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[ nvent| on relates to oligosaccharide m xtures derived
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ant+ aa—activit
(alla) activity, to a pr od¢BSTURES 10 preparing them
and to pharmaceutical conpositions containing them
He arin is a mxture of sulfated nucopol ysacchari des
5 of Thgni messiityi ninvseliespediediatest ortet s oligosaccharide

anfnhﬁ@@ﬁé‘é antdediyand &Rbint NIUEROLIL, ProRerti esn  average
heparin has drawbacks that limt

coﬁ‘ﬂi??%ﬁ@rof W§SE8PY n Yart FEMar 1500s s%st%lawal daltons,
anthapaguéantedctbywi hyghal i i-€e qasse hegolvbagi nhd an

20abSERREN0E, dh e DI T Pr Al AP BREEL o hinfRdlPs for

10 espeepatriyg by theasi cardispotcyrrephaamaoﬂubichépalcpmpomtions
estehfai MuhShrRéR. 25 currently marketed, such as
Enoxaparin, al so show substantial alla activity. Mre
recently, very | ow nol ecul ar wei ght heparins have
bepspsleseribed mmxthﬁepbfo%u@EbteEOﬁu@6§6m&Qacbﬁarldes of
patent .30 US.6 384 0 . _the product ow an

 actiRY 6F Hdteehst 0 SARFA U SnaftiFgagulant

15 acéndianyt ofhrdsboeen 2rapeiBiddl ng. In the
i nternational applications WO 02/08295 and WO
2004/ 033503, the products have anti-Xa activities
whilewe e e es&e‘maaﬂry 3baset weeawhaokand OOt | Ulngpiftor its
antbndd @ Gied | vbEi egsef kﬁssplﬁ]@@ﬂcéléy My tHOWRYBLcantial

none of these very Iow nolecular wel eparins
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Low molecular weight heparins, obtained especially by

basic depolymerization of heparin esters, which are

25 currently marketed, Such as Enoxaparin, also show

substantial ‘aIla activity.

More recently, very low molecular weight heparins héve

been described in the prior art. For example, in patent

30 US 6 384 021, the products show anti-Xa activity of
between 100 and 120 IU/mg and anti-IIa activity of
between 2 and 8 IU/mg. In the international
applications WO 02/08295 and WO 2004/033503, the

. precducts héve_anti—Xa activities which are especially
35 bEtweeﬁ'loo and 190 IU/mg for anti-IIa activities of
less ,thén_.S IU/mg. However, none of these very low:
molecular: weight heparihs effectively . has anti-Xa
activity;df_gféater than 190 IU/mg while at the same




time havi ng no, or virtually no, anti-1la activity.

(1U = International Unit) The expression "virtually, no »qq7
anti-lla activity" (in 5 othez words, show ng

virtually no anti-lla activity) nmeans an activity of

| essidhana@idgl BhaD. J2 SQH?@@legr ed@ | $nti-ITa activity.
ol i gosacchari de thureS w th Yy Se ective aCt|V|ty

to =dttteed iorme s gy X (factor Xa) while at the
same time showing no, or virtually no anti-lla

ac V|t A first aspec t he res i.nvent o .
thb; an%xg 88§gccha§fﬁé %i& ﬁglgﬁe 8%2F5F§ (in
SStmnMwneWQSdaf1ﬂhpwxn$twtuenalbplysacahanrdés(ﬁct1Vlty)
hepaiid apd o RaviiRe e ekl eWingcha ristics: -

an avgrage 7ol ecul ar MEIght gﬁhﬁrgﬁ?ngZRSO 2400

daltons, anti-Xa activity of between 190 U ng and 20

4501bbﬂﬂge@ﬂ@ef&n Qfs \bil&tg@@lal:&hﬂﬁld@mi'” activity, -
it belngsunde z tood that_the-constitue
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15 of the constituent polysaccharides of heparin and
having the following characteristics:

- an average molecular weight of from 1800 to

2400 daltons, anti-Xa activity of between 190 IU/mg and
.20 450 IU/mg and no, or virtually no, anti-II activity,

- it being understood that ther constituent

oligosaccharides of the mixtures

25 - contain frbm 2 to 16 saccharide units,

- have a 4, 5—unsaturated uronic a01d 2-0~ sulfate

unit at one of their ends,

30 . .~ and contain the hexasaccharide of the folldwing

formula:




in the formof an alkali netal or al kaline-earth netal
salt. According to a second aspect of the inventi

there is provided a process for-preparing the PJamaary 2007
ol i gosaccharide m xture as defined above, wherein a

very | ow nol ecul aryei ght heparinw th aXa acti \Naty of
greater than 140 1M/ ng, alla actilyity of greaterothan

5 1Ung and an gugt@ge nol eculgus=vass of bet W“FC’ZOOO

and 30Q0 dg tons I's s,ugaj egt ed tod hend ol oowi ng ©

chem calo eacti ogs: anssal {fi cato—e{ﬁ by th

action of et ho (wm c i de €0 obt a
benzet honi paKPhh ne:)w oer P m"r@n@"' OH
benzet honi hepar ‘ai ned t he ion O

benzyl chlori @, and th reat nBHt t ®,dht ai notfRe sofi dith
salt of the benzyl -éster of the 96& | ol ec §1~0
wei ght heparin, c¢) tr@nssalificatior’ of thhe benz'“ﬂfl
ester obtained and production of the quaternary
amoni um sal t, de polynerization by-neans of a
strong organi eAl se wth a pHls val ue preferaldy of
greater than 20, so as to obtain a depolynerized very
L ow nol ecul ar wei ght heparin, e) conver sion of the

qua efcﬁa%o%m&* ga:ﬁsﬁﬁalof Iaé* a d&g %. 48! saTgJéM petal

| ow nol ecular Wei eparin
sapwhtfication of the residual esters and opti onal
purification. 3a 24 January 2007 According to a third
adfEArena ke AneeRPRdMSRIRY ©fi $hepdoviededon, there is
' oI r t e b
ol e by PREPraches B ond Bl Tuo LR B cure
t a= dedumlehl abpeet wfietdien ianwentyi on, there is

PV dﬂm@dm@rcahea@@wcthegéﬁrpl WARBACERAT | detivity of
m xture as def#lngd above ccording to a fifth aspecCt

oI TERE STV oh? &9 s aH%vﬁ&&avatwedafm%?ater than
prsodUe g 4 ash i bl et IRoBetuVat Ymass of between 2000

and 3000 daltons is subjected to the following chemical

reactions:

a) = transsalification by the action of benzethonium
chloride to-obtain bénzethonium heparinate,
b) esterification of the benzethonium heparinate

obtained by the action of benzyl chloride, and
treatment to obtain the sodium salt of the benzyl
ester of the very low molecular weight heparin,

c) transsalification of the benzyl ester obtained and
production of the guaternary ammonium salt,

d) depolymerization by means of a strong organic base
with a pKa value preferably of greater than 20, so
- as to obtain a depolymerized very low molecular
welght heparin, o '
e) conversion of the quaternary ammonium salt of the
depolymerized very low molecular weight heparin
into the sodium salt', : o
| f) .saponlflcatlon of the residual esters ‘and optlonal
: purlflcatlon. ' i




t he ol i gosaccharide m xture as defined above.

According to a sixth aspect of the invention, th '

provi ded a nedi ci nal prodigt- as defi ned above, fg%th%yzmw

treating or preventing venous and arterial

t hronbosi s, deep vein thronbosis, pul nonary enbolism
Aqgestddige tangi Palransrgesmadi alf thef aneenoign cdibdirac is

' I a, Lve di seases of the eri pher al .
oifEIEAE RSB MRS P e e bRe . i
mey &a betrathed, batiter gaclcesesias aadiasd eabscl er osi s,

cancer by nodul ati ng angi ogenesis and growth factors,

and al so diabetic disorders such as diabetic
AdRIrdieRatByaansur i aRelds Bephhepahynt AGLONMRG ta a

sevent h aspect of the invention, there is provided a
- PrvaAegc auRreaFa k dnipsiiati-otheo Rt AP s echar idea g xtyne as
admdi-el aakyRroduct as defined in the fourth aspect and

one or nore pharnmaceutically inert excipients or

vehicles or additives. According to an eighth aspect
ACOfortdqle’lgl Egegt %{)&h tallzer %tl So . @Eovﬁ_rqegn & orztate,t hc%%rtaoris

eternrning the anti+xa activity ¥ E%e

praviigesaachadi cienaill xtnsidecas wiehi asti abhtmeotiheaeiknvany,

ani?olytic net hod i s used on a _chronpgeni c substrate
then o LiAPERACERRT T SHSEGt PSndBhERES 31 °YSul yet hyl ene

d ycol 6000 (PEG 6000). 24 January 2007 3b The

hexasaccharide Alla-I11s-1s contained in the
AcgOrgesactnar i Hect xspeetdedcinpetnyentimm, pritéssat is

[ - a c . i ni .

e BP0 R e S, L LB b, (0o
orgpgaventiharvafis lagdmgrtAkkali thedbors, deep vein
thallégline-ear h netalg;alts that are preferred are thel

EOBPARTS pot AELT Y CEPCTafftantRs feiTtAh gal PY¥OCTRELS
in@vetagenotecdi A iweheht ai Sodeles vaath ashisght the

pressure lLiquid chromatography using two columms in.
pegdphggal { JF L@ I9@ % Rbseadof gbuhbikitite SEREthTRKRSCle

ce@@oﬁgo%&féiﬁkiﬁﬂﬁ g%gggoéEieIggigeéﬁ@téfHéﬂfésclerosis,

cancer by modulating angiogenesis and growth factors, and
‘also diabetic disorders such as diabetic retinopathy and

diabetic nephropathy.

According to a seventh aspect of the invention, there is

- provided a pharmaceutical composition containing at least
one medicinal product as defined in the fourth aspect and
one or more pharmaceutically inert excipienfs'or vehicles or

additives.

 According fo an'eighth aspect of the invention, there is
provided a method for determining the anti-Xa activity of
the oligosaccharide‘mixtureIas defined above, wherein an
amidolyticlﬁethod is used on a chromogenic substrate in'
. I‘Which the‘:éconstitution buffer is Polyethyléne'Glycol 6000
. (PEG 6000). - . S L |




performed by refractonmetry. The el uent USed is lithium
nitrate and the flowrate is 0.6 m/mnute. The s £IEIEQ!,

is calibrated with standards prepared by fractiongﬁlon 2007
of Enoxaparin by chromat ogr &phy on agar ose-

pol yacryl am de gel (IBF). This preparation is

perfornmed according to the technique described by
Barrowcliffe et al, Thronmb. Res., 12, 27-36 (1977-78)
OITHa A. heamsaethaalideThrolba-Res-Is 12c2htadhkd in the
(19%7-78). res e l_cul. d I ng e +
SO %ﬁ%é??%%&ﬁﬁﬁ dﬂ%$§9§§4 aﬁ%§%§g§00%ﬁ54 t%%e §%ég%n
anniveXaiaot camtlye is swasureed with hhehasf fibhity cfor ATIII and

met hod on._a_chronpgeni.c subhstrate.according to t
PO B AEEC T DR by reiin 60 151 Y TRE e fs (hpy 740
399/440 (1977) . The assays are performed according to
5 the nmethod described in the nonograph on | ow

mol.ecuyl,ar  wej ght heparins of the European phar opea

i ﬁ"ﬁ‘éﬁ&e,me e Bﬁiﬁﬁénﬁé%ﬁ%{’i tR &?ﬁftesr n%i“ﬁe are
apuefeiriedn altke tthes- Naslibmf f epotaklsiud, | saledlmcednd
abg goLﬁethgiEne gl ycol- 6000( PEG 6000). The anti Xa
1524eePI Py A5  Heasured rel ative to a standard Very

Low Mol ecul ar Wei ght “Heparin (VLMAH) which neasures

f 40 to 1 d jghty) T [AVA t -
PR RSl ety He GheT s, AR rBThegl By Min
i presaureonblquinly ol omd tognegihght ushagar EWOst GPHWRARS 1n .

Thhs;standar g VLM, rSped or gj 0
'tgggﬁéﬁ' o?ﬁgétent a%ﬁéigatloﬁi 3@?@[)33?%3;29§h§nd“aée
i AiSKaf2Pe0| 3k oandp z&jﬂ/@m. Xhe Zbei vidabesitiofe 1S

Spapgardedl re¥ rRATMAL Y el Bd V& 19 £ OukBE is lithium
i nternational | ow nol ecul ar wei ght heparin standard.
Theteate- pRd &B6 kW | ZabRadksir 86y Md/PREUER-agine | Yy Stem
nes Eeglgﬁr@etégr gﬁi}?ﬂﬁniﬁaﬁ@éﬁ% abﬁeﬁﬁﬁléﬂdi}:@gl fmltmnaﬁon
nephod descri bed in fhe nonograph on | ow nol ecul ar

vet ght BREF@PRTIof ¢ ¥'Euﬁgﬁgﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁbpeaopn1ﬁﬁQﬁ§95e"
Thelpadaybahidét get JUBMERaguisdprepatratd dno i&s performed

Sé@@@%éfhg'to the technique described by Barrowcliffe et

al, Thromb. Res., 12, 27-36 (1977-78) or .D.A. Lane et
al, Thromb. Res., 12, 257-27%1 (1977-78). The results
are caléulated‘usingtthe GPC6 software (Perkin Elmer).




Very Low Mol ecul ar Wei ght Heparin (VLNV%D with a

measured activity of 2.1 U ng. The activity of t 20
standard VLMMH i s neasured relative to the 2y 2007
i nt ernati onal Iom1nn|ecu|ar‘mé4ght hepari n standard.
According. to one preferred enbodi nent, the

oI ilyesasvharKde antxditwirtey adsordéagutedt ke a nvkat i BA ytic

%e%h%%l f[)ﬁm goo/eﬁaponﬂooag?%q:t% %ul%%){: %CChg” ggdlng otnci) the

racti on. mxtare contal nNs
Sogﬁﬁéﬂﬁwﬂ@bﬂkﬁﬁéﬂééatchﬁrEééeﬂraﬁx|@hr Purgmhuargs., 10,

20G69-31 MO BOVES . THE @s&ta@;rsesapé:cgégtzagmé@ kRBeording to

invention contain from20%to % of
S heXdSadet et dE-R9%- 18 st MRECHERRBaCBhAGMgdiolecular

1 r aetiighn Q‘fe}iaﬁ&.nsﬂ cgom@crmm@teeam XpHaEmatdpea in force,
particul ar racti Is is resi
3“68 in

oo e TN e E S T TS SR
SO%heﬂui1m5fﬁamhgebuffehe hqﬂasaﬁcharldesfraeplanedayaby

coglShLIEL analyil LigholLon o Sl s e
10 cola@ﬁﬁéfléw bye preparaedyesdepdrat i o of dtmndard Very Low

hexasaeghaki ot@elcjﬁ@cybganhn gm@wmasmﬂclae Héé‘éxh’f@s' $rom
1 lled with gel of

chr omat og on col ums
PﬁgaFQIéﬁﬁdg Rgal gLy V?bgh The mixture is eluted
MAth a sodi um hydrogen carbonate sol ution.
Pr r abl e sodiu dr ogen gcar solution_is
a ?g’?uu 6%41:18?1 ron?% nl-‘ﬁ%l / f%t d% ﬁgl @%%veﬁ Sppfigasured
15 prerénsbliys the ddpar antemnasipesflor bed atoked@Oar weight
COHegvt:E_ﬁt i Qeafz&a}drm' is Th-:@t%ggffa' Ly PSIAO! fgs%%ﬁared

spectronmetry ( er fra I onati on
hei‘ﬁ@%@haﬁl dé&of r &8 ontec‘mrsm%t i of | Pathatsodipmhications

hywbog@m o2y bonabe Ia%dﬂeyﬁr dairzad Watrkh & agbals paeetoiszs03.
hen concentrated under reduced

&8 The . so Iutlgn b
25TBPe8sh LY g5 ¢ eoﬁFéPﬁa5d58&MW#l&@e?ﬁ@éured relative

20 conoenthat i anteehagieaker 0ba&n aBYbylwel ghieighke heparin
hexggﬁgchgrlde fraction is precipitated by addition
volunes

The anti-IIa activity is measured via the amidolytic
method on a chromogenic substrate according to the

25 . method described in the monograph on low molecular
weight heparins of the European pharmacopea in force.

- The alla activities are measured relative to a standard
Very Low Molecular Weight Heparin (VLMWH) with a
measured activity of 2.1 IU/mg. The activity of the

30 standard = VLMWH is measured relative to the

international low molecular weight heparin standard.

| According to . one preferred “rembodiment, the

oligosacchézide mixture according to the invention
35 contains from 20% to 1009 of ‘a hexasaccharide fraction.
In particular, this mlxture contains from 30% to 60% of.

hexasaccharlde fractlon




5

10

of methanol . The hexasaccharide fraction is recovered

by filtration through a No. 3 sinter funnel. The
hexasacchari de m xture obtain%g may be anal yzed géqmmmyzmw
hi gh performance |iquid chifomatography (HPLC) to
determine its content of hexasaccharide Alla-1Is-1s.
Th¥lorkexasacchiael deiiAlthaek| s akcsaralinge itsol dthed dywention
preparative el coar Ry 7akl i ty, LHAMAL005 AR 0N 3R 115
35 antithronbin I'l'l sepharose col uim according to the =

t edBni quER usédichy thesBSak¢hardden t Heasitionpm Hobk, the

I oBligblkacehaliopwoagh antd) EhngafsiduleB. Sthedt erSction
January 2007 Prefera

vol _656(1) (1976)). 6 - 24 ef bly, .
RO TS Sa ) BFRGTE e Tl SRErORachagE 4 Fraction
avepageptbpbectlian wei ght ©d begween 1900 and 2200
daltons and in particular from1950 to 2150 daltons.

5 According to one preferred enbodi nent, the

ol Thes gueheen thegeri furthecacberdsagcharifie ifinaaitioon may be

ch .zad i i s anti - Xa a6l Vi : 4
popcEErfiibes) u%ﬁgg%lﬁ%m?u Btyland%nl, gkge%?éﬁg%m |y raud
10chsomakeprpPRYaeni TEKy G30B8t Xparnidc Biskr GR000hEL columns

-anbk- Xgy agkephiytise bedmern 200 angk 300,d UncRaselesadide
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herein _are thus, nost particularly, mxtures having
t heXRGFF8Ring characteristics: 15 an average nol ecul ar
wei ght of between 1950 and 2150 daltons, - anti-Xa

act] vi of t I and 410 1 U 0_an
R A A R
f r 6inl 36dt ovBI0% gl lhexhs aedlyadmdd. arfircect egaroahi diype. The
Copt Qi fr % 5 f Allas A | O 2}

T G 15 or the bl Fastacahar e M stlv el sersmogate
i sSOdBEFAPRed B?Gﬁ%@%@lb{ d&heerypodium  hydrogen carbonate

solution is a solution of from 0.1 mol/l to 1 mol/l.
Even more preferably, the separation is performed at a
concentration of 1 mol/l} The detection is performed by
UV spectrometry (254 nm). After fractionation, the
hexasaccharide fraction in solution in the sodium
hydrogen carbonate is neutralized with glacial acetic
acid. The solution is then concentrated under reduced
pressure so as to obtain a sodium acetate concentration
of greater than 30% by weight. The hexasaccharide
fraction is precipitated by addition of 3 to 5 volumes
of methanol. The hexasaccharide fraction is recovered
by filtration through a No. 3 sinter funnel. The
hexasaccharide mixture obtained may be analyzed by high
performance liquid'chromatography (HPLC) to determine
its content of hexasaccharide AIIa-IIs-Is. The
hexasaccharide Alla-IIs-Is  may be isolated by
preparativé HPLC or by affinity chromatography on an
antithrombin III sepharose  column according to the
techniques used by those skilled in the art (M. Hook,
I. Bjork, J. Hopwood ahdlﬂ.'Lindahl,-FlE.B.S letters,
“vol 656(1) (1976)). o R




particul ar process that is described hereinbel ow It

is well known to those skilled in the art that t)

30 physi cochenical characteris6ies of polysaccharlgmmmyzmn
m xtures and the activity deriving therefromare

|| nkegdfetihe RﬂﬂgU%ﬁk@%r@%ocgééoféln&EanCQ%@‘ §§G@ﬁtlon
1639- 2093 (11990 35 The ol i gosaccharide m xture

di sPRBRed ar® Prifrar BRLEGUYRpoMpteits 21 oRebegn 7900 and
quaR2iMadyl t@amsroni amd sal inof paer benryt esfesmof BIS50 to

~ Ver lé@Wﬁ?¢§%§BU|ar Wei ght Heparin (VLMMH) in organic
medr um

VLMM) itself, being prepared according
X0 the 24 January 2007 7 teaching of patent

apPALSHd Ay W02/ 08g3a a”gp ei"{%x?x%%/ 03%%&%1:11}&{1 the

generally a& matter of re- ynerizing a ver
nol @bk cRIaHd %eﬁaxtﬁremq@ﬁrﬁa@m te@| ﬁhseelnwentlon is

Spe:ﬂiafﬁa(‘cﬁidﬂﬁ.i&i alﬂed Hya® depolyderiz@tiofaofactivity of
of _a strong base

or sy 190 g, gt AR IHEG: d hadpr GlareC el ly

- 10a per,cembiairel DA wmtﬁwmmy | agsstt hpar8¥culdbey YL MAEs anti-Xa

use g 1tlALY B RIS R Wil 3P Lvent!on 10 were

pr epare n-particular accordi ng to the processes
described in patent applications WO 02/08295 and WO .
20045£6033563. hé}EndAdeHihmsedmastsparti¢mﬂamﬁyaﬂmmxtures

especi al | 15 aXa_ activit reater t han 140
CoRRE i Ta A Srdracterahied] e and aver age

15nDIecuIar masses of between 2000 and 3000 dal tons.

The aXa activities neasured. rel ativ 0_a

St Endah d IMAPS U1 LEGHARR S8 L9E | OFt yDFYe8s 1173y, and
Th21&6t daltynef the standard 20 VLMM i s neasured
relative to the international |ow nolecular weight
heparin standard. The starting VLMMs obt ai ned
accorgitigXeo adteipitiresf betwdenclidfedl@bnyeandr 410 IU/mg

rea feferred

20 reaﬂﬁpx% NG| %E?tl:lé%?g ﬁ?StQR{? f%hgégg-gi%gbase W th

a pKa va ue pretera
phosphazene-fam | y-rel at ed,

- they 'contain from 30 to 60% of hexasaccharide
fraction, which contains from 25% to 55% of Alla-IIs-Is

fraction.

25

30

35

The activity of the 6ligosaccharide mixtures disclosed is
obtained by means of a very

particular process that is descrlbed herelnbelow It is
well known to those skilled in the art that .the
physicochemical - characteristics of polysaccharide
mixtures and the activity deriving therefrom are linked
to the production process (J. Med. Chem. 33(6) 1639-

2093 (1990)). | | '

The oligosaccharide mixtures dislcosed

are prepafed by - depolymerizatibn of . a quaternary
' ammonlum salt of the benzyl ester of a Very Low
Molecular Welght Heparln (VLMWH) in - organic medlum,

 ‘7  this (VLMWH) 1tself' bexng' prepared accordlng to thenz o
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properties defined, for exanple, by Schwesinger et a
Angew. Chem Int. Ed. Engl. 26, 1167-1169 (1987) gr @f
Schwesi nger et al, Angew. Chem 105, 1420 (1993))£” 2007
Next, the quaternary amoni Gm’salt of the benzyl ester

of the depolynerized VLMMH is converted into the
sotieaphisal t ,of he pegsindual app&écstﬁons sapini(fd AB28fd  and

t higo p29§996ﬁ996§'ne§t'5 gﬂekgx%gUfgf'ﬁQttEQe of re-

reacti on ene be | ow i rat es
i NYBRPL PRSI BEIRY . 24 ‘a%marl,meoorwle@uméw @es@rty heparin

X V\Pﬁi"cﬂ Sl=p altyEW%@&pzefsb@H&@%Qggyf WdbtdBned by
overal degree ofug ation of the rnean

géee HPE TR Y eGfe & BediffigCaticRn Iom tHe ER8. PFREence

reﬁﬁldeBtSoﬁ@prSépt@ﬁebﬁrbb@ythadhﬂhlo¥oﬂegﬁhne, and in

i f |
oy Eenob RS0t 2£ B Een b1SR it A b of 4 GG, 5%

the rernai nderis represented by the C(]\/I rad| cal 0 o™

0. fn&X %Wlé/ ngg Iéls) Zstaq\eﬁl mg{féél e CaHu_s 1&ve8tlon

~degneeof est e cabon t ree on
be%ﬂ?%s?é?pme%eﬁﬁy[ﬁ@ﬁtéﬂumdm ethehh OpsPERSSES

44380:4ri¥dd  sog! upasant 4Qmfdbik GrisheP G S J¥¥295 and
Seﬁéeg[% W%@ ori de P~e ber" ester, benzethoni unsaft
[g swkw It O f Sapor Al cgon NOON AT

stop It
The VIMWHs used as starting material especially have
aXa activity of greater than 140 IU/mg, alla activity
of less than 5 IU/mg and average molecular masses of
between 2000 and 3000 daltons. The aXa activities are
measured relative to a standard VIMWH with a measured
activity of 158 IU/mg. The activity of the standard
VIMWH is measured relative to the international low

molecular weight heparin standard.

The starting VLMWHs obtained according to the process
as described above are re-depolymerized using a strong
organic base with a pKa value preferably of greater
than 20 (pfeferred phosphazene-family-related
properties defined, for example, by Schwesinger et al,
Angew. Chem. Int. Ed. Engl. 26, 1167-1169 (1987) or R.
Schwesinger et al, Angew. Chem. 105, 1420 (1993)).
Next, the quaternary ammonium salt of the benzyl ester
of the depolymerized VLMWH is converted into the sodium
salt, the residual esters are saponified and the
product obtained is optionally purified. The reaction
scheme below:illustrates the present invention:
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CaKf oor aost acam denta"S Pureortgosacdavi dentAres In
one enbodi nent, there is provided a process for
prepari Pigdsagkhari de mg@res as defined 5
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In one embodiment, there is provided a pro'cess for

preparing the oligosaccharide mixtures as defined
above, wherein a very low molecular weighf heparin with
aXa activity of greater than 140 IU/mg, alla activity
of less than 5 IU/mg and an average molecular mass of
between 2000 and 3000 daltons is subjected to the
following chemical reactions:

a) transsallflcatlon by the action of benzethonium
‘ -chlorlde ‘to obtain benzethonlum heparlnate, _
b} 'festerlf:l.catlon of ' the benzethonium ‘heparinate -
' "_.'obta:l.ned by - the actlon of benzyl chlorlde, and -
-‘treatment w:.th alcohollc sodlum acetate soiut:u.on--




depol yneri zed very | ow nol ecul ar wei ght heparin into
- the sodiumsalt, f) saponification of the resi duai”em 2007

esters and optional 15 purifi®ation. The high uary
sel ectivity of the phosphazene base during the
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the VLM#ithbenpibhoailue $aleferdBifherbasestelr then 20, so

phosphazen are refe abI . those of ornul
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15 pr ocesspwsi fiefdtniedh .above, wherein the 10 base used in
~ " the depolynerization step d) is 2-tert-
butgl i m no-2-di et hyl am no- 1, 3-di met hyl per hydro-1, 3, 2-
di Aaphbehheient ivefni efakhaomencl ature: 1,3, 2-

phosphazene base during the depolymerlzation step (step
d) is most particularly used to enrich, unexpectedly,

20 the oligosaccharide mixture in sequences with affinity
for ATIII. Preferably, the strong base/ester mole ratio
is between 0.2 and 5 and more partlcularly between 0.6
and 2.

- 25 For optimum selectivity and maximum preservation of the
sequences with affinity for ATIII, it is preferable to
work at water contents of less than 0.3% when working
with 1 molar equivalent of phosphazene base relative to
the benzyl ester of the \{LMWH, benzethonium salt.

- 30

The bases of the - phOSphazene family are preferably
those of formula: :




di azaphosphori n-2-am ne, 2-[ (1, 1-di met hyl ethyl)im no]-
N, Ndiethyl-1,2, 2,2, 3,5, 6-octahydro-1, 3-di net hyl) 15 ‘
The reaction of the transsaliaication step a) is 24 January 2007
preferably performed by the a Pi6n of excess
benzet honi um chl ori de on the sodi um VLMMH, at a
tenperature in the region of légto 25C. 20

Advant ageously, the salt/sodiym heparin nole ratio is
between 2.5 and 3.5. TheResfﬁwifieéhion step b) is
preferably perfornedi:#tfuhgéggg'g_ﬁglorinated

sol vent (such as chlordform@r \ 25 dichl or onet hane),

at a tenperature of between 25 awe-RESC and preferably
bet ween 30 and 40C. The ester A the formof the

sodiumsalt is then recoveredRBy preci pitation using
10% by wei ght of sodiumacetate in an al cohol such as
nmethanol. 1 to 1.2 volunmes of 30 al cohol per vol une of

[ east LA IR 268 08081 &) Yo Uredmiie 2pPUkeftical or
benzyl chloride and the reaction  tinme are adap?e to
obflaifiezeaéyr seRies@itter 1 ineari oraschisdt vigencyodd an@lkyl
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The reaction of the transsalification step a) is
preferably performed by the action of excess
benzethonium chloride on the sodium VLMWH, at a
temperature in - the region of 15 to 25°C.
20 Advantageocusly, the salt/sodium heparin mole ratio is
between 2.5 and 3.5.

The esterification step b} is preferably performed in

an organic chlorinated solvent (such as chloroform or

25 dichloromethane), at a temperature of between 25 and
45°C and preferably between 30 and 40°C. The ester in

the form ‘of the sodium salt is then recovered by.
precipitation using 10% by weight of sodium acetate in

an alcohol such as methanol. 1 to 1.2 volumes of

30 ' alcohol per volume of reaction medium are. generally
 used.. Thé amount ‘of benzyl chloride and the reaction
- time are,adapted to obtain.a degree of esterification
“ 0f_betWeeh 4Q%Iand 100%_aﬁd_preferably bethen 70% and




15 and preferably with a 10% sol ution of sodi um

acetate in nethanol (weight/volune), at a tenpergt

of between 15 and 25C. The V@Oght equi val ent of ﬁﬂmmm
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the mass of quaternary amonium salt of the benzyl
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chloride, preferably using benzethonium chloride,
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10 et al hydr oxi de such as sodi um hydr oxi de, potassium
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prm&end\py(@eﬁ_gﬁe%bxuﬁe puetfledtempewtuli«aom between
met hod far_gpurifying epo ymeri zed heparins (fo

exahfA®@ B - 037 319 Bl). Preferably, the pur|f| cation
10 is performed using hydrogen peroxide, in aqueous

s PG IR, SO N CHECREN Sl N,
20 3 times as great as the mass of gquaternary ammonium
salt of the benzyl ester of heparin subsequently used
in the depolymerization reaction. The quaternary
ammonium salt of the benzyl ester of the VLMWH obtained
is preferably the benzethonium, cetylpyridinium or

25 cetyltrimethylammonium salt.

The transsalification step c¢) 1is performed using a
quaternary ammonium chloride, preferably using
benzethonium chloride, cetylpyridinium chloride or
30 cetyltrimethylammonium chloride, in agqueous medium, at
| a temperature of between 10 and 25°C. Advantageously,
the quaternary ammonium chloride/sodium salt of the
~benzyl ester of heparin mole ratio is between 2.5 and
3.5. o
' The sapbnification' is - generally performed using an.
'aikeli‘ metal‘ "hydroxide . such as sodlum hydrox1de,
_pota551un1 hydrox1de or llthlum hydrox1de, ‘in  aqueous
"_‘med;um,_ at a temperature of between 0 and 20°C and. -




and 40C. 15 The m xtures according to the invention in
sodiumsalt formmy be converted into a salt °f24hu1 2007
another alkali netal or alkaline-earth metal. The oW
conversion fromone salt to the-other is optionally
performed using the nethod described in patent FR
73b1858%ab2@ Thetperesend immfnﬂﬂﬁﬂ:esm&@halﬂy bl avsmdlar
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t he ol i gosaccharide m xture 13 - 24 January 2007
i ncreases and even exceeds that of the heparin that
15 waBhe upddtoepr egacedihg YoMithe Thiventsidmeipr ebdbhe salt
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hos ases on reservation o he sequences
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nol ecul MASSes %f t he ollqgsaccharlde m xture

obPSF Y. %ﬁcﬁb9e f LR REF RE Ireh 2884 MAH wi th an

20 aver age nDIecuIar mass of
The present invention especially allows a high
enrichment in hexasaccharide AIIa-IIs-Is. When a low
molecular weight heparin is re-depolymerized by the
process that generated it, it 1s well known to those

25 skilled in the art that the anti~Xa activity of the
product obtained decreases greatly until it is zero. In.
the case where the processes for obtaining Enoxaparin,
Fraxiparin, Fragmin, Innohep (or Logiparin), Normiflo,
Embollex {or Sandoparin)[ Fluxum (or Minidalton},

30 Clivarin and Hibor are used, this phenomenon may be
observed if these LMWHs are re-depolymerized with their
original process. This is the consequence of the low

. selectivity of these processes with respect to the

preservatioh of the ATIII sites.

' In the present invention, if a VLMWH deriveq-from'the

phosphazeﬁe ';depolymerization process is  used as

'Starting.ﬁéte;ial, exactly the reverse phenomenon takes

'  pla¢e,'The@aXa$actiVity‘of the oligosaccharide mixture . -




2400 daltons is depolynerized, an oligosaccharide

m xture w'th an average nol ecul ar mass of 2000 Dﬁ&f; 2007

obtained. It is found that t-helequences with afflnaﬁfuaIy

for ATIII1 (hexasaccharides and octasacchari des) are 15
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A'Ig t I1|
ro about 5 000 Da to about 2400 Da.

As an alternative method, the process disclosed for inéreasing
the activity and selectivity i
toward factor Xa is also applicable to low molecular
weight heparins in general. By way of example, mention
will be made, for example, of Enoxaparin, Fraxiparin,-
Fragmin, Innohep (or Logiparin), Normiflo, Embollex (or
Sandoparin}, Fluxum (or Minidalton), Clivarin and
Hibor. They may also be certain very low molecular
~weight heparins as described in US 6 384 021 (2000-4000 .
Da) or WO 02/08295 (1500 to 3000 Da), with anti-Xa
act:Lv:Lty of less than 140 IU/mg. (in particular between
100 and 140 IU/mg). | |

‘This "cha_i:a'bter'isi:i'c.-of the process is ré‘flected by the .

p_r'oductio_h: of - _aht_i-Xa activities that are unexpected :




10 case, the mixture is chromatographed on col urms

‘filled wth gel of pol yacryl am de agarose type
“pol yacryl anmi de gel . - The mi xtudd i-s eluted with a°2V4JauaIyzoo7

sodi um hydrogen carbonate solution. Preferably, the
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m)IIB0.0 Dﬁweﬁ dﬁtefctztkﬁh@ iCm)per f ormed by UV spectronetry
(254 nm. After renoval of the disaccharide. and
tetrasaccharide fractions, the oligosaccharide
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aChy&rbge@f éﬂfﬁﬁﬂﬁté'“Hbfﬂgldﬂy'nkfé%egﬁbl9bta%ﬁ%ﬂ sodium
éclosed is al.so a process as defined abové for
pr t}ﬁﬁ

¥AF PP, o‘F‘?rgtﬂﬁHsc arfUS SR ulds a35SRAPEAgn of from
| nOrbaa@bI/]sel eoti 1 t ywolloar d Hwagt Ormotee Of ptdieerably, the

ure rein the dis C%E;ir(l)gelapngl/l_

o
%gésacc ar: Sg %’n?g%?fﬂgﬁg glge €S
chTmml@g?@pm Bspeerfdiyedinbyg olVinasefttoreetwyt 264 nm) .
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he m xtures accordi NnvVenti on may e use
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agents In par i cul ar are use or treat
ordGitehengfhg- v%ssaﬁetlantelra abhenr eepesing rageash Junder

\Nﬁdﬁdd@bD"bQ%b%ur@U|Q@naéy to obtain a sodium acetate
concentration of greater than 20% by weight. The
oligosaccharide mixture ié precipitated by addition of
3 to 5 volumes of methanol. The high-affinity
oligosaccharide mixture is recovered by filtration. If
necessary, it may be purified by desalting on a
suitable column, Example 6 illustrates this alternative
method and allows very low . anécuiar'weight heparins.
with anti-Xa act1v1ty of greater than 400 IU/mg to be
obtained.

Disclosed is also a process as

defined above for preparing. oligosaccharide' mixtures
- having increased éelectivity‘ toward factor 'Xa of the
oligosaccharide ‘mixture, wherein the disaccharide and

o tetrasacchara.de fractions =~ are -also removed by

-.chromatography, espec:Lally on columns f:l.lled w1th gel

“ﬂ'_-.of polyacrylamlde agarose type.




enbol i sm unstabl e angi na, nyocardial infarction, 10
cardi ac ischem a, occlusive diseases of the peri gral 2007
arteries and atrial fibrillatildn- They are al so us
in preventing and treating snooth nuscle cel
proliferation, atherosclerosis and arteriosclerosis,

forpftLe d_preventing cancer. by nodul ating 15
ngl%éeﬁé%?grggdagcoﬁﬁﬁn?agPo%E? &HHéPEFOPrgﬁﬁigﬁaa.%Fd as
pr ¢inpdiptyetiat =i sorders such as diabetic
retinopathy and di abetic nephropathy. Disclosed are

al so pharnmaceutical 20 conpositions containing, as
SactThe plidesprehapide xmizdures fod ntha @u)esam ohriYgRtion
COﬁﬁH}FleBeV\ﬂdsfédJnﬁs OlarfBte r dnibth ceXEddh €t S1nT artlcular,

phar.maceut i cal itions are, for” exanple,
sol ut5%ond* ?oPsggBEp lfgﬁeo%e%tr”?%t‘P%v@ﬁ%ﬁ@nFﬁPEctveé’ﬁus and

Q reart phizlmacbubinbak i s pNpdsed | GRENACERT SIbPsis, t heulmonary

. re d f.or_.ul nonary ad strat
(It © nSPaPel oA T oAV SaB AL Gosid Ty on.
10var¢§are§i§a& figehemdg ,ofocdhiusiges dibseges and ¢$hat eefipheral

he%&%@r@%st%%dxﬁﬂfﬁgl FO5 - 80 3l Tﬁe'sarge%ﬁ@gld%eful

bet ween 20 and my per day via the tramuscul ar
or1§ubcﬂ¥%ﬁ%%5%ngcnn%? SStTﬁétéﬂanpl%@O@ﬁ@I frpsele cell

I | bht&llﬁ.ﬁéﬁatli]@nl nvarhe@BscMet-Baus, EQHBV%rrtelr'ﬁBEidll&os:Ls,

o8, LA 0% SpeleRtall e OB Lo

15axangmbgeneyleqaautgroﬁﬁﬁiBattbﬁ@,TbﬁdvakmslaMEatlng and

ig used 38 5 starti .
{)g‘é?gﬁ{%x\g halﬁfgﬂlél S prsepareed3 ac® (5‘ I ng “%o ¥betic
paréﬁ%ngbﬁthza@ﬂ@ndﬁibaobd/ﬂﬁﬁﬁxﬁpdﬂhmﬁlsodlum

heparin, by performng steps a to f as defined above,
hggdeg %nerlzatlon step being perforned in the

F 2% FtsHRBATRCEYT 2t et hyl ani no- 1, 3 10

20 di oBhpYSs PeIoWsrSodt 3Rty 2zapheephee i peihRiphe, a mixture

25

- 30

prgﬁegpe . . .
o ormula (I) optionally combined with one or more
inert excipients.

The - pharmaceutical compositions are, for example,
solutions for subcutaneous or intravenous injection.
Other pharmaceutical compositions according to the
invention are also used for pulmonary admlnlstratlon

.:(1nhalat10n) or oral admlnlstratlon.

The dosage may vary as-é function of the age, weight

and state of health of. the patient. For an adult, it is

generally between 20 and 100 mg per day. via the
- intramuscular or subcutaneous route. |

The examples that <follow illustrate the invention

j'w1thout, however,‘llmltlng 1t.




of a percentage of water of |ess than 0. 6%

Characteristics of the very | ow nol ecul ar wei ght

heparin obtained 15 The characteristics of the 24 January 2007
depol yneri zed heparin thus ~obtarned are as foll ows:

Aver age nol ecul ar wei ght: 2400 daltons Anti-Xa
acFirepayatisg. 8 1:U/ Myodtgttionl a ofct iavi tsy:a:ﬂ:.ihgl Uhesry20 low

Anhblé@uﬁgy\“é ﬁ%“he+£§1§chh¥ﬁbérgﬁéchc T%%quual to

Preparation 2: Productlon of a s trng very
mole€uParUd@Bght heparin having aXa activity equal to

- 15&‘hbu\f@:)25la_vlﬂem¥5§é)éuhgw )i QG aeiel ONt (DERR nused as
exanples 3,

used as, , starting material for ,
54 éﬁar%lpg WSt 5REoFdPRELEO Ipat BnPrEPpFPEatticsRrding
WOt 2004/2333503, ags i Sohim hepapd04 /by3pesf orroRg sodium
st RS .85 to f__as d i ned above, the degg ner|%§%28na%%ve

| stgppﬁelng St FRF et Y hatprRsandd St &
buthki nidepad-yvitieatifpptaminn o-sth e3> dieity | ppehfjdroed, 3i8- the

di hor i int ! _
VePLESRRERLOC! BE, o RS, USSR Bl PEEGH AR -1,
10 vef§mpbly hppebyrae- &eﬁgﬁrdlhé@ah@ﬁp@@rhmﬁeanTﬁ@e presence

charagt peksbhesqgef okhpatdepobymesizeghigparé4. t hus
obtained are as follows: Average nol ecul ar wei ght:

2450 dal tons 24 January 2007 17 Anti-Xa activity:
158h&thqgerﬂatiebrao&cﬂthd)/vékﬂ.Ilﬁﬁg Abllecdar weight

kﬁ#?L%Aagﬁk tlag activity ratio: 75 5 Preparation 3:

enzet onlun1salt Transsalification of the
15 VLW chare teaiadtiteni ofn thet depodvymespiored] ngepar &t ephus

a)ogéainsdpagse§§)foiﬂoég 53 g (20.7 mmol) of the
VLMAH sodium salt obtained according to preparation 1

ar%V%F%%%de%eﬁuéﬁﬁ Weight: 2400 daltons
Anti-Xa activity: 158.8 IU/mg

Anti-IIa activity: 3.1 IU/mg
20 Anti-Xa activity/anti-IIa activity ratio: 51

Preparation 2: Production of a starting very low
molecular weight heparin having aXa activity equal to
158 IU/mg .

25 The very low molecular weight heparin (VLMWH) used as.
starting material for examples 2, 3, 4 and 5 is.
prepared according to patent application
WO 2004/033503, from sodium - heparin, by performing
steps a to f as defined above, the depolymerization

30 step being performed in the presence of. 2-tert-

| butylimino—2—diethylamino—1,3-dimethylperhydro—l,3,2—
diazaphosphorine in the presence of a percentage of

- water of less than 0.6%.

35 Characteristics  of the very low molecular weight
heparin obtained : | .
The characterlstlcs of the depolymerlzed heparln thus
~obtained are as follows:

 Average molecular welght 2450 daltons
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conical flask A and dissolved in 85 nl of water

(yellow solution). 15 31.62 g (70.5 mmol ) of
benzet honi um chl oride are placed in a 100 m corﬁ%ﬁaumyzoa?
flask Bwith 250 ml of water 1F(c‘olorless sol ution).

The content of Bis poured into A and the mxture is

20AstirKeda¢vivabput 138hdurmat room tenperature. The

reﬁHLELﬁga”ééﬁﬂéft¥s beitlépméedinent for about 1

hour e supernatant is_discarded and then replaced
wi Batinga %‘aﬁ%"if@l’bﬂ%‘:bﬂ%t et {PHOy 3tioThed m xture
is stirred for about 15 mnutes and left to sedinent

fo 30 n1nutes The supernatant is
di =1 < - T e vol une of
mater (250 n1) . The mixture is stirred for about 15

utes nd.then-filte ak S, wa 3
[l THeREsaf0elon aof Eﬁﬁe"&@?ﬁbﬁpggh%l@w AE6gih i gate
dr &cnede30ohyisucte ostamdal heh dhe qurateBOC f or about
18 hours in an oven under reduced pressure (6 kPa).
35.56 of VLMM benzet honium salt are obtai ned. The

yi & d>ébbailRéd /i gwehbh oB5theeAtEHi grpdium salt obtained

Tr@@éé?&llrhcjlQQI'@@e@ErE'E@oHLW\HéJ_%t qakegazemora Umoo mi
sal t co B%%§ ondi n % steg % of t rocess% 24

Janeat Heh andodigsesred ioby "Bt QEMPREEBAHRLLoW
sasdlwbiained accordlng to preparation 2 are placed
inal1lconical flask A and dissolved in 120 m of

water (yellow solution) 5 45 g (0.1 nol) of
behkebhoni U chimroHe af ebphaetbonihum CBD@rnﬁeC@necalaced

f|ﬁ§k B Wobh Y d@nlgalmgfésﬁcoéOW1 S 2§9| lﬁtd o%)f %Qter

The content of Bis poured into the m xture is
st [FPEA ¥TS aBOUHECTHour at room tenperature. The

The content of B is poured into A and the mixture is
stirred for about 1 hour at room temperature. The
resulting mixture is left to sediment for about 1 hour.
The supernatant is discarded and then replaced with the
same volume of water (250 ml). The mixture is stirred
for about 15 minutes and left to sediment for
approximately 30 minutes. The supernatant is discarded
and then replaced with the same volume of water
(250 ml). The mixture is stirred for about 15 minutes
and then filtered. The cake is washed with 3 times
200 ml of water. The wet beige-colored solid is drained
by suction and then dried at 80°C for -about 18 hours in
an oven under reduced pressure (6 kPa). 35.56 g of
VLMWH benzethonium salt are obtained.

The yield obtained is 89%.

Preparation 4

| Transsallflcatlon of the VLMWH to the benzethonlum salt

(correspondlng to step a) of the process):
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resulting mxture is left to sedi nent for about 1
hour. The supernatant is discarded and then repl.aced

annary 2007

with the same vol une of mateL (500 M) . The m xture
is stirred 15 for about 15 WiHutes and left to
sedinment for approximately 30 m nutes. The

supérAdt amt (¥ .di scarcddd oindVLﬂﬁh rﬂmzamed ssiltth phéained

Sagecwhyﬂﬁ 0y gf%garagigg fE) ter géf e éslsﬁ' b4 cal

for _a out then e cake iI's
washagk vw%*1%?4|lﬁ&?$9§VZGb AR oﬂ2ﬁar@#. Gﬁuawﬂﬂer (yellow

besgeuepbRyed solid is drained by suction and then

dried at 80C for about 48 hours in an oven under

reduced pressure (6 kPa). 49.5 g of VLMM

be%egh@n UMsa) t odr BeﬁhbahﬁﬁﬁiumZEhThﬁlﬁé ejaﬂeobﬁ_abéddln a

(VE 4 LobPR agﬁgg %las ﬁF@%ggéggd% r%geﬁgp hﬁ% 16l 1ess

ineehutgnm)conpr|5|ng a 30 step of 77% esterification
and a step of depolynerization with a base derived
from phosphazene i n anhydrous nedi um . Esterification

of Theie CORIVRRL ( SfeP bist RME st obeizs)A agg Fhesgnixture is

( 18t 3r red| )fcﬁ:f ¥loWik bgnngﬁgnl éﬂ’fn S@dn O'Weﬁllp%%ture The
a,wat er _cont ent  of

accor dj reparatio
0.5%%1519% ﬁ)& %dl?nfﬁgé éo Ssﬁumtdrema%ﬂaﬁﬁt hahgur-
anﬂh@laupmtmat&nﬁOﬂsnﬂlshaededeak@dtﬁéﬁskepﬂacédnhlﬁn the
J y ) b yl .o ide ar.e.
qgggéaygggﬁ?eé%eﬁgﬁgre gg@@ %ﬂéeﬂPéglo s€irred
esf@¥|fﬁb9ﬂtonlﬁs mmm%ﬁﬁSeraa@ouﬂeZB hdwr s sfdiment for
ot 0L 38 hehureo! i tQ, Mﬂaqm’eiét u&gcarded

(2 C), the réaction 5 mxture 1s poured Into
of 23 1088 KRR DR sBitlim Beet atane n ﬁ%%%%ﬂolOfThgater

i i(;;'ow in)fS SThéf&deﬁ:Qttre alb@ugt%riq@&r f%Bd aleft |195tm&ﬁutes

sedi or ro | our. The supernpata

ot T B EPRERE) oTHE L6 SUP L nESHRE, vt bie bf times

me2hamol of water. The wet beige-colored SOlld is drained
by suction and then dried at 80°C for about 48 hours in
an oven under reduced pressure (6 kPa). 49.5 g of VLMWH

benzethonium salt are obtained.

The yield obtained is 87%.

Example 1:
Very low molecular weight heparin (VLMWH) obtained by

the process according to the invention, comprising a
step of 77% esterification and a step of
depolymerization with a base derived from phosphazene,

in anhydrous medium

.Esterification of the VIMWH (step b of the process):

- 35.39 g (18.3 mmol) of VLMWH benzethonium salt obtained.

according to - preparatlon 3 (with. a water content of
- 0.20%) are dlssolved in 183.3 g of dry dichloromethane

' . and  placed ‘__:|Tn ~a 500 ml  three- -necked fla_sk._ 29.5 ml




10 (250 m). The mxture is stirred for approximtely

30 mnutes and then left to sediment for about 45 . -5

m nutes. The supernatant is discarded and then vaty
~replaced with the sane vol ufrel ®f = met hanol (250 m).

This mxture is left to sedinment for about 16 hours.

15 (Bhe 7supednat anfi | bedizgdar deddl candiet heareeplaaked wWidh a

t h%e ggg‘?tﬁggur@f Ogo"Et haﬂ'?é &gg?ﬁéd )of ngtcg}ﬁffégtign is

st irr about m nut'es an € SUSpensi
filfér eftetheabakt i%3 whshsd wift hrew:teosoam @@ C After

rretcaam@hgugtal NggoRy @é‘zﬁ &P @Rd t hen ghdjed %the409e%(%tlon

under Eressure kPa) for about 18 hour s.
5 34MAELHESE 1§ uBBLUERMH Bz #P0edter Ododk urhl$al skt ipm of
degbdeumf aestarif iicatmatha{cl7.7 %198 emDht @k @eds stirred for

catjon.of the_ V benzyl ter, sodi umsalt
Ofﬁép bj} of e pF‘BiL:i ss% Fhe l:?jréc48 §Oof $guent  for
VLMﬁplrbemmyteést ér hsadi .urisal $ummamzssoised1isna386d and

tHE aqli%%li%cégl% I\I@J.%hsok: E' Olky he vc?ﬂlnlfgl og methanol

oure I nt anoI suspenS| on ()
10 stl (pBdmidr Pt BOXER¥RIt eks arﬂi:wrsretd]erfqm e@bropdmately

SegO”ﬁﬁJhuf@é ahedt L6hdwur serdhergupedigi@dit | Sfor about
ﬁarded and r%gl aced with the sane vol une of

aRoRutes: 5 FHPSTRfkeOFe £8 sHiFFagdedr gBGut then
1 hepitaaed wixH ethet os&edli R ltundeor cabawdt Harflohoyeso ml) .

The, . su nt. rded nd replaced . w th e
cant S IREIR o aPREr e (He S g EEBE Rt L Shows.
15 stTheeaumrna‘a@lpt oJ(Snm.ebyrtlédrrandt tbeandephened with the

fikigeedyoThfe Cake ime ' Fubyi mTegR0 EH]_X“EEII‘G is
met hanol . The wet vvhlt SO |d |s drai'ned by suction ,
andtERERC dri aboatc §4 NARUBEY 2B thezo suggg@sion is

reﬂm@@r@c&essm& (&KePa)i sf of;aghedt dBROUK: ce 6. 51)7 911 of
enz ester, sodiumsalt are qQbtained.

eslf‘% ?Il"% g aﬂ'l“@ldd bX sowptisn TRRAs ST i atPen aoi'f 40°C
20 t hendéMNtchibreyd pseesuszedi Ugn kFalit fort hebout 18 hours.

beé‘&?&é“’&” 8@ ‘?‘.@‘Lﬁie( %%'l?ﬂl—f:)be%le}lhee&reorcessoschum salt with a

degree of esterification of 77% are obtained.

.Purification of the VLMWH benzyl ester sodium salt

25 (step b) of the process):
The 34.48 g of crude VLMWH benzyl ester sodium salt are
dissolved in 350 ml of aqueous 10% NaCl solution. The
solution is poured into 1.57 1 of methanol. The
suspension is stirred for about 40 minutes and is then
30 left to sediment for about 16 hours. The supernatant is
| discarded and repladed with the same volume of methanol
(1.5 1). This mixture is stirred for about 1 hour and
is left to sediment for about 1.5 hours. The
supernatant is discarded and replaced with the same
35 volume of methanol (1.2 1). This mixture is stirred for
| approx1mately 15 minutes and then filtered. The cake is
| washed w1th 3 times 50 ml of n@thanol The wet white
'tsolld is dralned by suctlon and then drled at 40°C




6 g (9.14 mol) of VLMMH benzyl ester sodiumsalt are
10 dissolved in 40 nl of water in a 250 m coni cai4J 2007
flask A In parallel, 13.9392a31 ol ) of anuiary
benzet honi um chloride are placed in 110 m of water
ina 250 mM conical 15 flask B. The content of B is
pounddri medycedhpreaspensi 66 ilPalst iforedabart aldut hours.
Noyodlor GPMVLAMAS NP {S2I0) sodlith PN 181 diftainea.
sedi nmen 1 hour e super nat ant I's discarde

. and replaced wth the same volume of water (140 m)

Three kb xtereriSasidd retefOriabogd 15 mnutes and |eft
to sedinment for 1 hour. The supernatant is discarded

and replaced with the sanme volunme of water (140 ni)
ThiSranzsalification r ef f ¢heapWLEWH rraiesrlgyJZS etfer sodium

m S sedi_nment r, about ut es
et Eoeinthe Rlnd SRERIE Had £ PO 0 PLLHE Brpoees)
same volune of water (140 m) . This mxture is

stgrped o qr, t S th fa l t T.
R L N
10 pydiged o9 ankn 3d0t hed dPfedvateB0G inder 268duBéd conical
presssken(6 kPa) for about 18 hours. 17.43 g of VLMAH
benzyl ester, benzethoniumsalt are obtained. The
yield is 100% 35 . Depol ynerization of the VLMMH
behzypaesikel, ben2etdotdlinmeali of Behydtbosiwedcbboride

u e ter, content: < % {step of ~the__.

pp%'gées%) %%A?%Ja%\%a?yl%olg% rz)2151 %3/"%%3 J(g](%(gl. 1gg0rm%\l) g?nlcal
15 vidaslad®ording to preparation 2 are placed in a 250

m three-necked flask with 122 ml  of dry

di chl oronet hane. 17.4 g of 4 A nol ecul ar_sieves arge

adbie?l. CTRECHExOfr & i 38 sEoured Hhtabbut TS ARSI is

r Oﬂmﬁﬂ@efatuﬁbo(JZZQC)héhmﬂeéta&@fngo&rﬁﬁm e(22+3°C)
The ves s%par at d from.the_m xt ur hf% atant
P ERFR nd oo ot OB S50WGHE 1 - ALRRED

20 is discarded and replaced with the same volume of water
(140 ml). This mixture 1is stirred for about 15 minutes
and left to sediment for 1 hour. The supernatant is
discarded and replaced with the same volume of water
(140 ml). This mixture is stirred for approximately

25 15 minutes and left to sediment for about 30 minutes.
.The supernatant is discarded and replaced with the same
vol&me of water (140 ml). This mixture is stirred for
about 5 minutes and then filtered. The cake is washed
with 3 times 50 ml of water, drained by suction and
30 then dried at 80°C under reduced préssufe (6 kPa) for
| about 18 hours.” 17.43 g of VLMWH benzyl ester,

benzethonium salt are obtained.

The yield is 100%.
35 | _
| 'DePOIYmerizatiOn of the - VILMWH benzyl * ester,
benzethonzum salt in anhydrous medium: undetectable

“water content <. 0 01% (step d) of the process)
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flask. 2.64 m (9.14 mol) of 2-tert-butyl i mno-2- 10
di et hyl am no- 1, 3-di net hyl per hydro-1, 3, 2
di azophosphori ne are added gnéj the m xture is st |%4J316‘1ary2007
for 24 hours at 223C under an ]argon at nosphere.

. Conversion of the quaternary anmoniumsalt into the
15130dBum 4. i4(smep) epfoVipMmE prrooesidigl hoparabkektion 2

73Q-& afs et hgnol i gséO%lso@y{e ar?&!]@éoe f,faoglg'yéf,geha&@z ml

prepared in a_2 1 coni cal

supér E&Y &dGlerarethaaed tid the s‘b’f u‘@ i Bnmoi'ﬁ@ui@r sieves

re?@%!@ﬂdﬁHXtmh@ h$xpaueedsi Bt@rkBE #BEhABBLItC18 hours at
Sol uti o

while main i the tenperature at ahout
ac-SsieenbBnttn FA2LT 0P ot Thatnoors antnme -
this tenperature. The mxture is left to sedinent for
ap Xi npad 45_ g nut erapure and .t
25@é§pegla (_’y i § hense%?%%%r greﬁrirj?r\’ Igaced V\A}ﬁwurtehe by
sah@aaﬁﬁanrl@@ irdehasol v 460 mn)to Thni QSm Xtlur shirse-necked
stifped.f0p, db MNUt@S And dedtl) tQsedimpnt Bgrcgl%mlno -2

appr oxi rrately 45 m nutes. The supernat ant is a

di SE8FRBERBHECT byt afé?é&ew:t’}wwcé@rel ahimt  of
nEﬁh?l@th@plﬁ(?ﬁﬂnéﬂ éare;mdi:iéd lx%xlﬂcﬂ e’éhtéh%hlx"tﬁ%@ f 04 stlrred
abou m nut es en filtere roy a
S AP 27 M S e addm b HATh AP of
nmet hanol , drai ned by suction and then dried for about
18 0CeU €

o e R Ty rers  SHas O PGP SRR hel he
OeF?@b‘-“PSSaFllt gistar btef e prmesslel d is 72. 5% 24
January 2007 22 Saponification of the crude
depol msrl zeg VLMM, _sodiumsalt 1E.:a%ep 1) of the

é)?-’a 5 o 3%. 83 Mol Jebpare d8polSAfEyYy egcetate

\éﬁwltsmlmdﬁr@@lﬁécfil?n(:@l %te 8bRighBsplyed. 1 8. 46 g of
(0] wat er _an t Iltere rou S| nt er

TRTEr S RReBRRT T | AR RHdE S Frb s taft Ty The
ofram‘exon Theixtuker atiesi s ppluaeed | into50@¢hd  cmatbaholic

?ﬁfut§&§ PLnitd: %ﬁafﬁ%&lnf%g ?%?SOQéMQ%PXQGPé'%& about

t
°C. The suspénsion is stirred for about 15 minutes at

. this temperature. The mixture is left to sediment for
approximately 45 minutes at room temperature and the
supernatant is then discarded and replaced with the
same amount of methanol (450 ml). This mixture is
stirred for 15 minutes and left to sediment for
approximately 45 ‘minutes. The supernatant is again
discarded and replaced with the same amount of methanol
(420 ml). This mixture is stirred for about 15 minutes
and then filtered through a No. 3 sinter funnel. The
cake is washed with twice 70 ml of methanol, drained by
suction and then dried for about 18 hours at 50°C under
reduced preSsure (6 kPa). 4.35 g of crude depolymerized
VLMWH (sodium salt) in Celite (8.71 g) are obtéined.

The yield is 72.5%.




"This mixture is stirred for about 3 hours at thi

10 introduced at a tenperature in the regi on of 4C.
tenperature. The mediumis n ralized by addi ng January2007
HC1 solution, followed by addftion of 11.5 g of NaCI
and 80 ml of nethanol, After stirring for
appFarPRafératien 150§ nithes, omedei 6ePaiymenbredr e VIMWH,

adgsaluﬂhsalﬁuw%aﬁlgm'éfSI:hérﬁQoé@és)about 1 hour and
then left to sedinment for 30 nminutes. The supernat ant

~is discarded and replaced with the sanme anount of
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meuhaaot; ((83@3muiol) ThiEs cﬂ‘hllﬂteuﬁ%plo&y&élrﬁ&@d f\meabqubdlum

tes and. left 20t 0
SUBBLRAT B PRl o aRPyeh ST PRI dCeck G B Bie TR and
ambhah ﬁﬁlnethdnohroQQﬁOaan Bhissnirext duenes . sTher €g¢lite

fgr apPIx%é{HéﬁtX} 13 %Pt'icgﬁsa”&ft%%” Ri'tc?fe%atﬂle The

8 i's Vias et hanol ,  dr ai ned
byfsltraba dmd Rmﬁ@&dr|ae050%rméb@@plpglho€}r@lbt 8o 1l

unger g edppsd) pr ggsunes (gohﬁﬁh 2yv820%i8E CkWdBtion are
depol ymeri zed VLM (SOdI um salt) are obt ai ned.

The ,
yi enfgrpdugadzatag HEMRFEAGIEE: idh O¥e tFRItPRidet 4 C- This
dem@kymaél zda VLMHf re%odgum lsaalktodtst ep fXowafs thet this

CEeSSs Cr e epo L Q u
PLPERBa ardsg. rBh BT Sn 8ot iR R T8 PUapRo T HeL
Wi shlaBioh, oﬁol\ii@twed iheaddl tit oon oifs i nt gi reed IMCl and
4O§bfﬁi u%etH%ﬂEf“”ﬁ§te hesp££%§n£ tab r3ReHktely

7 by addition 1IN sodi um | on.
Thé5sm-wt%ﬁr i s 220 | tk ed Atfhr ora@‘ﬁh@n@l 45 aﬁm The
angu8fentioh 24 danyasy 20P7apddt §QH@QHSa§a%iB¥ﬁrQ§Qﬁ to

perLfLdc,pOlls o e pen agded  The AT £5! 81 ccordea

ke@pﬁngepheceﬁl wObKt ahé ahm€. dmolnt by aedhagolO.(ZNO ml).

¢ PR ettt Fed S TH OGN 6L, “BA0 T 17 grihass fnd tese

t hea adeéddmentt erfost i r 8P ngmionutaisout T ni Aupesnataet is
discarded and replaced with the same amount of methanol
(210 ml). This mixture is stirred for approximately 15
ninutes and then filtered. The cake 1is washed with
twice 9 ml of methanol, drained by suction and then
dried for about 18 hours at 50°C under reduced pressure
(6 kPa). 2.95 g of crude depolymerlzed VLMWH (sodium

salt) are obtained.
The yield is 73.7%.

f) Purification of the crude depolymerized VIMWH,
sodium salt (step f£2) of the process): '

1.5 g of crude depolymerized VLMWH, sodium salt, are
placed in a 50 ml three-necked flask with 16 ml of
water. The solution is maintained at 40°C for about
10 minutes.-The pH is brought to about 9.7 by addition

'  of O;lN"sodium hydroxide solution. The ‘solution is
- filtered through . 'a -0.45 pm membrane, and 84 pl of




solution is filtered through a 0.45 pm nenbrane. 14 n

~ of nethanol are added at a tenperature in the regj
~of 4C. The solution is stirred for approxi matel 324(11'8““”5’2007
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15 minutes at room tenperature’ 36 m of methanol are
then added and the suspension is stirred for about 1
hoaguedhe Stisr Mytydgent herstiopmeso hundi ¢theane xther Bsded.

'e&ﬁﬁt pisedi-gent fs<a Qa%o 05"21%&%8 atTl}i)gﬁluQ%FﬂP@qI'thre,

is then taken up an |scar
metRahsl ke idddedhe ortheossdiament 2t BF écitpi-at ebangdding

th031N1ébH&ﬁm|§ a&b&&aé Eenuabeut %9e”k@ﬁ%@§onTﬁthure is
pr eC| |tate | ef tQ resed| ment for appr oxi mat el
I

RfRutsute e‘f’h’é@ aflt 1Ns Hekenatif #nd9dicdc
(45hah) added mftmet Baaetiage ssidedband tive Rbhutes, the

precipitate.in pensi Qn i s then ered off. The
AnPLBELRh st SEREEY Mhactai rocd w1 S BORRT ARG of ¢ ™
3 of veéthethaneke FHdedettsel itdmpsrdtarrednbyhsuctpénn of

angle-t he ie re ed _pt re. kP
g er at u"rrrg-:fl ng?Egg?éal oglus’gf g@?—‘%ﬁt erﬂ%? yi %)élp?%fé%ltely
abggtmllsuh%‘ar gt m3us @ewelﬁmiﬂer%lepéﬁyﬁérlcz%dﬁﬂwl are

(sedeymasmldd an@ obhai nRthpeHigiof elid obt aiped 'f%r about
racteristics of the depol

8% i ze
VLW?’?ﬁUS%?‘%b?gFﬁﬁﬂng\vé?abléerFEEHPﬁij SBtoERe Ryspure is
dal¢postoPeleyddmeper Sotry didndax:30. diAntés XaThet supktynatant

283_ U 35 .al activ dete t bI (< U o)
Ex%\%'pl Vé:%}J i 8|E')mlclértlcé(ul ar V\C/earg eid’jlhepéljr [ ‘%ﬁwr\f{% ml of
obtl@tlmlciOby artehea@dexd:em ddvor dieng meotebe praeinitate and

COFMRY & Si ki By 4 «h%nuaurggm f&é} Tﬁ}ss&ofm%{ames The
esterification and g{z pol ynmeri zati on with a
e

baREe e+ vake f rig &ﬁ&frph n’éeseqlm%trﬁ%yaﬁcausaﬁeapawetely
Esternihcess ontak thpMadidnist £p Bhkeh tlie pi@cassfarded

(45 ml). 45 ml of methanol are added and the
precipitate in suspension is then filtered off. The
white cake obtained is then washed with 2 portions of
3 ml of methanol. The wet solid is drained by suction
and. then dried under reduced pressure (6 kPa) at a
temperature in the region of 50°C. After drying for
about 18 hours, 1.303 g of pure depolymerized VLMWH

{sodium salt} are obtained.
The yield obtained is 86.8%.

g) Characteristics of the depolymerized VIMWH thus
obtained '
Average molecular weight: 1950 daltons
. Polydispersity index: 1.1
Anti-Xa activity: 283 U/mg
alla activity: undetectable (<0.2 U/mg)

Ble 2 , _
' Very low nmlecular welght heparln (VLMWH)_obtained by

~the process. accordlng' to the invention, fcompriSing a
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13.29 g (7.6 muol ) of VLMMH benzet honi um salt obtai ned

according to preparation 4 are dissolved in 70.43 ‘ﬂ' 2007

anhydr ous di chl or omet hane and_pl aced in a 100 m THFEEY

10 necked flask (the water Eoﬁgeﬁt of the reaction

medium is 0.073%. 12.3 ml (107 nmmol ) of benzyl

chistepde afe atifed a¢stetehpeatione o&nd0C. aThestep of

de [ hon, i %4 r [ f b
@%?%l%ﬁg&?%%% b 8@%%&% ?aégolg%S%EFhEQ%k g%os hazene,

m *upehyeregsr @Gdél:gml nto 160 m of a 12% sol ution of

sodi um acetate in msthanol The m xture is stirred

for_1 hour_.at .room erature and then left to

sedPREREHESFaLH 80 °flé oYPMWHET(steRpby ngf atfpe jRrocess) :

di scarded and then replaced with the same vol une of

met hangl (1 0 Thi ture is.stirred r .
abggt E% ﬁ’gu&O a’?‘rl‘ f) ‘g é&%ﬁmﬁ’ %POQBB{% Sfi%oﬁ’lb.talned
Thecsapdingt &t Hrepegaitdondiscardediandlvepl acedOwWdBhg of

thsnﬁggz?\gre' g%h% BRLPARAL 2630Q1 c)ed Ipterggét e ¢ thiee-

stirr m nutes andf
caReckedwddisd withe rat«0 mnmmzsoﬁethanéﬁacamnn@@dlum

byisuet, IOO’B'Qnd Then fri edonmadbigvesy BEnAPL éﬁ@@flde are
for about _ 18 hours.

red ssure (6 kPa )
agﬁge eV be{l%}}?e %‘?‘éﬁ:eso&’l Tum3&4i+ witih adﬁﬁﬁgﬁe of
ofeeSéeifﬁ_caalionnlef 448%Ater obdadtiesh B about 7 hours

Pyri & 49%
octbr PP By st nt e AE e afE R bifihes) 19 gpured
g blflt@rulcfé)V@M/\Hi*i)eﬂzyﬂ’ess@dm@lnunmSaIspdaum Betate in

d'ﬁé@haﬁgl'nfﬁ%rﬁuﬁ%uPQUQ.u %9¥§Q§Gf§¥ﬂfthgﬂr The room

solution is poured into net hanol
SUSPBRSIBRUFS sepdr e&hﬁélr étﬁﬁﬁ 15° i fedeserhd fAEn about

left housedi mame fog U Snt Thgsm' )ﬁll-gc%ﬂcﬁadfi | 484 €dthen
The kag i,S re uspc) ed in 17? L of _ met hgnol &[(ﬁf ml)
JahBRT§o900 715 CAFI (AP 1 BP§Gem Mt BeLhFREL

i sSTHi$t erieduaed itdesttakedi SowasdieshitM L hhdupordridnsedt to
1Osgaiﬁ£ngeﬁnﬁnogbout 1 hour. The supernatant is again
discarded and replaced with the same volume of methanol
(100 ml). This mixture is stirred for about 5 minutes
and then filtered.. The cake is washed with 2 x 40 ml of
methanol, drained by suction and then dried in an oven
at 40°C wunder reduced pressure (6 kPa) for “about
18 hours. 3.%0 g of crude VLMWH benzyl ester sodium
salt with a degree of esterification of 49% are
obtained.

.Purification of the VIMWE  benzyl ester (49%

esterified) sodium‘sélt (step b) of the process)

3.90 g of crude VILMWH benzyl ester sodium salt are
- dissolved in 39 ml of aqueous 10% NaCl solution.. The
'solution is poured into 176 ml of methanol. The

| suspension is stirred for about .15 minutes and then

 'left-to,sédiment for 2 hours. The mixture is filtered.

,  .The .gake is,_ﬁesuspended_ in 175 ml of methanol and




The wet white solid is drained by suction and dried in
an oven at 40C under reduced pressure (6 kPa) for2
about 18 hours. 2.62 g of VL benzyl ester sodil
salt are obtained. The overalf~yield for the
esterification phase is 57.3% 10 .Transsalification

of StReTOEMARThE Az PLnesesr Thet Iné. x thuaez dshriliersdl end the

(SEQReChJwaégﬁé@rQQQESEE o§g18n§4 §7Jﬁpn$i BE ykwmﬁnol
ben %I %ter SOdIUﬁ]%? 5 are dissolved in
vats (ESN AT F 1S AT | %ln%rlawépctsogzagd(fglzd in
mah) eferbeazet -in@il’n: u{nmﬁxoé redgucane ﬁm&ép ég Weba jof for
- owater oni.ca ! ontent .of "B" is
5po%fge nfgo%&r Thé g%sp%nglf ng? b ZYledorr Sodium

abeaﬂtlaheuobaalnedn1tenperature and then left to

sedinment for 1 hour. The supernatant is discarded and
reEIaced with the same volunme of water (70 m) . This

hareovaratirretelér &poutthes mghawisicaiddref phege is

sediynent for 1 hour. The supernatant is 25 di scarded

and replaced with the sane volune of water (70 m).

This mxture is stirred for a further 5 mnutes
appToanssskificatidnl tefh edheTHELMWIK € BehizylasEsteni tHo 3the
p . f rai ed b aSU tion and
g%%hgr?%Q }%Qa%;%€e5¥@%§8%k:uﬁd Sy &30 pressure

(6 kPa) for about 18 hours. 6.85 g of VLMMH benzyl
espegobgnz [ I r a T el d.

0% Ang vek oy cmpEhy i PR ChORd e TR sale

15 0. a0 dLsPRebvedniri 28t MnoEf veRer VIFMRE BahZz fEaskt 8R7) - In

beﬁgﬁ&hp@lﬁnBsgbt€§261§aguﬁ551328%5 be@?%tﬁoﬁﬂhﬁ Ch18ride
a in a ree-nec
fl%\E%z Pm{i“ﬁ %MH 4 é‘ifﬁd fgf di&Horighet mcalrr@_arﬁ]&q‘ Z

is brought to 30C and then stirred until

The content of “B” is poured into “A”. The suspension

anuary 2007

10

20 is stirred for about 1 hour at room temperature and
then left to sediment for 1 hour. The supernatant is
discarded and replaced with the same volume of water
(70 ml). This mixture is stirred for about 15 minutes
and left to sediment for 1 hour. The supernatant is

25 discarded and replaced with the same volume of water
(70 ml) . This mixture is stirred for a  further
5 minutes approximately and filtered. The cake is
washed with 3 portions of 50 ml of water, drained by
suction and then dried in an oven at 80°C under reduced

30 pressure (6 kPa) for about 18 hours. 6.85 g of VLMWH

benzyl ester benzethonium salt are obtained.

- The yield is 99%. The water content of the benzethonium
salt is 0.6%.

35 , , _

.DepolYmériéating']of . the  VIMWH 'benzyl ;‘ester;_

'benzethonium salt:




di ssolution is conplete. The estinmated water content

of 5 the reaction m xture is about 0.05% 1.25 mzd(;r%ﬁ3 2007
nmmol) of 2-tert-butylim no-2-diethylam no-1, 3- vary
di met hyl per hydro-1, 3, 2-di az‘ap%)s'phori ne are added and

the m xture is stirred for 24 hours at 30C under an

i nér 80 atgrodpghér enmdl) . GENVELMWDN aafe tpkaqeat émnaay 100 ml

a [ t.h odj al t p
STURELUaPkL B ko (B Bl S Lo
acéhat @lXIS‘r@oIJLﬁ i Fought pkepdPéd ianch than cohiered until

f'§§gsoﬂ@€10ﬁe§§tb@ﬂpﬂb%éUr?héSeEQHﬁﬁgethgtEPecontent of
net hanolic _solution, while maintalinin

5t chperatarelal Bbshbreses FheUsUEpRASH 091 ?é Bj ffed mmol)

foefabout 1 hour at mmmartbgmmguahuhg Ztﬁu%tﬂylhmiﬁoFS 3-
Ieftt

o ST BT TR ot ACF 2R AP TN Do SfouRECBR @n

nethanmhxtmﬁé mls) sThrsedi four €4 ilsostsr ped FOIC abwigr an
1 houyr $§éﬂ 9 sediment for 1 hour. The
super nat ant 1s again discarded and replaced wth the

10 sane anbunt of nethanol (170 m). This nmixture 25 is

st | ¢seebF i omb ot ﬂﬁem;ﬁute&naag} fdnnsBn EHEtCalRo the
IS hed th S%rtloﬁsﬂ&? of. met hanol ,

dr&? %%/Ahéu[‘:ﬂ: &hf m%f%%r about 18 hours

in an oven at 50C under reduced pressure (6 kPa).

2.29 rude paly ize diumsalt, _ are
ob]tz%i ﬁ%%glgﬁﬂThezﬁfe % cr%{arp%% W\H ﬁ% sodium 'acetate
15 | Saplorifdrcatimen ptepheedr ude \a!LW\H lsmrumes]al ttleskep The

flgeacétltch@ ph&%%%%)e 3§s %%uqe(ﬁ 8; B! ) +9f Crlgggha%olic

depol yneri zed MMH, sodi u salt, are dissolve
M SO¥U kAR | W‘hﬁées ORI ANG f itheer BEMPREBLGFE a a0, gabout

pna Wﬁm@%%‘ﬁeﬁm placedi tied £d00apbut hi egoReckedroon
fItaesnil(peJ.:L_)<':l7t5u e. (5rh7135 mi|>2tu%fe 39.05/0 Zie\]anuary §2 Zment for
20 1 hour. The supernatant is discarded and then replaced
with the same amount of methanol (165 ml). This mixture

is stirred for about 1 hour and left to sediment for

1 hour. The supernatant is again discarded and replaced
with the same amount of methanol (170 ml). This mixture

25 is stirred for about 15 minutes and filtered. The cake
is washed with 3 portions of 40 ml of methanocl, drained

by suction and then dried for about 18 hours in an oven

at 50°C under reduced pressure (6 kPa). 2.29 g of crude

depolymerized VLMWH, sodium salt, are obtained.

30 ,
The yield obtained is 89%.
.Saponification of the crude VIMWH, sodium salt (step
£fl) of the process):

35

'~ 2.29 g (3.8 mmol) of crude depolymerized VLMWH, sodium

..Salt, are diséolved in_23'ml of water. The solution is

. filtered through.é 0.8 pm membrane and then placed in a
100 ml three-necked flask. 575 pl (5.73 mmol) of 30%




sodi um hydroxi de sol ution are int roduced at a

tenperature in the region of 3C. The m xture is

stirred for about 2 hours at this tenperature. 5 dfpuay 2007
of the reaction mixture is netfralized by addi ng

gl aci al acetic acid, followed by addition of 367 ng of
sobpdisodi unydrexade armblifimn of amet hanotrodesed at a
sokut @R k§stiEped.for 15 m S 63 : £
met hakﬁo *are then a %ed.ﬁgﬁgégus%gnsﬁcﬁ Oﬁ}% ng%lyltéﬁfo s
st PFFEESFofo8bBRPUBOZ nhpuresakinbnis Fe@peratfureo

sedi nent for about 16 hours. The supernatant is

di scar.de d replaced with the sane anount. of -
> negﬁiﬁoloqf ?@eenr ACHHPR MHEEHEE 1S RPPFERIL§%Rd a0y adding
fuglhetal 3Qceitiut @xiappriadilmice] oyurgddSti®f tof 0367 ng of
sedi t for..15 abou 0 m.nute The supernatant LS
di gggﬁgedsgﬁaumr esf:g%%gewi ?ﬁgt h23saW§ a unf“e%gami' The
meshandbliof 16 snigtirieics fon xéloeti § Sshiimmedsf andab@utml of
15, m fiktere ro a ) _RE .
ThnBLiphER Ak | ehesl thddedy odt PolspenBibit i AGea i
10 grathegedy 5REt iahPwnd Xoheminotgsi edndndby ridicedeft to

presgiument6 kBa) fadouabouts 1§ oS tRe aNs@¥EPnAtant is
50&. 563 of .cr udf degol irrerl zed VLMAH (. sodi um
saft§Careedpeaf nEaPlafgdyyety Faessapg. amgynt of methanol
. PUBET i mad i on Tafi st henicatude depol yaweitzed VEOMWH §sodupther
sakt) Lpit ' QAc (step f2), of the ..
pr%%ergs§$€%% E';%%)%%ﬁ{%@gr dearbépé’ilsyn%erl%ectiowﬁmment tor

15 (soabwin sHl t pigvdespl aBbd i supetgotamt t hreedisceeded and
flfé%l@&é@ wiBfh M hof saM@t ehoudbecprf hﬁﬁbytkg@ h§h. This
mai n 0C for 10 | t

ntai ned .at 4 m nutes. The pH 1s brou

t BETURG addi Tl oraN fesdiahatly dt axHEUEEIsut3RMH. %ﬂa*éered
sotihtd@dhi @ fOl22r @eh SRedbrpugh anhe. 45 n renbiaieedngdith

28 pl of _aqueous. 30%. h ogen peroxide sol ution ar

AT e Feenals] ¢ V8aaRor% HourUcHtoRoGHd then
20 t edipeedit um@er whedleckeepragsutde (pHkeanstant abbuf. 38 hours
- 0.4, by, adding. 0. %5'°€‘9d5{5'§1 Qggg%k%ses%le;‘%% ONeriDEq vimw

reaction mxture Is heufra
{sodium salt) are obtained.

The yield is 52.6%.

25 _ _
.Purification of the crude depolymerized VIMWH (sodium
salt) @precipitated with NaOAc (step £f2) of the

process) :

30 560 mg of crude depolyméfized VLMWH -{sodium salt) are
| placed in a 100 ml three-necked flask with 5.6 ml of
water. The brown solution is maintained at 40°C for

10 minutes. The pH 1s brought to 9.7 by adding 0.1N
sodium hydroxide solution. The solution is filtered

35 ‘through a 0.45 pm membrane and 28 pl of agueous 30%
hydrogen peroxide'solution are added..The_ndxture is
.'stirréd for 2 hours at room temperéture, while keeping

' the ‘pH-;¢onstant at 9.5 + 0.1 by 'adding '0.1N sodium
-3hydr0xi¢e solutiOnf:Thé'reaction_mixture is neutralized




24 January 2007 28 wth 0.1N HC1 and 620 ng of NaC

are added. After stirring for 10 m nutes, the 24 2007
solution is filtered through_a 0.45 um menbrane, 244238y

n of methanol are added at 48 tenperature in the

region of 4C. The 5 solution is stirred for 15 m nutes

at wisom @ ebiperrid@llur end 1422 mg obf neNdtdnokrar eadddigted. After

%tmes S' 981:' Sl?Stﬂnﬂn‘f cfor éhhowo]tumem?t' el qglit%red
hen sto he T Xture is T eft osedlmant
1 BoEPUg hea §u6§rnﬁftamﬁmb§aﬁhen4taﬁ5erﬂnhp ofndmethanol are

d' §@6égeda£13a5 flnpe A3 5 i Qﬁe”e}:@@fé?ﬁ e adged The

he sedinented 'precipitate and the mxture is
5 st rSPP-EEIPBr l?SSﬁﬂ-ﬁEI‘aQS forrde B’rléélltﬁlst aite TooM dempegature.

ref(tedlzmem fof ahothandD mlfwt esddehe super raaais@ﬁnslsm is
taken u

: di ded qeL
ad&garﬁﬁaat c3 Ecgﬁé‘gi-pﬂ( n%’lnrgjc@%eﬁ& 0 anﬁ%ﬁpeg and
. fikheredintfireThes whefe cake sddiamered ifon hén wasired The

W Lho ROELLENS Ofeneh Mo RLn MBLNANA - o I0C MBLG S 5951 Ru) .
e uction  and i € uce
10pré§séremi6 Qﬁa)mﬁﬁhanoﬂenﬁéﬁatadéedn tﬁe ﬁé@loﬁedﬂmented

50§reéif>ffa@éy'aﬂa Fole 0 A& ROWS, sB37Brd® PbrPYECminutes.
yneri zed  VLMM &godl um salt) are obtained. The

depol
yi i osfspﬁeatragem Affact®? i sFeeadbrerfe for about
-deBOImimﬁtésd tha;mﬁqamnai Pedt3keAntiip Xand discarded

it 19 Ayer age | ecul ar_ wei 2100Da
g‘ﬁ%l e}ﬁg’) Verly | oW nof’gcu?r‘&t?’%é‘l ght arifeparg%é SRY
15 obpagnepibyte 30n heuppenessanac:cs)r diheg t 6ilhered off. The
i ne&ﬁméoeakgow Sfcﬁen%az,ﬁéqjg%}&w f3c Bk@gons of

and a step e O nerlzatlon base de Ive

frénmbheépﬁf@zélr@éwl ¥ rﬁl“aﬁhhy@towln@d.m@l@med by suction
Estgal fﬂrf@il@@lea tived - Mid ueleeP PreQbutde FHOE§§$) at a
13,7 8 % Hé{) of VLMMH benzet honj um sal t o% £
acteroe @t?Be aFagi Pt e©8i s¥bIGredAFRSF3 Jgn%f or
20 18 hours, 376 mg of pure depolymerized VLMWH (sodium
salt) are obtained. The yield obtained is 67%.

Characteristics of the depolymerized VIMWH thus
obtained ,

25 Anti-Xa activity: 191 IU/mg
Average molecular weight: 2100 Da

Examele 3:
Very low molecular weight heparin (VLMWH) obtained by

30 - the process according to the invention, comprising a
step of  73% esterification and a step  of
depolymerization with a base derived from phosphazene,

in anhydrous medium
35 . .Esterification of the VIMWH (step b) of the process):
‘13;7_9 (7.3 mmol) of VLMWH benzethonium salt obtained

- ‘according to prepafation 4 are dissolved in 73.67 g of
“-anhydrous ditho:ométhane and_placed“inra 100'ml three— :
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anhydr ous di chl oronet hane and placed in a 100 m three
24 January 2007 29 necked flask (the water contgﬁg 2007
of the reaction medium is assayed as 0.23%. anuary
(113 nmmol ) of benzyl chloride® are added at a

tenperature of 30C. The degree of esterification is
73%eakedr fieatkt i (e oratahoutorbcet: heofir shat r3@ctidht epdium

ol od THTE S10 i B 1206 Tsoft | At bf R e bEnzyl

acehipeide apehadded aheantﬁmgeeatsrespfrBédCfoﬁhsodegree
M gyt egs@dr{ POARE £ORE pLurezand dhen lefd st S%'rmeﬁfaout

for about 1.5 hours. The supernatant 10 is discarded
and0t RERTS epitaced W t REIRE s@pRliel u® ofoometRERSEature,

(14Bempeacthion Nhxkthifei §sStpdurady f@ﬁtol@lﬂj Nyt e%fanad 12°
nis.filtered. The cak washed

t he ensi
S GRS TSR i TV B 6 RE g SR
andtiheed drficed B0Or mmnuune matelnock8 hempsrknuib amd then

OVf {/E% lﬂq‘?neer %fegbgggsiugalr&urkspa) Theg'3 s%Pgrngr:ant

cru enz er ~sodirum Wth a dé
of lésciem’:ar@@@h @ndofth,@@/qreml@qﬂgit alirtdd. thePus ahe ca@l@rne of

Ofméf@aﬁ/&w @@@Zylmﬁﬂ eroky3% mthﬁﬂeer ' fé edgtlﬁocgd UN¥or

sal step ) t he ‘process):: ~3 g of crude
VLM EHAS %%@eic §od>‘|u1§ﬁae§1§|lpnar1@ Ws%rr%d The 193ke is

Yﬂw@:ﬁh@dﬂuﬁﬁ‘dﬁ Qo%d‘ﬁﬂor@|@fl 000 &he ofSOoh&th&ol s drained

d into 600 The 25,
DORY rRitTAsh B0t Fa8P nRtP Botuh o PRERT T BT ELP ol 8 nofirs in
seahh revén f at 4P Coxinugire|nedhicdeaupreBmmresuperkda ant13s3 g

L PF ke SpRMhReRLehA Rt (R, SR LTS Olipgree

mxturé 1's  stirréed

5 @ﬁrﬁﬁ@md:qtkmnmft@ed argheobdaid@szd i s washed
with 3 tines 100 nl of nethanol. The wet white solid

is dra&&ﬁ? by suction and then dried. for
appt &5& ’5”18 Hfur s T8¢ an VOOBH at beoevdndePstebuced 733

prestar ef i)k paoditn Falr ofs 4V ki aHe @idciessndi um

salt are obtained. 35
The 13.3 g of crude VLMWH benzyl ester sodium salt are
dissolved in 133 ml of aqueous 10% NaCl solution. The
solution 1is poured into 600 ml of methanol. The
suspension 1is stirred for about 15 minutes and then
left to sediment for approximately 1 hour. The
supernatant is discarded and then replaced with the
same  volume of methanol (400 ml). This mixture is
stirred for about 5 minutes and then filtered. The cake
is washed with 3 times 100 ml of methanol. The wet
white solid is drained by suction and then dried for
approximately 18 hours in an oven at 40°C under reduced
pressure (6 kPa). 2.33 g of VLMWH benzyl ester sodium

salt are obtained.
The esterification yield is 49.6%.

;T:anésalification . of the VIMWH benzyl _ éster,'

benzethonium salt (step. c) of the process):
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The esterification yield is 49.6% . Transsal i fication
of the VLMM benzyl ester, benzethoniumsalt (st C

of the process): 24 January 2007 30 2.27 g (3. 5%1pjam)ary2007
mol ) of VLMAH benzyl ester~sdfiumsalt are dissol ved
in 15 mM of water in a 100 mM conical flask "A". In
parallel, 5.22 g (11.6 mmol) of 5 benzet honi um

chlhokid are a nb5 ter
cozl ggﬂ é By %&%'Me c%n?}é%ﬁﬁo engyl @Lﬁeaoiq%ﬁ'tl% salt
" AareTHblSﬁ}slp@ﬁ:kl on 1Ss mli pfedvatmr ab@uta llmbumlatconlcal

rogllrhggrrpe@m urehgnd 1015ben lef boto sedjpeng
grom mately 1 hour’ . %e sup er%atzgnt %S d?gcardm{l] and
re

ﬁaéé‘ahﬁﬁf-Hmt rBleghde @6?uﬁéa§ﬁd\/va{1e|55(5@ ) watpgedin a

m x00reli sostchred1f6r “Bbout 15 mnutes and left to
sedi nent for approximately 1 hour. The supernatant is

di scarded and replaced with 15 the sanme vol une of
vvaﬁ.‘be codtrn). SEhe Bt xtiar @dtﬁ:edstjlrrtrced“j&’or ghkurstls@ension

h filt d hed th 3
ortl onsaﬁr}%cgo%{# I O%re 1 m%r ai ﬁ d fﬁ’f? Co ?ﬁ%%w %%re and
t héh@ﬁr ideeef 1 o‘ﬁoakﬁﬁﬁlﬂl@lthoﬁpg |¢ppm¥<nnaamlat 80Gander The
reduseen PELSEUNE (BikRBa)rdea: 651‘1(9 2Q c\éldw\bl;r.@ﬁnztme same

ester benzethoniumsalt are obtaine

obY 3t Be o 9‘8@/Eeﬁhé%t1§%)cor¢ﬂﬂ@ntmwt@m l|§r odfukfred for
oba}amedlsSminaﬁeaeaﬁhyme&zabl @@d@fneh'ﬁef}ébgmﬁpQQQEMEtely

o) Sy AP RL MReUTeS 5 P leBled o BB TR e
t htlee nsokeed Vfdlasrle \MotEh #8tetr of(5dr ymli chlTireonetibamee is
3Osg_:bfr ét H@t Sd f\ﬁ@'tt %r"%”hr{?ﬂ{u@%%g}?%méﬁéﬁ ?éigeéggm The

1% The m xture |s roug
ofc@ﬁ?erltﬁ bueghedi nolth didet Agrafbne- 19B- 50 ml of water,

di ared twd dpes Py snsr Los gnéléﬁéﬁh%ﬁ?@&rfaf areuaddednads in

the m xture |§ tlrre for 24 hours at 30C under an
3520 GBRN af o SPhér &0 ee-forﬁﬁémetﬁn RACIHEQuUEE ekRaty 5-67 g
aned IyLMWS abénz ¥l cedt®r benzethonium salt are obtained.

The yield obtained is 98%. The water content of the
product obtained is 1%.

.Depolymerization of the VLMWH benzyl ester,
benzethonium salt (step d) of the process):

5.45 g (3.3 mmol) of VLMWH are placed in a 100 ml
three-necked flask with 40 ml of dry dichloromethane.
The estimated water content of the mixture is about
0.1%. The mixture is brought to 30°C. 958 nl (3.3 mmol)
of : . 2-tert-butylimino-2-diethylamino-1, 3~
dimethylperhydro-1, 3,2~diazaphosphorine are added and
the mixture'_ is stirred for 24 hours at 30°C under an

argon atmosphere.

.Conversion of the quaternary ammonium salt into the

 sodium salt (step e) of the process)
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sodiumsalt (step e) of the process) 24 January 2007
31 In parallel, 200 mM of nethanolic 10% sodi um 4 January 2007
acetate solution are prepared_in a 500 mni COHIC% ary
flask. The reaction mxture % poured into the

met hanolic solution, while maintaining the

t edperrunaleledt, abot nB 46% mahausmensim i sogiumr edetate

! 05030RUbnt NAUIL AL OO 5 Lheobgh Uk Sl XEHLEK! S The
left to sedi nent approximte
supepratant imlxiweEar dég ar@our‘ﬁén Aeplacethai t methenolic

sa&@l@&%ﬂt Qfn NS hﬁa%ta&iléﬁgmahe Igmﬁe%ﬁh%e df about
stlrred}l about 30 mnutes 10 and to sedi nent

fof Sbodf€36URAPROEESN FReStdGpernipanebPytadangur at room

di Sﬁﬁpdlﬂedtaﬂé replhﬁs:ednﬂ\ktlﬁlré heis S@I&@”&Wt seidiment for
met hano

t
A BPORPTATET S Y5t PiEes Titl THRAFITIAL ot StRgagdRd and
sthiashed:emltaheﬁ t ivigsh 50the ofsamet hamoduyntl5 df ai medhanol
t h f 1 t 55
§'E!@ }ﬂguceggl%eg@l}fﬁg% Jksgrs;@f)%%% ?opogBSug 30 glgnutes
deﬁafiynéfeiﬁedtwmﬁdwtumfscam akacptet ob3@i nedinutpe. The

yi Qhﬁe@ﬂ&@azﬁ*@d ilss @@aﬁ% QG caarenl ficat 'r@ﬁl@EeHhew:Lth the
crude depo rrerl ze sodiumsalt (step f of

th@alﬁ?oc 04‘50 @eé:@ay@lMﬂ?O fmjc}ud his mlxture is
desniyrredl zeﬂ é/gb;b%kimﬂemm 15ahthubee dnasahéﬁdfumtééed

{ﬂhree ne ed roung%l?d{ ?r%hsfq ggkﬁle%g?%p: n%g%lto f‘aml

of d8@¥seddpyins hytioxi aedsbheni dniadefornébodtcéd hbuas at
t egper al,ie vl rlfe,tci%é'cﬁg%i)@sguréc 6Tm1.§a m xtype 4 S%f crude

stirred tor_ about at th nperafure

sofepe byme sl frait VAIMWed Bpdiua naaét)r glaks alobdgdmies. The

acde(d00%8aided X &ld¢g. sodium acetate and 130 m
of nmet hanol are then added. The suspension is stirred

for 30 mnutes and is then left to sedinent for about
1 hsaponifriccastixer nadAnt tih:é dimmaieddepdlyme:pimd VLMWH,

m x{’]ure |§ﬁ? g@gpffﬁf r}f%ng?!r nut elhi s 3

1.40 g (2.18 mmol) of crude depolymerized VLMWH (sodium
salt) are dissolved in 14 ml of water. The solution is
placed in a 100 ml three-necked round-bottomed flask.
351 pl (3.5 mmol) of 30% sodium hydroxide solution are
introduced at a temperature in the region of 4°C. This
mixture is stirred for about 2 hours at this
temperature. The solution is neutralized by adding
glacial acetic acid (100%). 7 g of solid sodium acetate
and 130 ml of methanol are then added. The suspension
is stirred for 30 minutes and is then left to sediment
- for about 1 hour. The supernatant is discarded and
replaced with the same amount of methanol (80 ml). This
mixture is stirred for a further 30 minutes
approximately and is left to sediment for approximately
16"hOUrs The supernatant is discarded .and replaced
w1th ‘the same amount of methanol (80 ml) . This mixture
ds 'stirred for- abopt 15 minutes and,ls then filtered _




10

approximately and is left to sedi nment f or
approximately 16 hours. The supernatant is disc

and replaced with the same ampunt of methanol g%%%mmy2MW
m). This mxture is stirred®$or about 15 n1nutes and

s then filtered 24 January 2007 32 through a 0.45

pmtieobohnes ThéScake memhmahed Wiheh cdke cdslOwathed with
ne I, drajn on ny..dr f u
5 hotes 2 Bh S andls a0 AEF LT v A §Rfgtren
g éyﬂéﬁdfoggah@ytoﬂSCh@@ésdéﬁoﬁﬁnﬁrM@éér 56@EW@H pressure
(S Q@i lk'Paém 1y, ¥ egohtained. gke i b€ QPﬁ%nﬁ@ploiefmerlzed
4@6 urlflcat|on of the crude_depol ynerized VLMM
soHFHWﬁ {godaprm galkph #0§ SptehReProcess): 373 ny of
crude depol ynerized VLMMH (sodiumsalt) are placed in
a %B n1.t?re§gfecke flagg jth 3.7 m of water. The
sol Ui $heid AtAFRet®af 7406 for 15 10 ninutes. The
pH is brought to about 9.5 by adding 1IN sodium

hyd i Q. d ou
QPHELEECRELN BF: cH SR fopbErudid i Vi SRaium
peFé%FdéS§ﬁPuf?bn°§rEh?hEﬁogﬁﬂ%H The mixture is
stirred for about 2 hours at roon1tenperature mhile
20_kee ng %he H constant at 9.5 0. elﬁaddl ng O 1
sodi %oﬁﬁppéﬁme?ﬁéeﬁeaéﬁmﬁn 73 t are
neplaabdzedxmmtnooxiN Hﬁieandeéﬁadnghméuwmltﬁr8 Athenl of
addeg 16Aft stlrr£ for about_ 10 m nut

SoMEfesn | The A0 LAt R e IR s R RS e aq7g,  For

15 2516f miethasol Tlae epAdidedbatughtetperhtutedi b byeadding 1N

r egbafuﬁf h Atg‘:oxﬂ?e sQly ujiqr&n' S ghir r@ln}@for}5 id mftl‘?&ered

room nper at ur e. of et hanol _are .
adabéouqlhea stishzngrormerpEang r aadf d apbutetl %@WOUS 30%
They8kbgeh NBekdxibiBeRo31@RRAd ARd {ifih Madsdn e Tﬁe' afitkkture

to sedlnEnt for 30 a ximately 40 m nutes.
Sober AL ERTY SOFnSRORBKEnhoREald BPSEataBRerTguREy While

20 10k§tp@ﬁgnembaqak apesadded att 09t Be isegli reityedadding 0.1N
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pre i.tate nd I he n1x% reis tlrred far 15

ﬁ?g%m 1%% i BT e t reaction ~mixture is

neutrallzed with 0.1N HCl and 430 mg of NaCl are then
added. After stirring for about 10 -minutes, the
solution is filtered through a 0.45 pm membrane. 3 ml
of methanol are added'at_a temperature in the region of
4°C. The solution is stirred for 15 minutes at room
temperature. 7.7 ml of methanol are then added. The
suspension is stirred for about 1 hour. The stirring is
then stopped and the mixture is left to sediment for
approximately 40 minutes. The supernatant is then taken
up and discarded (10 ml). 10 ml of methanol are added
to the sedimented 3precipitate and the mixture is
stirred for 15 minutes. The precipitate is 1left to
resediment for about 30 minutes. The supernatant is
taken up and discarded (10 ml). 10 ml of methanol are
added - and the precipitate in suspen51on is then
filtered off on a 0.45 pm membrane. The white cake
"obtained_is washed with.4 portions of 5 ml of methanol.
The wet solid is drained by suction and then dried
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resedi ment for about 30 m nutes. The supernatant is 35
taken up and discarded (10 mM) . 10 m of net hanoiMare 2007
added and the precipitate in suspension is then anvary
filtered off on a 0.45 pm menbt ane. The white cake
obtained is washed with 4 portions of 5 m of

methdanl redlthedwetresebird i($ dibai)nett by semgpeontwne in the
th ed-24~,danu 0 .= 3 u redu

orogieh e Apab RELef Hhuing 1 Fari AABRe " SFCEBEEs 190 ma
50 PRrerdgpgigeFboredbBLWES (hodish $8dt hgaref opgaéned.

deppt ypeLidego VA Ml (S9ds4um sal t) are obtained. The
yield obtained is 54% 5 Characteristics of the

depol yneri zed VLMMH t hus obtai ned Average nol ecul ar
weChitacObs tibdd onHf  1@hBOl yabSPEyhetyedddeIMWHL thus
Anti-Xa activity: 252 U ng Exanple 4. 15 VLMM
ob?%ﬁi’é%e‘%y the process according to the invention,
conprising a step of 96% esterification and a step of

depol [ i . t.h . rifd :Jon of the
VL %elg@%agjfg%t h%l%esgfdfﬂéll%ﬁs g (7.7 nmol)
of P PrIPZEE hoHidad sal 41 obt ai ned according to

Prapas-atd dcdi w8y disgolMmedyd n 75.79 g of  anhydrous
di chl oronmet hane and placed in a 250 ml three- necked
flask (the water content of the reaction nmedium?25 is

O.%Rle W4 m (108 mol ) of benzyl chloride are

added at a tenperature of 30C. The degree of
esterification is 96% after reaction for about 26

holst§H at oBO&Ln@fit ebycodihang poocesm t emgerdtinge, ttiche the

r Lan; A xt ' redginto 1220 30;
i et P B T

std r¥taP o ARAUHYISRY iR atuirss vty S8R enperature and

is then left to sedinent for approxinmtely 30
m]ﬁ%éﬁ%iégg;tion of the VIMWH (step b) of the process)

14.45 g (7.7 mmol) of VLMWH benzethonium salt obtained
according to preparation 4 are dissolved in 75.79 g of
anhydrous dichloromethane and placed in a 250 ml three-
necked flask (the water content of the reaction medium
is 0.20%). 12.4 ml (108 mmol) of benzyl chloride are
added at a temperature of 30°C. The degree of
esterification is 96% after reaction for about 26 hours
~at 30°C. After cooliﬁg to room temperature, the
reaction mixture 1is poured into 180 ml of a 12%
solution of sodium acetate in methancl. The mixture is
stirred for about 30 minutes at room temperature and is
then left to sediment for approximately 30 minutes. The
. supernatant is. - discarded and then replaced with the
same volumé of methanol (150 ml). This mixture is
stirréd.'fcr_ about 15 minutes and then filtered. The
cake-is-washed with 2 portions of 100 ml of methanOl;.
drained by suction and then dried for ‘about 18 hours at

40°c ﬁnder:reduced pressure (6 kPa);‘3.67 g of Crude




supernatant is discarded and then replaced with the

sane vol une of nethanol (150 m). This mxture is

stirred for about 15 minutes and then filtered. Theuay 2007
cake is washed with 2 portions4of 100 nl of nethanol,

drai ned by suction and then dried for about 18 hours

at vi4me unaﬁwaed@@wh.—prw&n(%a&%a) watR7 & egree of
crud VLMM benzyl ester, sodium

anuar
saFF%Qﬁ H<atd8 r88 §§°'e§FSrPPt€éPP n of 96% are
obtalned .Purification of the VLMAH benzyl ester (96%
§%\§-[6L?§.'c§@%,oﬁ°d' Yp salf (st Ofbeterpz%lpr 0 reﬁ%}%l):t (96%

crude VL benzyl "ést er di u
3 ar estepfﬁeedédspdlgm aklbf (aqepobi; ¢6%6haGpraetss) bn
(3.7 g of Nad in 37 m of water). The solution is
poured_into 10 167 ml of nethanol. The suspension is
st theed -£dr JaRducruts MiMiHedevyli esthan Sepiumpsalt are
sedigeblvear marznr@czsu raaﬁeéquéobguwTh§c§ue@nn@&aﬂt (337 g
dIS%aN ?9 and 7 re I ? h th same volunme o
838 ) Aol Bat ety ur wPagh £8r Blmste 4nto
10 m hﬁﬂemland m@thahbénemheThas@@helba Washedrmeﬂhfbmnebout

suctl on an]_g_f;:_@ang % oS \AEEP\QE‘I "SR GEb drea}:id{3 htY for

dri ed for abou 8 hours at °40C
reéE?éﬁxbméﬁghYel heurpa)The  F@pgrod tantMie behggerded and

estBén §89!L58é§a¢dtﬁf@heoghﬁbn%luﬁl@ LRepethanol (38 ml).
esterlflcatlon yield is 54.4% Transsalification of

t hERVE ML BERLS] 28t ePtibrBAe fBENzEPRBAI um SEFPUF%epand
15 c) foltethedpr oness)cakdb 1583wgshéd29wml Jtwfcd/LMMH ml  of

be est e sodi alt, re dis o ved i . of
ohehaRBL paR e kR ELE opRif, LonaRay R Py Pufft18h and
6. Gsigd(Ierahnot)1&fhobeazathenianunﬂbmrmdduaed pressure

pl agedpbn 5G Al Qf iy 1 k
"B"’(l $ﬁe?content%bf&?g&W@ykgﬁﬁéip Qgtg%AﬁgQ#%&$ EE?@ are
SU@%E@%F%
20
The esterification yield is 54.4%.
Transsalification of the VIMWH benzyl ester to the
benzethonium salt (step c) of the process):
25

-2.83 g (4.29 mmol) of VLMWH benzyl ester, sodium salt,
are dissolved in 20 ml of water in a 100 ml conical
flask “A~”. In parallel, 6.35 g (14.2 mmol) of
benzethonium chloride are placed in 50 ml of water in a
30 100 ml conical flask “B”.

The content of “B” is poured into “A”. The suspension

- is stirred for about 1 hour at room temperature and is
then left to sediment for approximately 1 hour. The

35 supernétant, is discarded and replaced with the same
volume of.watef”(GO ml);'This mixture 1is stirtéd for

. about 15 minutes and left to sediment for.approximétely

1 hour." The superhatant'is discarded and replaced with

the  Sam¢”_volﬁme bf 'Wéter (60 'ml). 'This mixture is-




is stirred for about 1 hour at roomtenpérature and is

~then left to sedinent for approximately 1 hour. T%‘eEJ 35 2007
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supernatant is discarded and replaced with the sd
vol ume of water (60 m) This 3@ xture is stirred for
about 15 mnutes and left to sedinment for

appeoxikaat eby al MRherTe BUPSFHAt ARG {84 s¢ardedd. The
ep Iaced e sane volume of water

and (

ThEakm Aburas §d22t'1}2’mfar’3/mﬁﬁ)75o L ot |Y’%ﬁrfoiﬂr%}ned by
f ustibetob an@utasnaddléhemOtlbbehedlsTheureahe BS°C under
washed w,th_ 4

sut g%ﬁg\ﬁ%nﬁr?ﬁ% ;‘Ig gd ]?rp&' '}"ﬁi ﬂo%@ﬁgt géﬂéyun grer
rehanedtm@swrsealﬁ, k@ae).obt@lxge@f VLM/\H benzyl ester,

5 benzet honium salt, are obtained. The observed yield

i s about 100% The water content is 0.23% 10 _

DepotyaeppzEefonisf dviimnaisatz vl 0@t efhe penter heapbant 1s
sahtogéstep d) of the process): 3.67 g (2.3 nmol) of

VLMM are placed in a 50 mM three- necked

round-bottonmed flask with 27 m of dry 15

di cnep@hméﬁmatﬂ'che BAEX t WILMNWI sbbhayghtedters,OCbeﬁZétpbnium

f - 2-di et hyl am no- 1, 3-
%%aer %’2 $€ i£fl%'i%fyazap osphorl ne are added and
the mxture IS stlrred for 24 hours at 30C 20
Cogves s oy Oﬁ &uﬁ@lﬂuéfefrﬂﬁ}w Qggoﬁigl%éaiﬁ angg fahe%gee-

sodi um sal t steg of the process aral |
m NeEkeRkt hARBNACLPHPBSE unk at ithol (A1 onMgre ©f  dry

pr@p@lﬁ@ﬂométraarzéo The CRRkEakef iaskhrolhgt 2o reaatt) 0876 nl
ue|se§)ured|noth %Bthnollciohutglv\hll 1,3-
t3i nfHE he Penpérafite PRt Yapaufo-4cdiehgylamtno=

sudpaasrs}nyalpeﬁmdm+b,o8,f2)+dﬁmphdsmmmrm rao@em added and
te r T. e f di for
ap‘??%x@rr%t{@ﬁl {# ﬂfgel#]eféé%piefn}g ec | scarded and
30 then repl aced with the sane am)unt of met hanol

(10860 drsildH S o XE}&E eg‘u%t%t:h% S dfordtin BHLRS #¥b the
left to sedinent for m nutes” The super nat ant IS
sodium salt (step e) of the process):

In parallel, 150 ml of methanolic 10% sodium acetate
solution are prepared in a 250 ml conical flask. The
reaction mixture is poured into the methanolic
solution, while maintaining the temperature at about
4°C. The suspension is stirred for about 1 hour at room
temperature. This mixture is .left to sediment for
approximately 1 hour. The supernatant is discarded -and
then replaced with the same amount of methanol
(100 ml1). This mixture is stirred for 30 minutes and
left to sediment for 30 minutes. The supernatant is
- again discarded and replaced with the same amount of
methanol ('100 ml).': This mixture is stirred for
15 minutes and filtered. The <cake 1is washed with .
3 times 40 ml of methanol, drained by suction and dried
for about 18 | hb'ufs. at -50°C under reduced pressure
(6 kPa). 966 mg of depolymer:.zed VLMAH, sodium salt,
.are obtalned - | -




agai n discarded and replaced with the sanme anount of
met hanol (100 m ). This mxture is stirred for 354]]5 2007
m nutes and filtered. The cake is washed with 3 {1/AREY

40 m of methanol, drained 'by3§u“cti on and dri ed for

about 18 hours at 50C under reduced pressure (6 kPa).

966 ng of depol ynerized VLMMH, sodiumsalt, are

Obﬁﬁéng%ladf BRQYALY ggoig‘ﬁé: 36 The yield obtained is

64% aponi Prcation o VLMM benzyl ester, sodium
salt 5 (step fl) of the process): 942 ng (1.43 muol)

of .88 QhYﬁEEhEESanHMHh%Ddﬂﬂﬂhﬁa$énzf1eégté§9|gedltﬁ salt
? %gaff The solution is placed in a 100 ni
5 ¢ i sEeReEkbao obHG. BECCBRELS {1 ack. |10 236 pl (2.35
rmol ) of 30% sodi um hydr oxi de sol ution are i ntroduced
te tpre iy egion o e i
??r rép {1‘3 ot ours poﬁ&@%rﬁz ﬁ\fure #Jhum Balt
sohn&u omssso.heem rdn z8dSbymhddift | @*atefr gT}ael aloladdidnc is
acbg?gggo%ql 4. 908 @ S&&f%j@eﬂﬁéﬂléoaﬁst%&&ﬂ%Suﬁlagk

nmet hanol are then ad suspension IS
10 st?8Pedls 67 - abotinodd ﬁﬁnapessaﬁaumhéfxdrpéﬂ@et golution are

seghappduted abodt thbmpewatulle istpeidatagion Sof 4°C. This
di scarded and r é)l aced with the sane agount of

nePhERSFe (46 MUY nifRFur SRSt fred g o 2 Toom
f uréheer20086. nthet eslappooxisahehyrabdzed bef bdtotion of

_Se igg{] foa(c @Jpé)mac]i% h\c,\(nﬂ'b%" The S|5|pe nag@n soflS_'Ld sodium

car replaced he sarre nount
15 mm%te(mdn B5 This ofr xakhanod seier ethénr agsisgt- The

3osﬁéﬂ@$§§oﬁn‘15f'éﬁf£§@d tﬁUx"“QBoégo P ﬂ%ﬁ%@@r%ﬁﬁj then

is washed w t twice met hanol ,

dr1a¢%*édtay segdfest a%rt%ﬁutdﬁ-l &9 Yor Hb%uﬁuaer%m%t is
atdf@%éﬂ@@@raﬁ@dﬁépﬂa@éQSﬁytn the KkBag. aﬁzﬁnﬁgo@fmethanol

200 R FREH i BBiA na RIS P TATbat FoR of 1 RETTReT
20 CrBJ@anﬂapbdas'rTelplpmmﬂaMy satdl uhs left to sediment for
about 16 hours. The supernatant 1is discarded and
replaced with the same amount of methanol (40 ml}. This
mixture is stirred for about 30 minutes and filtered
through a 0.45 pm membrane. The cake is washed with_
25 twice 10 ml of methanol, drained by suction and then
dried for about 18 hours at 50°C under reduced pressure
{6 kPa). 776 mg of crude depolymerized VLMWH {sodium

salt) are obtained.
30 The yield obtained is 91.4%.

.Purification of the crude depolymerized VLMWH, sodium
salt (step f2) of the process):

35 758 mg of crude depolymerized VLMWH.  (sodium salt) are
placed in a 25 ml three-necked flask '.with 7.6 ml of
water.. The solution is maintained at 40°C for
10 ma.nutes The pH is btought to about 9;5 by addition
-.of‘ 0.1N" - sodium hy_droxid_e: solution. The solution is- -




salt (step f2) of the process): 35 758 ng of crude
~depol ynerized VLMMH (sodiumsalt) are placed in
'm three-necked flask with 7.6 ml of water. The ﬁLF vary 2007
solution is maintained at 40Gfor 10 minutes. The pH
is brought to about 9.5 by addition of O i N sodium
hydmxbdedsotluré@@h EheOsabut han nadbnEnuapy 2807 ul- of
37 fllter h a Q.45 menb ane, and 3 1 of
8658 500, dngt Do Bl AE T ao hten efh e g
Th@hn1xmuxeurs st$ r rgd rfrerd alfout 2bbotr s2 athgwomm at room

te%eagg%a&ere kh%l%eﬁgé ﬁ??hgrgg %B@@Fn@tag 9. RO+10 1

Itiron o N SO e sol uti on

5y eﬁé’t i dAdEE kenr ©F s Onddit r ﬁPFiZé@ whyArani ¢€1 sedartéen -ng The

of réla@tlahemgt@age Afst @feusir 1111 A fvpftrabwtﬂdﬂ and 880 mg
tes the solution is filtered throu

a 0.4
Rbr SRGL 25S23R0SEr ASERENST 1aFa NAdded Pogt 18°nBRutes,
teﬂnerakmmxudnthe Iﬁltege&nﬁﬂrdﬁéhTheCﬁwﬂﬂmwnmE&brane

ed,faqr xiqmately 1 room
Cefperdtuts TRARAREY iR b Radea i Rs o the
losuspgmsnon o€ st4iCed fBre zﬂﬂnﬂuﬂ;dnnu Ais Thetdriredi ngfor
'Saﬁ5§8x§ﬁ999fg @edmaa95e§U%&e%m témﬁﬁéﬁ;féj T9em1 of

cake 1s wash ortions of
nem%h%nolméfwd%%cﬂu anris thf aPREREBYigctiSorstEgred for

th@lﬁodtlt ed ﬂBthrhrﬁ%JC%@J.rE][iﬁ%_;SgiCE E\t}?utésPaﬁtapp@d and the
erature 1 n eI 1on O er ryl
SpDRORFHALERy 18 nSieogo0 MRS UG dbol YREFTEeavith
15 VLM¥bEsbdnsmcsal tlﬁ an &0 obitdiamed. Theeyiwdtd solid is
obt aj I 5,,65% ract erd ti f ep
%ﬁéﬁ?gd bt%lneg %ye?%cg no é%ulé?f%gl ﬁ%%gg égguced
daprﬁﬁgures ol yBaspeartsi gy tﬁ@pﬁranuneAnﬂx t@@ region of
acthvety: 2Q% U apy; xample: 5: MMM ghtghped 1 thHgurs,

process accordlng to |nvent|on COﬁprSIn
st 890 ORI 98B, FSNLEr | APEALYBArARAC VLMWH  (sodium sa £) are

20 obtained. The yield obtained is 65%.

Characteristics of the depolymerized VIMWH thus
obtained ‘
Average molecular weight: 2000 daltons
25 Polydispersity index: 1.1
Anti-Xa activity: 205 IU/mg

' Example 5: _ 7
VLMWH obtained by the process according to the

30 invention, comprising a step of 96% esterification and
a step of depolymerization with tert-
butyliminotris (dimethylamino)phosphorane

.Dépolymeriéation of VLMWH benzyl ester, benzethonium
35 - salt (step d) of the process):

.. 3.67 g '(2 3 mmol) of VLMWH benzyl ester, benzethonium
salt, obtalned according to example 4 (96% esterified),

Wlth a water content of 0 23%, are. placed in a. 50 ml.




a step of depolynerization with tert

butylim notris(di net hyl am no) phosphor ane ,
. Depol yneri zati on of VLMAH benzyl ester, benzet hoti gy 2007
35 salt (step d) of the proced¥s): 3.67 g (2.3 nmmol) of

. VLMMH benzyl ester, benzethonium salt, obtained

10

15

. 20

25

30

35

acenf:geng?weexauabe %(t%%@s&rarléf e&i d‘M:htﬂo@om@tEéne.
tent .of 0.23% are c,a 50 2 ar

i I AN L %%%nfﬁ T o) of
di t@tbfbueyhmmotr‘l’i\:e(ahlmemplarslzbas obtghepiar BGC. a595added
ter%g gﬁ?rr%%o%nls ]fﬂeﬁiam no%?oh%osu Soraat“ne are

added and the mxture is stlrred for 24 hours at 30C.

5 .EORVELSiON %EtiﬁéqQﬂéﬁiﬁ%&yaQMﬁ%&m&§aEElU“ihﬂJEthe
sodi um sal t (st of" the proCess): In parallel, 16

e
m SSELWRt Fahb | E%%)so%‘? UFRRRERFRSSND sol ution are
prepared in a 250 m conical fl ask. The reaction

1 Xt t luti

et BPAPAG e TEhpelarth cMEEhaBoMtc A8Y pgetiin "Gtefate
Sus@Emsi@m asestpnﬁrpexte‘cbrlapprcﬁc‘jmamm ycohlh:allr flask. The
ropmm Leper atlyte,, pLhi s; m x 'ER% ”}‘dggh&ﬁollc

for about 1 hour. The supentpn |scar
t heml U on acadinet Hﬂé@h@t%m%n%nﬁlhﬁ bemmmiawm @k20about

rﬂ JocThige XspdRsion Sirsedrfol aBpULpEPoR1 A &8y althour
left to sedinent for 30 _m nutes. The Supernatant

agdlt nTO8Ms EEFREF 2ANd S epitice IR ERTE héss%’?éftan%n’?eafment
rrg_f_dsnarwbo&@ 1 1R&a )%h?Tfmlseméé‘wlﬁe is siscsiededoand then
about. 15 m nutes ,.an iltere The e 1S S

e R AT 5GSBSl PRGN d{ B RS BB 0 1)
arth i | mixtoreabeutstiI& atbufsr aabautem@ema'tru:rt@s randeleft

fet%oe 8&51599 ungler 3or %@%ﬁﬁhefﬁé”%u%@ E@Lnt%i?s Mdgain
cru epol yneri zed sodi'u
obﬁﬂeﬁwedrr@ i 2o il ardj whith | the 65ame . Sapent f PEalpbhanol

of (13® 1 pdeTdenohymeuirzed sV re SO MMISAE {StAPnutes
fl1) of the process):

and filtered. The cake is washed with 3 times 40 ml of
methanol, drained by suction and dried for about
18 hours at a temperature in the region of 50°C under
reduced pressure (6 kPa). 982 mg of crude depolymerized
VLMWH, sodium salt, are obtained. The yield obtained is

65%.

.Saponification of the crude. depeolymerized VLMWH;
sodium salt (step f1) of the process):

980 mg (1.49 mmol) 6f crude depolymerized VLMWH, sodium-
salt, are dissolved in 10 ml of water. The solution is
- placed in a 100 ml three-necked round-bottomed flask.
246 pl (2.45 mmol) of 30% sodium hydroxide solution are
introduced at a temperature in the region of 4°C. This
mixture:.is stirred. for about 2 hours‘_at this
'temperatare. The solution is neutralized by adding
. glacial“ acetic acid (100ﬁ) 4.9 g"of solid. sodlum
_acetate and 95 ml of methanol are then added “The




30 980 ng (1.49 nmol) of crude depol ynerized VLM,

sodium salt, are dissolved in 10 m of water. Thf“ 9007
solution is placed in a 100 nl three-necked anuary
round- bottoned flask. 246 pl3§2-45 mmol) of 30%
sodi um hydroxi de solution are 35 introduced at a

t egpepahyiBni R4 her 100 onrof 46 mmu%esmaﬁdlr@léﬁ JLeft to
stirred for about 2 hours at this tenperature.

soPBErBATFs FREUE awtzédhsyradabﬁgswa%§9%£an5céﬁ.él&&ﬁ&ded
(1@6% tl'4e19 gegfl8eld dwseHi ufhe acehat eaandn®S df akthanol
areSTt hen added. The.24 January, 2007 39 further
suépen3| bir i S r rSE YOS 301 R nited T&Nd then | 8f t
5sedOnsanutes aetp@no:»mniacb'.@rly Ehed superth@nantefts to .. sedlment
di r nel -t Ep! d sang a
di g6 dogbyande Wﬁﬂgﬁ 2PI AL HbEDLREnE AT, 2PUBL &d and
fu‘r:flﬁ@rrgp @Cﬁiﬂnh’tléé &ppr §)‘é¥ﬂﬁ'aﬁ@pyn§n@f| @eﬁﬁéﬁollefﬁo ml)

t orn$8di EREurbor i about i A6 Nour Sy H%L%Jpgmatrﬁ%ﬁlﬂe% and
then r pI aced wth the sanme anpun

dl? zrded and
met hah®F e@66RRPIID #hPs i RBUPETPEaRE;: LB Fs#eaﬁauwashed
10 30wihthutes candl O f mllt e:rfedméﬂmugh ad@a&ﬁeamnyenb:nahﬁon and

Th keIS hed 10 wit.h tw.ce of me

or SneBa S a1 ERE bt harine o ot a1 i yumder

18rh@u|¢sdapree€uuﬁdé6 kPeduc8l9pmgssidr er@@ekﬁapolsmerlzed

Ny RiwG! USSafgRoLyieri zed o qsodiumsalt, are

obtai ned.” 15 The reaction y| e |s 91. 6%

.Purification of the crude depol ynerized VLMMH, sodi um

15 Sa’bﬁe(ﬁé@@ti@ﬁ oleteiproress): 20 792 ng of crude

depol ynmeri zed VLMMH (sodium salt) are placed in a 25

m three-necked flask with 8 M of water. The

solmtixfﬁ.&:atm Nofli rohe adruilRC depolyhflerd ned eVIMAHe phidium

u i\n O 1N sodi um
%% gH:s% ?F tgl"lhés g%cré%Q ngl s 25 filtered
through a 0.45 pm msnbrane and 39.6 pl of aqueous
20 30%6HYVALOGHN PELQXI §@P89w&£99eér orMien addedhm JB8t) are

mxture’is stirred hours at room tenperature,
placed in a 25 ml three-necked flask with 8 ml of

water. The solution is maintained at 40°C for
10 minutes. The pH is brought to about 9.5 by adding
0.1N sodium hydroxide solution. The solution 1is

25 filtered through a 0.45 pm membrane, and 39.6 pl of
aqueous 30% hydrogen peroxide solution are then added.
The mixture is stirred for 2 hours at room temperature,
while keeping the pH constant at 9.5 * 0.1 by adding
0.1N sodium hydroxide sclution. The reaction mixture is
30 neutralized with 1N HCl .and 1.04 g of NaCl are added.
After s_tir-ring.fOr. about 10 minutes, the solution is
filtered through a 0.45 pm membrane. 7.3 ml of methanol
are added at a temperature in the .region of 4°C. The
solution is stirred for 15 minutes at room temperature.
35 18.8 ml of methanol are added and the suspension is
stirred for about 1 hour. The ‘stirring is then stopped
and thé_mixt’ure 1s filtere_d. The cake is washed 'with

3 portions of 15 ml of methanol. The wet solid is

draiﬁed;-‘_iby_'_ suction and then dried under - reduced: -




whi |l e keeping the pH constant at 9.5 0.1 by adding
0. 1IN sodi um hydroxi de solution. The reaction nixtgfﬁ 2007
is 30 neutralized with 1IN HC1 and 1.04 g of Nad ar @MY
added. After stirring for ab8&0t-10 m nutes, the

solution is filtered through a 0.45 pm nenbrane. 7.3

M pofeszeirkanob e added: ateapke@perat Uig ithe Neegion of

r egi-qn, of . _Th solution is_stirred fo 5 m nutes
at%Pogﬁ1t§%%gFét§F¥}n§5 18rg 0 Oﬁﬁ?hang§&aﬁgya&> d Pure
andeplod youspessi oMLMBE stsodian f aralaoutard holitaidm®. The
ihii%h@gob§a&%%@ ggogggg% and the mxture is filtered.

cake 1s washed wth™ 3 portions of 15 nl of
S>nethanol . The wet solid is drained by suction and

‘theRatalcedrirdges edysed wh Janupbl yhdlze40 PRGHPUr &hus
(69EPa) at. a tenperature in the region of 50C After
dr

%§1P8~ 18 hours, 538 ngy of pure depol ynerized
VLMEregedimoesallt)y aeeghbt apned. adheonki el d obt ai ned
iSP6Z'§%) 2 Ch%ractgrishgcz of the depol ynerized VLM
t has~Y6brR-nad -Avef 85' Fecul ar weight: 2100 daltons

10 PoRytiisper sictyviihgtex209. IULABgANnti - Xa activity: 209
U ng Exanple 6: VLMM obtained by the process
according to the invention, conprising an additiona
stEpamPl€cfaration 15 by chromat ography to renove the

O B e e R el st dly gy the
i gOS [ xtyre -des ed i X .
ol TSR 8Bl GO 500 o AR ) ¥ hag Lo aGhe b2 T8 1on
15 sodyunchireashogat@hyol wd onraiowe cothent dakkeshakide. 2and
?Dké%%?gggghggEaga%ggéeggﬁg conditions are as foll ows:

aser "Sodirumbicarbonate solution at a 25
concentration of 0.2 nol/I

The oligosaccharide mixture described in example 1
(286 mg) is dissolved in 20 ml of mobile phase (agueous

20 sodium bicarbonate solution at a concentration of
0.2 mol/l).

The chromatographic conditions are as follows:
'— Mobile phase: sodium bicarbondte solution at a
25 concentration of 0.2 mol/1
- Stationary phase: biogel P6 gel
- Column: length 'l m, diameter 5 cm

=~ Detection wavelength: 240 nm.

- 30 The fractions greater than or eqgual to a hexasaccharide
are collected and pooled. They are neutralized with
acetic acid and then concentrated until a solution

. containing 200 g/l of sodium acetate 1is obtained.
5 volumes of methanol are added toc the solution

35 obtained with stirring. The suspension is stirred for
aboutr.18 hours and then filtered through a 0.45 pm
membrane. The caké is dried for about 6 hours at a
temperature in the'tregion 6f 40°C under reduced
pressure (6 - kEé);”L_The - product  obtained is .




15

20

Stationary phase:
di aneter 5 cm Detection wavelength: 240 nm 30 T
fractions greater than or equa
are col | ected and pool ed. The§l
acetic acid and then concentrated until

bi ogel

P6

gel Col umm: |

to a hexasacchari
are neutralized with
a sol ution

ength 1 m
Jamary 2007

comtpracngi?2BBed/ laraf sloeh unhiascelata iis: cbt minéglum Smount

volyngs

obt’ai né

hanal d.to th
2% RO BRI B B5C o Bekiis

ni1s st

ol i~0
ex.%ho ?Fﬁggnroﬁfter

abegncesthatisgakbet Hesatlilfieded relstdonl ang. 45epmireeze-

me .
teagg?gﬁbrgn?%q?E
pré

2007 41

m pimum anount ., of .
Cr8hEoPhAnaehPEdREL
fr abtabdnsdaadet Aenfbi dewe: dryi ng,
are obtained. The.yield is

wat er

€8n8én

5

109 ng of
38%

e oS Atk Oh @Dk 26 nRAUT ST @ie1d is
€ e region of 40C under reduced
Sure (6 kPa). The product obtained is 24 January

repreci pitated and then dissolved in a

58, et

gﬁ%@%@%xthus

pr oduct

The:-characteristics

of ‘the oligosaccharide mxture thus . obtained are as
10 f oRhbisXa18chhvitXa 4@8i ¥Vfpg 403 | W ng The
ol i gosacchari de percentage is as follows: Mv Poly- D

Tetra Hexa Octa Deca >Deca (
0 %é?S%l%??E%CQG?Blé?5Pe{59¢%%9%a£%l%@i%%&
t he conpounds according to

the i nvention:

(Da) dispersit

2150 1.0 O

WEXivity of
Exanpl es

A
W
0

jeragd AntT-Xa
g ht

(2k)20Q0 s2655 18y

T1-T

. a
FOtKy 1 1956 2837

Mol €

B2

fcul ar acti vity
¥ewa 00 [PSE2 0

acti vi
F5900

-

% 3

2150 1.

53.83 32.58

10.5

Pharmacological activity of the compounds

the invention:

according to

Examples Average Anti-Xa Anti-IIa
molecular activity activity
welght IU/mg

1 1950 283 <0.2

2 2100 191 0

3 2000 252 0

4 2000 - 205 0

5 2100 209 0

6 2150 403 0

Percentage of hexasaccharide A ITa-IIs-Is in the

compounds according to the invention:




5 2100 209 0 6 2150 403 O ' Percent age of

hexasaccharide A lla-Its-Is in the 20 conpounds

according to the

Exanpl es Percentage of Percerft

hexasacchari de A

hexasacchari de. fracti on

24 Ja
age
fraction It
1 31% 46

i nventi on:

'l a-

nuary 2007 42
of hexasacchari de

s-1s in the

% 2 30%26% 3 33%

3B.5%._4

'Janua%?aﬂgﬁ WO
CGAIMS 1) An oli
ener al
f heparin
an average nol

% 30. 8%

structune foEQ
and having t

53T 5% 2870
2JCEGIHGE Cla3

gbsasshachdeide x
Et§?93tit
e foll ow

scul ar _wei ght of

3.8% 46%
- oerPERS607 561853

t uhexhaucnbarhde A Ila-
uent pekysagcharides

ng charact etl Sstlcs: ,

f herp$Bgghpsidaghraction

al t ons, 1- anti -

a activiftsy of be

t ween 190 | Wgey and

519 IUIIT% Mo,
bei ng“under st (

§ VIFIUdhiy 1o,
od t hat3%%he cans

amtT=tt=a dbtlyily, -
tituent °

i gosacghari des

of the 3yxxtures

contain fgopy2 to

b sacChari de unl
cid -2-0-sylfate

s, ve a &, 5
unit “one of

Funsararareq ur oni ¢
their ends?Vahd

ont ai n Bhe hexasacchardidessof the

fol |l owi ng2gfoemul a:

209,00 —Thao ! OQ

a ' Na Na_. I OO

6

53.8%

46%
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O=S0 0 O=S1~0 0=S; ONa, O ONaOONay OO0 OO OO

OOOOpr . OH 01" OH OO0, 0so nO OHp... CH 2007
. ,NH RS S0-S0 Na 0 ONa Gy

AIWQ ?P§5V§10P21the form of - af3 at kal i netBIT/ER2004/001943

al kal i ne-earth netal salt. 24 January 2007 44 2)

The ol i gosaccharide m xture as clained in claim1,

wherein the alkali netal orCeAkedi ne-earth netal salts

are the sodium potassium calcium and nagnesi um

salts. 3) The oligosaccharide mxture as clained in

cl &) mhR orolixosgnainlisht ai néxtuoen 20%vicgl00%bandgeperal

pagti-gHtake BEO%h%O%bh%tQQ%éQE g ©193aceharid8s of heparin
fraction.  4) The qligosaccharide nmixture as clained in

cl anfh BavipBerBenfPhEONERGSERRRRFERELFFHEE] on cont ai ns
from20% to 70% and in particular from25%to 50% of

the hexasaccharide Alla-lts-1s as, defi.ned in

) The. o1 F0oSSEERAF: L APkl aFenalSht aptod iol 4y 0one 2400
of dattanss 1 to 4, which has an average nol ecul ar

wei ght of ween 2200 pa cul.ar

from 1950 ?Q€£m§§0 é8P?g§§9 égThggg Fggsagg ang/mg and
m 480r&Ué&mdcl aimed in any one of clainms 1 to 5, which
has antLi- Xgoachi Vil ¥t @41 PEINEENandO0r # 4V 1 A 1110

U ng and in particul ar bet ween 200 ~and 300 | ng

while at the sane tinme having no, or virtually no,
antiitla acoat:mg ty. u?l):leftgeo@kil gosagghari dendn Xt do@s@stuent
claiped in ne og cl alnstl to 6, which has the

f of b%?ﬁ%c% ara ter? t?%% Lt %ﬁﬁ%verage nmol ecul ar

wei ght of between 1950 and 2150 daltons,

- contain from 2 to 16 saccharide units,

~ have a 4,5-unsaturated uronic acid 2-0O-sulfate

unit at one of their ends,

- and contain the hexasaccharide of the following

formula:
P;ia ‘ t:la Na
0 : 8] 0
o= gao o~s»0 ]
Na O
O
' : Ow OH w (Y OH om 050y uOm@—Ou OH
| oM N o 0§ O M
\<' = ™ S n | \\
o 3a o] 9 0 Na O
' Na
Alla | lis Is

in the form_of an alkali metal or alkaline—earth metal
salt.'f' - _ C




- anti-Xa activity of between 190 I U ng and 410 |1 U ng

and no, or virtually no, anti-lla activity, - it 24km 2007
contains from30%to 60% of hexasaccharide fraction -~
whi ch contains from25%to 554 0f Alla-lls-1s
fraction. 8) A process for preparing the
oInggﬁmxﬁﬁ&ighsadohanmﬂe aﬁlztarﬁedsimﬂaﬁye@najofclalm 1,

h@%e&nt%ﬁ7'ﬁ firhéigfr Zéligguary?ar % g?gélts

m)IecuIar wel €parin Wlt

t hawel4bel @Pﬁlgumal pata@ﬁwmt. ycoelcirpasnd m&mles:Eum W adts.
and an average nol ecul ar nass of between 2000 and

30Q0 daltons is subjected to the follow ng chem ca

r edet | Bﬁs‘ﬂéﬁotsﬁﬁﬁ@@éﬁjﬁl BaEtyEehy st kéaaBehopnorlaim 1 or

beazetvhomruntoﬁbép;ﬁg derbam obfai Bobamzat o uh particular
rlngb 't eg %|cat|on of .t he_benzet honi um
heRabm 2pg Feh BSXERBCAREFANCoFT BN 931
chlorlde and treatnent to obtain the sodlun1salt of

th%&b%ﬂéy' G farﬁ'&% Vr%[%t&;? '%‘i‘é’ O Sin 3,
heparin % Sssalification o e nz?ﬁ ester
obWéﬁﬁ@élnaﬁfdle pb%mﬁ:w@mabid@ hefrqaauennmfyit@amu fnem 20%

sakb, dpsdepah y'?ﬂ%‘{' ?a%tﬂt QY YTEERSMOf 2 8e StEHNG, (Y g%ﬁ' Cthe
a va referab I of greater_than 20,

baﬁ mnth
eﬁésf‘SCBBFg‘iﬂ% %IH%prin%?l %%d %%iyeqiow rﬁﬁ@émlaf

melght heparin, e) conversion of the quaternary

Lt of the rlzed v | ow, nol ecul ar
e 2ol pgr 1 RS OL ARk 288, KEhmt @M LS LA of
sapoaifscat tondof whhehr bssdaal asstrane acvdeopfoonakight of

p“Bé%hg@h' ‘1@009)an13‘6296§p%rn@§'9§ g%%%ﬁlé?e@rr%n{mf'%@ to

clalm he strong baserester
usedSAuARABONS he polynerlzatlon step d) is between 0.2
and 5 and preferably between 0.6 and 2. 10) The

prg?aratioE, rocess as clainmed in claim8 or 9,
The lgosaccharide mixture as claimed in any one of

claims 1 to 5, which has anti-Xa activity of between
190 IU/mg and 410 IU/mg and in particular between 200
and 300 IU/mg, while at the same time having no, or

virtually no, anti-ITa activity.

7} The oligosaccharidé mixture as claimed in any one of

claims 1 to 6, which has the following characteristics:’

- an average leecular' weight, of between 1950 and
2150 daltons, '

- anti-Xa activity of between 190 IU/mg and 410 IU/mg

and no, or virtually no, anti-IIa activity,

- it contéins from 30% to 60% of hexasaccharide
fraction, which contains from 25% to'55% of AIIa-IIs-Is
fraction. ' '

8) A process for preparlng the ollgosaccharlde mixture

-as clalmed in any one of claims 1 to. 7 whereln a very”".




wherei n the depol ynerization step d) is perforned

using a phosphazene derivative as base. 11) The

preparati on process as clained in any one of clal

to 10, wherein the depolynerl%%tlon step d) is

performed with water contents of |ess than 0.3% when

t héopr osebssci ka perveaigtetd vhezisamxtmlmartheqtaj)(\aal eptiofity of

phgs n se £l h enzyl ester
LR Bons o i B1HE: 3250 BRI U e il chan

prépé?é@GOﬁnﬁréﬁbs%v%éa%¢amﬁéécuhaanmaﬁﬁe<rﬁ betagers 8000

t 0g4d, 3@0@r§émtbﬁ§ bgsesn9bcthg Egoﬁﬂgaﬁgm§owﬁﬁglEMemlcal

used durlng t he depol ynerization step d). are

prEFBFEBPYSt hose of fornmula: R3 R2- V R4 RI-N=.-

N- &p Sl-’RﬁaniFFialﬂfiI%a‘fngﬁ heyyr agheal &ﬂorli 0 J#7, beAkzeBhonium

are identjca ifferent, represent linear

br anchel BT LURI 12 SPRSTS HeRi e S Oh AR g A m 1

tobb caebosr af dostion befng1ﬂp®ssbészﬁManBnanﬂeE@rlnate

where appr t t or h_t r

whi ch car r?%gé(?h?r‘ﬁ Qh% é@n%i%ﬁ ot h‘? %zfcllgélg' %E})%e'rh

pr epar at ¥ N prvEe’s’ Q@téﬂalﬁﬁﬁ|S@Q¥®W(ﬂﬂiQﬁOfct@¢nheBzyl

to 12, abeseidr thee base, ofod N Tallar GleiPROHRRAZERES

used in t he depol ynerj Zati on step

2-Fert -BARFS LRt Y Hyd am%ob(?r'%ﬂm LRy | PRERYRFD- and

1 3 2- qi;mcapfmﬁcphorﬂ rtEae ]@)atma(zf;emmimm R=QGESS as
rein the

ree of ,

LT ek e i B e SR S Dtna prospicpRase
benzyl wisttera @ik epalia puefegabby epf yrestdet ean 2006 so
and 100% apd nusferably @ﬁg&d 7 aogjé?O%owlfS)noIqular
preparation process as clal I'n clai ma§;

weight heparin,
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e) conversion of the quaternary ammonium salt of the
depolymerized very low molecular weight heparin
into the sodium salt,

£) saponification of the residual esters and optional

purification.

9) The preparation process as claimed in claim 8,
wherein the strong base/ester mole ratio used during

the polymerization step d) is between 0.2 and 5 and

preferably between 0.6 and 2.

10) The preparation process as claimed in claim 8 or 9,
wherein the depolymerization step d) is performed using

a phosphazene derivative as base.

~11) The preparation process as claimed in any one of
claims 8 to'10, wherein the depolymerization step d) is
performed'with water contents of less than 0.3% when
the proééss is performed with 1 molar equivélent of

phosphazene base relatlve to the benzyl ester of the
VLMWH benzethonlum salt '




wherei n the conversion of the quaternary amoni um salt

of the benzyl ester of the very |ow nol ecul ar wei

heparin as prepared according,to step b) of the ﬁl%nuaryZOM
process as clained in claiﬁ1%§ into the sodiumsalt,

is performed by treating the reaction nediumwth

al déholThe spekpmracetat preokati s antlapref edablanwi dhe of
a olgit kgn of sEQ c ta, ] 4_Ja r

37 e Rarol (oo alit) vaT hn  ChE! DAk o iHE Krphazene
bef@@erRY 185&dd .nq) 6Fhehedepebarerl ot Moc§spad)  are
cl piregdrabl¢l @ah@skSor whemnalB:the wei ght equival ent of
sodi um acet ate added during the esterification step

b) is 3 tinmes as great as the nass of quaternary
ammoni um salt of the benzyl @ster of heparin used in

t he depol yneri zation reacti ory. 1% The process as
claimed in claim8 for pRe&paljng Joligosacchari de

m xtures, wherein the d%ﬁ%#N4mmmniun1salt of the
benzyl ester of the very |ow hﬁng@lar wei ght heparin
obtained during step c) is preferanly the

benzet honi um cetyl pyri di ni urror

cetyltrinmethyl ammonium salt. 18) The preparation

process as clainmed in claim8, wherein the

saponi fi.cati ( ording . tao step f). is erfornmed.
us?ﬁgbéﬁ%gll ktgﬂel %@%\{ﬁn@gﬁ;‘o%%eﬁ@uc Peh gﬁﬁi bﬂ’?nglcal o
hydi okedent potrepsiasanty drinéale, obrknthedmorydyokidealkyl
in [ ; er.at ug e e 0:angd .
20 IEELS PErLAThil, T2EATRoR, Y eftoguiREE, 1 8MBeing
pr%%%’?h?f%nfBFoBES%n%sle HORES APRIoshate, tehdesmp with

fromel 10-5-00| gfogguimal @t sfrplkalindiet ala  6-membered
hydr oxi de afd nore particularly from1l to 2 nolar

eqUF VAF@RYS1Gf al kali metal hydroxide are used. 20)

The process, as claimed in any one of clains 8 to 19,

aesifi B8Y iPeny ROt BRReraE IR S ARG han Aeveaty of

setkzinyi t8 towatd, f attecaeiXa bhet Heast i gdsatbearfatelly of
phosphazenes used 4in the depolymerization step 1is
2-tert-butylimino-2-diethylamino-1, 3-dimethylperhydro-
1,3,2-diazaphosphorine.

14} The preparation process as claimed in claim 8,
wherein the degree of esterification of the quaternary

ammonium salt of the benzyl ester of heparin during

step b) is between 40% and 100% and preferably between
70% and 90%. '

15) The preparation process as claimed in claim 8,

wherein the conversion of the quaternary ammonium salt
~of the bénzyl ester of the very low molecular weight
. heparin as prepared according to step b) of the process
as claimed in claim 8, into ‘the sodium salt, 1is
performed by treating the reaction medium with
alcoholic*sqdium acetate Sqlution and preferably with a

iO% ,1_ $olutiqn - 0f 0 sodium - acetate - in




m xture, wherein the disaccharide and tetrasaccharide
fractions are al so renoved by chromat ography,

especially on.colums filled MAth gel of 24 Jaary 2007
pol yacryl ani de agarose type.421y The process as

claimed in any one of clains 8 to 20 for preparing

t hmethagoddeelightdeoiixey; e a5 o atergeirBtddelasfiabytween
2oqg ﬁ »a8y one of clains 1 to 7, wherein a |ow

nmol écul’'ar ““wei ght heparin is used as starting

material, or a very |ow nolecular weight heparin

(15Q9 tI'H?Argﬂ%&%ﬁaﬁ"iérh Mol - Xa ac ltah] Vidy 9 é{ﬁ?nlS

100 and i nstead of the ver oW Nno ec
wel'gREtehBpatien ‘é%l%ifu fEsivalegtaiofs ssadlz;zl} arﬁ@tate added

pracessgashel algmd-if AidNesOép Chal 1B & tiRs EQr great
pregarlng t he qﬁtgosaccharlde n1xture as clalﬁg

OTECO M b FU6 5T e BTN Wl rSA T tov? ot BE URERZY
meeghérheﬁahepatiﬁO@séd ﬂﬂOﬂhéb@epmlfméwufﬁﬁioﬁ@teactlon
activity of between 100 and 140 U/ ng is used as
starting material instead of the very | ow nol ecul ar
wel ght Thep@taress desi madrimed| anm@laiz8) 8Theor preparing

DLSP%@&&@&HP&@SS r@&»@&f»’émd I heleign 2hhe WNQLSIHB rnary

| ow nol ecul ar MEI%ht arln I's chosen from

EndRAQRt R, Sldxi Par i eFrQ@FﬁYﬂ Sft6Hepoforthe very low
Logbpacilyx MerigHt ohefaRehl %ﬁﬁn&ﬂn@@ﬁﬂﬂgﬂ)stgﬂ) WM is

(or ton) r|n

O PEOLSEERaY | abthf xt uPen2sthapikBa | ncahylBNsidbpion  or
cl eyl dr inethy bmmodn ey d=lobt ai ned by the process

as defined in any one of clains 7 to 23. 25) As a
medi ci nal product, the oligosaccharide mxture as

cl b8 hehe n REAPasRL ish clAIORESE t 8S7. CRBIM@E ain  claim 8,

e & Sigh Q‘h@jugép%ibléEEhBHrOMdJ&ilrﬁft ‘t\:S'té’teﬁhef is

ol i gosacchari de m xture as clainmed i.n any one .
cIBERECHNGS ASIng Afe @éd#aémamemaédu@tydé@xeﬁ&. nrézawfnn as
cles @b ohyd@oxitier trestdsigi@h PhoVeBking Vesous1aReium

arﬁfﬁféﬁlde, in aqueous medium, at a temperature of
between 0 and 20°C and preferably between 0 and 10°C.

19) The preparation process as claimed in claim 18,
wherein from 1 to 5 molar equivalents of alkali metal
hydroxide and more particularly from 1 to 2 molar

equivalents of alkali metal hydroxide are used.

20) The process, as claimed in any one of claims 8 to
19, for preparing the oligosaccharide mixture as
described in any one of claims 1 to 5 having increased
selectivity_ toward factor. Xa of the oligosaccharide
mixture, wherein the disaccharide and tetrasaccharide
fractions_ are also removed by chromatography,
espec1ally on columns filled with gel of polyacrylamlde
_ agarose type

21) Theipﬁocess as claimed in any one of claims 8 to 20
for preparing the Qligdsaccharide mixpure_as claimed in -




t hronbosi s, deep vein thronbosis, puInDnary enbol i sm
unst abl e angi na, nyocardial infarction, cardiac
i schem a, occlusive diseases of the perlpheral 24 Janwary 2007
arteries and atrial fibriltat$on, snooth nuscle cell
proliferation, 'atherosclerosis and arteriosclerosis,
24 adgnuamy 2F07c149mscahcelo by,mmmdﬁummgaanghogamaﬁc$lar
an r nd also i etic djisorders _su

2o sty Rebaral Bo, ok R afaberie mebRF L5t g™ Sayery
A éﬁarm@dégvﬂ@alW@amb@mhﬂparanWkﬁ&ﬂr@pa$0®@a§a) @meh an

medh ek DRk B%Q%Ega%ﬁeﬁéEQth”1%ba'a'Hd2514?<51d 1%% 1nstead

nor e pharnmaceuti c i nert excipients or ve

ad@it W@s very) e r@frﬂae%k%weéwh%owe@mm oﬁSagefmed in
cl angedlsi @.claim 28, which consists of a solution for
subcut aneous or intravenous injection. 30) The
pharmaceuti cal conposition as clainmed in claim 28,

thQh Thaspsbsent aspulabnadyihoamitl aheobrf @llaims 8 to 20

| nBaLabion. 24y The BRALRRCRULLEAL CRIPOSLL 08 Biained in
foanmlaﬂﬁoﬁf 82pimsnét Hod Torvwhetreim ai ngryhéounmiclggular
ac{byghy Oﬁepéfﬁ%lolg 4 BAs@cchar i gdgygn Hyr e, %h?'%h"egn%@ Xa

any ohe | ai s 7, Wwherein_ an am dol yt,
e ﬁBHVJr%Y ud Betveeahr ddgennd siblt rTeH/é“g n :Whl ased as

th@t&ﬁt‘ﬂﬁ@t matleraR 1 buhkeeals &ol yekhyteprg Goicohmoteediar
elghtqgeparln as defined in claim 8.

23) The preparation process as claimed in claim 21,
wherein the low molecular weight heparin is chosen from
Enoxaparin, Fraxiparin, Fragmin, Innohep {or
Logiparin), Normiflo, Embollex (or Sandoparin), Fluxum

{or Minidalton), Clivarin and Hibor.

24) The oligosaccharide mixture as defined in any one
of claims 1 to 7, which may be obtained by the process

as defined in any one of claims 7 to 23.

25) As a medicinal product, the oligosaccharide mixture.

as claimed in any one of claims 1 to 7.

26) As a medicinal product with antithrombotic
activity, the oligosaccharide mixture as claimed in any.

'one of claims 1 to 7.

' 27) The medicinal product as claimed in claim 25 or 26,
for treating or preventing venous and arterial
thrombosis;_ deep vein thrombosis, pulmonary embolism,

" unstable = angina, myocardlal infarction, ‘cardiac
iSchémia; occlu51ve dlseases of the peripheral arteries
and ”"atrlal flb:lllathn, smooth muscle cell

proliferation, -atherosclerosis and - arteriosclerosis, = =
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cancer by modulating angiogenesis and growth factors,
and also diabetic disorders such as diabetic

retinopathy and diabetic nephropathy.

28) A pharmaceutical composition containing .at least
one medicinal product as defined in claim 25 and one or
more pharmaceutically inert excipients or vehicles or

additives.

29) The pharmaceutical composition as claimed in claim
28, which consists of a solution for subcutaneous or

intravenous injection.

30} The pharmaceutical composition as claimed in claim
28, which consists of a pulmonary formulation for

inhalation.

31) The pharmaceutical composition as claimed in claim
28, which consists of an oral formulation.

32) A method for determining the anti-Xa activity of
the oligosaccharide mixture as claimed in any one of
claims 1 to 7, wherein an amidolytic method is used on
a chromogenic substrate in which the reconstitution
buffer is Polyethylene Glycol 6000 (PEG 6000).




