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Iea conposi tions pharnaceuthues | es contenanL. 20 JanU@@ykggg§ VO §2/ 08295
PCT/ FRO1/ 02332 HEPARI.N- DERI VED POLYSACCHARI DE M XTURES, PREPARA %ICNV METHOD
» AND PHARMACEUTI-CAL COVPGCSI TI ONS CONTAI NI NG SAME The present invention
relates to mixtures of 5 polysaccharides der.ived-from heparin, their
- method of preparation and-the pharmaceutical conpositions containing
‘them Hepar iWP iG2/408898 ur e of sul phat edinucopol y- sac Glvw/rkel /ok3ghi nal
origin whichis used in 10 particular for its anticoagul ant and
antithronbotic properties. Heparin neverthel ess has di sadvant ages whi ch
limt the conditions for its use. In particular, its high anticoagul ant
Sactivity. (anti-lla actrvjty) can 15 cause-haenorrhages. "'
Low nol ecul ar BEREPGAN-PERIVERS POPY SAQCHARYDEDMIKTUHES0| PREPARARTION Of
- heparin esters have been proposed (EP40144); however,these products stil
_have. a h.ghMEWHDD|ﬁHDaPHA@M%GEUTIOAHHQOMBwshTIONSrGDHrBBNIMGrsmmmres of
pol ysacchari des derlved from heparin possessing a nore selective activity
t owards actlvated fact RIFF&EE inveafiendretateat od magteres loffactor -
I1a) tha r|n bj ect ,of .the present invention is nore 25
partlcul Pféaﬁlc EE@? eZiVpfaf £oM poepariehathaes metked wihg t he

general " st rg LuLeaet ohhgngopstit Shhadeudf0at dompositions

containing them;
Heparin is a mixturerof sulphated,mucopoly? ;
- saccharides of animal origin which is used in
10 particular for its anticoagulant and anﬁithrombotic
_properties.

Heparin nevertheless has disadvantages which

limit the conditions for its use. in particulér its
-hlgh antlcoagulant act1V1ty (anti- IIa activity) can
15- cause- haemorrhages
| Lowemolecular-weight heparins obtained by
basic depolymerization of heparin esters have beenr
-_:u)_ . proposed (EP40144); hpwe¢ér; these products'stiiluhavé
a high anti-ITa activity. | |
_?0 - The invention relates to mixtures-of
polysacchafides derived from heparin poésessing a more
selective activity towards acﬁivated factor X (féctor :
Xa) and activated‘facto; II kfaétcr IIa) than heparin.
The éubject of the pfesént invention is more
25 ”partlcularly the mixtures of sulphated polysaccharldes

prossessing the general structure of the constltuent




2 pol ysaccharides of heparin and exhibiting the follow pg sGharachgss stics:
they have a nean nol ecul ar wei ght of 1500 to 3000 daltons,an anti-Xa :
~activity of 100 to 5 150 IUng, an anti-lla activity of. 0 to 10 IU-ng and .
an anti-Xa activity/anti-lla activity ratio greater than 10, the Ny
constituent polysaccharides of the mxtures contain 2 to 26 saccharide
units and have a 10 4, 5-unsaturated gl uduronic acid 2-0-sul phate unit at
one of their ends, in the formof an alkali or alkaline-earth netal salt.
_ As al kali or kal i ne-earth nptal salt, the sodium potassium calcium and
" magnesi um s Y EFEC %ﬁpé%sr e‘?r?é'tﬁpaﬂ'?@ PEh 18Hev img vidigyHfiolleowdager i ned
- by high-pre e l1quid chromatography using two colums in series, for
exanpl e t hose #%ﬁﬁ&ﬁéﬁf%ﬁﬁﬂﬁ- the nanme TSK G3000 XL and TSK G2000 XL. The

~detection is carried 20 .qut -refractonetry. The elyent used is |ithium
“nitrate and the flow rattg&élys%v§ @ PR m?l}g%&éFeFﬁqlghtcé’lfi BPAPed with:
standards pr f I Quat.iQn _Qf . _enoxapari AVENTI S) by
.chronatOgraSﬁ§q%ﬁﬂ%g%ﬁg%gﬁ%o%@%%%%ﬁa%ﬁd8C§éw; VB@%.&? i $preparation .is
carried =5,159ut rgj "t ankque_describ by, Barrowcliffe et
al.., Thronb. ResI., %2, tyé—{;g%-%:qi fg‘??ta%?%'g# B.%Ata Egnzﬂe?&é 9, BrYhh. Res.,

312,'257-271a%QiJQQU%EEi%QQ§/anti—IIa activity ratio greater than

10,
- the'constituent'polysacchériées of the
J - mixtures contain 2 to 26~$accharide-units and have a
10 4,5~unsaturated glucuronic acid 2-O-su1phaté unit at
- one of theirrends; |
in the form of an alkali or-alkaline—earth metalrsélt;
~As alkali 6r alkalineéearth metal salt, the
sodium, potassium,‘calcium and magnesium salts are

15' preferréd.

Thé_mgan'molecular weight-is détermined by
'high-préssure'liquid chromatography using two célumns
)' | ~ in series, for exampie thosemarkeﬁed under the name
TSK G3000 XL and TSK 62000 XL. The detection is carried
20 out by refractometry. The éluent used ié lithium |
. nitrate and the flow rate is 0.6 ml)min.'The system is
calibrated with standérds ﬁrepared by fractionation of
enoxaparin'(AVENTiS) by chromatogfaphy on‘agardse-
polyacrylamide'gel (IBF). This preparation is carried
: 25 out according tb the technique described by
Barrowcliffe et al., Thromb. Res., 12, 27-36 (1977-78)

or D.A. Lane et al., Thromb. Res., 12, 257-271 o




(1977-78). The results are calculated with the GPC6 soffware . (Peskin
Elmer)-. The anti-Xa activity is neasured by the am dolytic nethod on 'a
chronpgeni c substrate described by Teien et al., Thromb. Res., 10, 399-410
(1977), with, as standard, .the-first international standard-for '

| ow- nol ecul ar wei ght heparins. The anti-Illa activity is neasured by the.

t echni que descri bed by Anderson L.O. & al., Thronb. Res., 15, 531-541
(1979),-with, as standard, the first international standard for
Iom#nnlecular_mei%ht heparins. According to one aspect of the present
invention, {8dre78d - Fhevirasdlhbxaveesadtuiakphiawvadhpehesaochari des
possessing the general structure of the constituent polysaccharides of
heparin an§°t&¥RrBi (PRykLREL®Rrbwi ng characteristics: - they have a nean

mol ecul ar wei ght of 1500 to 3000 daltons, an anti-Xa activity of 100 to 150
|UWng, an anti-lla 286 3PEy-¥f BCEIVILY | i meandred byt tha :
activity/antL-Iia activit ratio greater than 10, - the constituents

pol ysacchafiugg XFth%eﬁ¥§?u?%sac Anegeni e sebstrahardescyitred and have a

4, 5-unsat d__glucuyoni g aci,d 2-0-sul phate unit at one of their ends,

in the for%#a%gg%%_ Ea? “or R | RETar tHP et 2948t (1907 anuary 2005 3a

Pr ef er abl y,+ fhe 10i x - described above exhibit an anti-Xa activity of

bet ween -¥5t££hd$%1%$géﬁaéﬁif¥he f}ré¥ 1nte;nat£gnal standard. for ‘y,
low-molecular weight heparins.

-The anti-IIa activity is measured by the

- technique described by Ahde;sdn L.O. et al., Thromb.

‘Res;, 15, 531-541 (1979),'with, as,standard;'the first

‘international standard for low-molesular weight

heparins.

According to one aspect of the present invention, there is
provided mixtures of sulphated polysaccharides possessing‘the general
structure of the constituent polysaccharides of Theparin and
exhibiting the following characteristics:

| - they have a mean molecular weight of 1500 to 3000
daltons, an anti-Xa activity of 100 to 150 IU/mg, an anti-Iia
activity of 0 to 10 IU/mg and an anti-Xa activity/anti-IIa activity
ratio greater than 10,

- the constituents polysaccharides of the mixtures
contain 2 to 26 saccharide units and have a 4, 5S-unsaturated
glucuronic acid 2-0-sulphate unit at one of their ends, in the form

of an akali or alkaline-earth metal salt.




I\/bst particul arly, the m xtures as described above exhj
activity of between 140 and 150 |IU ng and have a nean n%%gggagnédo ght of
bet ween 2000 and 3000 daltons. Preferably, the. m xtures according to t he

invention have an anti-lla activity of pto 5 1Ung. Still nore
preferably, the m xtures have an anti-%activity/anti-lla activity ratio
greater than 25. According to another pect of the present invention,

there is provided a nethod of preparing the nixtures as defined in the
above aspect, a quaternary ammoni umsalt of the benzyl ester of heparinis
depol yneri zed in organic nmedium by means of a strong .organic base 20
January 2005 with a Pkefgralales tﬁmmﬁz&:wes)fassqmg,&ﬁlﬁgdi%v@e t he
quaternary anmoni um salt of the benzyl ester of the -depolynerized heparin
i's convert®ghilit apdintd gt tactiihe st HetwespoiiZd eth@nd t-he product is
optional ly purified. The quaternary ammonium salt of the benzyl . ester of
heparin i st 9&%4‘%&)1 y the benzethonium  cetyl pyridinium or

cetyl trinethyl ammoni um sal t. The depol yrrerl zation is generally carried out

10 in an inert or gaﬁf‘?:“sél W@t Yas tAec RLgtrese@s deisegabeflor exanpl e
di chl. oro e)é trah drofur%n ani.sole, at a tenperature of -20C to
40C. As stTong of R0 25k A VA EEaPEr bEtt”ﬁ’&ﬁ‘ 260 ppdi s possible to

use 1,5, 7-iqq Fnp eyl 4 fe2hI86122 208 wE16RY oBUBLLLILA
200-0 and 3000 daltops. |
Preferably, the-l mixturels éccoi:ding to the
invention have an anti-TIIa ac-tivity of 0 to 5 IU/mg.
Still more preferably, the mixtures have an
. anti-Xa»activity/anti-IIa"activity ratio greater

- than 25.

According to another aspect of the present invention,
there is provided a method of preparing the mixtures as defined in
the above aspect, a Jquaternary ammonium salt of the benzyl ester of

heparin is depolymerized in organic medium, by means of a strong

organic base




di-et hyl arni no-1, 3-di et hyi pef hydro-1, 3, 2-di aza- phosphos h es of
t he fgnily of guani di ne and phosphazenes. The bases 0f£$2§hﬁééﬁi%ﬁﬁﬁ_
family are 20 preferably those-of formula: ~RIL NRSE R2Z NN R4 R3in
which Rl is hydrogen or alkyl, R2, R3, .P~ and Ror which are identical or
different, each represent an 25 alkyl radical. 20 January 2005 . More
particularly, RL is hydrogen and R2, R& R4 and R5 are nethyl radicals.

- The strong organic bases related to the phosphazene fanmly are defined for
exanpl e according to 5 R Schwesinger et al., Angew. Chem Int. Ed. Engl
26, -1167- Migd @ @A grRatSrhwdsimgdr an of sodingevimiteznlati)5, 1420
(1993). Anpbng the bases of the phosphazene famly, those of fornula: 10 R3
RR-N" i R4 R -N =R --Nthes quatggnegy ammonium salt of the

benzyl ester of the depolymerized heparin is converted to a sodium

salt, the ester is saponified and the product is optionally purified.

. The quaternafy ammonium salt of thé benzyl
' .ester bf’heparin is preferably.the benzethonium,
‘ 'cetylpyridiniuﬁ or cetyltfimethylammonium'sélt.
The depblymerizatioﬁ is'génerélly carried out
10 in an'inertrofgahic'solvent such as a chlorinated
sol&entrlfor éxample dichlorométhane), tetrahydrofuran,
anisole, at a temperature of -20°C to.405C.
As strong organic base with a pka greater
‘than 20, it is possible to use 1,5,7-triaza-
15_5bicyc1o[4.4.Oldec-Sfene; 2—tert—butf1imino—2-
diethylamino~1,3—dimethylperhydr6-1,3,2—diaza-
phosphorine, the'baséé of the family of guanidine and
'phosphazgnés@ _
| |  The bases of the guanidine famil§ are

20 preferably those of formﬁla:

| "INI/F'“
s M n
Y
R4 R3
~in whicthl is hydrogen or alkyl, R., Ri, R and Rs,
which are identical or difféfent, each represent an

25 alkyl radical.




represent alkyl radicals are preferably used. In the preceding _
"the alkyl radicals contain | to 6 carbon atons in the formof a straight

- or branched chain. Advantageously, the strong-organic base with a pka

15 in which the radicals Rl to R7 aré.idéntical or q&jﬁg5§g£¥§$ﬁﬁlae

greater than 20 or sodium ini dazol at e/ quaternary 20 ammoni um salt of -the

" benzyl ester of heparin mol ratio is bBtween 0.2 and 5.and preferabe
“between 1 and 4. More-particularly, the degree of esterification of the
“quaternary ammonium.salt of the benzyl ester of heparin is-between 50 and

'100% and 25 pr ef er abl yYiPE® RRFE T I W0R: TS vdepges ahd2B, Jayary 2005 6

"the uronic d

esterificatign c%%resgonds to the nolar percentage of esterification of
FEDRst AEChBBERY . Yagecabfiver si on of the quaternary anmonium

salt of the benzyl estgr of the depol ynerized heparin  to a sodiumsalt is
general.l'y carri ed. outfﬁﬁr§9§ﬁﬂﬁ RF IHHE - PeSAaS Gielat@dumonithle an al cohol i ¢

ef_er.abl ith a 10% sol ution of - sodi um

~solution of e .and pr

~acetate.in g&%%%%%%\?oﬁgﬁefiﬁfépﬁ TeEn sl ee agrosdingeho15 and
- 25C. The ®£qy v ight o etaje added is_preferably 3 tinmes

" greater - ?halﬂn"?rfgmr?a%)sh%e% \c%?aggr'haéﬁgé%ﬁohﬁﬁm'siﬁt'bﬁgrh@nglsnz f:ester of-

heparin USGQﬂG7JﬂT%§“¥T§8ﬁW€rh%akkﬂﬂegfﬁﬁékogt al., Angew. Chem.
| 105, 1420 (1993).

- Among the bases of the phosphazene family,

-~ . those of formula:
10
Hz_“gﬁa R4
R1 '—-N.-T*}P(--N'—HS 3
N—R8
7 R7
in which the radicals R; to Ry are'identical or
different and represent alkylrradicals are preferably
used.
. . 15 .. In the precéding formﬁlae, the alkyl‘radicals-
';T) B '¢6ntain 1l to 6 carbOn atqu‘in.the form of a sﬁraight

' or branched chain. o
| Advantageously, the'stronQ orgénic base with
a pka greater than Zd or sodium imidazolate/quaternary
20 ammonium salt of - the benzyl ester of hepérin mol ratio
is between 0.2 and 5 and preferably betweenll and 4.
_Mére particularly, the degree of
esterification of the quaternary ammbniuﬁ;salt of the
rbenzyl ester of hepariﬁ is between 50 and 100% and

25 preferably betwéen 70 and 90%. This degree of




The saponificatjon is generally carried out by neans of | i ta
hydr oxi de such as sodi um 15 hydr oxi de, potassiun1hydrof?ggagpgf¥t qqan
*hydroxide, in an aqueous nedium at a tenperature of between 0 and 20C
and preferably between 0 and 10C. 1 to 5-nolar - equivalents of alkali netal
hydroxi de will be generally used. Preferably, the saponification.will be .
carried 20 out in the-presence of 2 to § nolar equivalents of alkali nmetal
hydr oxi de. The final product may be optionally purified by any known
-met hod of purifying, depolynerized heparins and in particular according to
the nethod dBSEFFHELCERLODSCOBNeSROEES (03 7He métadt epatbtantadee qfuri fi cati on
is carried out by, ppans, of hydrogen peroxide, in an aqueous nedium at a
t enperat ur e %§t3%1£3§c%6~{9n 2?)%(\]%&%’59@60@%43 edfrils yhepahiini.operation i s
carried out. between 2Q and 40C. The quaternary anmonium salt of the benzyl
ester of heparin may b %r%ﬂﬁﬁ%ﬁ?ﬁﬁﬂxﬁiﬁqﬂftQP%qﬁfﬁﬁﬁKﬂamﬂﬂnd@ﬂreaction |
schene: a) ¢ r S of, t he heparin i he form of a sodium salt by means
- of benzet hon%?r/r%ec %%eb?%y& (f%%ert t?fgt'}ﬁ’ﬁ FRHIBSTSRGISPBEL Nat e, b)
esterificatiqn pf Lum salt 10 obt.ained above by neans of -
‘henzyl ch?or%eé)asn&d treggtgr%génp%\?wgteﬁle&ﬁl;%mril@d;&"& E’é’n LEPAEaRSum acet at e
in order to.cHpbaldtdig SRE:WR %Atk Qh GRR.BEIAY 85L& on of '

: .Sodium acetate and preferably with a 10% solution of

sodium acetate in methanol {weight/volume), at a

N

temperature oflbeﬁween 15 and 25°C. The eéui&alent by
10 weight of acetate added is preferably 3 times greater
than the'maés of quaternary ammonium salt of the benzyl
ester of heparin used in the dépolymeriéation réaction.
; The saponification is generally éérried out |
by means of an alkali meﬁal hydroxidé such as sodium
f15- hydroxide, potassium hydroxide or lithium‘hYdroxide, in
an agueous medium, at a temperature of between 0 and
20°C and preferably between 0 and 10°C. 1 to 5 molar
. W) equivalents of alkali meta; hydroxide will be generally
used. Preferably, thé saponification will be carried
20 out in the presence of 2 to 3 molar equivalents of
- alkali metal hydroxide.
| ?he final product may be optionally purified
by any known method of purifying depolYmerized heparins
~and in particular according to the mefhod described in |
25 patent EP 0037319. Preferébly; the purification is
cariied out by means.of hydrogen peroxide, in an

- aqueous medium, at a temperature of 10 to 50°C. R




" .sodi um sal t

of heparin, c) transallflcatlon of the sodlun1salt of tﬂfaan%g ge | ester

of heparin'to a quaternary ammonium salt and preferably to a berizet

“cetylpyridiniumor cetyltrinethylaaiunoniumsalt. The reaction of step a)

. is carried out in an aqueous nmedium by the actien of benzethonium
‘chloride 20 in excess, on heparin in the formof a sodium'salt, at a
~tenperature in the region of 15 to 25C'7Advantageously t he benzet honi um

chloride/heparin in the formof a sodiumsalt nolar ratio‘is between 2 and

3 and nore particul ly. 2.5. 25 The starting heparin in the formof a

Tab %éﬁef s operatiignh disaciarr ifide ouat between 20e purified
bef orehand in to reduce its dermatan 20 January 2005 sul phate | evel
accordi ng ténF£ ‘hod .described in . patent FR2663639. The esterification
of step b) is prefera carried out in a chlorinated organlc sol vent (for

5 exanpl e chl or of orm nﬂ?ﬁﬁFEHQIXhP@WPHéFm gals ofehperhenrelof between

25 and 45C f [ between 30 and 40C. The ester in the formof a
sodi um sal%gﬁggiﬁgﬁhr 8%6 rgﬁybg pPEEPPFE4t AEROEYiR8aRe BRE sodium

acetate- af rg%lg%l ?QE@%?BH”Ech gn al cohol .10 such as nethanol- 1 to
1.2 volunes of al cohol are genere? y used per volune of -reaction nmedi um

The  quantity of benzyh eBhoLideoangdst rﬁéﬁéfﬂ@ rnagugsadjq§ted in

| -order to obtain a degree of -esterificati

sodium salt by means of benzethonlum chlorlde in order
to obtain bengethonlum heparinate, | |
- b eeterificetion of.tﬁe behzethoniﬁm'salt
10 obtained above by means of benzyl chloride-and
- treatment wiﬁh an alcoholic solution of sodium acetate
in order to obtain the sodium salt of the benzyllester'
of heparin, o
c) transalification‘of the sodium-salt of the
15 -benzyl ester of hepariﬁ to a quaternary ammonium salt
and preferably to a benzethonlum, cetylpyrldlnlum or
cetyltrlmethylammonlum salt.
) B S 'ovThe reaotion of step'a)AiS-carried:out in an
aqueous medium,'by the action of benZethonium ohloride.
20 ‘in excess, on heparin 1n the form of a sodlum salt, at .
& temperature 1n the region of 15 to 25°C |
Advantageously, the benzethonlum chlorlde/heparin in
the form of a sodium salt molar ratio is between 2 and
-3 and more particularly 2.5.
25 _ The starting heparln in the form of a sodium
_salt used is preferably a plg heparln The latter may

be purified beforehand in: order to reduce its dermatan g S

onium




. of between 50 and 100% and preferably between 70 and 15 (?Q/b Preffﬁgply,
0.5 to 1.5 parts by weight of benzyl chloride are use

wei ght of “benzet honium salt of heparin. Likew se, preferably the reactlon
time wll be between 10 and 35 hours. The transalification step c) is
carried out 20 by nmeans of a quaternary ammoni um chl oride and preferably

by means of benzet honium chloride, “cetgl pyridiniumchloride or
cetyltrimet hyl anmoni um chloride,in an aqueous nedium at a tenperature of

_between-10 and 25C. Advant ageously, the quaternary 25 amoni um
chlorlde/scxﬂuhmhﬁﬂa:LﬂvaihQCbemdyhgesbethefmehhpardesaﬁibéatiﬁ i s between 2

and 3. The m xtures according to the invention, in the formof a sodium

salt, may. b@ateRkeFRE§683638n0t her 20 January 2005 salt of an al kali or

al'kal i ne-earth metal salt. The passage fromone salt to another-is

- optional Iy achieved ®&8engstREificabicteeérsber bh patprefeS@Ba377. The
m xtures accordi,ng to the invention are _not toxic and may thus be used as

nedlcanentsca?ﬁéeﬁ1?PGré§ 8f CRher pratedt orgarhe i 9plvenyt befoxised as

ant it hr orgbot.i ¢ agentﬁl gartlcula he are useful for the prevention

°EPF

of venou$ t AF8BsSeS FRrafPT the Fete®ARk, 3t darticular in the
and treat mentRERrERare OEEtyeth 27 eiYngrﬁ%ééf&fﬁse#ﬁf Remably'® Preventon

el s, angi BUeREsh S0 3083 aBooPEURPPTOLESL T ve gaents for. at herdqscl erosis and

for
salt is then recovered by prec1p1tatlon by means of

'”)\ - sodium acetate -at 10% by welght/volume in an alcohol
10 such as methanol. 1 to 1.2 volumes of alcohol are
generally used per volume of teaction medium. The -
-Iquantity of‘benzyi chloride and the reaction time are
adjusted in order to obtain a degree of esterificatioh'-
A of between 50 and 100% and‘preferably between 70 and
- 15 '90% Preferably, 0. 5 to 1.5 parts by weight of benzyl
chloride are used for 1 part by weight of benzethonlum
— salt of heparln. leew1se, preferably the reaction time
_) ' will be between 10 and 35 hours.
. | Thert:ansalification step c¢) is carried out
20 by means of a quaternary ammonium chiofide and -
preferably by means of benzethonium chloride,
cetylpyrldlnlum chlorlde or cetyltrlmethylammonlumr
chlorlde, ‘in an aqueous medium, at a temperature of .
between 10 and 25°C. Advantageously,rthe quaternary
25__ammon1um chlorlde/sodlum salt of the benzyl ester of
heparln mol ratio is between 2 and 3.
The m;xtures according to the invention, in

the form of a sodium salt, may be converted to another




arteriosclerosis. 15.Accordihg'to yet anot her aspect OEN}GE presenf,c .
. ) ; . ) S anfiar o)
i nvention, there is provided pharmaceutical conpositions con aynlng, as

- .active ingredient, a mixture as defined above. 20 The pharnaceuti cal

‘conpositions are for exanple solutions which can be injected by the

subcut aneous or ‘i ntravenous route. They are al so useful by the pul nonary
‘route (inhalation). _The dosage nay vegy according to the age, 25 weight
~and state of health of the. patient,. For an adult, it is in general

- between 20 and 100 ng per day by the intranuscul ar or subcutaneous route.
- 20 Januar y s20@5 of0 athalkallliowirngl&ksddpkesairthusictatie sshe i awanti on.
EXAMPLE A: PREPARATI ON OF THE BENZETHONI UM SALT OF THE BENZYL ESTER OF
HEPARI N Beb2sshgei dmomepael saflé Bosehother. 4k 2ptdonhlbenaekheniam chl ori de
in 125 nl of water is added to a solution of 10 g of heparin in the form of
a sodi um s¥FEREntheomgithofl Aeseribet ant papenat Usd166830Me regi on of 20C.
The product is 10 filtered, 'washed with-water and dried. Benzyl ester of

_heparin (sodi um sal t Fhei1gigtusespeagordéngotpdeher énwddedonoane sol ution of
20 g of _benzet honi,um heparinate in 80 m_ of nethylene chloride.. The :

sol utio ‘igoﬁeapgacagn may thus be used as medicaments.
: | The mixtures of the present inﬁéntién may be
. used as antithrombotic agents. In particulaf, they are
'useful'fo:,the preventionﬁdf‘venbus thromboses,
_arteriai thfomboticraéciaents; in particular in the
107 case of myo;ardial infarction. They are also useful in

the prevention and treatment of the proliferation of

the smooth muscle cells, . angiogenesis, and as

. neuroprotective agents for atherosclerosis and for

| arteriosclerosis.
15
According to yet another aspect of the present invention,
there is provided pharmaceutical compositions containing, as active
ingredient, a mixture as defined above.
- éO _ “The pharmaceutical compositions are for

example solutions which can be injected by the
- subcﬁtaneous of,in;ravenous route., They are also.useful
| by the pulmonary route {inhalation)-
.The dosage may vary acéofding to the age,
25 weight and state of health of the patient. For an -
aduit, it ié in general between 20 and 100 mg per day

by the intramuscular or subcutaneous. route. - R




15 tenperature of 30C for 12 hours. 108 ml of a 10% sq%y%%ogagf ig}iunr
-acetate in nmethanol are then added, the mxture is filtere ,ma%he W th

* methanol and dried. 7.6 g of benzyl ester of heparin are thus . obtained in-
the formof ‘a sodium salt whose .degree of - 20 esterification is 77% Benzyl
ester of heparin (benzethoniumsalt) 36 g (0.0549 nol) of benzyl ester of
~heparin . (sodiumsalt). and 540 nml of ditstilled water are -introduced into
a 2-litre Erlenneyer flask A After 25 honpgenization at a tenperature-of
about 20C, a pale vyellow solution is obtained. A solution of 64.45 g

- (0:1438 ol ) of benzetHomifiodlowiorg decaanpd o450 Mtusdfrateattdie i s prepar ed,
-wWith magnetigc stirring, in"a 1-litre'. 20 January 2005 11 Erl enneyer fl ask

B. The sol ut}&fH 4 enneyer B is poured over about 35 ninutes into the

solution in |l enmeyer A . with stirring. The formati on of an abundant

vaepmm&%ﬂ%@&b%@W&WKﬁN@H&@@%%ﬁW&MBﬁmmwmmmonim |
distilled n sh__water is introduced into the Erlenneyer A -

. The stirri ﬁ?ﬁ@ﬁhm\g@eﬁﬁ&mhe suspension is allowed to settle for 12
hours. The clear port%pn of .t he supernatant is renoved and di scarded. 560

M of water are added FHAEOTGUNSBGPAEAREHpreci pitate (slurry appearance)

and the .mxture is sti.Lr for 20,mnutes, The precipitate js allowed to
o?ﬁ%ﬁg%8§.° h%g1guﬁgrhﬁ?ﬁﬁ?ﬁ?glPﬁnﬁbtﬂr%ﬂ% di scar ded

reSedrnent'fpr about
(560 m)." ThinS125 ml of water is added to a solution of 10 g of , .

| | heparin in the form of a sodium salt in 100 ml of water
-/ a ~ at a teﬁperature_in thé region of 20°C. Thé product is |
.10 filtered, washed with water and dried.
| Beﬁzyl ester of heparin (sodium salt)
16 ml of benzyl chloride are added to a
solution of 20 g of benzethonium heparinate in 80 ml of
methylené éhloride. The-solﬁtion is heated at a
15 temperatufe,of 30°C for 12 hoﬁrs. 108 ml of a 10%
solution of sodium acetate in methancl are then added,
the mixture is filtered,-washed with methanol and
4) - dried; 7.6 g of benzyl ester of heparin are thus
6btaiqed in the form of a sodium salt whose degree of“
20 esterification is 77%. |
Benzyl ester of heparin (benzethonium salt)
36 g (0f0549,mol)_qf benzyl_ester oﬁvheparin'
(sodium salt) and 540 ml of distilled water are
introduced into a 2-litre Erlenmeyer flask A. Aftei
25 homogenization at a temperature.df about\20°C;'a paie
,yeliow solﬁtion is obtained. A solution of 64.45 g
(0.1438 mol) of.bénzethdnium éhloride and 450 ml of.

water is prepared, with magnetic stirring, in'a l-litre -




~ for 3 hours

operation of washing with about.560 m. of distilled 15H$ﬁter IS rfge ted
twi ce. on the sedimented precipitate. .In the |ast washihg°GB8FatTOR the
precipitate, is left in suspension and filtered on Sintered @ ass 3. The
cake is then washed with 4 tinmes 200 nl of . distilled water. The wet white
solid is drained and .then dried 20 under reduced pressure (2.7 kPa) at a
tenperature in the region of 60C. Afteridrying for 12 hours, 87.5 g of
benzyl ester of heparin, benzethoniumsalt, are obtained. The yield
obtained is 94.9% EXAMPLE 1 25. Depol yneri zation and conversion to
a' sodi um sal Eriggmayenfiish|Br ofiee haokutien i i roduaesbyer & & 50 nl -
Erlenneyer flask A 4 g (0.00238 nol) of benzyl ester of heparin (degree
~.of esterificBPioRd Vo5 FPWartfarmdR0osSs biertzettienisobwaldr) bt ai ned, as
‘described in_Exanple A are slowy loaded, with stirring. After conplete
di ssol ut i on, Bilepmeyen AoordhnAyinring. sThe thdarmedticry olfo. g4, 4. 0] dec- 5- ene
are-addedﬂ-Tgﬁ 5 mxture is stirred at a tenperature in the region of 20C
R dRR i iites PaSRimigath 41 idhseryess| Theofrdlenteyerof . sodium
.Erlenngyer, flask Bin 120 m of nethanol.

tate i ] d at_ 4C i ,
?ﬁg argai:?i g%efﬁa :fﬂcﬂ%-‘q r‘tﬂéﬂl %@%2% 9 geistilled watey ardothe waeh
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-~ practically trans

stirring i's {hqher PELaId S 165 URREIE' $5°01 Q054" BoSERRLRLE BY
' -  for 12 hours. The clear portion of the supernatant is
:“) o removed and discarded. 560 ml of wafer are added to the
10 sedimented precipitate (slurry appearande) and tﬁe
‘mixture is étirred for 20 minutes. The precipitate is
.allowed to résédimen; for-about 30 minutes. The
éupe;natant is removed and discarded (560 ml). This
o opération of washing with about 560 ml of distilled
‘15‘ water is fepeated twice on the sedimented precipitate.
-In the last washing operation, the precipitate is left
in suspension and filtered on Sintered Glass 3. The
) - cake is then washed with 4 times 200 ml of distilled
water. The wet white solid is drained and then dried
20 under reduced pressure (2.77kPa) at a temperature in
" the region of 60°C. After drying for_lz hours, 87.5 g
of benzyl ester of heparin, benzethonium salt, are
obtained. The yield obtained is 94.9%.
' EXAMPLE 1
25 bepolymerization and conversion to a'sodium salt:
| | 28 ml of dichloromethane are introduced into
a 50 ml Erlenmeyer flask A. 4-g (0.00238 mol) of benzyl

estér of heparin (degree of esterification: 77%,




settling for one hour. The clear portion of the 15 supe ant is oved

and di scarded (62 m). 50-nl of methanol are added to %ﬂg#g%ﬁfﬁe%§§%D

precipitate (yellow'slurry appearance) and the mixture is stirred for 20

m nutes. The precipitate is all.owed to resedinent. for about 30 m nutes.

The supernatant is 20 renoved and di scarded (49 m). 50.m  of nethanol are

added to the sedinented precipitate and2the mxture is stirred for 20

mnutes. The precipitate in suspension is then filtered on Sintered G ass

4. The gol den yell ow cake obtained is then washed with twice 25 m of 25

. nethanol . Theengathoyliiun issaldraiokedimed tisededicrdthednder Exaagaecd pressure

- (2.7 kPa), at a tenperature in the region of 60C. After drying for 12

hours, 1.21 aFefslzylyadeaded008 the stiyminiozedfitepacompdeteobt ai ned (benzyl

cester, - sodiumsalt). The yield obtained is 77.2% Saponification: 1.21 g

(0.0018 ol YigsalpdigBpollyder Bz4@ - §084BaroA ) (b8nzyl ester, sodi um salt)

obt ai.ned ab%xg %nd A1 m, of water are introduced into.a 25 m Erl enneyer

~ flask. 0.18 o tedpgabirycdr o9y PAderrE-en8aars afdedodUbed, with
“magnetic stirring. After .,addi.tion, the mxture,is cooled to 4C and stirred
for 2 houts! fﬁu%?4359559rﬁﬁéla§r€ LEMRErahurenansbhat Fediea ofheutrali zed

. by addition.gfHCL a mol/1_(14.m ). The I Xxture is transferred to a 100
m Erlenneyg? Flgéf gnéougﬁ ﬁFéoéon@%ﬂﬁﬁﬁF'aﬁ%rhﬂﬁeﬁ?l%hELW%fn%tion of a

yellow preguRitabs b¥ 298 BUsodimShELLLPY 18 NS0 SLQPPEY o

in an_E;lenmeyer flask B in 120 ml of methanol.. The

J

reaction mixture in Erlenmeyer flask A is poured into
10 the methanolic solution of sodium acetate, with
- magnetic Stirring; A practically translucent gelatinous
yellow precipitate appears. The stifring is then
stqpbed and the sgspension is allowed to’separate‘by'
- settling for one hour. The clear portion of.the -
‘15 supernatant is removed and_discarded (62 ml). 50-nd'qf
methanol are added to the sedimented precipitate |
(vellow slurry appearance) and the mixtute is stirred
”) . . for 20 minutes. Thé precipitate is allowed to

resediment‘for about 30 minutés. The supernatant is

20 removed and discarded (49lm1). 50 ml of methanol are

added to the sedimented precipiﬁate and the mixture is

stirred for 20 minutes. The precipitate in'suspensién
is then filtered on Sintered Glass 4. The golden yvellow
cake obtained is then washed with twice 25 ml of

25 methanol. The wet solid is drained and then dried under
iedﬁced préssure (2;7 kPa), at a temperature in the |

- region of 60°C. After drying for 12 hours, 1.21 g of ce .




.15 and the suspension is allowed-to sedinent for 12 h Stanfl .8 5005
‘tenperature in the region of 20C. The supernatant is then renoved and then
discarded (44 nml). 25 m of nethanol are added to the sedinented
_precipitate (yellow slurry appearance) and the mixture is stirred 20 for.
20 minutes. The. precipitate is allowed to resedinment for about 30 minutes.

" The supernatant is renoved and discardad (21 m). 25 m of nethanol are
added to the sediaiented precipitate and the nmixtureis - stirred for 20
m nutes. The precipitate in suspension 25 is then- filtered on Sintered '

“dass 3. Thedepeymemsi esiv heprakian @teniobed imed heenmdhedteth twice 10
of methanol. The wet solid is drained and then dried under reduced - :

- pressure (2. 5"907(43&') sagkt)a (hpariald obitairked 16 Jan2&ry 2005 14 region of

- 60C. After §ﬁ¥|ng for 12 hours, 0.66 g of crude depol ynerized heparin is :
obt ai ned' (s fationie- yleld obtained is 60% Purification: 0.66 g of

crude ~depol yneri zed th%@F obt ai ned above and 5.9 ml of distilled water
are introduced into ) @rl@ﬂﬁe?@#)fPéskheTﬁ@pﬁﬂYm@rezeé heated to -

4OC,\Mtr5 neti.c. (%}lrrlngﬁ The gH ii)S brought_ to-.between 9 and 10 by
addi tion"2 55%5ﬂ SRy dr GFEGE - afo8iemySBLE) QhBaineq; abevetand of an

for about S‘z" Hofils oF yatEroUeR BhRiReRRoHTHR o1 25 HUcHr Lo S  ur e o
then neutr a'f'lé%ﬁi.b)é.i@dh&' ?8.0018 mol) of 30% caustic soda is |
intrcduqed, with.maghetic stirring. After additiop, the
- mixture is cooled to 4°C and stirred for 2‘hour§;
10 1.43 g of NaCl are added and the solution is
neutralized by adaition of HC1l at 1 mol/l {14 ml). The
mixture is transferred to a 100 ml Erlenmeyer flask and
.52 ml of methanol are added. The formation of a yéllow
Vprgcipitate is obtained. The stirring is then stopped
_;5 and the suspension is éllowédrto sediment for 12 hours
at a temperature in the region of 20°C. The supernatant
is then removed and then dlscarded {44 ml). 25 ml of
m) - '_;- methanol are'added to the sedimented precipitate S
(yvellow slurry appéarénce)'agd the mixture is étirred
20 for 20 @inutés. The precipitate is allowed to
fesediment for about 30 minutes. The supernatant is
removed and discarded (21 ml). 25 ml of methanol are
added to the sedimented pfecipitate and the mixturé is
o stirred for 20 minutes. The precipitéte in suspension
257 is then filtered on Sintered Glass 3. The light yeliow
.caké obtaiﬁéd is then washed with twice 10 ml of
methanol. The wet solid iS‘dréined and then dried under @ ...

reduced pressure (2.7 kPa), at a temperature in the




of HC1 at 0.1 m/1. The solution is then filtered and Eggnsgegﬁﬁg to a
25 m Erlenneyer flask. 23.3 nl of methanal are poured’in. e format i on
-of a white precipitate is observed. The stirring is then stopped and the

. suspension is allowed to sedinent for 12 hours. at a tenperature in the

.region of 20C. The supernatant 20 is then.renoved and then di scarded (5
m). 5m. of methanol are added to thé& sedinmented precipitate (slurry
appearance) and the m xture is stirred for 20. mnutes. The precipitate is
al l owed-to resediment for about 30 minutes. The supernatant is renmpved and
25 di scar dedrggdom pL $07C.oRImerhdmylingr oadd2dhbarkshe0 . s6dynept ed :
- precipitate and the m xture is stirred for 20 mnutes. The precipitate in
- suspensi on iFudeerlepplymerdgednhsparinedishsaifedTsodbimesabke. obt ai ned

20 January 2005 15_is then washed with twce 5 m of nethanol. The wet -
~solid is drdfe¥ighd chéainededsufbEr reduced pressure (2.7 kPa), at a

- tenperature in.%he region of .60C. After drying for 12 hours, 0.51 g of.a

purified m SEGrEL6REPBRysacchari des (sodium salt) is obtained. The.yield

obtainedds 77.2% ThS ggarac eris ig%é of this mXxture are the follow ng:
. Mean nol Scul ar wei ght * - 1808 941 FHRSS 19FRAR YReSaZ 8  ReRIZAN 94 | U/ ny ‘

CAiella achhiliyes Svd LOAD. 0P LMK g 2ot vty ration >
. introduced into a lolml Erlenméyér flask. The mixture |
| is hgated to 40°C, with magnetic_sti:fing; The pH is .
B ~ brought tg,betweén 9 and 10 by_additionﬂof sodiuﬁ
10 hydroxide at 0.1 mol/1 and_33 microlitres of an aqueous
solution of hydrbgen peroﬁide at 30% are added..After
stirring for about 2 hours,AO.GS g of sodium chloride
is added. The mixtureris then neutralized by addition
of HC1 at 0.1 ml/l. The solution is.then filtered and
15 transferred to a 25 ml Erienmeyer flask. 23.3 ml of
‘ methano1 are poured in. The formation of a white
précipita;e is ﬁbserved. The-stirring‘is then stopbed
;) o | and ﬁhe susPensioh i# allowed to sediment for 12 hours
‘at a temperature in the region of 20°C. The supernatant
20 is then removed and then discarded (5 ml). 5 ml of
methanol are. added to the_sedimented precipitate
{slurry appéarance) and thé mixture is stirred for 20 .
nﬁnutes. The pfecipitate is allowed to resediment for
about 30 minutes. The superﬁataﬁt is removed and
25 discarded (5 ml). 5 ml of methanol are added to the
7 sedimented'predipitéte andrthe mixture is-stirred for
.20 minutes. The precipitate iﬁ suspension is then

"filtered on Sintered Glass 3. The white cake obtained




EXAMPLE 2 Depol yheri zation and conversion to a sodi um szad t 'an%5r702dp§ of
di chl oronet hane are introduced into a 100 ml Erl enneyer FASR™A. g
~ ~(0.00595 nol).of benzyl ester-of heparin (degree of esterification: 77%
- benzet honium salt) obtained as described in Exanple A. are slowy |oaded,
~with stirring. After conplete 20 dissolution, 1.7 m (0.005%7-nmol) of 2
-tert-butylimno- 2-diethylam no-1,3-dilkkfet hyl perhydro-1, 3,2-di aza -
- phosphorine are added. The reaction is allowed to continue for about. 3
~~hours and 30, mnutes at a tenperature in the region of 20C. During this
~tinme, a .25 59| tReDIdThes) witdi tsudiaurh atletaft dathad@d .mThef wetet hanol i s

prepared at 4(%{’ an. Erlenneyer flask B. The reaction mxture in
Erl enneyer A9 %o%ﬁ» Fraines @ndd themsrdied unslent reduskds pitegsuaeet at é,

W th magneti@% _?afls] nuary 2005 16 stirring. A practically translucent

‘gel atinous y&li1' E’Sr'ecai & IFTPEFRERTS ithéhey iregipg PE BARR-stopped and
t he suspension is all.owed to.separate hy settling for,  one hour. The clear
portion of téé?%ﬁp N ?i&argﬁﬁ5§d gnéld9%8§rgeaufééﬂeﬁ1T%x§259n1 of

nmet hanol aqr e Lt h di ted precipitat el Low sl ury ‘ '
' appearanég)%g%g tﬁeaﬁ%%%ﬁﬁgzgs(gﬁl}P@dgﬁgﬁjzésnPﬁﬁégg?d'Tﬂ%epY%%4§itate'is
allowed to Qﬁﬁgﬁj 'gsfig ?out 30 mnutes. The supernatant is then
renoved and di scarde '? 62 m). 125 nm of methanol are added to the

_[§edinent§d preCipitatQh@”ghégﬁcﬂgfigﬁ§cgsoftLﬁigxhiﬁ%ure'are the

 following:

‘J .
N

Mean moiéculérrweight: 1660 daltons

~10 Anti-Xa aétivity: 94 IU/mg

Anti-IIa activity:‘< 0.1lIU/mg
__Anti-Xa activity/anti-IXa activity ratio: > 100
EXAMPLE 2

Dgpolymerization and conversion to a sodium éalt:

:15_ 70 ml of dichloromethane are intrdduéed into
a 100 ml Erlenmeyer flask A. 10 g (0.00595 mol) _5f
benzyl eéter-of heparin (degree of estefificétion: 77%,

) B ' benzethonium salt} obtained asAdescribéd iﬁ.Example A

~ are slowlylloaded, with stirring. After complete
20 dissolution, 1.7 ml (0.00587 mol) of 2-tert-butylimino-
‘-_2—diethy1amino~1,B—dimethylperhydro-i;B,2—diaza-
phosphorine are added. The reactioﬁ is allowed to
continué for abéut 3 hours and:30 minutes at.a
temperature in the région of 20°C.-During this time, a |
25 soiution of- 30 g of sodium acetate in 300 ml of- |
l methanol is prepared at 4°C-in an Erlenmeyer flask B.
The reaction mixture in Erlenmeyer A is poured into the ce -

methanolic solution of sodium acetate, with magnetic




"20 minutes. The gel atinous precipitate in suspension i%u15%eﬂa£ili 5ed on-

- Sintered @ ass 3. The yellow gel atinous cake obtained s fhen shéd with
.2 ,portions 15 of 63 m of nethanol. The gel ati nous solid is drained and
then dried under reduced pressure (2.7 kPa), at a. tenperature in the
region of. 60C. After drying for 12 hours, 3.34 g of depol ynerized heparin
“ (benzyl ester, ‘sodiumsalt) are obtaingd. The yield obtained is 85 .3% 20
Saponi fication: 1.67 g .of depolynerized heparin (benzyl ‘ester, sodium
salt) obtained above -are saponified according to the saponification nethod
descri bed i rstiExeaing e A pra@tddad lof txrdrsghiceyrd lgelapondas iye10btai ned. 25

- The 'yiel d of crude depol ynerized heparin (sodiumsalt) is 61% '

Puri fi cati orPrecy it @appea@@®s The) s34 myicly dsuddedepobpped aad

heparin. (sodium salt) obtained above is purified according to the nmnethod
of purificatitth shepaasien iis Bldspled to Gepargteobyasehtléngofider is

obtai ned. The yield is 75.5% The purified m xture of polysacchari des
(sodiun1sa|ﬁ¥“%3¥%¥he§mﬁa§lﬁﬁ§,PP6FF@W e& tosasupesratantsisMean nol ecul ar

R o CLIHE IS S U R R R
o ' added to the sedimented precipitate (Yéllowlslurry '
appearance) ana the mixture is stirred for 20 minutes.
| The precipitate is allowed to resediment for about 30
-/ . 'minutes. The supernatant is then removed and discarded
10 (162 ml}. 125'ml of methanol are added to the
' Sedihénted pﬁecipitate and the mixﬁure is stirred for
20 minutes. The gelaﬁinous precipitate in suspension is
'then-filtered on Sintered GiaSS;3. The yellow
gelatinous. cake obtained is then washed with é,portions
15 of 63 ml of methanol. The gelatinous solid is drained
~ and then dried under reduced pressure (2.7 kPa), at a
temperature in the region of 60°C. After drying for 12
‘)_ E 'hours,-3.34 g of.depolymerized heparin (benzyl ester,
 sodium salt) are obtained. The yield obtained is 85.3%.
20 Saponification: | |
1.67 g_of deﬁolymerized heparin (benzyl
ester, sodium salt) obtained above are saponified
according to the'saponificationrmethod described in
~ Example 1. 0.94 g §f a light yellow powder is obtained.
25 The yield of crude depolymerized hepa:inx(éddium éalt)
 is 61%. .

Purification: o ' C.




. EXAMPLE 3 Depol yneri zati on and conversion to a sodiun1§ﬂ§t' 28 m 5

" of-dichl oromethane are introduced into 15 a 50.m Erl gnmdg8PaFY £4954. 4- ¢
-(0.00238 ol ) of benzyl ester of heparin (degree.of esterification; 77%"

benzet honi um sal t) obtai ned according to Exanple A are slowy |oaded, with

stirring. After conplete dissolution -and cooling to 2C, 0.333 g (0..00239

mol |l 20 of 1,5.,7-triazabicyclo[4.4.0]der-5-ene is added. The reaction is

. allowed to continue for about- 3 hours and 30 minutes at a tenperature in
‘the region of 20C. During this time, a solution of 12 g of sodium acetate

- in 120 nl’-of nethanol ?sS$érepaf etrede 4epolyaezdd |Hapewyier. fdodslamB.~ The

reaction mixture in Erlenmeyer A is poured into the methanolic solution of

'sodi um acet 82Et} vPRtringhabevetis mun. fiked ddawdingritpi tthiee.  appears. '

- The stirring is then_ stopped and the 20 January 2005 18 suspension is -

al l oned to sBpEReE ehHypuetfigaiiaodesaribesuin Bramglearl .périlog of the

- supernatant is renoved and_di scarded (90 nhku.SQ m of nethanol are added
to the sedi rﬁ*ﬁﬂﬁ%&%@%ﬁé%mqa@weﬁ-urm apedar 4%cdP-5&nd the nixture
is stirred for 20 mnytes. The precipitate is allowed_ to resedinment for
“about 30 Ti nut es. The%éﬁb Lhed mdxtags of Redverschagédessl ni). 50 nd

tirred for FHEE BRAT B ths; Folfobibhens on (5 then filtered
on - characteristics: ' : .
' Mean molecular weight:-ﬁsob‘daltons
~ Anti-Xa activity: 146.6 IU/mg |
10 Anti-IIa activity: 2.15 IU/mg
Anti—Xa_activity/anti*IIa activity ratio; 68
- EXAMPLE 3 |
- Depolymerization and conversion to a sodium salt:
28 ml of-dichloromethéne are introduced'into'.
15 a 50 ml Erlenmeyer flask A. 4 g (0.00238 mol) of benzyl
ester of heparin (degree of estetification: 77%,;
benzethonium salt) obtéined according to Example A are
- ) slowly loaded, with Stirring;‘After complete |
~ dissolution and cooling to 2°C, 0.333 g (0.00239 mol)
20 of 1,5,7-triézabicyclo[4.4.0}dec-5;enc is added. The .
reaction is allowed to continmue for about 3 hours and
30 minutes ét'a temperature in thelregicn of 205C. |
During this time, a solution'of 12 g of sodium acetace
“in 120 ml - of methancl is preparéd at 4°cC iﬁ an
25 Erlenmeyer flask B. The reaction mixtﬁ:erin'Erlénmeyér
7 A is poured into the.methanolic solution of sodium
: acetate, with magnetic scirring. A yellow precipitéte_ .

appears. The stirring is then stopped and the




SI ntered d ass 4. The cake obt ained is then washed wrthz i ce 252&} of
met hanol . The wet solid is drained and then dried under re iced pressure

- (2.7 kPa), at a tenperature i n-the region of 60C. After .drying for 12, 15
hours, 1.19 g-of depolymerized heparin (benzyl -ester, sodiumsalt) are
obtai ned. The solid is dark yellow. The yield obtained is 75.9% iy
"Saponi fication: 1.19 g of depol yneri zéd® heparin (benzyl ester, sodium"'20
salt) obtained above are saponlfled accordlng to the saponlflcatlon met hod

-described in Exanple 1., 0.78 g of a light yellow powder is obtained. The
Cyield of cr u%réSP%‘E%’cﬂfwe?r D59 SepRgditembyalset G 1singl fo¥% one
Purrfrcatro 8 'crude depol¥¥§r|zed heparin (sodium salt)

obt ai ned ab (ﬁﬁﬁ éi QN?ﬁ SupsEmedagit g iremoxedon

ite powder is obtained. The yield is"
ggegaébed : punqa:%f#;éﬁ%%&) 5@ %@s&@c%&Fh&§§l a@?oﬁﬁdﬁgiggté ??talned
have t he foI eristi.cs | ecyl ar wei ght al tons
Anti - Xa act|V|ty Egﬁg%%aqufclRﬁ%atFN§y§&EBV|F ur§Z§zFE§Z§??§ffo§aand

Lactivity/antdyrd i Aglibothie 5 %t59§§%%9 8? ?ﬁ?BﬁﬁFhaﬂ are introduced

conversion to a sodium salt:
ﬁrnto - Precipitate is allowed to resediment for about 30

minutes. The supernatant is removed and discarded
(61 mil). 50 ml of methanol are added to the sedlmented

nv) _' prec1p1tate and the mlxture is stirred for 20 minutes.

10 The precipitate ln.suspen51pn 1s-then flltered_on

. Sintered Glass 4. The cake obtained is then washed with

‘twice 25 ml of methanol. The wet solid is drained and
then dried under reduced pressure (2.7 kPai, at a
temperature in .the region of 60°C. After drying for 12
15 hours, 1.19 g of depolymeriied heparin (benzyl ester,
“sodium salt) are obtained. The solid is dark yello&.
The yield'pbtained‘is 75.9%.
_ )‘ T | Saponificatioh:
7 1.19 g of depolymerized hebarin {(benzyl ester, sodium
'ZQ salt) obtained ‘above are saponlfled accordlng to the
~ saponification method described in Example 1. 0.78 g of'
a light yellow powder is obtained. The.yleld of_crude
depolymerized heparln (sodium salt) is 71.5%. |
" Ppurification:
25 f‘ 0.78 g of crude depolymerized heparln (sodlum
salt) obtalned above is purified accordlng to ther‘
method of purification described in Example 1. 0.58 ¢g- S

of a white powder is obtained. The yield is 72.5%.



a 50 m Erlenneyer flask A 4 g -(0.00238 rml) of benzyl__ ester of_heparin
(degree of ‘esterification: 77% benzethonium salt) obt%} -HBG3EY de¥ S%lbed
-in-Exanple A are slowy |oaded, with stirring. After conplete 15 . p
di ssolution and at ‘2C, 0.6 ni (0 00222 nmol) of 2-tert -
but yl i mi no-tris(dinethylam no)phosphorane is added. The reaction is |
al lowed. to.continue for about 3 hours Ihd 30 minutes.. at a tenperature
in.the region of OC. During this tine., a solution of 12 g of sodium
acetate 20 in 120 m of nethanol is prepared at 4Cin an ErIenrreyer fl ask
B. The reaction m xt ure mEritiedyeixtitaski Abdlyamutad-iddso t he

-met hanol i ¢ solutlon of sodium acetate, with nmagnetic stirring.. A
practical ly ??%@Fuﬁ%ﬁ) ghtaines hans |the Preddiqpiitrgt e appears. The 25

stirring is then s ped and the suspension is allowed to separate by

settling f orClfRA 1SEGS ) ear portion of the supernatant is renoved and.
di scar ded ( d% 50 .m of t hanal are added to the sedi nented 20
January 200 %]c‘?cﬂ"fltaaﬁ &g 0w /9P & aditopsappear ance) and the nixture

is stirr f m _nut.e Th reci |tate|s ‘al l oned to resedi nent for
about 306%1"n al'r?ecq: sd‘ﬁé’rnipﬁﬁ /Mgnoved and di scarded (60 mM). 50 m
of . met hanol ;€ d e se ted precipitate and -the mxture is
st rred for mlﬁfl%t %g S%ﬁttg} e? gvmggprmﬁlm te precipitate in suspension is

then filtereggnxaSi %E§5§@¥?aﬁ§§ faaTan gf_ﬁgobtﬁrgteﬁ%rﬁs then washed wth

: twr ce.25 n. O nethanol sol i
. EXAMPLE 4

N

Depolymerization and conversion to a sodium salt:

10 ' 28 ml of dlchloromethane are 1ntroduced into

a 50 ml Erlenmeyer flask A. 4 g (0. 00238 mol) of benzyl

ester of heparln (degree of esterification: 77%,
benzethonium salt)'obtained as described in Example A
. are slowly loaded, with stlrrlng After complete
15' dissolution and at 2°C, 0.6 ml (0.00222 mol) of 2- tert—
butyllmlno-trls(dlmethylamano)phosphorane is added. The
reaction is allowed to continue‘for about 3 hours ané
-) . 30 minutes at a temperature in the region of 0°C.
| Duringhthis time, a soiution 65‘12 g of sodium acetate
20. in 120 ml of methanol is prepared at 4°C in an -
Erlenmeyer flask B. The reaction mi#ture in-Erlenmeyer
flask A is poured into the methanolic soiution of
sodium acetate, with magnetlc stirring. A practically
translucent gelatlnous yellow prec1p1tate appears The
25 st;rrlng is then stopped and'the suspensien is allowed
to eeparate by settling for one hour. The clear portion
of the supernatant is removed-and.discarded r108 mlr. Ce .

50 ml of methanol are added to the sedimented



10 dried ﬁnder reduced pressure (2:7 kPa), at a tenperature in the region.
of 60C. After drying for 12 -hours, 1.22 g of depolynéyrféﬂuﬁéba?QQ?

(benzyl -ester, sodiumsalt) are- obt ai ned. The yield obtained is 77.8%
Saponrfrcatron 15 1.22 g of. depolynerized hepatin (benzyl ester, sodium
salt). obtai ned above are saponified according to the saponrfrcatron
protocol described in Exanple 1. 0.692p of a very light yellow powder is
~obtained. The-yield of crude depolynerized heparin 20 .(sodiumsalt) is

61. 6% Purification: 0.69 g of crude depol ynerized heparrn (sodi um salt)

obt ai ned, abol?@e?%l-’b‘tﬁﬂ'rqf i 6P Blewoirslt rjlunyyt lkepeaurEridedatandh tiveot ocol ,
I s obtained. The yreld

descri bed i'n Exa Ie 1. 0. of -25 a white pomder
is,97. 1% Th‘B"’ﬁ’Eﬁ‘ i ﬁﬁ%@f’iﬁcg o B0l yandies-i @be precdpdtatel iy obt ai ned
20 January 2005 21 Mean nol ecul ar

has the foll charactey,istics; A
wei ght : zgooaojgja‘?‘? & Oﬁﬁ%e%eg& |f\ﬂrt P mipwgesanthel7: a activity:
32.6 5 EXAMPLE 5

| _4[1)8[530: ;J/rremrgr /26\2%: ;)Xa aﬁtga:[ﬂc\” e{r%?‘{?:’fl an Cbﬁé@%@i&%ﬁ | %QSW oPOdm&heér onet hane
are 'ntrqgu%ﬁiﬂégéi are added to the sedimented precipitate and
~ the mixture is stirred for 20 minutes. The yellowish
‘white precipitate in suspension is then filtered on
Sintered Glass'4. The cake obtéined is then washed with
g}?, i twice 25 ml of methanol. The solid is drained and then
10 dried under reduced pressure (2;7 kPa}), at a
_iemperaturerin the region of 60°C. Aiter dr?ing for 12
,hours, 1.22 g of depolymerized heparih (benzyl ester{
sodium salt) are obtained. The vield obtained is 77.8%.
'Saponification:' | |
15 . ‘ 1.22-g of depolymerizedlhebarin (benzyl
estér,.sodium salt) obtained above a:e'ééponified-
| according to the saponification protocol desc;ibéd in
) ) Example:l. 0.69 g of a very light yellow powder is
‘ob;ained;-Thé yield of crude depolymérizéd heparin
20 :(SOQium salt) is 61.6%. |
Purification: | |
| 0.69 g of crude depolymerlzed heparln (sodium
salt) obtained above is purified accordlng to the '
'purlflcatlon protocol descrlbed in Example 1. 0.67 g of
25 a whlte powder is obtained. The yvield is 97 1%.
| The purified m;xture of polysaccharldes

(sodium salt) obtained has the follow1ng

characteristics:




a 50 m round-bottomed flask A 4 g (0.00238 nol) of eogzayl $| nat e
(degree of esterification: 77% 10 benzethonium salt) ar'e YErGRE (Ehed
-with stirring. After conplete di ssol ution and at 40C, 0.95 g (0.00949
“mol ) of sodiuminidazolate is added. The reaction is allowed to continue
for- about 4 hours at the ref |lux tenperature of dichloronethane. During
this 15 time, a solution of 12 g -of s@li umacetate in 120 m of nethanol
is prepared at 4C in an Erl enneyer flask B. The reaction mxture in

Erl enmeyer flask A is poured into the nethanolic solution of. sodium

acetate, wt alhﬁyhb@qﬂél@tlwmgig: AYactdldadds) translucent gel atinous 20
"yeIIOM/preC|égtate appears. The stirring is then stopped and the

suspensi on i 1RRF bV sieparkd® DEU/ss t | ng for one hour. The clear -
~portion of the orange- col oured super hatant is renoved and di scarded (88

n)y. 50 m %ﬁ“h&%rﬂﬁt’a‘flézyadcﬂecﬁ ¥ /™¥e sednented 25 precipitate
m xture is stirred for 20

(orange-coL_ | urr rance and the

‘m nut es. (é%MQQﬁ%B Q& a@ﬂqﬂ;kédaFGlPé§§dFﬁ§ﬁP :f 82 -&bout 30 mi nutes.
The supegn dr,rermved and discarded (51 m). 50 m of 20 January 2005
2"2 met hanol ™ are ad ed to the sedinented precipitate and- the mxture is

Then 1111 or SErsn e it onll 0okl BY, BOoB: SPAEHR €5 han wathed w th 5
ebieen presour o (57 2Bpm g, BbhiokandtAbAL a0 h0Ehau d St
a 50 ml round-bottomed flask A. 4 g (0.00238 mol) of
- benzyl heparlnate (degree of esterification: 77%,
1O benzethonium salt) are slowly loaded, with etirring.
| After complete dissolution and at 40°C, 0.95 g
(0.00949 mol) of sodium imidazolate is added. The
reaetion is allowed to continue for about 4 hours at
the reflux'temperature of dichloromethane. During this
‘15 time, a solution of 12 g of sodium acetate in 120‘ml of
methanol is prepafed_at 4°C;in an Erlenmeyer flask Bl
The reaction mixture in Erlenmeyer flask A is ponred
_} ~ into the methanolic solution of sodium acetate, with
magnetic stirring. A—praetically translucent gelatinous
20 yellow precipitate appears. The stinring is then
 ‘stopped_and_the suspension is allowed to separete by
settling'fof one hour. The clear portion of the orange-
coloured supernatant is removed and discarded (88 ml).
50 ml of methanol are added to the sedimented
25 prec1p1tate (orange—coloured slurry. appearance) and the
| nnxture is stirred for 20 mlnutes The precipitate is"’
allowed to resediment for about 30 minutes. The

supernatant is removed and discarded (51 ml). 50 ml of




~ tenperature in the region of 600C. After drying for 12.__hours, 1,634 g of
depol yreri zed heparin (benzyl ester, sodiumsalt) are obtHIHEdY %ﬁ%Syield
- obtained is 76.6% 10 Saponification: 1.2 g of depolynerized heparin
(benzyl ester, sodiumsalt)- obtained above are saponified according to
- the saponification protocol described in Exanple 1. 0.63 g of a beige
powder is obtained- The yield of 15:cr2ide depol yneri zed heparin (sodi um
salt) is 52.5% Purification: 0.63 g of crude depol ynerized heparin
(sodium salt) obtained above is purified according to the -
‘Purificati on®HeRFRAL R5e raddes itr Bhensesdimeret? presfird ta2@ hadge- whit e
powder is obtained. The yield is 66.7% The purified m xture of o
pol ysacchar i o8 ™ ks sHigreshifiomad misutes f GHeowragge- - '
.characteristjcs: Man nolecul ar weight: 2250 daltons 25 Anti-Xa activity:
©.134.5 U ny °9¢R?¥?$2PEEE%RHR%F9 175 SuSPeRsARE 1ea themi ildyexadi onl a
cactivity ratdQ:. 90 5' . EXAVPLE .6 20.Janyary 2005 23 Depol ynerizati.on and
émte%%‘?s FHass l\‘/f gfé‘emca&? SEERLeGaeh shenameshAtrwtitked | nt o

. conversion t0 a SO " !
(degroe of ol % 25 B mr el CHBE: B miea iR D8R aRRGd e deber | bed
in Exanpl e ried under rédﬁced‘pressure (2.7 kPa), at a

temperature in the region of 60°C. After drying for 12 .
| hours, 1.34 grof depolymerized'heparin (benzyl ester,

< ~ sodium salt) are obtained. The yield obtained is 76.6%.

10 - Saponificatioh:

1;2 g of depolyherized heparin (benzyl ester,
sodium salt) obtained above are saponified according to
the saponification'prétocol described in Examﬁle 1. |
0.63 g of a beiQe powder is obtéiﬁed. The yield of

15 crude depolymerized heparin (éodium salt) is 52.5%.
Purificaﬁion: .

0.63 g of crude depolymerized heparin (soaium _

H)  S salt[tob;aiﬁéd above is pﬁrified according to the

_ pu:ification.method described in Example 1. 0.42 g of é
20 beige—white.powder is obtained. The vield is 66.7%.
~ The purified mixture of pglysaccharidesr

(sédium‘salt) obtained has the following A

characteristics: |

:Mean molecular Weight:'2250 daltons
25 Anti-Xa éctivitf:'134.$ IU/mg
| Anti-ITa activity: 1.5 IU/mg

Anti-Xa activity/anti-IIa éctivity ratio: 80.5° . . Ce

EXAMPLE 6




are slowy | oaded, with stirring. After conplete dissa%utlon 1. 2%%9
'(0.00956 mol ) of 1,5,7- triazabicycl of 4. 4. 0] dec- 5- ene
- mxture is stirred at a tenperature in the region of 10 20C for 3 hours and
30 minutes. During this time, a:.. solution of.12 g of sodi um acetate is
. prepared at.-4C in an Erlenneyer flask B.in 120 m of nethanol. The
‘reaction mxture in Erlenmeyer flask AZ3s poured into the nethanolic
sol ution of sodiumacetate, with ..15 magnetic stirring. A practically
transl ucent gel ati nous yeIIOM/preC|p|tate appears. The stirring is then-
stopped and ¥¢rolymeeizatien g I@mmrts:-csepwaied@mnsseﬂltl ng for one
hour. The clear portion of the supernatant is removed and discarded (56
m). 60 m of 20 nethadPimacE sdekd coremstdansdiarentiadrpdecedi tate ~ (yel | ow

| ~slurry appeargﬂgrhband the mxture_is stirred for .20 m nutes. The
~precipitate & Vi grgrey e £d@istie At- f40|9 40090238 mohlit of. beheyl

~ super nat ant e ed and: |scarded (70 m). 50 M of methanol are 25
~added to the& Egte‘zt'ﬁ- rﬁrsrfnotj"e?d’ e9§F§ Ql‘:rdet‘-"l"'r@rﬁif%:éltéops 7¢%irred for 15

t h ta then filtered on Sintered G ass
7 e ol 08N U 1 IREESHER eheehedi b WEBhEEHRRESSY nf Of 20
J 2009, d d and then dried und
.rggﬂgeé pressuréﬁ%%n$nq8afgggtwngZ%%efﬁéﬁgergﬁggﬁegg?% ?§% O;IEOCHDA?[er
drying for 14 duutitich,%2.9305 (5PGbYSErkass hgparin are obtained (benzyl

~ester,
1,5,7- tr1azab1cyclo[4 4.0}dec-5- -ene are added The

v
-/ ‘mixture is stirred at a temperature in the region of
. o 10 20°C for 3 hours and 30 minutes. During this time, a
solution of 12 g of sodium acetate is prepared at 4°C
in aniErlenmeyer flask B.in 120 ml of methanol. The
reactien mixture in Erlenmeyer;flask A is poured intor
the_methanolic solution of sodium acetate, with
-15 magnetic stirring. A practically translucent gelatinous
yellow precipitaterappears. The stirring is then
| . stopped and the suspeﬁsion is allowed to separate by
7) o settiing fo; one hour. The clear portion of the |
supernatant is removed and discarded (56 ml). 60 ml of
20 methanol areradded to the sedimented precipitate
(yellow slurry appeerance) and the mixture is stirred
- for 20 minutes. The preciéitate is allowed to
resediment for about 30 minutes. The supernatant is
removed and discarded (70 ml). 50 ml of methanol are
25 added to the sedimeneediprecipitate and ﬁhe mixture is
| 'stifred for 15 minutes Tﬁe-precipitate in sﬁspension
is then filtered on Sintered Glass 4. The golden yellow ' l-..

cake obtained is then washed with twice 50 ml of




-

5_sodiunfsalt)L.The yiel d obtained is 64% Saponificatign: 0.92 g . 0014
nol ) of the depol ymerized heparin (benzyl ester, sodiu%?s%ﬁ%%?agb?géged
above and 17.5 m of water are introduced.: into a-25 m Erlenneyer 10

“flask. 0.38 ml (0.00379 nol) of-30% caustic soda-4s introduced, wth

. is allowed

" of ‘met hariof

"~ cake obtai ne

_ dr ai ned. and then dri egl, amder (g grceddine surgsd Bepolymerized

magnetic stirring. After addition, the mixture is kept at a tenperature in
the region,of 20C and stirred for 5 hafirs. 1.8 g of ‘NaCd are added and the
solution is neutralized by addition of concentrated 15 HG-1 (final volune _

“of the solution about 18 n1%. The m xture is transferred to a- 100 m
Erl enmeyer Meibrngdd Thepvebfs

abifahs| daptneddand thenfdried iwrdef a yel | ow

precipitate iégob%erved. The‘stirring is then stopped and the suspension
FEINEGARRESFRFe 102 houkB2Do aF @ TeRPRFatwFe ih ¥R region of.

200C. The supernat ant , okhS 1pen renmoved and then discarded (52 m). 25 ni
OB AReh0sG” B EREIRS £3F olf photre (hea divad ur 1y

appear ance) .and.the_m xture is.stirre for 20 .m nutes. The precipitate is

s g%gg%gggﬁfﬁ%%#h?%ﬁr%ﬂxﬁﬁe]P neq (PR RA%H: is renoved and

allowed to

~di scarded ( j? h: , IQ@?O re added tn the sedinented
precipitgtegén thggg$£1d@%?i % |r¢%e 1% %ﬂxéé%ﬂ.hour. The precipitate

in suspensi ganb8; kheRe 20, January 2005 2.5 filtered on Sintered Gass 4. The
%p?slt-en ﬁ%@hed”mﬁth twice 10 ml .of nethanol. The wet solid is

] héparin'fbenzyl ester, sodium salt) obtained above and
R f 17.5 ml of water are introduced into a-25 ml Erlenmeyer
10 .flask. 0.38 ml {0.00379 mol) of 30% caustic soda is

iﬁtroéuced, with magnetic stirring. After addition, the
‘mixture is kept at a témperature in the region of 20°C
and stirred for 5 hours. 1.8 g of NaCl are added and
the solution is neutralized by addiﬁion of concentrated
15 HCl (final volume of the solution about 18 mli. The
mixture is tiansfer;ed to a 100 ml Erlenmeyer flask and
46 ml of méthanoi'are addedﬁ The formatioﬁ.bfla-yellow
7) _ - preéipitate is observed. The stirring is then stopped
'énd_the suspension is allowed to sediment for 12 hours
20 at a témperatﬁ:e‘in the region of .20°C. Thé supernatant
is ;heniremoved and then discardéd (52 ml). 25 ml of
methanol éré added to the sedimented precipitate
(yellow slurry appearance) ahd the‘mixture is stirred
- for 20 minﬁtes. The preéipitaté is allowéd,to '
25 resediment for about 1 hour. The supernatant is-:emoved
andvdiscarded (27 ml). 25 ml of hethanol are added to
the sedimented precipitafe and the mixtuxe is-stirred ..

for about 1 hour. The precipitate in suspension is then -




. tenperature |

kPa), at a tenperature in the region of 60C. After -5 dryjing for 3_hours,
0.42 g of crude depolymerized heparin is obtained (sod%tﬁggﬁﬁfy.z yield
-.obtained -is 45.6% Purification: 0.42 g of crude depol ynerized heparin 10
obt ai ned above and 3.8 nl of. distilled water are introduced into a 10 n

Erl ennmeyer flask. The mixture is heated to 38C, with nmagnetic stirring. -
The pHis brought to between 9 and 102% addition of sodium hydroxi de at
0.1 nol/1 and 25 microlitres of an aqueous 15 solution of hydrogen
- peroxide-at 30% are_added. After stirring for about 2 hours 30 m nutes,

- 0.5 g of sodfuhtrenedronieSinteamkttGlaise 41 Mhe edkse tdimaited ial ithed by

- addition of . HO ,at 0,1 nol./|. The solution is then filtered and-

transf erred Y853 5vHth Brvigarelemlf lofs met2@ntl. .3 Tie ofetnebAddolisare pour ed
in. The fornption of a_ white precipitate is observed. The stirring is then
st opped and%’%ﬂp’%}%i'%ﬂ slrdiadpadero rediicash priegisure: Heuds at a - .
the region of 20C. The _supernatant is then renoved and then

|
di scar ded 2SF§% . &MY CEBETAHUIG RafHE. T8Ld oRd@Ed 608CH hafsedi nent ed

e prec b (AR 5 Gudte a1 0584) RoRE  FopOanapodYREEH S8aThe super nat ant
5620 Janueiets 6 remved.0d dhagaLded, (Sofeml a3 gl ol gyt heno! are
is 45.6%. - - | ' |
Purification: :
0.42 g of crude depolymerized hébarin
10 obtained above and 3.8 ml of distilled water are
introdnced into a 10 ml Erlenmeyer fléSk. The mixture
is heated to 38°C, with'magnetic étirring. The pH is
bfought to between 9 and 10 by addition of sodium
hydroxide at 0.1 mol/l and 25 microlitres of an agueous
15 solution of hydrogen peroxide.at 30% are added. After
stirring fbr ébout 2 hours 30 minutes, 0.5 g of sodium
chloride is added. The mixture is then neutralized by
U) - addition OffHC;ﬁat 0.1 mbl/l; Tﬁe solution iéfthen
filtered and transferred to a 25 ml Erlenmeyer flask.
20 11.3 ml of methanol are poured in. The formation of a
white precipitate is observed. The stirriﬁg is then
stopped apd the suspension is allowedrto sediment for
12_hours at a témperature in the region of 20°C. The
'supernétant is then removed and then discarded |
25 (9.8 ml). 5 ml of methanol. are added to the sedimented
| _preéipitaté (siurry éppearance) and the mixture is
stirred fdr 15 minutes. The precipitate is allowed to

. 'resediment for about 3 hours. The supernatant is




stirred for 20 minutes. The precipitate in suspension %@d}hen fiéé@red on
Sintered dass 3. The white cake 5 obtained is then was AWUERYL e 5
~. of methanol. The wet solid is drained and then dried under reduced
“pressure (2.7 kPa), at a tenperature in the region of- 60C. After -drying
for about 2 hours 20-mnutes, 0.3-9 g of pure depolynerized o
heparin. (sodiumsalt) is 1.0 obtained. Zhe yield obtained is 92.8% The
characteristics of the depolynerized heparin thus obtained are the
- follow ng: Mean nol ecul ar - wei.ght: 1950 daltons Anti--Xa activity:- 115.6
U ng, 15 Antempvedasniiviligcarded| (Fnd) mih) i -Xanhoof vineyhansi -dded activity
ratio: > 57 EXAMPLE 7 Depolynerization and conversion to a sodi umsalt:
140 .m - of di BAfBHoket BAResadtmenteddereslipifiate 2nd atdOnivttureadisor A 20 g

"_(0.0119 nol ) of benz%l ester, of heparin (degree of‘psterificatibn: 77%
benzet honi unF*3EFES HPY of hohiniters Fheo @reciritaty? oitA suspassjeny | oaded,

wth stirrin?.nﬁ$ter o ﬂglgée di ssolution, the water content of the
reaction medfd %nn%‘aﬁ B AP ey ed Glasssifer The mditeTisakeal ue

obtained s Q. 1% water. ..3.5 mM (0,0121 nol) of
2--tert-béty&?%?%ﬁﬁé-%ﬁeﬁqﬁﬁ-waSﬁéd with twiée 5 ml of methanol.

o LS R e o g apion e e addgl, e
tenperature gyeddie-d e 0N 135)25Gt o temperature in the region'of
| 60°C. After drying for about 2 hours 20 minutes, 0.39 g
e o 7_ofrpure depolymerized:heparin-(sodium salt) is
10 obtained. The yielci bbtained is 92.8%. |
The characteristics of the depolymerized
heparin thus obtained are the following:
'Mean molecular weight: 1950 daltons
Anti~Xa-activiﬁy:-115.6 IU/mg .
15 rAnti—IIa activity: < 2 IU/mg . |
Anti-Xa activity/anti-ITa activity ratio: > 57
EXAMPLE 7 |
} i ,_':H Depolymerizgtion and éonversion to a sodium salt:
o o 140 ml of dichloromethane are intfoduced into
20 a 400 ml reactor A. 20 g (0.0119 mol) of benzyl ester
of heparin (degree of esterification:'77%, benzethonium
salt) obtained'és described in example A are slowly
'1oaded, with stirring. After complete dissolution, the
' wafer content of the reaction medium is measured by the
25 Karl Fisher method. Tﬁg value obtainédris;o.l%‘water.'
3.57ml (0.0121 mol) of 2-:ert-bﬁtyliminc-2—diethy1~
amino-1~3-dimethylperhydro-l;3,2—diazaphosphorine are L.

. then added. The reaction is allowed to proceed for




During this tinme, a solution of 30 g of sodium acetate _|s_prepar t-4C
in angErIenneyer flask Bin 300 mM of nethanol. Half o?éfﬁgu@ﬁgcgg%ﬁ
-mxture of reactor A is poured into the nethanolic solution of sodium '
acetate, Wi th magnetic stirring.- A practically - translucent gelatinous

yel | ow precipitate -appears. The stirring is maintained for one hour and

t he suspension. is allowed to separat &by settling for about 12 hours 10
at .4C. The clear portion of the supernatant is removed and discarded (220
m). 220 M of nethanol are added to the sedinented precipitate (yellow
slurry appea?JaﬂEE)24a1iﬁ‘éfl¥$|ea¢n6<tilﬁ@¢@atsm¢ ried tler Fyimutfe5°The :
precipitate js allo to resedlnent for about 40 15 minutes. The :
super nat ant Y& +8¢0 R T HUSH1qpE M0 .9 204 srdivie eeeltanel are

~ added to the, sedi nent %ﬁ rqglpltate and the mxture is stirred for 40
‘minutes.. The® RYERTH sa‘g e & pitt ﬁ%ﬁﬂ%@%l@@ﬁksB e 00 tiler ed on

Si ntered d a§§ 3 The elrﬁl%%%e | at i nous cake obtained is then washed.
with 2 portions" ethan EEacﬁﬁéngépéFPﬁ@U§fs§Pﬁ§tp§ &r ai ned

at a .tenperature in the.

and ‘then 4 c Pa)

. region of 6'%§I&é¥eﬁi 3#%§%fp %ﬁ@-fzsﬁ HF§°n2°§ §O8EWBepol yneri zed
heparin (bengy, S are ohtaine yield obtained is .
70. 6@6(calculatéﬁ§%n%hﬁk' sHo %kﬁ%rlpgfh PEEE ﬁSﬁEfﬁedlun1treated) -

Sap0n|f|Cai'ﬂ¥hné¥%c&%&u@%ﬁa%@ﬁéug8yellow prec1p1tate appears. The

stirring is maintained for one hour and the suspension-

pN

is allowed to separate by settling for about 12 hours
10 ‘at 4°C. The clear portion of the supernatant is removed‘
and dlscarded (220 ml). 220 ml of methanol are added to
the sedlmented precipitate (yellow slurry appearance)
and the mixture is stirred for 50 minutes. The
-precipitate is allowed to fesedimenf for about 40
15 minutes. The supernatant is removed and discarded -
(204 ml). 204 ml of methanol are added to the -
‘sedimented precipitate and the mixture is stirred for
'!) . 40 ndputest ?he gelaﬁinous brecipitate in Suspension is
.then filﬁered on Sin;ered-élass 3. The vellow
20 gelatinous céke obtained is then washed with é poftions
of 100 ml of methanol. The gelatinous solié is drained
and then d:ied_under reduced pressure (2.7 kﬁa), at a
temperature in the region'of 60°C. After drying for
about 12 houré, 2.6 g of depolymerized heparin (benzyl
25 ester, sodium salt) are obtained. The vield obtained is
70.6% (calculated on the basis of half of the reaction
medium treated). | _ | N o P

Saponification:




2.6 g of depolynerlzed heparln (benzyl ester, sodiums bt}anggfabaggxabove-
are saponi fied according to the saponification nethod esctibed anpl e
1. 1.48 g of a light yell ow powder are obtained. The yield 5 of.crude
depol yneri zed heparin (sodiumsalt) is 62.9%- Purification: 1.48 g of"
crude depolynerized heparin obtained above and 15 m of distilled water
-are introduced into a 50 m Erlenneyeﬁsflask The m xture 10 is heated
. 10.401C, with magnetic stirring. The pHis: brought to between 9 and 10 by

addi ti on of sodium hy rQX|de at 1 nolt 1. The solution is filtered on a
“filter nmenbrane haV| n W‘@r@rﬁed?@%aé’rl@— (Hemzerd estar30%

aqueous hydr 1 de solutl n.are 15 then added. After stirring for
-about 2 hour%gg%“ QﬁﬁiﬂH9¥% &éeaﬁéR&&%aﬁedTﬁécﬁWﬁ@GGet¢s t hen

. neutrallzed of .HC1 a solutlon is filtered on .a
filter rrenbrane %g c%ﬂnlgﬂaca&d'lp&ﬂe&h&dn%e@Fﬁl AP SFePlRakol are poured
i n. The fornat t recipitate i s observed. The stlrrlng S
t hen stoppegﬁaingdrq F]B;f sazug'p Asi geﬁ.lB %&55 f5e s@gtﬁéﬂ‘fagfo? he YReld at a

“tenperat g e g e SR vl p t ant .hen ved and then
~discarded (37 m). 37 m %rggg a%% aﬁ?é g gﬁupo ?ﬁ&'p?ﬁc%%r ¥te and the
25 m xture imrStHilds@d ohQr 45 mnutes. The preC|p|tate iIs allowed to.

resedi nent for about 45 minutes. The supernatant is renoved and di scarded

| (34 m) 34 nm of nethaagl gabe agded agpéﬁfméggiggnﬁégapigcipitate and 20
January 2005 _ ' _
B | obtained above and 15 ml of distilled water are .
S introduced into a 50 ml Erlenmeyer flask. The mixture
10 ris heated to 40°C, with magnetie stirring. The pH ie
brought to between 9 and 10 by addition of sodium
hydroxide at 1 mol/l. The solution is filtered on a
'_fiiter membrane haviﬁé a porosit} of 1 um. 76 micro-
litres of'a 30% aqueous hydrogen peroxideAsolution are
15 then added. After stirring for about 2 hours, 1.5 g_of'
sodium_chloride_are added. The mixture is then
,neutralized by addition of HC1 at 1 moi/l The solurion
Y - _1s flltered on a filter membrane having a por051ty of |
1 um. 38 ml of methanol are poured in. The formatlon of
2Q a white prec1p1tate is observed.-The stirring is then
stopped and the suspension is aliowed to sediment for i
hour at a temperature in the region of 2d°c.‘The-
supernataﬁt is then removed and'ﬁhen discarded (37 ml).
37 ml of methanol are added to the precipitate and the’
25 mixture is stirred for 45 minutes. The precipitate is
allowed to resedlment for about 45 minutes. The
supernatant is removed and discarded (34 ml). 34 ml of ..

methanol are added to the sedimented precipitate and




29 the mxture is stirred for"15 mnutes. The precipit % in suspension is
then filtered on Sintered Gass 3. The' white cake obtaf HEIUREYt Het washed
with twice 25 nl of nethanol. The wet solid is drained and then dried
under. 5 reduced pressure (2.7 kPa), at a tenperature in the region of
60C. After drying for 12 hours, 1.29 g of pure depolynerized: heparin
~(sodiumsalt) are obtained. .The yieldoobtained is 87.2% The purified
~ depol ynmeri zed heparin (sodlun1 10 salt) obtained has the follow ng
characteristics: Mean. nol ecul ar weight: 2250 daltons Anti-Xa activity:

©149.6 | U ny thamixterects \dttigred Fod5 1I6UmipuARls .- Xteaglrieiibytanki - 1 | a
activity ratjo:r 176 20 January 2005 WO 02/08295' 30 CLAI M5 PCT/ FRO1/02332

I'. Mxtures ¥ suspsnaienh dol yWwcfdliceéeed posSdatiergd: Beagengr afhet r uct ure
of the constituent pol ysacchari des -of heparin and exhibiting the follow ng
char act eri stWiide Rke ipREaingdndsn tiehewashedwight teficé506 ml 008000
~daltons, an an |-Xa activity of 100 to 150 U/ ng, an anti-lla activity of O
to 10 | U ng a&ﬁ amhe ¥&taSeitdrt jrafrrinegd- avdi they daied gméarer t han

- 10, . ‘the constj tu saccharldes of the
‘ uce p es re (2.7 kPa), at a& temperature in the

- region of 60°C. After drying for 12 hours, 1.29 g of
pure depolymerized heparin (sodium salt) are_obtained(
| The yield obtained is 87.23.
' The_bﬁrified depolymerized heparin-(sodium
1077$alt) obtained has the following characteristics:
Meaﬁ_moleduiar weight: 2250 daltons |
Anti-Xa aétivity: 149}6 IU/mg .
Anti-IIa activity: < 0.85 IU/mg

Anti-Xa activity/anti-ITa activity ratio: 176 .




m Xt ures contaln 2 to 26 saccharide units and have a 4 5 unsaturated
gl ucuroni c acid 2-0-sul phate unit at one of their. ends Ui feu3g ¥t PP of an

-alkali. or alkaline-earth netal salt. 2. Mxtures accordlng to Cdaim1l,
- characterized in that the anti-Xa.activity is between 125 and 150 .U/ ng.
3. - MXxtures according to Caim1 or 2, characterized in that the anti-Xa

activity is wetoes082980 and 150 | U ng gmd the nmean nop@gepy MR i's
bet ween 2000 and 3000 daltons. 4. M xtures according to any oﬁ@ﬁ% Cl ai s
1to 3, inthe. formof the sodium potassium, calciun1or magnesi um sal t.

- 20 January 2' 005 3-1 5. M xt ur es accefgitMt to any one of  Clainms 1 to 4,
having an anti 1la activity of 0 to. 5 1Ung. 6. Mxtures according to any.

one of Cainms 1 to 5,1haviMikairenids ¥ulyHdndd )ﬂcﬂ@ﬁéaé&ﬁn@%&' vity ratio
greater.than 25. 7nethod of preparing the mixtures of Caiml

char act eri zexPssessing at}eelagmerarlys&mmmt@ o$a|t1he0fc0h|ngQg@ﬁi| ester of
heparin-is depol ynerized in an organic nmedium by neans of -a strong organic

“base with PPFapcharideaf Ieporiof anddientnibitdagoitake foll bRifgat er nary

annnnlun1salt of the benzyl ester of-the depolynerlzed heparln is converted
qggqacterlstlcs : -

“ to a sodium
' - they have a mean molecular welght of 1500
to 3000 daltons, an anti-Xa act1v1ty of 100 to
150 IU/mg, an anti-IIa activity of O'tp,IO-IU/md and an -
anti—xa_activity/antiFIIa-activity'ratio greater than
10, - |
- the constitueht'polysaccharides of the
mixtures contain 2 to 26 saceharide-units and have a
4, S-unsaturated glucuronlc acid 2- O—sulphate unit at
one of thelr ends, -
in the form of an alkali or alkaline—earth metal salt.
2.7 Mixtures accordlng to Claim 1,
7 characterlzed in that the antl-Xa act1v1ty is between
) 125 and 150 TU/mg.
3. Mixtures according to Claim l'er 2,
'_characterized in that the anti-Xa activity.is between
‘140 and 150 IU/mg and the mean molecular weight is'
between 2000 and 3000 daltons.
4. Mixtures according to any one of

'Claims 1 to 3 in the form of the sodlum, pota351um,

ca1c1um or magnesium salt




‘the ester is saponified and the.product is optionally nEurlfled . Met hod
according to Claim7, for which the quaternary amoni unf$al3™96£yt hEObenzyl
-~ ester of heparin.is the.benzethonium. .cetylpyridiniumor :
. cetyltrinethylamoniumsalt.. 9.. Methad according to daim?7, for which the

strong organic base with a.pka greater than 20:is chosen from _
1,5,7-triazabicyclo[ 4. 4. 0] dec-5-€ene; 2-31 ' :
-tert-butylimno-2-diethylam no-I, 3-di net hyl per hydr o-

1, 3, 2-di azaphosphorine, the bases of the famly of - guani dine and
phosphazenes 10. Methdd acHixthnes tacddading, té dinyind of he bases of the
guani di ne family are those of.formula: 20 January 2005 32 R5" in which R2

I s. hydr ogen etaamsyl  t®24, Reavivg and R5;1i-Ide dctiei ty dehtd aad or
- different, each represent an alkyl radical, the alkyl radicals having 1 to
6 carbon atdnEY{Mt he form of a stralght or branched chain. 11. Method ]
'accordlng to Claim 10, _for which R3 is hydrogen and R2, R3, R4 and R5 are
~nethyl radicals. 12. Bt hodteEeBias RFas rwmcganymonmuocfh t he bases of

t he phosphazene, far?L %?a#e those of formula: in which the radicals RL to
R7 are identTtH™dr e ngh @ ftdsea QEQQMltﬂdGm@akgléontalnlng 1to

6 gar_bon at oa[@tivrhéyh%g‘t%romggea%eit rt%a%ht2 or branched

7A Method of preparing the mixtures of

Claim 1, characterized in that a quaternary ammonium

s

salt of the benzyl ester of heparin is depolymerized in
‘an organlc medlum.by means of a strong organic base
with a pka greater than 20 or of sodlum imidazolate,
the quaternary ammonium salt of the benzyl ester of .the
depolymerized héparin is converted-to'a_sédium salt, |
| the ester is saponifiedland thé_product is optiohally
- purified. |
8. Method accordlng to Claim 7, for whlch
the quaternary ammonlum salt of the benzyl ester of
,V)- 7 ,‘hepar1n is the benzethonlum, cetylpyrldlnlum or
.cetyltrlmethylammon;um salt. |
—9; Method'according to Claim 7, for which
the'strong organic base with a pka7greater than 20 is
‘chosen from 1,5,7-triazabicyclo[4.4.0]dec-5-ene, 2-
| tert—butylimiﬁo-z-diethylémino-l,3—dimethy1perhYdro-
- 1,3,2-diazaphosphorine, the bases of the family of
-guanidine and phosphaienes.
| 10. Method according to Claim 9, for whichl

the bases of the guanidine family are those of formﬁla: -l




" chai n. 13l Met hod accbrding to one of O ains 7.to 12, for_which the strong
organic base with a pka .greater than 20 or sodi um i ni dazB"ReEY gtdter nary

©- 20 January 2005 33 ammmoni um salt of the benzyl ester of heparin not ratio

is between 0.2 and 5. "14. Method according.to.one of Cains 7 to 13, for °

 which the quat ernary anmonium salt of the benzyl ester of- heparin has a

‘degree of esterification of .between 503and 100% 15. Method according to
one of Claims 7 to 14, - for which the conversion of the quaternary ammoni um
salt of the benzyl ester of the depol ynerized heparin to.a sodiumsalt is
carried out by treating the reaction nediumw th an al coholic solution of
sodi um acetate. 16. Method.according to ongiof Clains 7 to . 15, for which

t he saponification is carried out by ns of an alkali netal hydr.oxide.
-17.- Method according to one of Clainms Jto 16, for which the purification
is carried out by neans of hydrageg p xi%gnng. M xtures as defined in
any one of Clains 1.to 6, as nedic nts*NT9. M xtures as defined in any
~one of Cainms'1lto 6, as antithronbptic npdi canent's. 2Q Pharmaceuti cal
-conposi tions conpri sing, R4 R3

in which R, is hydrogen or alkyl, R;, Ry, R; and Rs,

which are.identical'or different, each represent an

‘\-—f-'..

alkyl radicai, the alkyl radiéals having 1 to 6 carbon
atoms in the fo;m of a straight or branchéd chain.
11. Method accdrding to Claim 10, for which
Eh is hydrogen and R;, R;, R; and Rs are methylrradicals,
12. Method according to Claim 9, for which
the béses of the pBOSPhazene family are those of
‘formula:
Re—N Ré
_ o . 'R1~—N:=R<7N-—H5
_ - N—R8
> W
in which the radicals R; to R, are identical or
different and represent alkyl radicals containingrl to
6 carbon atoms in the form of a straight or branched
chain. | |
13. Method according to one pf-CIaihs 7 to
.12,;for which the st:ong organic_base with a pka |

greater than 20 or sodium imidazolate/quaternary




ias active ingredient, a nmixture according. to one of ngjJanuaty 2855

133

ammonium salt of the benzyl'ester of heparin mol ratio

is between 0.2 and 5. |
14. Method aeeording to one of Claims 7 to.
| 13, for which .the Quaternarylammonium salt'ot the
{benzylrester of heperin has ardegreejof esterification
of between 50 and 100%.
| 15. Method according to one of Claims 7 to
14, for which the conversion of the quaternary ammonium
! ~ salt of the benzyl ester of the depolymerlzed heparln

to . a sodium salt is carried out by treating the

reaction medium with an alcoholic sélution of sodium
acetate .. |

| 16. Method eeéording to one of Claims 7 to
15, for which the saponlflcatlon is carrled out by

[

means of an alkali metal hydroxlde. '
17.. Method accordlng to one of Claims 7 to
16, for which the purification is carried out by means
7) _ L - of hydrogen peroxide. |
| 18. Mixtures as defined in any one of
. é;aims 1 to é, as medicaments; | |
19. Mixtures as defined inrany one of
Ciaims 1 to.6, as antithrombotic.medicaments.-
20. Pharmaceutical compositions comprising,
R - as aetive ingredient, a mixture according . to ohe'of

Claims 1 to 6.




