->4) -O (2, 320

- 0- rret yl %eﬁrs% pho- a- D- gl ucopyranosyl) - (1--~4) -0 (2, 3,
6 tri-Onethyl-(3-Dglucopyranosyl ) - ( 1-~4 ) -
[O(2,3,6-tri-0O nethyl-a-D glucopyranosyl)-(1-~4)-O(2 , 3,

6-tri- Omat%&%? gppyranosyl) - ( 1-~4 ) ] 3-O

(3- Onet hyl %;u%sul p 0- a- D- mannopyr anosyl )-(1--~4)-02 S (2 ,

3-di - O et hyd ¢ Pr [0 LSOV APDSYL S By BCA D - 1ﬁéa§§rhnosme (50)

O (6-0Onethyl-2Z, 3-di- OsulphoaDqucopyranosyI)(l- 4)-0 (2, 3-di - O net hyl -

a-L- |d0pyran03y|UrO”'@bed&Hd 497(28 g) is dissolved in methanol
(1--~4)-6-0-net hyl i -O sul pho a- D- gl ucopyranosi de, sodiumsalt (I111)
EXAVMPLE ¥ Mtdy ImIOQ- ( 23T, eded v Bokd ik phora- D gBecopytanasykpSandl-->4 )
-0 (2, 3, 6-tri-0-sulpho-a-Dglucopyranosyl ) - ( 1~4) O (2, 3,
6-tri- O sulgteo-mdxtag ucoptrianosy| £9r-2¢ hourd 3t-D0°C2 The

3di - O net hyl - 6- O sul pho- a- D- gl ucopyranosyl )-(1-~4)-Q(2, 3,

6-tri- O netthiytwie B-gldicofaanosit )telygare4jynd concentrated.
[0(2,3,6-tri-O nmethyl-a-D-glucopyranosyl)-(1-~4)-0 10 (2, 3,

6-tri - O meWIiiFasifrudopyFatggraghy .ag)a) cglgnn( gfosilica

met hyl - 2, 6- di_- O sul pho- a- D- rannopyr anosyl ) - (1- 34) -0( 2, 3-di - O net hyl - (3-D-gl
ucopyr anosy Ie&r&rﬁvcego g of Comgg‘l 5.

aci d) ( -a-D-gl uco 1) (1~4)-0 (2, 3-d
i-Omaﬁ%yl %%L %&op;rfota%i’yliﬁ Tac ecfd?g/.i% NP Lgfugxe%tg\h

(1-->4)-3, %E Qeget hyl - 2- O sul pho- a- D- gl ucopyr anosi de, sodiumsalt (1V)
EXAMPLE 5 al (2,3,4,6-tetra- O sul pho-a-D-gl ucopyranosyl)( 1~4 ) -0-
(2, 3, 6-tri-0Osulpho-a-Dglucopyranosyl ) - ( 1-~4) 200 (2 ( 3,
6-tri-O sul pho-~i -D glucopyranosyl ) - ( 1-~4) -O (2, 3

di - O net hy prEPARI TN -45 D- gl ucopyranosyl) - (1-->4) -Q(2, 3,

6-tri-O nethyl -~3-D gl ucopyranosyl) - (1-~4) -

[ A2, 3, 6- t MetByIe NI ~Ca-Hargd Iy -adiDsynie €y a P 2gludopyrancside
6-tri-O et hyl -~3-D glucopyranosyl) - (1-~4) ] 3-O (2, 3 25

di - 0- nrePhyl(589 O sul pho- a- D- gl ucopyranosyl )-(1-~4)-0 (2,

3-di - O net hyl - ~i - D- gl ucopyranosyluronic acid) - (1---~4)

O (6- O net hyl - 2, 3- di Compdysteb-H DHgl Ut opyrapodysyolved in

dichloromethane (160 ml) under a nitrogen atmosphere.
Trimethyloxonium tetrafluorobcrate (7.0 g) and 2,6-di-
tert-butyl-4-methylpyridine (10.6 g) are added at room
25 tenmperature., After 2 hours, the mixture is poured into
a mixture of water and ice, and is extracted with
dichloromethane. The organic phase 1s washed with

sodium hydrogen carbonate and concentrated.



98. (1--~4) -0 (3- O net hyl - 2- O sul pho-a-L-idopyranosyluronic acid) - ( 1->4 )
-3, 6-di-0Onethyl-2" O sul pho-a-Dgl ucopyranosi de, sodiumsalt (V) The
conpounds of Exanples 2 to 5 were prepared 5 in a simlar nmanner by
coupling an appropriate tetrasaccharide with the appropriate nonasacchari de
and then coupling with the trisaccharide 41 or 43 (as described in
Preparations 36 or 38), followed by ths usual deprotection and sul phation
reactions. 10 In the case of Exanple 2, the tetrasaccharide used is the one
descri bed ippRrrepad@td 0 55 HE P b B2 uan b § heh hemasagebpriydenused is
the one described in Preparation, 25 (conpound 27) . In the case of Exanple
3, the tetrsasacehayd deyideuskHl. 1 g tde esepsleseribed in Preparation 74
(conpound 86) and the nonasaccharide used is the one described in

Prepar ati o185 (Rforpdurih,991ilicr tdwl caBL3 of /Examphend/ethglt et rasacchari de
used is the one described in Preparation S5 (conpound 20 62) and the
nonasacchaeicggayrsad is the one described in Preparation 85 (conmpound 99).
In the case of Exanple 5, the tetrasaccharide used is conmpound 68 and the
nonasac€haride used is the one described in Preparation 25 (conpound 27).
25 TABLE 1 _1H NMt (J?G_4.80 ppm) 8 of Hi protons (ppm 99 Unit 1 -
unit with ﬁ&ﬁﬂﬁ%ﬁ?éﬁﬂfﬁﬁnt 16 = unit with non-reduci ng end Unit EXAMPLE
2EXAVPLE 3

515. 084. 685%%58%?%3@%&f%4?@3~gf%-ﬁm€ZJS_SF%].@-S?ZBB. 575. 485. 5764. 664

. 714. 654. 7Q7 07 [75.685.674, 8, 1G
124.39-4.48$P§§EE%§%513- .474.39-4.39i 35. 615. 615. 605. 61144. 84. 944. 934. 9315

5. S95. 595. 595. 59165. 695, qgse_qgesc%s_f_a@pcgﬁ@f@%egwga&we ion el ectron
II 14 r O -~

spray ionization" (ESI) ‘'mass met

EXAMPLERoOr %bg%ia%'s%t eg:f 2HZAL2958 HABOA 344304 -benzoyl
~3C z, ~' z20013asm436. 24430 .

24C] , zgr - | £420b3 s W&gﬁ%@i@@%&%ﬁ'ﬁ@ﬂ&ﬁi@%ﬂ@m 44879 5 WO
99/ 36443 101 PCI/ FR99/ 00044
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, agqueous 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 1is
20 washed twice with water and concentrated. Puri:fication
by chromatography on a column of silica ge&l gives
29.6 g of compound 52.

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

acetate).



CLAIMS 1. Synthetic polysaccharide in acidic formand the pharnmaceutically
acceptabl e salts thereof, the anionic formof which corresponds to one of

“the formulae (1) to 5 (V) bel ow | oz Active structures of the invention a
, O~. 00O CW nmOaONOpOaoco~"~0~"000N,000HOI a
.WwWO0O0OO0OwW~00000aOOH(., OOWNn-&0000~~00ag O NO-
030 ~-OO0O~Op~, 0. OQQ4. 30 ~F0HODOO~4~00~00 NNX
HOOOOOO.~1-1 0O0O0OO0OO0O0OO0OCOUNO~NQ .No~0oNOO~o0o0.
0. OO0 ~ pikrRAFIdN 47

Methyl 0-(2,4,6~tri-O-acetyl-3-O-methyl~a-L-
idopyranosyl) - (1—>4)-2~0O-benzyl-3,6-di~-O-methyl-€6-0-
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
(44), the reaction medium is cooled to -20°C. A freshly
prepared 0.1M soluticn cof 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 aqueous sodium thiosulphate and

15 aqgueous 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 (l1/1 v/v) and potassium
terxt-butoxide is added. After 30 minutes, the mixture

1S neutralized with Dowex® 50WX8 resin in H' form and



41.Qt9 0 OHOOOOt~0or H~OOTr U
~, 00~-000Q--r OOO0OQ OOH.0O0
Q103 0~,0oWw~0 O OW O OO ~"wW OO OHOso I
Og -v

~ r O~o 0 OO0In OO
HOOOHO'OOH
OO0 ~ef nd D

62
concentrated under vacuum. Purification 1is carried out
by chromatography on silica gel, to give 12.7 g of
compound 54.
TLC: Rf = 0.08, silica gel (3/7 v/v toluene/ethyl

5 acetate)



O~-00C-~04. OOHODTfI Q. OOWHOOH r 104 2. Polysaccharide
according to daim~, in the formof sodiumor potassiumsalt. 3.

Pol ysaccharide according to either of Clains 1 and 2, of forrmula: netl”. yl
0-(2,3,4,6-tetra-0-sul pho-a 5

-D- gl ucopyranosyl )-(1--~4)-0-(2, 3,6-tri-0-sul pho-a-D gl ucopyranosyl ) - (
1-~4 ) -0- (2, 3, 6-tri-0-sul pho-~3-D

gl ucopyranossyl) (1-~4)-0 (2, 3-di - 0-net hyﬁ 6- 0- sul pho- ab- gl ucopyranosyl) -
(1-~4 ) -0- SCEEME, Ht*IP&pﬁémcx{?aMﬂ@ E’g%); 1-z4) - [0- (2, 3,
6- tr|-0 met hyl -a-D J§ glucogyranosyl - qug é%%a lé gf

6-tri-O nmethyl-(3-Dg ucop rgosyl) (1~ 4)]30(23d'i‘Q0 metdswl-GOsquhoaD

- gl ucopyranosy,‘_fg 0 2, —3=di - 0- net hyl -~| gl ycopyranosyl uronic
acid) - (1--4) Qe g.s AN ou. <o
6-tri-0-sul phoa- D-gl ucapyranosyl) (1->4)-0 (2, 3- -@M ERdy P amb. 1S

i dopyranosyl uronic 55
acid)-(1--~4)-3-0-nethyl -2, 6-di -0sul pho-a-D gl ucopyranosi de, sodium salt.
4. Pharnmaceutical conpositions containing, as active principle, a

pol ysacchari de according to any one of Clains 1 to 3 gn the formof a salt
with a 20 pharmaceutically acceptable base or in acidrc form in
conbination or as a mxture with an inert, non-toxic, pharnaceutically
acceptabl e excipieed. 5. Rharnmaceutical conposition according to C aim4,

in the formon dosa unifts,ein which the active 243°pr|nc ple is mxed W|th
at | east one g oent | i pi @t=—06. >2pm)5|t| a(f_Er}JPgto Caimb5,
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105 dosage unit contains fromO0.1 to 100 ng of active principle. 7.
Conposition according to Claim6, in which each dosage unit contains from
0.5 to 50 ng of active 5 principle. 8. Use of a polysaccharide according to
Clainms 1 to 3, for the preparation of a nedicine which is useful in

pat hol ogi es associated with a coagul ati on dysfunction. 10 9. Use of a

" pol ysaccharide according to Cains 1 to 3, for the preparation of a

medi ci ne which is useful in the treatn®ht and prevention of cardiovascul ar

and cer ebr stem di sorders, thronboenbolic disorders associ at ed
with arter W*@a& with 15 di abetes, or thronboenbolic disorders
associ at ed i h 0S1 oL VSI ith infarction, with
denenti a ofby%%&%gém y)g?i(gi %sgé\#%%gér‘é)‘g%e% a? Ig??g’lia i seases, with

haenodi al y%ﬁ&ﬁ:ﬂé@ﬁw'13-_LU46}V-iniiﬂérJzyli-@,%-ﬂ-@ixﬁ@EWiid%y during the

use of 20 aort'o-coronary bridge vascul ar prostheses. 10.” Use according to
Aaim9, chanasdftagsksidet 88) the nmedicines prepared are used in the
prevention or treatnent of thronboenbolic diseases. 11. Use according to
Caim 1G characteri zeshpsud $hat12 he qedisi aessprepared are used in the
prevention o. treatnent of unstable angina, strokes, Yestenosis 105 after
angi opl ast yetutard es 2ctany (&7 mhe wmnddal & atl onooén eatdnwashukar, prost heses.
JACAC AN Ay& CAFNA T A LA
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y2(. A&, . ASRCAh R 7RBE D 3R thengn i or A, DS ASHED, AR Brged for

. Ay599. Af 9y. Ae. A@Q.9. AL. A@. Al & AHI9. A@&9. A. ~ _ .

. A@1. A&D. Asé. AN IX@IF@L IV YORPASH YL e, sThe reaction medium is
Ay[ . AfHs. A@R A . A9. A . As. A. ASs. AS5. A9y. A. AS$. A°. A, ns. AL. A 9L. A9L. A9. Al s,)
. AS. Ays Oax TR ALY 99 9diA8]  3FYLQU (TP ASYR Arydrogen carbonate and

2] cal ba] CaFCTFAA EH Sl Ca € Aa] T1% ol Lo CAU) o) C40) CUf AL PO ar Ey) xS
) Cal cRay Cor o ol Ca e Car e o e oy oo (o e C5] RYETIFS &
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 (10.4 g) 1s dissolved 1in
tetrahydrofuran (140 ml) and cooled to 10°C. Sodium
hydride (1.38 g; 60% dispersion in oil) and iodomethane

25 (1.84 ml) are added under a nitrocgen atmosphere. After
4 hours, the excess sodium hydride is destroyed with
methanol and the mixture 1s extracted with

dichlcromethane and concentrated. The residue Lis
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BbCl!
compound 60 (1.0 g) 1is evaporated in the presence of

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% relative to
compound 60) is added. After 15 minutes, the mixture is
treated with agueous sodium hydrogen carbonate. After
filtering off the molecular sieves, the filtrate 1is
diluted with dichloromethane, washed with water,
concentrated and purified by chromatography on silica
gel to give 0.75 g of compound 6l.

NMR: Rf = 0.45, silica gel (3/7 v/v toluene/ethyl

acetate) .

PREPARATION 55
Methyl O- (benzyl 2,3-di-O-methyl-f-D-glucopyrano-
syluronate)-(1—+4)—O-(3—O-acetyl—2-O-benzyl—G—O-methyl-
a—D-glucopyranosyl)-(l-+4)—O-(benzyl—2,3-di—0-methyl-a-
L—idopyranosyluronate)—(1—+4)-2—O—benzyl—3,6-di-o—
methyl-a-D-glucopyranoside (62)

Compound 61 (C.74 g) is dissolved in pyridine
(2.0 ml) and a mixture of acetic acid (4.1 ml) and

-~

hydrazine hydrate (0.47 ml) 1n pyridine (3.0 ml) 1s

P

added at room temperature. After stirring for 9 hours,
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hydrochloric acid solution (1.0N), aqueous sodium

hydrogen carbonate and water. The organic phase is

5 concentrated and purified by chromatography on silica

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.
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Methyl 2-O-benzyl-4,6-di-O-benzylidene-3-O-p-methoxy-

benzyl-a-D-glucopyranoside (69)
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) 1is 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-O-p-methoxybenzyl-a-~D-glucopyrano-
side (70)
Compound 68 (34.9 g) is d:ssclved in agqueous
60% acetic acid and stirred for 4 hours at 6C°C. The
20 mixture is diluted with toluene and concentrated.
Purification by chromatography on a column of silica
gel gives 26.4 g of compound 70.
TLC: Rf = 0.07, silica gel, 7/3 v/v toluene/ethyl

acetate
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Methyl 2-O-benzyl-3-O-p—methoxybenzyl—6—O—methyl-a—D—
glucopyranoside (71)
Compound 70 (26.4 §) 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 1is poured onto
ice-cold water and extracted with dichloromethane. The

10 organic phase 1is 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 O—(2,4,6—tri—0-acetyl-3-O-methyl-a—L-idopyrano—

syl)-(l—+4)-2—O-benzyl—B—0-p-methoxybenzyl—6-O—methyl-
20 a-D-glucopyranoside (72)

Compound 71 (17.5 g) and compound 52 (28.2 g)
are dissolved in toluene (525 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 solutxon of N-10dosuccinimide (17.4 g) and cf
tri1fluoromethanesulphonic acid (1.38 ml) in 1/1 v/v
dioxane/dichloromethane 1S added dropwise under a

cont>nuous stream of nitrogen. After 10 minutes, the
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successively with aqueous sodium thiosulphate and
aqueous sodium hydrogen carbonate. The organic phase is
concentrated under vacuum and 30.0 g of compound 72 are
5 1isolated.

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-O-p-methoxybenzyl-6-0O-methyl-a-D-
glucopyrancside (73)
Compound 72 (30.0 g) 1is dissolved in 460 ml
of 1/1 v/v methanol/dioxane and potassium tert-butoxide
15 1s added. After 15 minutes, the mixture is neutralized
with Dowex® 50WXS8H' 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-O-isopropylidene-3-O-methyl-~-a-L-ido-
pyranosyl)-(1—-4) -2-0O-benzyl-3-0-p-methoxybenzyl-6-0-
25 methyl-a-D-glucopyranoside (74)
Compound 73 (17.4 g) 1s dissolved in N,N-
dimethylformamide (77 ml) under a nitrogen atmosphere.

2,2-Dmethoxypropane (26 ml) and p-toluenesulphonic
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30 minutes. Dilution of the mixture with aqueous sodium

hydrogen carbonate and then extraction with ethyl

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~-O-isopropylidene-2,3-di-O-methyl-a-L-
idopyranosyl)-(1—4)-2-0-benzyl-6-0O-methyl-a-D-
glucopyranoside (75)

Compound 74 (18.5 g) is dissolved in
N,N-dimethylformamide (24.4 ml) and cooled to (C°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, 85/5 v/v

dichloromethane/methanocl.
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SCHEME 15 - Synthesis of the disaccharide 60
75
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=y 10% idopyranosyl)-(1—»>4)-2~0-benzyl-6-O-methyl-a-D-
glucopyranoside (76)

S Compound 75 (18.4 g) is dissolved in
dichloromethane (838 ml) and water (168 ml). 2,3~
Dichloro-5, 6-dicyano-1l, 4-benzogquinone (7.1 g) 1is added
and the mixture is stirred for 18 hours at 4°C. The
mixture is poured i1nto agqueous sodium hydrogen

10 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.

15
PREPARATION 64
Methyl O-(4,6-O-isopropylidene-2,3~-di-O-methyl-a-L-
idopyranosyl) - (1—4)-2,3-di-O-benzyl-6-O-methyl~a-D-
glucopyranoside (77)

20 Compound 76 (10.5 g) is dissolved in dry
N,N-dimethylformamide (178 ml) and then cooled to 0°C
under a nitrogen atmosphere. Sodium hydride (1.921 g;
60% dispersion in oil) is added, followed by dropwise
addition of benzyl bromide (3.3 ml). After 30 minutes,

the reaction 1s complete and the excess sodium hydride

(8]
w

1s destroyed with methanol. Water is added and the
mixture is extracted twice with ethyl acetate.

Evaporation of the solvent gives 13.€ g of compound 77.
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PREPARATION 65

5 Methyl O-(2,3-di-O-methyl-ca-L-idopyranosyl)-(1—>4)-2,3-
di-O-benzyl-6-O-methyl-a-D-glucopyranoside (78)

Compound 77 is dissolived 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/methanocl.

PREPARATION 66
Methyl 0-(2,3-di-O~methyl-a-L-idopyranosyluronic acid)-
(1>4)-2,3~-di~0O-benzyl-6~-0O-methyl-a-D~glucopyranoside
20 (79)
2,2,6,6~-Tetramethyl-l-piperidyloxy (33 mg),
sodium hydrogen carbonate solution (4C 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 cf sodium hypochlorite
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for l hour, the mixture is diluted with water and
extracted (3 times) with dichloromethane. The organic
prhase is washed with agueous 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-O~-benzyl-6-O-methyl-
a-D-glucopyranoside (80)

Compound 79 is dissolved in N,N-

15 dimethylformamide (110 ml) under a nitrogen atmosphere.
Potassium hydrogen carbcnate (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 gel, 4/6 v/v toluene/ethyl

acetate.



.

L2109 () -1 0f, 210%1J& () -f, 2109%&Z& () -!vf, 2109%& ()-!30f, 210%&' ()-! +10%nFm
& ()-yp|l p}p~ppppDagsQ 'Z 10%f& ()-Y ! 10%f& ()-Y 10%t& ()-Y 10%& ()-
10 10 10! "f,2109%& ()-qgrcrr|sszX9sQ ! ZF )S109& ()-!#ff 10%& ()-!6ff

109 ()-!'Dif 109XX& ()-!'Xff 109%& ()-1 310%& ()-ssJtuuuuusu}oPl

110%&' ()-109%& ()- 10 10 v

10l 1@! 10%&' ()-!1 @! 1096 () -! S@+! 10%8? ()-suuu@vl w} [ <oP1 ! f

@LOY%& ()-! UL IH09R ()-1 X 110% & ()-! ! 109F#F#& () -
SO

10%&f§)-MM£ ; . 10!@@‘-‘110%&f()-&J@E‘-‘!lO?&{&f():&f3"f

;S;’f/fé )Z-ZgnHae%fn?,lf oLlQ¥kir(2y13 2 |39 fo S {p =B g dd Sopy 2B {1 - 3
uronate)-(1—4)~-2,3-di-O~-benzyl-6-O-methyl-a-D-
glucopyranoside (81)

5 Compound 80 (9.9 g) is dissolved in 300 ml of
methanol and refluxed under a2 nitrogen atmosphere. 1M
sodium methoxide in methanol (65.2 ml) 1s added
dropwise and the mixture is stirred and refluxed for
3 hours. The mixture is then coocled to room

10 temperature, 1N sodium hydroxide (22.2 ml) is added and
the reaction mixture is stirred for a further
90 minutes. After neutralization with Dowex® SOWX8 H*
resin and filtration, the mixture is concentrated. The
pure product is dissolved in N,N-dimethylformamide

15 (192 ml) and a meclecular sieve is added under a
nitrogen atmosphere. Potassium hydrogen carbonate
(3.2 g) and benzyl bromide (4.8 ml) are added and the
mixture 1s 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 column
cf silica gel to give €.19 g of compound 81 and 1.88 g
of the starting compound 80.
TLC: Rf = 0.55, silica gel, 4/6 v/v toluene/ethyl

25 acetate.
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5 Compounrnd 81 (8.2 g) is dissolved in 40 mi of
dioxane. Levulinic acid (2.1 g), dicyclohexyl-
carbodiimide (3.75 g) and 4-dimethylaminopyridine
(0.2 g) are addecd 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 agqueous 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-4-0O-levulinoyl-2,3-di-O-methyl-f-D~-
20 glucopyranosyluronate)-(1-—-4)-1,3-di-O-acetyl-2-0-
benzyl-6-O-methyl-a,-D~glucopyranose (83)
Compound 82 (6.1 g) is dissolved 1in acetic
anhydride (256 ml) under a nitrogen atmosphere and

cooled to -20°C. A mixture of sulphuric acid (4.9 ml)

(NS
w

1n acet:.c anhydride (49 ml) is added dropwise over
30 minutes. After 60 minutes, sodium acetate is added
until a mixture of neuvtral pH is obtained. Ethyl

acetate and water are then added and the organic phase
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column of silica gel gives 4.2 g of compound 83.
TLC: Rf = 0.24, silica gel, 8/2 v/v
dichloromethane/ethyl acetate
5 PREPARATION 71
O- (Benzyl 4-0O-levulinoyl-2,3-di-O-methyl-B-D-gluco-
pyranosyluronate)-(1—4)-3-0O-acetyl-2-O~benzyl-6-O-meth-
yl-a,pB-D-glucopyranose (84)
Compound 83 (4.2 g) is dissolved in
10 tetrahydrofuran (42 ml) and piperidine (4.1 ml) 1is
added. The mixture is stirred overnight at room
temperature. Ethyl acetate is added and the mixture is
washed with 0.5N hyvdrochloric 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/eﬁhyl acetate.
PREPARATION 72
20 O-(Benzyl 4-0O-levulinoyl-2,3-di-O-methyl-a-D-gluco-
pyranosyluronate) - (1—4) -3-O-acetyl-2-0O-benzyl-6-0-
methyl-a,-D-~glucopyranose trichlorocacetimidate (60)
Compound 84 (1.39 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 carbonrnate 1s filtered off and the

filtrate 1is concentrated. Purificaticn by
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| SSs 10%& kpthyfiS®-1B¥RI~4-0-1levulinoyl-2,3-di-O-methyl-f-
D-glucopyranosyluronate) ~ (1—4) -0~ (3-O-acetyl-2-0-
benzyl-6-O-methyl-a-D~glucopyranosyl) - (1—4) -0~ (benzyl-
5 2,3-di-O-methyl-a-L-idopyranosyluronate)-(1—4)-2,3~di-~
O-benzyl-6-O-methyl-a-D-glucopyranoside (85)
A mixture of compound 80 (300 mg) and
compound 60 (455.6 mg) 1s co-evaporated with toluene
and dissolved in dichloromethane (€ ml) under a
10 nitrogen atmosphere. After addition of a 4A molecular
sieve, the mixture is cooled tec -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 dichloromethane, 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-f3-D-glucopyrano-

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

methyl-a-D-glucopyranoside (86)
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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.

Rf = 0.45, silica gel, 3/7 v/v toluene/ethyl

TLC:

acetate.
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PREPARATION 75
1,6-Anhydro-4-O-p~methoxyphenyl-2-0-tosyl-B-D-gluco-
5 pyranose (88)
A mixture of epoxide 87 (20 g, 67 mmol) (M.
Cerny er al., Cecllect. Czech. Chem. Ccmmun, 1861, 26,
2542) and of p-methoxyphenol (33.3 g, 268 mmol) is
heated to 90°C under argon. Wher the mixture becomes
10 ligquid, AlCl; (0.3 g, 2.35 mmol) i1s added portionwise

and, after stirring for 30 minutes and recooling to
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69

o

).
TLC: Rf = 0.37, silica gel, 6/1 v/v

dichloromethane/ethyl ether

15 PREPARATION 76
1,6-Anhydro-4-0O-p-methoxyphenyl-3-O-methyl-2-0O-tosyl-fB-
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 (Celite), 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 cyclchexane/ethyl

ether
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Compound 89 (27.4 g, 62.7 mmol) is dissolved
5 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,
10 dried and concentrated. The residue corresponding to
compound 90 is used directly in the following step.
TLC: Rf = 0.33, silica gel, 10/1 v/v

dichloromethane/ethyl ether

15 PREPARATION 78
1, 6-Anhydro-4-0O-p-methoxyphenyl-3-O-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

20 dichloromethane/methancl (540 ml, 1/1). After stirring
for 1 h, the reaction medium is diluted with
dichloromethane (500 ml) and then washed with agqueous
3% hydrochloric acid solution and water. After drying,
filtration and concentration, the residue is purified

25 on silica to give compound 91 (10.5 g, 59% over two
steps) .

TLC: Rf = 0.29, s:lica gel, 1/1 v/v toluene/ethyl ether
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1, 6-Anhydro-2-0O-benzyl-4-O-p-methoxyphenyl-3-O-methyl-

f-D-mannopyranose (92)

Benzyl bromide (6.2 ml, 51.9 mmol) is added
5 to a solution of compound 91 (2.8 g, 34.6 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 fcr 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 1s 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-2-0O-benzyl-3-O-methyl-f-D-mannopyranose (93)
The above crude compound 92 is dissoclved in a

20 THF/water mixture (311 ml, 17/1) and ammonium cerium
nitrate (76 g, 138 mmol) i1s then added at 0°C. After
stirring for 30 minutes, the reaction mixture is
diluted with dichloromethane (1 1) and then washed with
aqueous 2% sodium hydrogen carbonate solution, and then

25 with water. After drying, filtration and concentration,
the residue 1s purified on silica to give compound 93
(6.63 g, 72% over two steps).

(@]% = -68 (¢ = 1.02, dichloromethane).
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5% 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 1s used in the
following step without purification or

characterization.
15

PREPARATION 82

O- (6-0O-Benzoyl-4-0-levulinoyl-2,3-di-O-methyl-~a-D-

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

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

glucopyranosyl)-(1—4)]s-1, 6-anhydro~2-O-benzoyl-3-0~-

methyl-~f-D-mannopyranose (96)

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

25 solution of compound 95 (7256 mg, 0.3 mmol) in
anhydrous pyridine (5.4 ml). After stirring for 2 hours

at 60°C, the same amount of benzoyl chloride 1s added



10p| p| ! <310%]| p| & ()-m ", 109 M & ()--'", 109+ 4*& ()--1", 109U& () - -z} } *<M@
0! 9109 ()-010%& ()-! MLO%& ()- F! MLOY9&' ()- FS109%& ()- " 10%& ()- +. 5} A<M@! Y
109%& ()-1109% ()-!i S109%& ()-! S109% ! & ()-310% ()- &310%& () - &5MehvzX6MaD! f
3109%& ()-! S10%& ()--! S10%!& ()--!~& 10%s+s& ()- &8 10%& ()-& Y
. 10999& ()-z[PE: 0! 10 10 10 &L0%& ()-s! ! 10%8}St& ()-!p ! 10% 1 & ()-

%40% ()-!$f 310%& ()- +KuaBPE: 0! 10YL1Q0& ()- ! 109%& ()- 10% ()-
£ 1098 () - @O%& ()-S10% ()-JaBPE: 0! 10@ Y 109%& ()- 10%& ()- 10%& ()-
10%&'()'!|%§5109§f£¥21Q%&'&lhBEgs% aBbE Qoiution is concentrated,
10- 109%& () ~- LO%& () -. +MLOY%' () - 3( 109& ()- @10%: ()-1"$ 10%& ()-}
bC0! 10 f 10K HdsiRuD%Bs (Laed 0¥ (h- dl@¥&olbmethane, washed with

aqueous 10% potassium hydrogen sulphate solution,
aqueous 2% sodium hydrogen carbonate solution and then
5 water. The orgaric phase 1s then dried over sodium
sulphate, filtered and then concentrated. The residue
is then purified on silica to give compound 96 (884 mg,

90% over two steps).

TLC: Rf = 0.5, silica gel, 1/1 v/v toluene/acetone
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0O~ (6-0-Benzoyl-4-0O-levulinoyl-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-O-methyl-B-D~

glucopyranosyl)~(1—4)]3-1,6-di-O-acetyl-2-O-benzoyl-3-

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

10 Compound %6 (657 mg,

I~

-~

a mixture of acetic anhydride (4.

(100 al) and trifluorocacetic acid

Preparation 23. After chromatography

0.31 mmol)

ml),

is treated with
acetic acid

(0.19 ml) as 1in

cn a <olumn of
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Xy'10% & (%19:£Q%9€10) cokPBund 97 (432 mg, 92%) is obtained.

TLC: Rf = 0.53, silica gel, 1/1 v/v toluene/acetone

PREPARATION 84

O- (6~-0O-Benzoyl-4-0-levulinoyl-2,3-di-O-methyl-a-D-
5 glucopyranosyl)-(1—>4)-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) ];~-6-O-acetyl-2-0O-benzoyl-3-0-

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

10 A solution of compound 97 (382 mg, 0.17 mmol)
and of benzylamine (736 pl, 6.74 mmol) in THF (& ml) is
stirred for 5 hours. The mixture 1is 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 & column of silica gel, compound 98 (241 mg) 1is

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-a-D~
glucopyranosyl) - (1-—>4)-0-(2,3,6-tri-O-methyl-pf-D-
25 glucopyranosyl)-(1-—>4)]3;-6-O-acetyl-2-O-benzoyl-3-0-

methyl-a,B-D-mannopyranose trichlorocacetimidate (99)
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compound 98 (241 mg) in dichloromethane (2.2 ml). After
stirring for 1 hour, the mixture is filtered,
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 0.1%9, silica gel, 3/2 v/v cyclohexane/acetone
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DL 100k L el 408 e@%«zséhsw-a s piacopyzesaayt) (1)
)by () (BB oL YA ) 0 BT - (0>50 -061(258-
5 di-O-methyl-6-O-sulpho-a-D- glucopyranosyl)—(l—+4) -0-
(2,3,6-tri—O—methyl-B—D—glucopyranosyl)—(1—94)-[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—O-(2,3—
di—O—methyl-6-0—sulpho—a—D-glucopyranosyl)—(1—&4)—0—
10 (2,3—di-O-methyl-B-D-glucopyranosyluronic acid) - (1—->4) -
O—(2,3,6-tri-O—sulpho-a-D-glucopyranosyl)—(1—+4)-O—

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

O—methyl-Z,6—di—0—sulpho—a—D—glucopyranoside, sodium
salt (I)

15 The hexadecasaccharide 46 (34 mg, 11 pmol) is
dissolved in N,N-dimethylformamide (1 ml). Sulphur

trioxide/triethylamine complex (180 mg, 0.8S 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® c-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%) 15 obtained, after freeze-drying, as a



110%&' ()-!1SY! 10%&' () - S333*4, 4d4r 4a?MP1
10! $F10%##& () -! dS10%+8& () -9ss10%& ()-10%& ()- 109&' ()-, 10%& ()-r 4444444
" HOMP1  10!'1 $@O0%& ()-!0l $@O0% ()-1 $@O0%& ()-10%& ()-!F109%J U
& ()-!rF10%JU& ()-444444556]; 10!1YS 10%JU& ()-Y !S 10% & ()-Y S
. 109 ()-Y 10% U& ()- 10 10 10) 10%&' ()-6:667788}[9]; 10! X$! 10%e& ()-
la$! 10%UnU& ()- 110% & ()-! X 10%yew& ()-!t!109%& ()-3 10%
U& ()-88999999: qR3 Y f109%&' ()-10%& ()- 10[U U
white powder. [a]% = +65 (c = 1.0 water).

EXAMPLE 2

Methyl 0-(2,3,4,6-tetra-0O-sulpho-a-D-glucopyranosyl) -
(1>4)~-0-(2,3,6-tri-O~sulpho-a-D-glucopyrancsyl) - (1-54)-
5 0-(2,3,6-tri-O-sulpho-pf-D-glucopyranosyl)-(1—4)-0~(2,3-~
di-O-methyl-6-O-sulpho-a-D-glucopyranosyl) - (1—4)-0-
(2,3,6-tri-O-methyl-f~-D-glucopyranosyl) - (1-—->4)~-[0O-
(2,3,6-tri-O-methyl-a-D-glucopyranosyl)~(1—4)-0-
(2,3,6-tri-O-methyl-f~-D~glucopyranosyl) - (1—>4)1;-0-(2,3-
10 di-O-methyl-6-O-sulpho-a-D-glucopyranosyl)-(1—>4)-0-
(2,3-di-O-methyl-f~D-glucopyranosyluronic acid)-(1-4)-
O- (6-O-methyl-2,3-di-O-sulpho-a-D-glucopyranosyl) -
(1—4) -0~ (2,3-di-O-methyl-a-L-idopyranosyluronic acid)-
(1—>4)-3,6-di-0O-methyl-2-0-sulpho~a~-D-glucopyranoside,

15 sodium salt (II)
EXAMPLE 3

Methyl 0-(2,3,4,6-tetra-O-sulpho-a-D~glucopyrancsyl) -
(1—4)-0-(2,3,6-tri-O-sulpho-a-D-glucopyranosyl) - (1—4) -
0-(2,3,6-tri-O-sulpho-B-D-glucopyranosyl)~-(1—34)~-0-(2,3-

20 di-O-methyl-6-0O-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-f-D-glucopyranosyl) - (1—>4)];-0-(3-0-
methyl-2,6-di-0O-sulpho-a-D-manncpyranocsyl)-{(1—-4) -0~

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

(154)-0-(2,3-di-O-methyl-a-L-idopyranosyluronic acid)-
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10%b& () - {D%#A)(6-D-~methyl-2,3-di~O-sulpho-a-D~glucopyranoside,

sodium salt (III)
EXAMPLE 4

Methyl 0-(2,3,4,6-tetra-0O-sulpho-a~D~glucopyranosyl) -
5 (154)-0-(2,3,6-tri-0-sulpho-a-D-glucopyranosyl)-(1—-4)-
0-(2,3,6~tri-O-sulpho-f-D~glucopyranosyl)-(1—4)-0-(2,3-
di-O-methyl-6-0O-sulpho-a-D~-glucopyranosyl) - (1—4)-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-

10 (2,3,6-tri-O-methyl~f-D~glucopyranosyl)-(1—4)];-0-(3-0-
methyl-2,6-di-O-sulpho-a-D-mannopyranosyl)~(1—4)-0-
(2,3-di-O-methyl-f-D-glucopyranosyluronic acid)-(1-4)-
O- (6-O-methyl-2,3~di-O~sulpho-a-D-glucopyranosyl) -
(1—>4)-0-(2,3-di-O-methyl~a-L-idopyranosyluronic acid)-

15 (1—>4)-3,6-di-O-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-O-sulpho-a-D-glucopyranosyl) - (1—>4) -
20 0-(2,3,6-tri-O-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-B~D~glucopyranosyl) - (1—4) - [O-
(2,3,6-tri-O-methyl-a-D-glucopyranosyl)-(1—>4)-0-
(2,3,6-tri-O-methyl-f-D-glucopyranosyl)-(1—>4)]13;-0-(2,3-
25 di-O-methyl-6-0O-sulpho-~a~D-glucopyranosyl)-(1—4)-0-
(2,3-di-O-methyl-f-D~glucopyranosyluronic acid)-(1-4)-

O- (6-O-methyl-2,3-di~0O~-sulpho-a-D-glucopyranosyl) -
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The compounds of Examples 2 to 5 were prepared

S 1n & similar manner by coupling an appropriate
tetrasaccharide with the appropriate nonasaccharide and
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 1s the one described i1in 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 wused 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 959).

In the case of Example 5, the tetrasaccharide
used is compound 68 and the nonasaccharide used 1s the

one described in Preparation 25 (compound 27).
25 TABLE 1

'H-NMR (D30, 4.80 ppm) 8§ of H~1 protons (ppm):
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109NV& () | bnit EXAMPLE 2 | EXAMPLE 3 | EXAMPLE 4 |EXAMPLE 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,|4.39-4.49 [4.39-4.49 |[4.37-4.47 4.35-4.39

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
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EXAMPLE formula calculated found

2 C129H2240128515 4304.1 4304.5

3 C127H2200134S17 4436.2 4436.2

4 C128H22201315156 4370.1 4370.4

5 C123H2220131515 4370.1 4370.5
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and 2, of formula: methyl 0-(2,3,4,6-tetra-O-sulpho-a-

5 D-glucopyranosyl)-(1—4)-0-(2,3,6~tri-O-sulpho-a-D-
glucopyranosyl)-(1—4)-0-(2,3,6-tri-0O-sulpho-B-D-
glucopyranosyl) - (1—4)-0-(2,3~-di~-O-methyl-6-0O-sulpho-a-
D-glucopyranosyl)-(1—4)-0-(2,3,6-tri-O-methyl-f-D~
glucopyranosyl)-(1—4)-[{0-(2,3,6-tri-O-methyl-a-D-

10 glucopyranosyl)-(1—4)-0-(2,3,6-tri-O-methyl-B-D-
glucopyranosyl)-(1—-4)]1;-0-(2,3-di-C-methyl-6-0-sulpho-
o~-D-glucopyranosyl)-(1—4)-0-(2,3-di-0O-methyl-B~D-
glucopyranosyluronic acid)-(1—4)-0-(2,3,6-tri-O-sulpho-
a-D-glucopyranosyl)-(1—4)-0-(2,3-di-O-methyl-a-L-

15 idopyranosyluronic acid)-(l—4)-3-O-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, 1n which each
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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 wuse 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 1C, characterized in
25 that the medicines prepared are used in the prevention

or treatment of unstable angina, strokes, restenosis
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