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HEPARI N- DERI VED OLI GOSACCHARI DE M XTURES, PREPARATI ON
THEREOF AND PHARMACEUTI CAL COVPGCSI TI ONS CONTAI NI NG

SAD 2RPXTORESSE The present fnvention r &CH/ER20§4/001943
ol i gosaccharide m xtures derived fromheparin, with

an aAERRJe-DERIeen ol IveisgotHaRIDEONTXB08EED BAONOARATION
gﬁ'ﬂﬁoq G %%%{gﬁgég%ﬁégﬂ'gg 518 a?:%?q CEINE ¥nrp
process for 10 preparing tHBfiEREEto pharnaceutlca
conpositions containing them Heparin is a nmixture of

sul fated nucopol ysaccharides of aninmal origin, used
espBBi alABESBYL | t snEpREEeAgUIralateBs apel ollgosaccharide

antii B0 EROt icfe MIFRRET t F@Sm HAYNBYSBFin hepaith h%§1 average
drawbacks that limt its condi tigns of use

paPPLEGraRrT i t&ighbst &t i aFrO%nt itE88gultht %%QQV|§9lt°nSr
( ﬁbhﬁ%aﬁﬁérﬁﬂ@ﬁe H]pnnﬁghagamth%Qa ( Sexanar éctgxgrlty and an
Thr oSl S as VO u 1

nnﬁgcu ar ﬁ9| t#ﬁgﬁﬁlk%II%%tSFﬁéggggpe$laﬁ?yg%ﬁcess tor
bapteprdepod ynehiemat izord of thepphanmeseet s¢cabhi chmpreilbons
cugggggiﬂlﬂgrgggﬁd such as Enoxaparin, also show
substanti al la activity. Mdire recently, very |ow

nol ecul ar melght hepari ns have been described in the

prigpasih . 1504 ﬁlﬁﬂﬁké,oEnSQ@EQBEdsgu@§p@l§§éc@g$rlﬁg§ of
products shaw.anti-Xa activity %ﬁ’ etween 100 an
et

| PRg™and S a@8edi VitRFore! &n lztsanénélFEﬁPﬁﬁgant
I nahdeannt el natbonbt pappdriceds ons WO 02/ 08295 and WO
2004/ 033503, the products have anti-Xa activities

whi ch are especially 35 between 100 and 190 U ng for
antl¢wevar act ihdramig of halsessdrhdhasks U MiatHowdvgrit  its

nopgn@itibgse ¥eryukow Rl eﬁ%k@&c@?éght E@Barhﬁﬁsiantial

effectively has anti-Xa activity gfeater t
| PR GpRyelant t Retdardy. Jaliphe PRNI FgUss, Bpmorrhaging

Vi (&l hyrHodnaMhrdifo 4Cd | ¥h8Y Hemostasis, wvol 5 sup. 3
- (1999)) .

. Low molecular weight heparins, obtained especially by
basic depolymerization c¢f heparin esters, which are
currently marketed, such as Enoxaparin, alsc show
substantial alla activity.

More recently, very low molecular weight heparins have
been described in the prior art. For example, in patent
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 02/082%95 and WO 2004/033503, the
products have anti-Xa activities which are especially
between 100 and 190 IU/mg for anti-IIa activities of
less than 5 IU/mg. However, none of these very low
molecular weight Theparins effectively has anti-Xa

activity of greater than 190 IU/mg while at the same
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(IU': International Unit) The expression "virtually no

anti-lta activity" (in 5 other words, show ng
virtually no anti-Illa activité) nmeans an activity of
less than 0.2 U ng. One subjéct of the invention is

ol i gosaccharide mxtures with very selective activity

t onard dutvivet edol0 éactwirrtxiflact oo, Xegnii 1k abctheity.
saeyt LM, S0PULNGORGy yRfcyirtually no, anti-lla
ac?FV|ty.n§he su ?ect o? %Xe present invention is thus

ol i gosacchari de m xtures having the general structure

157RE tdeconsidd uenti melysacchar i ges: of thepard n;and  (in

havi ng the foIIom%ng_charapteristlcs: - they have an .
aveFagé TR aPRRELBEL BFE¥4TmYL8De (It Dablr activity)
dahtens, aanhtt Xaiagto¥i tysof thet veen d90:d U ng and 20

450 U nmg and have no, or virtually no, anti-Illa
activity, - the constituent oligosaccharides of the

m Rhear esub®ct comf ai hher omr¥rera ith satehawvildgosBictbaride
- , s uns t nj.C - 0- e .

R N N el
hekashethdr i aceprt Khe) f shiéai A ther ama: thme phowing no,

57 Qi beull Oy Moo, oahe{- 210U fefH OH } N O, 0, B

One subject . of the present invention is thus
oligosaccharide mixtures having the general structure
of the constituent polysaccharides of heparin and

having the following characteristics:

- they have an average molecular weight of from 1800 to
2400 daltons, anti-Xa activity of between 190 IU/mg and
450 IU/mg and have no, or virtually no, anti-IIa
activity,

- the constituent oligosaccharides of the mixtures

- contain from 2 to 16 saccharide units,

- have a 4,b5-unsaturated uronic acid 2-0-sulfate

unit at one of their ends,

- and contain the hexasaccharide of the following

formula:
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10~-~0OaDNaMaltsNa | 0 O$-Ols NaOin the

formof an alkali nmetal or alkaline-earth netal salt.
5 The hexasaccharide Alla-lts-1s contained in the

ol i gosacchari de m xture descrbad in the pr esent
invention is a sequence with high affinity for ATIII
and is characteri ned by aXa actifaty of gr eat er N2 han
10 740 | U ny. A k&l i netal or al gal i ne-earth nepal
salts that are ofs#€ferred areotHg’sodi um poL&§EYum
cal ci wa) and magn@si we) sgbts. 150Th@%aX$9age mofPecul ar
wei ght ps{det er nigged b9—Ki gh- prgssur@—ti qui d

chr omat ogr xphyy usiit§ t wo urms /g ser, , fo
exanpl e t K Q 7R A apa o
TSK (2000 Xr> The ectionz.s 20 perforned, by K
refractonet ryoH The eflent ué@g i %}ﬁ hi uffky itré&g“%nd

the flowrate is 0.6y / m nute. ggwstembis P

o]
calibrated with st an8ar ds prepar €d by fréstlonap?on

of Enoxaparin by chromatography on agarose-
polyacrylanidggggl (IBF). This preparation is
perfornmed 25 rding to thellBechni que descri®ped by
Barrowcliffe et al, Thronmb. Res., 12, 27-36 (1977-78)
or DA, Lane et al, Thronmb. Res., 12, 257-271

(1877:H8) roFheoresw =S xali metal or alkaline-earth metal
salt.

The hexasaccharide AIIa-IIs-Is contained in the
oligosaccharide mixture described in the present
invention is a sequence with high affinity for ATIII
and is characterized by aXa activity of greater than
740 1U/mg.

Alkali metal or alkaline-earth metal salts that are
preferred are the sodium, potassium, calcium and

magnesium salts.

The average molecular weight 1is determined by high-
pressure liquid chromatography using two columns in
series, for example those sold wunder the name
TSK G3000 XL and TSK G2000 XL. The detection is
performed by refractometzry. The eluent used is lithium
nitrate and the flow rate is 0.6 ml/minute. The system
is calibrated with standards prepared by fractionation
of Enoxaparin by chromatography on agarose-
polyacrylamide gel (IBF). This preparation is performed
according to the technique described by Barrowcliffe et
al, Thromb. Res., 12, 27-36 (1977-78) or D.A. Lane et
al, Thromb. Res., 12, 257-271 (1977-78). The results

are calculated using the GPC6& soffware (Perkin Elmer).




are cal cul ated using the GPC6 software (Perkin El ner).
The anti-Xa activity is neasured via the am dolytic

met hod on a chronopgeni c substrate according to the
principle described by Teiem é -al, Thronb. Res., 10,
399-410 (1977). The assays are performed according to

5 tihe nehbodxdesortiibedy nishemennogs@pkien the amidolytic

nDIe | a ht _.he arlns of t Eur ope copea
"R offf &l ieiSRRadn O S el AR B PRI B RRE R ene
al ghumiciple dewctitiest Nagl Thatherst pH. 7. Ahromsbr epeaced 10,
ab)g99pqllyoet m@"ﬁﬂe g’.l[‘MQ()lasggg’g( PEG 6}9@9}01:1;@& gEE'oré"i‘ng to

10 activity 1s nmeasured r ive to a standar

5LowheMﬂﬁﬁﬁﬂQNdﬂﬂﬁEﬂHGQ{&ﬁuFhe(W@N@@Faﬁhl@ﬁ ﬁé&@@K@@CU1ar
fr Qi gh40 H%V\H a8 58 ey melghtan Tﬁeaaﬁéwpéy of thgce,

standard VL is measured 15 rel ataive to
i nE&CRRG it Hw %%re%tﬂatuwwuﬁ%%untgeaﬁ&mm in
Thithest attd:aMNa\(tM\HbWﬁepr epasied 7adgor dusng teptheed aby

teac tent applicatjon 2/ 295 an
2 Péﬂl& of A8 St04/ %‘@é@éé_m ﬁgggt €of ‘Phe %@
105t andawdtVLMm nsageasdr e ladliats veoze tsi:etrt@rd Very Low
'T”M%rl'%%'l%a'wéP?!Hm'H%%%'ﬁ% W?tzﬂtgt\mi“e Hidy  gLapdard. from

anti-Illa act S neasured via e amdolytic
neﬂﬁ@dt@n1§OCH/5ﬁDé@ﬁV0W§HE§F?ate accordlng to the 25
nmet hod descri bed |n the nonogr aph on | ow nol ecul ar

ht heparins of uropean har na ea in force.
Thata | FE R Dot b e T ol o Be' etisured
15 st ardartdiv¥er yo Lm/hé\/bllemelzazrat\ﬂblr@ﬂt H.-IeparmasﬂédiUMN-l) weight
Wi .nea tiv of v
heRaril SERRBdRBE LM e o sEatir by Tl 3R pgrare
i neecrational uoowﬁhﬂ ectdaehived ghpfhepartlentst am:dmatlons

Acger Giddobeoeneopr efifi red eyedimEnt. 4fewo 2004/033503.
ol i gosacchari de m xture accordlng to the invention 35

coRt&i RSTEVdIMY20% tHe16656RTE bdéh#igagaired relative

20fraeti eme limtRankitGvhan, tbws mMollddiaagont@iiRmtf r M8parin
30% to 60% of hexasaccharide fraction. ©Moreover, the

m XtaF884ccording to the invention

" 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 tec a standard
Very Low Molecular Weight Heparin ({(VLMWHE) 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 embodiment, the
oligosaccharide mixture according to the invention

35  contains from 20% to 100% of a hexasaccharide ZIfraction.
- In particular, this mixture contains from 30% to 60% of

hexasaccharide fraction.




contain from20%to 70% of the hexasacchari de

Alla-11s- Is in the hexasaccharide fraction of the

ol i gosaccharide m xture. In particular, this fraction

5 Alla-lts-Is is present in'the hexasaccharide

fraction to a proportion of 25%to 50% The

petoertage , of thke héxawaeshaeh@@rﬁnagtim@ mEyhebe invention

de d | yhiocal |
oo 1% 908 Yokoa) 08 O IRRLR WML Moo
colléms 1mr b?hﬁrepa¢%¥@$@cgﬁ®%ﬁ@ﬁlonféﬁcﬁh@n of the

hexasaechachdeidbr agtitQte | nzhhl &qs;%latme PhXE U d%ion
chronato raphed on col ums illed with gel

of
ﬂ%&ér% &m 8e3ébaP6§%e?§péjlT?%?n@?FGFéCFgaéPG?eéraCtlon
mﬁta a pedpumthydr egepseatbopase sol ution.
Preferably, the sodi um hydrogen carbonate solution is
a solution of fromO0.1 nol/l to | nol/l. Even nore
pr €her aid ngentteyesepdr aiheonhésapecthannde atfraacZ:O.on may be

COH%&%%ES” OBnélﬁF?_tng%llThe %teCth' %%ﬁE%r”E‘ilguld

spectronetr ter I onat | On
10he%ﬁgéwéhagraéhyrﬁatﬁ§ﬁ GﬁoﬁalﬁLu@ﬁduﬁSKh§2§@@|@m columns

hydroggn Carbensiei+s neshd Al Z2&d vafthtgal@c'h%lxa%%%tclh%mde

acid. The solution is then concentrated under reduced
25f6P€§é8Pe so as to obtain a sodium acetate
concentration of greater than 30% by weight. The

hexasacchar.i de acti.on is precipitated by,addition
of 18 RETakLHE, LR RhE RLCkR LAl 8F bl o @1umns
15fracilied iwittltecgedr edf Ipolfiddmatamimiet hagaghsa No/pe3. The
Si ﬁ&gEuEH””Pé lenﬁcﬁp NxEsaGChals gy ké}aydpeg APt 308l rate
e anal performance |
chﬁ@ﬁﬁ?é@ﬁaph?r?iﬁﬁi§ Yo deter mateiun t Sivesegen eRrbonate

hexasaeghar Iltée aN lsaihtﬁohsofThJ;eformeaaisa%liallld&) 1 mol/l.
Alla-lts-Is é ol at ed géggg%%faratjve HPLC or bg
af £V ﬁPtVOGﬁrQ &§P ) FhrphoP L FPFmed at a
.20sepbateﬁereaiunnoﬁcmomd&mg tthhdetbechﬁhquespé&édrhﬁd by
or.k

oot BRHE UM L hdah o4 Ve S A diVer P Ui BSACTy TP

(19€8§;aCEhefedablyracheon1xuure50éutmod|ngntothhe sodium

inﬁ?BEBQQn carbonate is neutralized with glacial acetic

acid. The solution is then concentrated under reduced

25 pressure s0 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

30 hexasaccharide mixture obtained may be analyzed by high

performance liquid chromatography (HPLC) to determine

its content of hexasaccharide AITa-IIs-Is. The

hexasaccharide AITa-IIs-Is may be isolated by

preparative HPLC or by affinity chromatography on an

35 antithrombin III sepharose column according to the

techniques used by those skilled in the art (M. Hook,

I. Bjork, J. Hopwood and U. Lindahl, F.E.B.S letters,
~vol 656(1) {(1976)). ' ' '
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have an average nol ecul ar wei ght of between 1900 and

2200 daltons and in particular from 1950 to 2150

dal tons. According to one preferred enbodi nent, the

ol i gosaccharide mi xture accordimg to the invention is
characterized in that it has anti-Xa activity of
betrwedark80 yl, U tige ansh 3¢hird &) rgcandiing, ©6 vilkd ualdwention

10,no, anti-lla_activity., -Myst particul.ar]l t he

antt%a SheRlPESST SURUIET 260 HhG 560 1V VK Lubp@R; 2nd
of 22R€ dalépnison isdt husn nogranpdciiien ar lfrom i ¥tAnles to
haviirg Hhe fakl owing characteristics: 15 - an average

nol ecul ar weil ght of between 1950 and 2150 daltons, -
anti-Xa activity of between 190 U ng and 410 |1 U ny

20 paRerB9ngor Vistualdne no, peBtkrkba acténbdyiment €Y the
contain froghggﬁto 60% of hexasaccharide fraction

whi*dH IESAES Poft 7591 B89HBRLAY| 40| tidie | gnvention is
fratkhiragce2dzEbe aati thby ofitt héael i gesdechariadeivity of

m xtures_a di to_the, jnvention is, obtained_hy
ToRE EE" Nt yTUpATt PR 4L hr bHLRE AR 1Y dBcripedally
hemei, nbelgw 118 &stivkety. kiowt twattiosslakiy] ethen arite -Xa
ar bokigh cyhe <SPep¥shcoshemhaaboghapact eristics of

pol ysaccharide mxtures and the activity deriving
therefromare linked to the production process (J.

Med. sGtgRct33H10)tHO 3O v@R080k 1990 hus3Smbe particularly,
ol i o%accha i de m %urﬁé ?ccordlng to the,invention

ar 8-prEp&re aBW&eE PyhBH 24t P8nC ?rﬁcﬁ%ﬁ%\:h‘é?y
ammoni um salt of the benzyl ester of a Very Low

Mol ecu] ar ' L (VLMAH) - i n gani [

this % Lﬁ/&%f?q?%e%‘%@garpr g‘%ﬁ'@gﬁ aggo?%%%“ég%% tuJLge50 and
t eddhilngasdtopatent applications WO 02/ 08295 and WO

2004/ 033503. It is generally a matter of re-

depol ynmeri zing a very | ow nol ecul ar meH?ht heparin
- danti-Xa activity of between 190 IU/mg and 410 IU/mg

'and no, or virtually no, anti-ITa activity,

~— they contain from 30 to 60% of hexasaccharide
fraction, which contains from 25% to 55% of AlIa-IIs-Is

fraction.

The activity of the oligosaccharide mixtures according
to the invention 1is obtained by means of a very
particular process that is described hereinbelow. 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 (1%990)).

The cligosaccharide mixtures according to the invention
~are prepared by depolymerization of a quaternary
ammonium salt of the benzyl ester of a Very Low

Molecular Weight Heparin (VLMWH) . in .organic medium,

this (VLMWH) itself being prepared according to the



whi ch has itself been specifically obtained by

-depol yneri zation of esterified heparin in the presence

- of 'a strong base, preferably in dichloronmethane, and

in the presence of a percentdge of water of |ess than

3% The VLMAMHs used as starting material in this
i nveathmng 1 fer @apreepar edpp i patiossl armEOXUTHAYP t 0and

02 882880 W 2004 0358050 TREVERwE  EBHCRE  of Te-

. staepphgmﬁaiem@l espeeial | yovhawe letimlaXa aetighitt yheparin
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gr t 14 a L ess,
JUFRLED LAl LBEh Y, et aspEltE cauIyeos By by
anaeseémmaﬁw@ﬁéonmé &x&eadfileidh inepagrie Heatheegresence

rebathvettens gbgedaFQeYlevall with alaﬁ%%ﬁethaﬁél VehY in
of 158 U he activity of the standard 20 VLM IS

meb8tr BECPENGE i U ® PEHES] H%?r%ﬁu‘%ﬁ%‘aﬁr |Dhw 19751 ddttar®
m5|ght heparin standard. The starting VLMMs obt ai ned

ac Q the process _.as described above, are. .
RSO, LG D R d RSO SOV EnEh CiprRag on

pK'aevaI peeprefdr dbl yaoft igndatreracadiaiig) {qreher pedcesses
h -f t .t

gxgég{%?ﬂ?% éﬁmé E%('g? gfap rl%%etrldn%s %ﬁé' ”6?/0&9 and

EngP . 2@@4/g1%50%169 (1987) or R Schm53|nger et aI,

AngeM/ Chem 105 1420 (1993)). 30 Next, the

quat e n1sa|t of the benzyl ester
doBfy MR SR tdese SoaveTedTRRES e SURGILLY have
sahkXa abelwésydwﬂ gméaﬂérathaﬁap@nrmu%mgymblha activity

b d j I
D Re oo ST SR AL HyBLEE Sl B o
n/ l@e—‘eJ«-Lee}n TACOC4Asmeh 30 (hak-- dahEOIXSY+Zh(90\ﬁé"¥aal actegieeeof are

suffatatd@n el stheemraN i sagrharhdermifs daFHPes Ofheasured

sulfatation of the site, the remainder Is represented
bya@héV+FYaGﬁ%a15 YIdd@iee Thes @Ftdvdtivonodf e steadard
t hﬁmemrallrsdemeagur:@ar eseTd ety dy thhechk r aditenaAzional low

OBl b T g o o et 1

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 (preferred 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 VILMWH is converted into the sodium
salt, the residual esters are saponified and the
product obtained i1s optionally purified. The reaction

scheme below illustrates the present invention:
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McOH, AcDNa Step b b- degree ofestLrification Crude

benzyl ester Pure benzyl ester, + sodiumsalt

Tnraaal Itlan Step ¢ Benzethonfum chloride (WCr Pure
benzyl ester, benzethonium sat sapantfl cadw NaCOH

4C Q( SO)-Na YNH( SO I L JmO . Crudeoligosaccharide
nmodur es sONa) Z | -3 _Crude
ol i gos om £ uf KAt | =002 Step f2 Pure

benzyl stcecr,m:v 8ogiz um sal t o(soaue} Y SO, Ha) 2Jm b
degree of est'if | cation preiesteep fi Pure
oli goslamaareaaudgremsméamoﬁé mean disaccharide)

X= degree of sutfatation of the site, the remainder is represented by the H radical
Y=degree of suffatation of the site, the remainderis represented by the H radical
Z=degree of sulfatation of the site, the remainder is represented by the COCHs radical

o]
O -OEND  O{SONaj Dy OERD O{S0,Na
v 2 0, futfication P~ o
CHC, o O—{OH gy K o) O O
—
ﬂmo;,t AcONa SO Ny NHSONRZ QISO,NaN  NH{SONa)Z |
e S
po o= degree ofesterification b= dagree ofesterification
" Crude herzylester Pure henzyl ester, sodium salt

S Dae OB OISOHyR
Purg benzylester, ONO‘/HI:': Franssafcatior o@o—@—ow

sodium salt Step ©
Benzethonium chloride O[SOHYN  KHSOHYIZ n
(RyC)
Pure benzyl ester, benzethonium salt
E\ " J<
" v Qg ONa Btk 1y ONa oSO
( M\ o o 0 o Saponification
H F-0—OH Yr O=—{0H S—g " NaQH 4°C
depolymenzation _Ste:l.
L O{SONalY  NHISO,a) ¥ P
o ; A O{SO,Na). NH(SO,Na)Z "
Step dande m=~3

Crude oligosaccharide mixtures

" DxrONa XS0 Naj Chéz O NaX 0 qso,n
a o o o Puification
b 00 Ym0 ——{0H }-0—0H Yo o M0
Step 2
OSOMNaY NHsOAs!  O(SOMa)Y NH(S
s (SONa)Y NH(SONa)Z | O(SO,Na)Y HHSOLNa 0(so,Na)~r N0z |

m=-3

Crude oligosaccharide mixtures
Pure oligosaccharide mixtures

A subject of the invention is thus also a process for
preparing the oligosaccharide mixtures as defined
above, wherein a very low molecular weight 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)  transsalification by the action of benzethonium
chloride to obtain benzethonium heparinate,

b) esterification of the benzethonium heparinate
obtained by the action of benzyl chloride, and

treatment with alcoholic sodium -acetate solution




ma- 3 ‘A subj ect of the invention is thus also'a pr ocess

for. preparing the oligosaccharide m xtures as defined

above, wherein a very l-ow nol ecul ar wei ght heparin

with aXa activity of greatérthan 140 [Uny, ally

activity of less than 5 U ng and an aver age
nol ecul e whssiof thzetswEuR0081and 300 d@értxyﬂs ¢ster of

ettt soh e e g, watetions

_ofd

(&0, hbywangﬁaklEQC@thﬂg gal thechensrlbgsthe abthdnedf and

benzeth@ﬂbaﬁbtgahorkﬁﬁ tenobt 3B chenzethoniymyiym  salt,
heparinate, b) esterifjcation of the bénzethonium

hepari ne¥efespphynad bjet hRenaetheRism berEyLPERLSIRYRM OF

and 15 t&eql tEdwetvhyhamheoheahi €as0di um acet ate
sol s,ltl on to,obtain the sodiumsalt _of the benz

este
t heleBP )T RbR Hot Leuar JETORt ShopaPtRong) otuafft hase
transsaxkrltlncat pBa ehlthepbeficyhbigt ef gbtataedthad 20, so

BroductLon 8f L. agty, BN SALL 18, pplccutar
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cetylt rWﬁﬂs‘ﬂ}h'yl heipahium sal t, d) depol ynerization by

means Oéoﬁve%lgnaoPK%h\éal tféﬁ:%fa‘%rya*%{nifncﬁ"flunﬁssatloc of the
obt ain a depo é:rrerl zed i ght heparin, strong

or gani cOHRS BEHRr Vte14F<';¥n é@w 31601‘?/%‘935/‘33F oWeﬁﬁlhécuhﬁParln
conver siwto ot hé heodiliah esatad,y ammoni um salt of the

deppl ynerl gede Yery; v, fol gSuLa0; $8L 9L PEPRr Ly optional

purification.

In the present invention, the high selectivity of the
phosphazene base during the depolymerization step (step
d}) is most particularly used to enrich, unexpectedly,
the oligosaccharide mixture in sequences with affinity
for ATIII. Preferably, the strong base/ester mole ratio
. is between 0.2 and 5 and more particularly between 0.6
and 2.

For optimum selectivity and maximum preservation cof the
~sequences with affinity for ATIII, it is preferable to
work at water contents of less than 0.3% when working
with 1 molar eguivalent of phosphazene base relative to
the benzyl ester of the VLMWH, benzethonium salt.

The bases of the phosphazene 'family are preferably

those of formula:
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into the sodiumsalt, f) saponification of the
residual esters and optional 15 purification. In the
present invention, the high selectivity of the '
phosphazene base .duri ng the'd%BoTynerization step -
(step d) is nost particularly used to enrich,
unexpectedly, 20 the oligosac ride mxture in

sequences with affinity for I1. Preferably, the

strong base/ester nole rat+eN S meen 0.2 and 5 and
nore particularly betmeen 25 For optinmm
sel ectivity and maxi nu bré%@? atWonR%f the sequences
with affinity for ATIII, it is N-efgrable to work at

water contents of |ess than 0. 3% when working with 1

nol ar equi val ent of phosphazeﬁé base relative to the
benzyl ester of the VLMM, benzethonium salt. 30 The
bases of the phosphazene fanily are preferably those

3L|Egaﬂﬁe radbcafsggi ?2 ﬁ? ﬁh Nﬁ aggiébé%¥ C%EeBFlcal or

di Hfiéfementy epreasmseriti ndansgabr abchedhed oyl cgcaikylalkyl

S5 radieahs %t%'l@l'l&%sffﬁﬁ 1lt906 CHDYLR OBt it being
bei ng _possib 4, where appropriate, to
f oPREWELRe e Ry pOf éﬂouﬁh@ﬁ?cﬁp§éPPFé§tPheﬁ? £orm with

6- gpaber@d p- hebebapbeﬁlchn RaAktriedl akheane %Umeﬂﬁémwéred
i nvention i gces as defi ned abqgve

WnBPEEROERELSD balih BB RS, darlY e BaErEn $PBp T

d)lngeﬁtUentls_the process as defined above, wherein the'

grgéaphosp or?%g ?M?fééﬁgﬁyﬁ%ﬁ%négﬁ%ureggéh%ﬂrol& Pert-

di &vsphespherend2ebhyheninof {13 1dihee perhydyom nd]2-

N, Hi%gbmslspﬂm%lﬁeZ 3, %@f?@iéﬁydf QnchedrcHiBRIAR ) - 1,3, 2-
diazaphosphorin-2-amine, -[({i,1-dimethylethyl)imino]-
N,N—d1ethyl—1,2,2,2,3,5,6—octahydro—l,3~d1methyl).

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.
Advantageously, 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
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 1s then recovered by'
precipitation using 10% by weight of sodium acetate in
an alcohol such as methanocl. 1 to 1.2 volumes of
alcohol per wvolume of reaction medium are generally
‘used. The amount of benzyl chloride and the reaction
- time are adapted to obtain a degree of esterification

of between 40% and 100% and preferably between 70% and
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15 The reaction of the transsalification step a) is
preferably perfornmed by the action of excess

benzet honi um chl ori de on the sodium VLMMH, at a
tenperature in the region of 45 to 25C. 20

Advant ageously, the salt/sodiumheparin nole ratio is
bePBeen 0255 tand .3 parfte legteeifhcabfobeakgp Bhlbgide per
pr ef y..perforned r.gani hl ori nat.ed
Doty Y SRR Z6E i, o7, SFRSRthelubE! iithart) Pegerin
a BEApErsferebdly hersberF 28 landy 45tandeprelenablipe will

b%%@@ﬁgwnge@&@@ﬁ este %d'% ahe-§ormof the

sodiumsalt is then recovere preci pi tation using
10% by wei ght of sodium acetate in an al cohol such as

nmetBapebuedtlp, 1.theoburessaf 3ot Lahpl tBert ol qmeaftlon
used e anount '

reacti on nmedi um are general | 0

DRSSP Chl HPHEE GncP T heE SRR TG C xihe o & iapla tEEnaTY
obtamonaudegate of ehtebbhigat keferobfbatpaennd@¥ sadween
10Q0% a pr gf er n7A)and- %.,0.51to0

1. g({ﬁaggcsi %@6\7\/9%8 P$£%§nzl Ob ??r&le%%e%mg §Opart by

wei ght of the benzet honi um salt of heparin are

pr@ﬁ@r@ewe%%n el &guakgfnaﬁgcta&n%n%gﬁe a4l f the

preferably be between 10 and nsequen

t hBePFBEesS e ordi nfheo faClveRtroh heparin dé@t@e the

of seateni fdLld | A ohehbeaquat eﬁ@ﬂf&rm@d”m%} Umr%%JttJ.n@f the
est.er of hﬁlparln of. between 40% and 1

the
anﬁe%?gjré?aﬁlfi?lﬁ@t\)%é 7O SHP 19696 59 L*Fﬁea‘&%ﬁ%?sr%rfutlon
of an@epqeﬁenealnhyywmmoal Ufksabluoiothef bediymn esteete in

of ol Kin t [ salt
ootV FISHETG IR 15 P BB Sl e
wi th @ﬂl‘é T¢c sodi um acet at e sol ution 15 and

preferably with a 10% sol uti on of sodium acetate in

nmet hanol (vvel ght / vol unme at a tenperature of between
15hgh@edg@t "equivalen "of acetate added is preferably

3 times as great as the mass of quaternary 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

cetyltrimethylammonium salt.

The transsalification step c¢) 1is performed using a
quaternary ammonium chleoride, preferably using
benzethonium chloride, cetylpyridinium chloride or
cetyltrimethylammonium chloride, in aqueous 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.

The saponification is generally performed using an
~alkali metal hydroxide such as sodium hydroxide,
potassium hydroxide or lithium hydroxide, in aqueous

‘medium, at a temperature of between 0 and 20°C and
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.20 3 tinmes as great as the mass of quaternary ammoni um

10

15

20

25

30

35

salt of the benzyl ester of he arln subsequent |y used

in the depol ynerization react} The quaternary
amoni um salt of the benzyl ester of the VLMM
obpakfiedabil g pbeteeablw)thﬁmbennethonruﬂm 1 to 5 molar

tyl ' |t
e ChPL B b K834 B PR Bk AR BRI aeg iy ke
quaeednaﬂymanﬂemounfcﬂabl¢mew1@ﬂeﬁxmeﬁﬂgahkynge performed
be%ett%%néﬁ;]@sfé?{&i'gf 10%3"2%{61?&{”8 L ek pL) O 0k §9t}<a1i

cetyltri ['ammoni um chl I'n aqueous nedi um

a WéﬁﬁéraYGF@Xeﬂebetmeen 10 and 25C. Advant ageously,

the quaternary ammoni um chl ori de/ sodium salt of the
benﬁglée%ﬁgf of Heparln nmole ratio_is between 2.5 and

3. 51°35 HR sHpBAPFFcdt3%nOPS1gBALLEI IRF pBrFdLABE bY any
uskﬂgwanmeahb&|fdﬁﬂpﬁrimyﬂmq|d@p5yyﬁeﬁ§z§@ﬂh3phrlns (for
h pot ydr oxi I u ydr oxide, .
R tE e A R O BPafhrab Y bbRLEHTs Saration
20Lsangerfpzmegr efusrialy y K&dw&gan()p&mbﬁiﬁé Fr om latjoeous
> fBhdhn, e@t val epbapalaaLkal o fRldllydhoxide sydd.  his
general |y be use The onification mnll preferably
beCherd bt fd Wiild tﬁ?ée%%%efmeb@f Hexkprmegh| gt between 20
equhyabents of alkali 5 netal hydroxide. The fina
product may optionally be purified by any known

met hod for purifying depol ynerized heparins (for

exdnpl rikPuDeB3Ec3DIdRM)y. tB%ﬁhyfﬂﬂqenﬂi&hpumiébdﬁﬁmOhait

i d
ﬁggéﬁ%p‘ﬁ%f ;ﬁ?gc 1A 1y ' O0ED %erl#ﬁtt bio e a1 kati

erature o rom
opeeadi oﬁrvmalllkaérl@feereamtta m@t@éxfd&hmdcca’w@mmnfﬁ@m one
anga #PCol5r Hbe Jundr e aghordl N é??okﬁéﬁmés&%d Nthe
sodium salt form npy be converte

anBeHerd AAkEFTiPedt b Atk AR n7e3/ela?r§8fp netal. The
conversion from one

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 is well known to those
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,
Emboliex {or Sandoparin)f Fluxum (cr Minidalton),
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

preservation of the ATIII sites.

‘In the present invention, 1f a VLMWH derived from the
phosphazene depolymerization process is used as
starting material, exactly the reverse phenomenon takes

place. The aXa activity of the oligosaccharide mixture




salt to the other is optionally performed using the

‘met hod described in patent FR 73/13580. 20 The present

i nvention especially allows a high enrichnent in
hexasaccharide Alla-1ts--1sT ¥hen a | ow nol ecul ar

wei ght heparin is re-depolynerized by the process

t haticgenerat eddi eyent exsewels| tkaewoft aHehde®a2dn that was

skillad in t %eggget hat ot Ner Rt - XM%“V:W A tE%obable

pr oduct obta ne creases great!y unt
| ncophecugseewhere ﬂHéEprmmﬁgmmxtmmr éblachlﬂgty of the

EngxaBahhBene F@seRardm, ik ¥ Po€O
L09| agln)enﬁb%%éeg ddq%ﬁiﬂ gég?%rgggﬁﬁoggrﬁﬁf sequences

5FIU%EH1€§?1N@HVd§PFo%?II§O Clivarin and Hibor are
used, this phenonenon may be observed if these LMMHs

are. re-d merized wth their original process.
ThiBiE L AT e ot Tt mARCRd adfl A T30 opbserved
theseopgbceSSBS mnaheregpectmbmethearpremeswaélonodf the

éggcéhéfi Iﬁﬁﬁ%%&ﬁ%} g?ﬂgdln h%grlzat%xample,

erive OSp azene de 1 oNn
10prUb@§s As aﬁé@”hsvuéﬂartamg aeeerdal m@iaculyrth@ass of

reyengeqpbespgenods t ake olyh@%zezﬁhe axa aghi Yok clharide
t he ollgosaccharlde m xture - i ncreases and even

exBeEHETE n At T Q%eaﬁﬁﬁﬁﬁﬁnmﬂ%ﬂ¢Rk%¥ T3 06 mfarkr is
thebwhmw%u Tmtsussﬁduhdnﬂﬁﬁﬁﬂthecgeqagﬂ@egewgfhta@flnlty

hEShr cABYTES SRtk d e B D R SR S o ave
15 ATpreseiﬂneS cfmracttére stictioh thE prlioceghaspralzeme base,
Obﬁﬁiéﬁ‘%d gaiggghnt @ﬁeaas%egscggbﬁcahaf eﬂ?&ﬁgtggpt B the

osacc aride mxture obtaln
100Rh@ﬁ éeQEWMHeﬁvtﬁﬂﬁwQﬂRﬁQﬂﬂ?ﬂﬁﬂXﬁﬁmaﬁvﬁﬁégeom01eCUlar

24Q0s dakters tendepebyaeai 28 éve%ggom@&waqe mass of
mxture with an average nol ecul.ar mass of

obtBF nB8aR-FEPPL YRS aAd2PhSL sm@@équemeghw Pﬁxaﬁﬁpﬁhﬁylde
20 foATATHI Is{hexagmTharg/ded. )and1ect ssagtharbdlegoiafted out

‘that, in the step of heparin depolymerization with a
phosphazene base, the average molecular mass changes
from about 15 000 Da to about 2400 Da.

25 As an alternative method, the process according to the
invention for increasing the activity and selectivity
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,

30 Fragmin, Innohep (or Logiparin), Normiflio, Embollex (or
Sandoparin), Fluxum {or Minidalton), Cilivarin and
Hibor. They may also be certain very low molecular
weight heparins as described in US 6 384 021 (2000-4000
Dz) or WO 02/08295 (1500 to 3000 Da), with anti-Xa

35  activity of less than 140 IU/mg. {in particular between

" 100 and 140 IU/mg).

This characteristic of the process is refliected by the

production of anti-Xa activities that are unexpected




15 preserved fromthe action of the phosphazene base,
which results in the destruction and elimnation of

the other sequences, and consequently an average

nmol ecul ar mass that tends toWhrd the average

nol ecul ar mass of the non-depol yneri zabl e species, ie

t heihtxasagshar itte tRe0 é&éﬁa¢é31ﬂdid§u1&% ghﬁ@@ht Idf the

shaul.d be inted out . that st ep £ pagin .
RS I N A el o B e S0 s VRS
nolL80dl & rall¥ chahgesDafrom about 15 000 Da to about
2400 Da. 25 As an alternative nethod, the process
according to the invention for increasing the

5 acBrgPrtflaAd sePectdnd t yPardwaridafact oros@inenal st the

ap@hkr@alallento A r@@aﬂﬁﬁtyﬂﬂt@%r@ep%t%rl NKa of the
gener. al of exa nention wll|l be made,

f
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|nm@ﬂeplﬁgrth@gUﬁaébﬂharﬂdéﬁhhbomeEEQ@hb@ha¢Qﬂe fractions

Sandgpar i i.dal.t.on iV

o DoraebiBhe Rt R M P pd i wBFERE A o this
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(2 4o Da)., cor 50 00 Wi

an???aa 3 %ct%6?ty¥g49%69§g§ﬁé%%14%d% O 3 E?% i

pappllbfapawla@f-%eael1o@han@l§u9rﬁUfLﬁg)%lutﬁfiswlth a sodium

chaya@bgéhsttgr@énﬂ@ HoGesson S refdrcted Hy the sodlum

ction of anti - actjvities that are unexpect
PRI E RO Egarat et st AT ol bl SHGHTor Ofhe from
15(ﬂ Dgbsactiari de nﬂxtmmﬁsﬂ(190E¢éﬂnngraXapSeﬁéﬁablwng the

éﬁgggg?at M{V 1f<,h§s%9f9§)ne %CC‘”Q&E‘@ 111@ 2L rPa{& E“b.%‘i/l

I men |nven T he 'Sef
f a&her dxaesﬁlphelsopegﬁgamedabyd@Vrrsptemce_sgmﬁayybéZ54 nm) .

fUAEB@E'ﬂ&mﬁﬁﬁ?doﬁythéeQH%deHdFidHSéﬁ&h%%%%%s%@@harlde
tetrasaccharide fractions (fractions not specifically

~ bi hERRGIPBSATIHNG oligpridfehanidasBlztRESniby Felklion in
20 chgpaatRgHaRhiedeon cotpoised | hkedheudtdl igRId Ofith glacial

PoLSEL| AL0p 20R00%e LB 2 BOLYaCLYL A 05 96T e
carbdnaté sptedswure PRoef esabty, theaswdiaimsodium acetate
concentration of greater than 20% by weight. The
oligosaccharide mixture is precipitated by addition of
25 3 to 5 volumes of methanol. The high-affinity
oligosaccharide mixture is recovered by filtration. If
necessary, 1t may be purified by desalting on a
suitable column. Example 6 illustrates this alternative
method and allows very low molecular weight heparins
30 with anti-Xa activity of greater than 400 IU/mg to be
obtained.

A subject of the invention is thus also a process as
defined above for preparing oligosaccharide mixtures

35 having increased selectivity toward factor Xa of the

oligosaccharide mixture, wherein the disaccharide and

tetrasaccharide fractions are —also removed by
chromatography, especially on columns filled with gel

of polyacrylamide agarose type.



hydr ogen carbonate solution is a solution of from 15
0.1 nol/l to 1 nol/l. Even nore preferably, the
separation is perfornmed at a concentratlon of 1 nol/I.
The detection is perforned byl¥V spectronetry (254
nm. After renoval of the disaccharide and
tetrasaccharide fractions, the oligosaccharide
m re.i Iut| 0.5 odi,um h en carbopate i
necrarisdytie Gt Soet PO Y PR ool =
th@ﬁdegn@éﬁtpapédcuﬁder reduced pressure so as to
obtain a sodium acetate concentration of greater than
20% by weight. The oligosaccharide m xture is
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i ncreased selectivity tomard actor Xa
ol F§osaREPERI R H xtdik, WEEREILATL heSHPRBR chalsfelleand cell
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prg%e{aﬁué Thedfi\ﬁ@@fécch&{gcgﬁdéwtw 2 Of 5{&? diabetic

Sent rnvention Pay be Used as antit ronb
agéﬁtsnopﬁtbﬁr@ﬂ@uda@bettﬁevegbéomgﬁﬁml for treating
or preventing venous and arterial thrombosis, deep

vein thronbosis, pul mpnary _ enbolism unst abl e angi na,,
my GB&r FERSSHE alBVEBARIORO %lafrcal zelpsERent R, PheEPaseyEical

di &eﬁpesloioﬁ@ecpﬂtaph@ﬁgl a8l hecies g@ﬁina&pmal a mixture
fRe tdon 0oy are &m0 ¢oelibsinkl RIAYPNERD9 &Mnore

inert eXC1p1ents

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

(inhalation}) or oral administration.

The dosage may vary as a 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

without, however, limiting it.




"proliferation, atherosclerosis and arteriosclerosis,

for treating and preventing cancer by nodul ating 15

‘angi ogenesis and growth factors and for treating and
preventing diabetic disorders 18uch as diabetic
retinopathy and di abetic nephropathy. The present
in@&apbmatabao ﬂelaE&@dh&tﬁbarn&EeuhjCataﬁﬂlng very low

co hQOs ctlve prj.nciple,.

M Xt Or eL% 3 éé%ﬁﬁkr$?g SFF?GC n %Lﬂf*ﬁyoﬁgus} to
noid&8. Bnéﬂvmex0|p|ents The phar maceuti ca
CO'TR%S'\Ié Sl@sfremoﬁgEuféi?We% h%S ﬁeglﬂizg‘ﬁvﬁﬁvﬁﬂ) used as
subcut aneous or 1 niravenous
phéFﬁﬁééQﬁléﬁtﬁﬁﬂﬁkmf@¥0ﬁ§a@@é©rér&ﬁt@rﬁhéred according

ln\t@nt iRt eite 5o usad dor pl WQG@@Yoﬁgﬁb@' SR8kl O odium
halatlonﬁﬁrr oral adm ni stration. 30 dosage nay
W%l& f ENCtR U QFMtHE 2ePSwéi diet © aﬁ%i §?§tl§e61f above,

heahéh(ﬂépdﬂymyamzaﬂuonFomﬁﬂpzmhéingltpeﬁfoﬁﬁéarahhy the

betmeen 20 and r day vi.a the jnfr cul.ar
PStbctitaneous route'Hg%1%%%'%¥&ﬂﬂﬁQ§547éhégﬁy Gyro-1,3-

10!IUmmﬁtayépehbydﬁvghtBoa.dl&zapbusphhnmeaein fthed toiregence
I tge gl erBEEPQgSFSE?w £e?r8§uﬁéé9”t9£ aysgarting very

- low nD ecul ar epari n having axa activity
equal to 158.8 U ng The very | ow nol ecul ar wei ght

hena&rECEHEEM%&cHse@faStﬁéfﬂiﬁiynglaﬁtehbibcﬁQEr weight
v{ﬁng é ggred according to patent application
p GﬁfﬁSg 53t m sodi um heparin, by perform ng
15 st Bps ahaxdctasidefiioedofibae, ddge vaeqolagrerhgpaton thus
st ' f i he presence of
2 B:REBa, PE 28 SEM AR T an

atyl'r m no- ylam no-1,3 10
di AEehgypennldrolar3veigt azaphdsphbréme in the

preRgence, Qet§v@§?66ﬂ5@g§ 9@/M@ter of less than 0.6%
Characteristics of th veréfIOM/nDIecular wei ght

hepBFinlopt aFhadits: Thel chafB&t eristics of the
20 depptyrrsi Zediheparhncihusa obtained ALEias §pl | ows:

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 1is
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-1, 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 characteristics of the depolymerized heparin'thus
obtained are as follows:

Average molecular weight: 2450 daltons




_Awerage ol ecul ar wei ght: 2400 daltons: Anti-Xa
~activity: 158.8 IUng Anti-lla activity: 3.1 U ng 20 -
Anti-Xa activity/anti-lla act|V|ty ratio: 51 : :
“Preparation 2: Production of & starting very | ow
nol ecul ar wei ght heparin having aXa activity equal to
158ntlifHyg 26tThétyer ¥58oMirmyecul ar wei ght heparin
(V Ng@) e arting; rial for exanples 2, 3,
& 5IHg QCQEVIé d gcgorg?%g to patent application
W@DMX@S%D@VlWéWE@dI e hepavihy bytper fO¥ m ng
steps a to f as defined above, the depolynerization 30
step belno perforned in the presence of 2-tert-
5 puBPYEP — ot WoMRE; phenpzathpniym,$abt hydro- 1, 3, 2-
dlazaphosphorlne in the presence of a percentage of
wat er of % . 35 aracter CS O
Vo §EnSRAROESCtF APPvBF ohb HEPAR, Foobie: RedzphBontun salt
ChatacrespshdtsgototQEeﬂe@plqﬂe&hae@r$mgew)n t hus .
obtai ned are as follows: Average nol ecul ar weight:
2450 daltons - 17 .Anti-Xa activity: 158 11U ng
lOAmﬁZ EBagacﬁbe&ymeﬂn PO heAMLIMIKA aediwnt yaaht PbERaned

acLiublyif8t 195 RepaaeRanat 10n,3  YhMAHy 1n a 500 ml
benzet honium salt Transsalification of the VLMMH to

theoaéﬁeétﬁéﬁﬁﬁnﬁsane diespi¥8Bonti g I eﬁeﬁaaeroﬁyellow
t heoprocess): 10 12.53 g (20.7 mol) of the VLMMH
sodium salt obtained according to preparation 1 are
placed in a 500 mMl conical flask A and dissolved in

15 853h16bfgmmﬂ@r5(mmbﬂmmofstHte0h¢nimﬁ 8h162ide( #Debplaced

f nzet ho chl QFi e ce |
Topi)f" APRLERL AR SECR 0 RALeTsg Il 0 Bhrer
sofaeien}esTheokehiemt- of B is poured into A and the
mxture is

' The content of B is poured into A and the mixture is

20 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 etirred

for about 15 minutes and 1left to sediment for

25 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 1is washed with 3 times

200 ml of water. The wet beige-colored solid is drained

30 by suction and then dried at 80°C for about 18 hours in

' an oven under reduced pressure (6 kPa). 35.56 g of

VILMWH benzethonium salt are obtained.

. The yield obtained is 89%.
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' Preparation 4

Transsalification of the VILMWH to the benzethonium salt

(corresponding tce step a) of the process):




20 stirred for about ‘1 hour at roomtenperature. The

resulting mixture is left to sedinent for about 1°

hour. .. The supernatant is discarded and then repl aced

with the same volune of wat et8(250 ml) . The m xture

“is stirred for about 15 mnutes and |left to sedi nent

f o 72%3apgr ok3 ek elmma30 maoFut s&mwfﬁheswp@ﬁnaéﬂrﬁ io&talned

“. di scarded

rd andthen rep Iace%vvlthtf ne_ vol gmli 1
WabECOTESEE 1H0) PRGSOl € | S SR ITReh (o7 abdut pemica
rri fuees Aandanderdisddlerest. ithel@@kemis ashedtam t Hy&llow

%g m of water. The wet beige-colored solid is
dral neg by.suction and then dried at 80C fog about

218 hours in an oven under reduced pressure (6 kPa)

._.10

3548649 (@f.1 Mbmeer&é%&%@&bﬂ&h%abhlé&@debg%bnggaczae1n a
yield obt ained i.s 89% 35 Preparatio

Tr aRSs i GG TR the® WAV %60”% Béni’éﬂ%m (Gplorless

sakbluteenfesponding to step a) of the process): - 18

17.93 g (30.2 nmol) of VLMAH sodium salt obtained
according to preparation 2 are placed in a 1 1 conical
fl dsk Acariendi ssOl Bedsi rpcl2dr infowat emd yigld omixture is

sobubisEl 45,3 4 ) PegEeL g lerl g e

'mar@ﬁuééénarmé§§ur§opat#@ﬁy teo sERémepht épt eboBti § hour.

15

pOWhédsh@éQnétéﬁﬁ t BeqrkxhWBedi Snasthehedeh@hcaboutith the
hour at om t enper at ur e. 8’? resultlgg m xture is
4P09 Hdd

I eFFmFoV§ drverftt 19 tSbo e hat anttigred

di foar dedtboartd tien mephaeed wntih tiket same vgécﬂime@f for
e re i st e 5. for. ut

AEpastaaPhly, SO0t ' Tod bttt er § By oontaed

rri ﬁadesth%e sagpérnadanvith dibear dede analtlhen of water

T epbages yi { ircheysae &/ ol 4Me. gt Al eor (A0 )s Fifutes

m xture 1s stirred for about 15 m nutes
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fi pRdr dhernéidiréchs wilthedakiet his Marhed with 3 times

200 ml of water. The wet beige-colored solid 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 17% esterification and a step of
. depolymerization with a base derived from phosphazene,

_in anhydrous medium
.Esterification of the VLMWH (step b of the process):

35.39 g (18.3 mmol) of VLMWH benzethonium salt obtained
according to preparation 3 (with a water content of
0.20%) are dissolved in 183.3 g of dry dichloromethane
and placed in a 500 ml three-necked flask. 28.5 ml




20 200 M of water. The wet beige-colored 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 VLMMH benzethoni um salt 1%re obtained. 25 The

yield obtained is 87% Exanple 1: Very | ow nol ecul ar
wei(@ht 7Thepati n (OAMEEnobl ai med dyy det heapeocesisled at a

0 f .
a% ardLpg,fo.t he | gyepti Oiﬁ}ep %$ %epo & s@’ers%lec?a&?rh is

Jo est eri |cat|on an nerlza F'on W
a Bd3e afdrdwedoprbmIzhobphasend, reﬂc‘ehmdra@usmre@ ukfter

- Egbglihycathon @bmt ep jhe ce
35 35, 39@ (18% rrrlnmr@e%{%é\é\%w% benjz%e?‘ c?nl uml%g% tebotion

5 obTarkEde dccoParRENt olrptr%péﬁat o SE(\ tROZ vertion of

C0@bamhmoéce@azg%hnam%ﬂﬁéﬁﬁﬂ\Nﬂhéfmﬂiﬁhﬁbgls QElQE&d for
dic hargl and |.ace n a 5 t hr ee- , necked
g%s ou

f18 R 19 3195 #* tbenESﬂ G
ar epaddedmatehy flempearat e oéuMatTahe: degréﬁzsoﬁrded and .

esrcﬁéhf' q:% l%%&dSAfhzz:’ﬁ af {:ﬁ ak%g&te 23\7&&#{65 ocgf methanol

reaction coo 0 room tenperature
10 (2236), mi he rEet ik Ging xtltﬁr e Eltslrp’{ﬁsﬂ' edamt eppgoxanately

of 38 ﬁ@d@§@£Utbﬁa(ﬁthémd'y@fﬁcekéteéé&ﬂ@%ﬂ?ﬂoforThgbout
ure is stirred for about 1 hour and then left to

sed%n’@h?@%? appfoxPHBEEN§tANhoutS THESSBpERAat aRE | §hen

di sepmdieddandtn h%ner epime edonuia tbe Sﬁmzaéﬁilurf&zeb ml)

met.hanol .1 250. mxture is stirr or

R ey e 0 T a e o e Pk GO ki, hours.
15 fo'lt“habeuperrl&tamhuiesdl?;hereeqjeandt aheni sedilscaddedth the

angafngenvomﬁé cef wid éﬁgﬁlsaﬂ%ovol obpzet Nagel, o g

(250 m s mxture | eft" to sediment for about
165hb9F%d 1B Théebayer Rat ammtesm%re@rcrétﬁ afdspragion 1is

reph agggedM t Nride caa@e i1yol yaBLeH rmimn%m(é’e’io 90 ) ml  of
The m xtu red for agbout m nut es _.and .t he

TEmhanel’ et BY et o cand S adRr e 4G c80°C

20 50untlenf reduced pressure (6 kPa) for about 18 hours.
34.48 g of crude VLMWH benzyl ester sodium salt with a

degree of esterification of 77% are obtained.

.Purification of the VILMWH 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 1is poured inte 1.57 1 of methancl. The
suspension is stirred for about 40 minutes and is then
30 left to sediment for about 16 hours. The supernatant is
discarded and replaced 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
approximately 15 minutes and then filtered. The cake is
~washed with 3 times 50 ml of methanol. The wet white

solid 1s drained by suction and then dried at 40°C




nmet hanol , drai ned by suction and then dried at 40C 20.
under reduced pressure (6 kPa) for about 18 hours.
34.48 g of crude VLMMH benzyl_ ester sodiumsalt with a

. degree of esterification of~ PR%7are obt ai ned.
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.Purification of the VLMM benzyl ester sodium salt
25ufideep Hdwfed hprpssoess) {6 THE B4, 48rg abowr udd hours.

VLQM?bb nzy! vester [ o di V. i
m "0 agueous 1 %klj\é%yi;g%%%n%@h%ng sgo utale%en ({bst%q}ed'
poured into 1.57 1 of nethanol. The suspension is

stiheedstoriapostid)  yéwtes ol is then 30 left to
sedi nent for about 16 hours. The supernatant is

di scarded and replaced with the sane vol une of

met Deanssalifbeddiod hicE mitkieur eLMWH S then B¢l f @lst@ifoubodium
hour , an ]S left to sedi nent, foy about, 1. ours. The
cubeHiarantie ozt Sr i th e of s D 97 (I Shre )
vol ume of nethanol (1.2 1). This mxture is stirred

fo a i [y ' e t fil :

B L e e L e
wetigppteedsolr d 4% @dai AEd Bytsuctin andthemldr Fegical
at £89&c 2. 20 under reduced pressure (6 kPa) for about

18 hours. 6.07 g of VLMMH benzyl ester sodium salt

are obtained. The esterification yield is 50%

. TIanssaklierat 18n98f gt hel Via\H) befzpbnestRonsadi uhloride

salf_to.t en etﬁ_ i u sq%t % tep %% of %g .

o otes BB T8 LT %5t VERRR beho Belems ol

saftaskeB. 10 dissolved in 40 ml of water in a 250 n

conical flask A In parallel, 13.93 g (31 muol) of

benzet honi um chl oride are placed in_110 m of water .

i nTle 250nkP ol 155 HAWSE BintheRcoftentSeIPEIFOn 18

EOgtﬁﬁré@t@oA-aﬂﬁhﬁﬂﬁpﬁﬁﬁtoﬁtl&Ddﬂ|E%§$bf&$u@@°@k2é3°C)
our .at. room tenperature ézzsg% nd then left to

St b= Ror S tndlt -S4 Sipor Rt dnth ) 1 ST sebpaBaRtant

antls réptasededM didt hepSaced vol tivethé saher vold#8 of)water

Thi B4 XEHT erhE sSti%E 8%l s AU P PLPULESUL 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
15 minutes and left to sediment for about 30 minutes.
The supernatant 1s discarded and replaced with the same
volume 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
then dried at 80°C under reduced pressure (6 kPa) for
about 18 hours. 17.43 g of VLMWH benzyl ester,

benzethonium salt are obtalned.

The yield is 100%.

35

- .Depolymerization of the VLMWH benzyl ester,
benzethonium salt in anhydrous medium: undetectable

-water content < 0.01% (step d) of the process)




and left to sedinent for 1 hour. The supernatant is

di scarded and replaced with the sane vol une of water
(140 m). This mxture is stirred for approximtely 25
15 minutes and left to sedifreht Tor about 30 minutes.
- The supernatant is discarded and replaced with the

sai@. 4\30Igurf§ 0f wabé) ETAVLMAH actoirslimigxtor @rieparation 2

et g 0L 3 B S oL pLE S TRy
by0§u@triYOr€ilaﬁ¥i03r@Hleﬁé1@n@rl ad .4t BOTE uhddr mpddgeddr sieves

PressunBdel. kitak f9%ktuaBoyt é%laeeasfo%7aﬂ%ug q% MBMEH at
benzyl ester, benzethonjum salt are obtained

Syi EPAM §e1peTRTaEe. [b%%%f‘y%rﬁ“i%ﬁoﬁno%ﬂf% %Where
benzyl ester, benzethoniumsalt in anhydrous nedi um

undet ectable water content < 01% (step,_d) of, the
prgggss)sm‘ﬁs 17543 gs?@ajﬁtﬁgo c??m EA?\?I actot by
totpeeparatiog Zhear soptated mmta; 250 280 tihr eezhnreekeécked

fl %.sL SW th 1%3 n.ijn 29 dféldggﬁcé'l or o@:“t t}a@%rtlgu%tyglgaaé 2-

ecul ar Si eves re a The mXture is
10 f odlabbmﬂamsnﬁohr g-dimeshy bpewhedper bt e (223C) under

and%!@ﬂh@&ﬁﬁé?bﬁée arEheacﬁié?i’e§n§r %h%eﬁi‘?f;?&ﬁ% f:[QmsUﬂ@red
m xture ﬁ@ transferrip ((thhe solution into a 250

t hFBE- p8ckenrst fhsk2:d. We¥9?f14aW)amosphere
2-tert-butylimno-2- 10

dlehlamnol d th dro-

di aéo%ﬁ Sphori r?gf a %‘@ ﬁ‘ér?’heapﬁ ‘fné s§l§t| rr the
15 ¢ osogzluhoaaétal(-?»ﬁ@ﬁ@lmdértm proEs Sk nospher e.

. Conversion of the quaternary ammoniumsalt into the

15 sodium salt (step e) of the process) In parallel,

7380 mipagia ldethandd§ cmiow s onrtraetiar d 0% osedigh aretate

prSBQﬁEQOhna@ezp%eﬁgﬁééainfha§kl goﬁlcgloElaEMf|Q 71 g of
Eri Celite are added to the solution. The, 2
£i8n %o

HBALGES | S2pbf e8 TRt 495 F@tﬁsﬁo%lutwn The

20 sokettononwhiniectmient ai i ngpdihead enpatat urheat ﬁlb@htinolic
4C§o u§18H§pe %h%y hglg Egﬁfggfq{ ab%%&p%%aghnUte%: about
4°C, The suspension is stirred for about 15 minutes at

this temperature. The mixture is left to sediment for
approximately 45 minutes at room temperature and the

25 supernatént is then discarded and replaced with the
" same amount of methanol (450 ml). This mixture 1is
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

30 (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 depclymerized

35 VILMWH (sodium salt) in Celite {(8.71 g) are_thaingd,”_

The yield is 72.5%.




this tenperature. The mxture is left to sedinent for
approximately 45 mnutes at roomtenperature and the

25 supernatant is then discarded and replaced with the
same anount of nethanol (450 fit)7 This m xture is
stirred for 15 mnutes and left to sedinent for
appfepemifékatddnm wdt esth&hecsuger ndeppilymeragadn VLMWH,

di §sg%gpd g% é%ﬂ%ﬁf?ﬁr‘é\ﬁkhtﬁg $80Es gount of

met h S mxture 1s stirred for
about 15 minutes and then filtered through a No. 3

si gt 85 funeels Hhe1)cake drgdea gj%l\‘y\’mteliﬂz\é’ﬂ‘:@lml—lm (s®fdium
nmet hanol”, . dr ai ned by suction and then dried for about
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of cru depol yneri ze sal
10 CeFLMiéodlﬂéedl gsolay &gring 46-une ofn mﬁt%rrww hefi 4°C. This

fihteradet hriqughsai Neeq 3 st erafdinel 3 T@m%u@%'”@t | $his
rinsed with 2 portions, of 30 nl of water.

fi FEPREEAFUT R} aEEa PRAAUBOBSeushrsARSS agkadézggpiN HC1
(9se4umirbh) &folab%eﬂomylﬁhhﬁdtﬂéhdfbfsoillm oy arfe NHC1 ang

|n cedat era e_in_the region of 4C. Thi
%? i F A5 %%%u% 3° fw%ﬁ?%“‘gt { approxmately
15teﬂn5emanutes,Thé1r®ed|m|h1 | sheutethiazeld b)araddlar@dadxl The
Hcgus ghﬁ}bﬁnlsf QH.Q%% A aQBbhkoﬁ HEu%laﬁdgtﬁgn'\@gft to

t er stirrin
apﬁﬁéimﬁﬁﬁelf)‘Pr153015mhilHE?§s Theo ﬁﬁp%’ffnaﬁeﬁtrﬁanbﬁs giigcarded

addgd. réb@acéasweeﬁleﬁelgaﬁbléh@dnEOBfaﬁeuhaéomoqa3@nﬁ1
theg left to sedinent fo %9 ut es.. The, super natgnt:L
i ! eft

ScArFEHTCand r etk REEsdme RRIRS of
20 methanalediz@ditm )for ThB8 nmimxtwrtesi.s StHd r esiu;ﬁ@rnab@mt is

15d£”s.82{;889a99d' gé}‘glgé’ &%&%g ROt %Or 3°?Hmn %Smﬁgpxanol
supernatant TS r8card resla
anddht of ) refhdsomixture is stirred for approxzmately 15
minutes and then filtered. The cake is washed with
twice 9 ml of methanol, drained by suction and then

25 dried for about 18 hours at 50°C under reduced pressure
(6 kPa). 2.95 g of crude depolymerized VLMWH {(sodium

salt) are obtained.

The yield is 73.7%.

30
f) Purification of the crude depolymerized VIMWH,
sodium salt (step £2) of the process):

.1.5 g of crude depolymerized VLMWH, sodium salt, are
35 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 O0.1N sodium hydroxide solution. The sclution is

filtered through a 0.45 um membrane, and 84 pl of




(210 mM). This mxture is stirred for approximately 15

m nutes and then filtered. The cake is washed with

twice 9 nml of nmethanol, drained by suction and then 25
dried for about 18 hours at~ 50C under reduced pressure
(6 kPa). 2.95 g of crude depol ynerized VLMMH (sodi um
saktipeane Gbtaimethogire pemdxides S u¥hon 38ré) then added.

PughE ﬁ%&kﬂ?soﬁst Ig%ﬁgl’rgge f@?p? %ﬁ!ﬁ%‘ Z%‘E %Wtem%%‘}'a‘é@re,

salt (st rocess
depBi ﬁerlqe@@drn\el_mm §Hd|qm8§@|ntt %ﬁfe9 ’35 plfédedenaaldlng

500ﬂhmtBba@umeﬁ§a§o&haékswuhhléﬁ mrhaf reatetonThexture is
solutlon is maintajned at 40C for. about 10 m nutes.
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sodhef hyadieexi dBf 66k Ulsitarrifhe St ubbenti 90 fhlheres, the

309 hy b1 BBoh oo EP LTI SR TTGR & & Thor BBehe=SThe 11 ml

nimfumethaneﬂlaredaﬁdedZahoarsempeEGOHKEempemabumeglon of

uhike keeplng LBe phlgonstant <t Y B mately

N sodi’'um hydroxi de ‘soluti on. f%e reac |on
10js1§ mhéhtﬁéuﬁﬁaﬂﬁ%ﬁﬁ WETPe B UN$CL 30amd 2Ty Bethawpl are

ar enehhefydddednAf L gE %ﬁggér@l&rpr aboyﬁléﬁe@ MeHES about
the solution is_ filtered thr menbr ane.

ou

141nloupt FREhShoFTARE éadEBeﬁthOPEﬁﬁeﬁﬁﬁuFEe Rigfare is

regeon ab siéamﬁlme s wtasud sB(StmimdeéorThe supernatant
ap rOX|nate 10 15 m nutes. at ro t er at 6

Dot bl SHPET ¢ RBn Aded e 1o s dberdtbn j40° il of

153tmethdn®braﬂanmddadhmm'tﬂhesgﬁumemm@dspr¢m&pltate and

St ‘BHESd R he mixtueg hsq | ebE 1o, Sedi rant nﬁ%ﬁ%‘!m The

m nutes. The supernatant 1Is then taken up a _
d|§€9%l@élt%ﬁ@ M9 46GTH 6f 15°wd et &£ adeegopdmately

t heospdiaess edTﬁée%LHiéﬁ{aﬁ:éth i hicgkBhXWUH €ahg dlscarded
stlréedaﬁ r ab ut utes. The preC|pé§%§e |s g h
(f3selihent bor 81 méesngnoso” the
20supeenﬂpﬂnﬁtesJnakenspanamdndlsgamae@ t4btatdd 45Ad The
ofwg§£gaggkea%%é§¥%gé nd Ehen 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

25 about 18 hours, 1.303 g of pure depolyvmerized VLMWH

(sodium salt) are obtained.
The yield obtained 1s 86.8%.

30 g) Characteristics of the depolymérized VIMWH thus
| obtained
Average molecular weight: 1950 daltons
Polydispersity index: 1.1
Anti-Xa activity: 283 U/mg
" 35 alla activity: undetectable (<0.2 U/mg)

Example 2:
Very low molecular weight heparin (VLMWE) obtained by

the process according to the invention, comprising a




20 precipitate in suspension is then filtered off. The
white cake obtained is then washed with 2 portions of
3 m of methanol. The wet solid is drained by suction

and then dried under reduced $tessure (6 kPa) at a
tenperature in the region of 50C. After drying for 25

abeutpl8 hdurs,49% SO%sgt@flmﬁ:ﬂﬁfpol yamrdi zed VLM of

(sadi : 0 ned The yield talned S
868%%8&%@%;&&%5&%3%“ c}%as %ﬁﬁzé gepol y%‘r |phé)§phazene'
VLMAHanhygropbt menédmAver age nol ecul ar wei ght: 1950

daltons Polydispersity index: 1.1 Anti-Xa activity:
283 U nmg 35 alla activity: undetectable (<0.2 U ng
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obtalned by .the process according to the invention,
step.of 49% esterification and ,
“B gde@o®rf@f?<?1zat$%nvww BepebOABL MPedoh FomPtained
phaspbadﬁsng, tol prapkydrtdds e tem df§§cﬂvécﬂ cati 00.08 g of
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flask (the water content of the reaction diumis

0.6996%. £5 3 & FIOTCRABRYE of ObenAP° Cohl oFhle @pgree of

addedeat fackeMpar akun®20faf3QE ra-tdeal eﬁo@fabout 7 hours
est rifi, at| %after reaction. for out 7

iS
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tenpéerature an o0 Sedinent tor about
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W B hBgrsane prl ung,of rABt ol 1610Q1iMdarded  and  then

replaced with the same volume of methanol (100 ml).
This mixture is stirred for about 1 hour and left to
sediment for about 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 under reduced pressure {6 kPa) for about
18 hours. 3.90 g of crude VLMWH benzyl ester sodium
salt with a degree of esterification of 49% are

obtained.

.Purification of the VLMWH benzyl ester {49%

esterified) sodium salt (step b) of the process)

3.20 g of crude VLMWH benzyl ester sodium salt are
dissolved in 39 ml of aqueous 10% NaCl solution. The
solution 1is poured into 176 ml of methanol. The
suspension 1is stirred for about 15 minutes and then
left to sediment for 2 hours. The mixture is filtered.

The cake 1is resuspended in 175 ml of methanol and




20 This mxture is stirred for about 1 hour and |eft

to sedinent for about 1 hour. The supernatant is

again discarded and repl aced th the same vol une of

met hanol (100 m). This nixt%¥L is stirred for about

5 mnutes and then filtered. The cake is washed with
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A9%nar &ye @bl nedec3QndAy i Fbgatban WledNf-o/LVH kPa) for
benz | ester (49% esterlfled) sodium salt (step b)
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sabblarare35bdaﬁﬁeaved in 39 M of aqueous 10% Nad
sol ution. The solution is poured into 176 m of
nmet hanol . The suspension is stirred for about 15
m Abeescapdalhenyiéedt for sethererdstfari 2idwuiresy Fhese is
m xture is filtered. The cake is resuspended in 175
m “of méthanol and - 25 stirred for 10 minutes. The

O mixture is filtered and the cake is washed with 2

por trraAssali20catich B hanal . vie WanM0i t 8s88ki dkd Sthe
|ned ngsuctlo and dried in an oven at. 40C under

ﬁeéa %Bﬂrﬁa (PESPor SF abBRPAZCRITNS. 2.62 g

of VLMM benzyl ester sod|un1 salt are obtained The

t h
T2 FPa s R 171 CTPOR G ¢ hE U VAR AB oo 68k ePSth T ol t
15benzetﬂgﬁsnﬁvsdlnn(éﬂemlcpfowathe dcovéssg)l: £2a62 gA”). In
gé?aﬁ!“f@h) @ 3%“\6/\'" §”éy'mn%51ter §°B%P%§ﬂbhlyﬁk5 cBhbride

solved in ter conlca
paﬁélel Eﬂacsdgangb'@113120ﬁn’ﬁéﬁ§eéflrbe@1z<é@wbn£m%r %re
are placed in 60 mM of water in a conical flask "B".

The _content of "B" is Eoured into "A". The Hspen5|on
The content o s poured into “A7. e suspension

20 1s 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. 1s 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 1s 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 _
.Depolymerization of the VIMWHE  benzyl ester,

benzethonium salt:




20 is stirred for about 1 hour at roomtenperature and
then left to sedinent for 1 hour. The supernatant is
di scarded and replaced with the sane vol une of water
(70 m) . This mxture is sti4ded for about 15 mi nutes

.and left to sedinent for 1 hour. The supernatant is 25

di scapded and3repiccedow tVLwe saee yrdeve eh vwaterno ml

Rl LR S 1020 i cchene
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watShedmikthrd per thomsyidf 660 AD°of awalt erherdrst ivededyuntil
sugt | h ' j %

SOSL00 0D} LED Sohetolg, a6y 2VE0; 8,00 R0t £gbeRt o
VLMY reealzydn esixrubenizet Abnoitind s@bt. at e2pbndi €d3 mmol)
Theryield is 99% The_water ceqtentnglo_diethylamino-1,3-
t he, benzet honium salt is 0.6% 35 .Depolynerization

of AR NRRT bEtes 1L bt erdia ERttivHiiig sare; agdged and
. 6:88 GikduBem )sofr MdMHo2r @ 4pl 188k | Bt a 300 Mnder an
t hree-necked flask with 54 m of dry dichl oronethane.

TheRF %t BT HrDught to 30C and then stirred until
di ssolution is conplete. The estinmated water content

O cbheateR6 | 07 Nl VBB RO Jufitbunl 218 P the

15

20

25

30

- 35

) ert-butyl 'mno- am no-
di pediyn pe3ky dfstep R2-ofjithaamrensa®)i ne are added and
the m xture is stirred for 24. hours at 30C under an
inert atnosphere._ 10 . Conversion of the guaternar

. _ 0 y
antnParfsaft i t’d the SLodramhanttitstlp Sodbun hacetate
preocessjon N gpar apkepardd0 1 of net han@ricall0%rsadikum The

e s BEEEbER ik uf 6O8 SHour BALP nt §¥n Hetnanolic

meshhnolor, wblidei ommintelmimai mhai niegoeheture at about

t efper abiiL es%nt abous, AC. sg—ffrééljsf)gf]sé@ﬁl# S1 Sﬂéﬁf egt , room

for about 1 O%F at room tenperature. Is mxture IS

| efemperayigentTHigy mixture is left to sediment for
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
is stirred for about 15 minutes and filtered. The cake
is washed with 3 portions of 40 ml ¢of methanol, 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.
The yield obtained is 89%.

.Saponification of the crude VIMWH, sodium salt (step
fl) of the process):

2.29 g (3.8 mmol) of crude depolymerized VLMWH, sodium
salt, are dissolved in 23 ml ¢f water. The solution is
filtered through a 0.8 pm membrane and then placed in a
100 ml three-necked flask. 575 pl (5.73 mmol) of 30%




20 1 hour. The super natant is. discarded and then -

- ‘replaced w th the same anount of nethanol (165 ni).

- This mixture is stirred for about 1 hour and left to
sedinent for 1 hour. The supefmtant is again
di scarded and repl aced with the sane anount of _
-antshamoin (ﬂ?@dmgidérhifﬁdﬁumdwne 25res simtreduded at a
about 15 nut es_an iltere T washe .
o ERTEEEaTh PSSP e P e ol Cr al TR g TuEe ds
suetioneantiot hehodt | édhémrs abouthi8 terwsratmen. oven
at 50C under reduced pressure (6 kPa). 2.29 g of crude
depol yrmeri zed VLMMH, sodium salt, are obtained. 30 The

5 yi BRUT olifaitied T8280LEN . BABGHEE| dat inpRiofakiredrdeadding

VLgMﬁhl§9th€t§@|%cﬁﬁtegolmdhéy dnediacess)ot 387 mg of
of crude depol nerized VLMM soﬂl um

saPPIIQreéa¢§§%|vaaeFﬁtgs andof Liat BE. Phe FGLHENS
fi kbenedohhigugtiar@d fum nEvdiangsand nbhes pimresh IIﬂl of

: h ked fl 75 5. 73
B i W EL A R gl gaﬁéew?%du%g%alg}ed
_ 10teﬂperaedr efon tdwutegid3dn ofin8CesThendi xtsir ehien left to
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SORBQ spdh um aegkat eiandirk3 mMs of stethanol fodhes further
bﬁ ion is stlrred for bout utes and 65 m of
HOPuESs AT SR S TP R denel it obPa HEkL TR 1 0£ox
15 staboet 30 atiouttedQ nirhet eSuIa@flnasamhemé efdidagzrded anad
.S f b 0 he_.s nt . .S .
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methahere (@36 fmn)rradn Sopmi ehaut | 85 smilggsf ognd filtered

fUEBPSﬁ?h3% ”@igﬂé e PREANH IR €] ¥nandedise | 86t dfsned with

sedi men about 30 mnutes. The supernatant 1s
di StaFded aRl Ofr cBPERRRC t Hrefdedarky anbGhiogs and then

20 weaB@@@Iuﬁdérntéuuaeusprahghuée(ESkgaerf@@ BBbuadbest hours

15, nlggtggegngt gbL8teg63 mg of crude depolymerized VLMWH

'(sodlum salt) are obtained.
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]

The yield is 52.6%.

25
.Purification of the crude depolymerized VIMWH (sodium
-salt) precipitated with NaOAc {step £2) 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 is brought to 9.7 by adding O0.1N
sodium hydroxide solution. The solution is filtered

35 through a 0.45 pm membrane and 28 nl of aqueous 30%
hydrogen peroxide solution are 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 solution. The reaction mixture is neutralized




through a 0.22 pm nmenbrane. The cake is washed with

twice 5 m of nethanol, drained by suction and then 20
“dried under . reduced pressure (6 kPa) for about 18
~hours in an oven at 50C. 5632%my of crude

depol yneri zed VLMMH (sodium salt) are obtained. The

yi aflidhi S0 52N 6%C125anBurdfd caigi OﬂfOfNatd'ILe atedeadded. After
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const ant 1 I N . I um I e
COPRbRRhahRE Reacifesh nERhr By et e T as (104! 8%m)

- 10wi flR.6. 1N1HCo fandeG2@noiy aﬁ:el\laeldd&de a@dedtheAf tsedimented
_St F%bﬂglfcg‘&el‘én@' I%%tee%lgélﬁ:eso%é'lf‘#@f?f bI-eFLS minutes.

m menbr ane ano are
ad@'éé aPréctl@r%ﬁélt&t udé i nlate rey; oﬁeéﬁdlf@?n?hefgr about

sokgt h@Auk &8sst |We3ds1ﬁ£§l=5rri|a5ta[ﬂﬁ1ul§5t@tkehoqm and discarded

te rat re. of. net hanol _are added. A The
SUZE nsion *i s fitl‘i‘lf‘edofformf‘ Tr?erestl?‘?‘fl%‘g jgnd the
15thpmeslipp)pedeartd1 tshepenstone 1s Itefetntﬁmeelraéntoff)r The
S t [ e n a
d| scar aey‘]ﬂ((ifs %9%3)%%‘ {isfgéﬁ QJa %%e%t h“ztlir%o néj Eoraéo‘as ot
t oot hé oddimerhanbl prBle¢ piveht @Oén@i tiee @r&:m@@ by suction
sthpped {13 imgnuiSer E’%%u@e%ﬁ'@kéééﬁrés (€fkpk® at a

resedi ment for about 30 m nutes he supernat ant |s
taﬁéﬁpéﬁaﬁﬁaedllsrbaﬁiaéd re(gllsor}n pf 130 - oPLHEEhaMeYL1Rg e for

20 addednadst hes71d predPi pake idepISARIISIZY | SLURNEN (sodium
fllt?£?daggfobtalned The yield obtained is 67%.

Characteristices of the depolymerized VIMWH thus
obtained

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

. Example 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 g (7.3 mmol) of VLMWH benzethonium salt obtained

. according to preparation 4 are dissolved in 73.67 g of

anhydrous dichloromethane and placed in & 100 ml three-




white cake obtained is then washed with 2 portions of

5 m of nethanol. The wet solid is drained by suction
~and then dried under reduced %g)essure (6 kPa) at a
‘tenperature in the region of C After drying for 20

18 hours, 376 ng of pure depol ynerized VLMAH (sodi um
sahk)kate falalsai nathe Therant etchiodbiii aedehs @é%rtion medium

Characteristics_of depol.ymerize MM t hus
s nagesEt i1k T Y T B T by gt benzy
nmokédolradeweirghedd2do@tDa ExapplretlreVerly 306W. The degree
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process accor ngo the I nventi Qn, conpri si ng
5 of 2P3mpegeerdt i édt fon Ak SPeplof ‘depdbbyhelieRpEraiure,

Wi tRed RaRE 8l | MedthFoOMiRhasphaZenentol NI 4s 2 123
medi um 35 Esterifjcation of.the VLMMH (step b) of the
pr §€é8§y-°on1 917 spddnrs JRFAJLOF LN REF Bz et RBRI BATFSHFE 15

Ogts%ii&@édf SO L dgngnimawﬁlparcat & 4 t@ﬂ@gdhﬁ&@b\éaﬁacﬂ Nthen
7 g.o a r.ou i chl oronet.hane an aced in_a
T3S eSO ok SBpRE O A TSI, B iR g cant
10 t he sr edottagnlene dingmthien assaheerbdswt230)e &3mel vplaBe of
enzyl,n € i denpke a atenp
g:‘m%%agfl??e d%élroee%%;' es?gggfi gﬂg?{%g%tel S %% gﬁ?{égé& f?r
redét mépukep abdutths Zoisisrssiom Bodilferedcobhrengaks is

r oQEHLeRP&idhuUre, pothfofi®asti Aot U stRAHEEY WRtE@ned
210 mMl of .a 12% ?‘Bl uti.on gf sodi um acetate_in
X

mePKafgFt iPRe 2R EARFE AE1egt fPFedPPEP*aRai Y &8 hpurs in
15 roam beeperzat Wi Anthddrenredieddd tprseshrent 6 f kPapbolB.3 g

1.5 _haurs. ernat.ant_,10 is_disca hen
B aet R (AL AR s oo hBE RS (Uhbhaf) deares
Thog mexeuiéicgtsonredd’Bdr ardSobiained. and t he
suspension is filtered. The cake is washed with 2
portions of 100 m of nmethanol, drained by suction
andPERéSigREAENS orfpprEh® mat BIFH 8 RAREYY n ester  (73%

20 oveBtakifedyndssdiadusglt p(£saep®) (&£ kilte prddess)o:

The 13.3 g of crude VLMWH benzyl ester sodium salt are
dissolved in 133 ml of aqueocus 10% NaCl solution. The
solution is poured into 600 ml of methancl. The
25 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
30 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.
35
The esterification yield is 49.6%.
.Transsalification of the VIMWH benzyl ester,

benzethonium salt (step c) of the process):




of. crude VLMMH benzyl ester sodiumsalt, with a degree
of esterification of 73% are obtained. .Purification
of the VLMM benzyl ester (73% 20 esterified), sodium
salt (step b) of the process)30 Fhe 13.3 g of crude
VLMM benzyl ester sodiumsalt are dissolved in 133

m of aqueous 10% NaCl sol ution. The solution is

po?rsg i nt ?3 6%% m of nmethanol. The 25 suspension is 1
st £rféd % of > abouf™es) nidut B gPEREY ! 18548 pSodium salt
sedirgenti sfsorl vapproxi mat elly dfhedrterThien sup®onathntondcal
di arded.and then repl acedw th_t same, vol unme
rre?%gﬁgl (400 m 3 TIP}%) a?rf%wUr e‘r’i'g5 st rr%]dl'féér %’g(fé'bl of
55 benmetkomndmt hehofidiet ened. pTheedake 30 s wdshetler in a
yvi HBOSmEi 98@1&99 ﬂagﬁ ek hanol. The wet white solid

i s"drained by suction and then dried for
approxi mately 18 hours in an oven at 40C under reduced

PregsurentenkPa)s %383i9 gbuYeMMHhenzylr estge sadbERkion
salt are obtained. 35 The esterification vield is

4918065t IFEEL sEPF £ PPN on! of e % MAROBenSAPYdEre and
- 10 betzehhdrifitm sal tsgdinemtc) fot tdfreess)Lly - 13thouwk 27The
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conical flask "B". The content_ o B* is pour into
" Al hape. stiBpeSsPSAERaanSt iisr H TG dsb AN Reptaged with

15 I OPRRt esmRs | latﬁtfllﬁln@dok_?_hhﬁeéﬂ etso:%ﬁ)e.dimgﬁt Erﬁ_g(talre is
ap OXIl our super nat an S 1 SC e
B Er e B it ot eEnre BT TS ubhe? FSOLAFSd. The
Theakextiwx eweshetli rwech f & paboubni5 off nG0esmhncf efrhiter,
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20 M BEt eEMAR L ReM fLiteF 8benIonium salt are obtained.

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

product obtained is 1%.

25 .Depolymerization of the VIMWH benzyl ester,

benzethonium salt (step d) of the process):

5.45 g (3.3 mmol} of VLMWH are placed in a 100 mi
three-necked flask with 40 ml of dry dichloromethane.
30 The estimated water content of the mixture is about
0.1%. The mixture is brought to 30°C. 958 pl (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

35 argon atmosphere.

.Conversion of the quaternary ammonium salt into the

sodium salt (step e) of the process)




cake is washed wth 3 portions of 50 ml of water,

dr ai ned by suction and then dried for about 18 hours
in an oven at 80 C under reduced pressure (6 kPa) .
5.67 g 20 of VLMM benzyl est®¥r benzethoniumsalt are
~obtained. The yield obtained is 98% The water content
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left to sedinpent fqor _approxi mately 1 hour. The

sUpBEn&ehft 18 datfHedisRd 3 t haRePepheBd vﬁ’ft hrekBanol,

15 saﬂeaaﬁ@unbyoéuaewan@hd taéfn ﬂkiedThbs Abxtidr €8i Bours at
30, m nutes_10

b ft di t
Fordabot s’ i et e s Bar ) 1 s Lagdi TOF erude
dldeaobmeanziedemm wistilithe sshhe amwantokofained. The
gf]@fgl Ogg%g_)n%) sThbsgaixture is stirred for
ap

r oxi mat e m nutes and then filtered. The cake
i s washed W|th 3tines 50 mM of nethanol, 15 drained

20 by, Qﬁﬁ&hﬂﬂzé@ﬂléﬂenoﬁrl%ié‘”cﬁﬁ&éﬂ é@p@ﬂyﬁérﬂied5OGIMWH
under,, r educ essu (6. kPa of crude
deﬁﬁﬂﬁmr?ﬁgﬁ eim £:§)oo?{m1f' IR‘“%ﬁ obt ai ned. The

1.40 g (2.18 mmol) of crude depolymerized VLMWH (sodium
salt) are dissolved in 14 ml of water. The solution is

25 placed in a 100 ml three-necked round-bocttomed flask.

351 pl (3.5 mmol) of 30% sodium hydroxide solution are
introduced at a temperature in the region of 4°C. This
mixture 1s stirred for about 2 hours at this
temperature. The solution 1s neutralized by adding
30 glacial acetic acid (100%). 7 g of solid sodium acetate
and 130 ml of methanol are then added. The suspension
. 1s 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
35 mixture is stirred for a further 30 minutes
approximately and is left to sediment for approximately
16 hours. The supernatant is discarded and replaced
with the same amount of methanol (80 ml). This mixture

is stirred for about 15 minutes and is then filtered




yield obtained is 65.8% 20 Saponification of the
crude depol yneri zed VLMMH, sodiumsalt (step f1) of
the process): 1.40 g (2.18 mmol) of -crude

depol ymeri zed VLMAH (sodiunt 3&lt) are dissolved in 14

.m of water. The solution is 25 placed in a 100 ni
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for 30 mnutes and is then left to sedinent for about
1 hour. The supernatant is discarded and replaced

wi TRet HéeddnebaadnAe &F BBt f&nol (80 m). This 35
m xture is strrred for a further 30 m nutes
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m). This mxture is stirred for about 15 m nutes and
is then filtered - 32 through a 0.45 pm nenbrane. The
cake3i adaghedritfen depgilymerdzar ofL heseAivgr aphby are

bypia@buomrand tivenm1 drth%@et%c@a@utfl%mourghat3 550Gl of
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neutralized with 0.1N HCI and 430 mg of NaCl are then
added. After stirring for about 10 minutes, the
solution is filtered through a 0.45 yum 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 f£for
approximately 40 minutes. The supernatant is then taken
up and discarded (10 ml). 10 ml of methanol are added
to the sedimented precipitate and the mixture 1is
stirred for 15 minutes. 'The precipitate 1s left to
resediment for about 30 minutes. The supernatant is
taken up and discarded (10 mli). 10 mi of methanol are
added and the precipitate in suspension 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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is stirred for about 2 hours at room tenperature,

whil e 20 keeping the pH constant at 9.5 0.1 by adding

0. 1IN sodi um hydroxi de solution. The reaction m xture

is neutralized with 0.1N HCP3am 430 ng of Nad are
then added. After stirring for about 10 m nutes, the
solntiepnregutett eredstifeoudgh kp0. 4 pin tembeadeurd h the

25 . met hanpl,.ar e ded.at.a t erature.jn, the
Zor 8l OB BR18h &) SaRELE Bl Ry BOPRBLHE S b bREs | 199 mo
at of oprret dapetmnarezed. YLMKWHof spgi hanehlal earhenbtained.

adgdgd. Theq syspeRsyonsisystirred for about 1 hour.
The stirring 1s then stopped and the m xture is |eft

to sedinment for 3.0 approximately 40 m nutes. The

SUBRA&PAEBELisEidden dfakeRhelp &St sed (3QMAH - thus
10@€1 of t hanol are added to the sedi nented
pr8eFD

t28%e and the mixture is stirred for 15
m nutes. The precipitate is left to resedinent for

about 30 m s, _ The super t . is 35 taken up and

i SLaFagE TIO AT o e bf ot HARI OB e added and

t heopyécsperatey i mdawpehsion is then filtered off on

a Qng§_§g1g@@p599$: j%? ﬁ@hﬁg cake obtained is washed
| of 5 of t

with 4 portions hanol. The wet solid is
drai ned by suction and then dried - 33 under reduced

pressmbee (H; kPa) at a tenperature in the region of
SOITE%?TET'drying for about 18 hours, 199 ng of pure

depol yneri zed VLMMH (sodium salt) are obtained. The
yi eLdiiobt abhedned 54% Stigharpeteessti excofcding to th

d ner i zed i )
wePBlHTELge R LRy, Qe a0 Ayer 296 FELECH fhn ana
Ant i step aef | dergl yiEs2l 1y imn Bxddipl BEME 15 VLMAH

obt ai ned by the process according to the invention,

conprising a step of 96% esterificatiqon and_ a step of
de% :'z%ﬁ"lFJd?P vﬁ# htl‘ﬁl\)ﬁaMWH {(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 dichlorcmethane 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 cooling to room temperature, the
reaction mixture is poured into 180 ml of a 12%
solution of sodium acetﬁte in methanol. The mixture is
stirred for about 30 minutes at room temperature and is
then left to sediment for approximately 30 minutes. The
supernatant 1s discarded and then replaced with the
same volume of methanol (150 ml). This mixture is
stirred for about 15 minutes and then filtered. The
cake is washed with 2 portions of 100 ml of methanol,
drained by sucticn and then dried for about 18 hours at

40°C under reduced pressure {6 kPa). 3.67 g of crude




.Esterification of the VLMMH (step b) of the process)

20 14.45 g (7.7 mmol ) of VLMMH benzet honi um sal t

obtai ned according to preparation 4 are dissolved in

*75.79 g of anhydrous dichiordhethane and placed in a
250 m three- necked flask (the water content of the

regeiivan pediym 25ster 0. APPiuml 254181, (dO08h MBI Jaefree of
benz% Elor de arg ggded at a tenggrature of 30C.
Th&SGEGH éca T0BsPEr PPFeafFBnoPE29®85 af ter reaction

for about 26 hours at 30C. After cooling to room

m BeSEdBELBHC | GFTCIEAD Tl R ke ) (o6

5 Theskexified) ssodinmr sgltolstepul) 30f nthmtmso%ssbom

tenperature and is then left to sedinent for
approximately 30 mnutes. The supernatant is

di $B&r ded’afd ofher sy VAMIE Reig vith@ Steame SPSHyRe Set are
nmethanelved5anm3)r. olhi Sf nhatebes | $085Nsth T rs@duft@bn (3.7 g

bout ..1 d.th | t
nooRelEn iRs ST nd S Vet T ol iEigRarS Paraehednto

10bylﬁﬂcmﬁonfamdthhenldrEe& Baspahsibrl8sheuigratli £f4@Cabout

Pfsﬁaweldéﬁ *EE@%; : f@.fﬁz gtgf Céé%?ﬁ?ené
nz ester | Um Sa t W egree o
esﬁEPFPXé@@FQhYofl %%r ar@mmwwtamrmu dasrcandaf and
t h%hyh%bbsaéw w@%hevch(ﬁ@%’qﬂetiv%%ﬁq@ Bfe%tﬁa%q 5 38l t1) .

(st of the process): The 3.67 crude
beﬁ?§? e@%éFur§odF§n1§£FFr§9e fBFSSBPQEH i A SmlﬁPtSF and

15 agienusrdf% Ne: sedikd i s (Fadhed okitNaCtwics37 30 afl of
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35

water). The [ uti oured  into ,10.167 of .
robRERanoT T BRe e vhTrR 8630, T rgsa8h, iy Shetion and
m dutes &nd Bbotthed8l bbursoasediOifénunfier reduced pressure
a o] t el i a, d d
EhREOKERR, O 21 Tk, Rh S, TR EER S0ke L8, LoaREATHaTRare
m PotafRed. m xture is stirred for about 5 m nutes and

15 flltered The cake is washed with twice 30 m of

Hanol wet . white i lid %? drai ned by suction
ana ed??Eﬁrf +Cabbol Y8SHOuEE #OC under reduced
pressure

Transsalification of the VIMWH benzyl ester to the

benzethonium salt (step c) of the process):

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

The content of “B” is poured intc “A”. The suspension
is stirred for about 1 hour at room temperature and is
then left to sediment for approximately 1 hour. The
supernatant is discarded and replaced with the same
volume of water (60 ml). This mixture is stirred for
about 15 minutes and left to sediment for approximately
1 hour. The supernatant is discarded and replaced with

the same volume of water (60 ml). This mixture 1is




(6 kPa) . . 2.76 g of VLMM benzyl ester, sodium salt
are obtained. 20 The esterification yield is 54.4%
Transsalification of the VLMMH benzyl ester to the
benzet honium salt (step a) of33he process): 25 2.83 ¢
(4.29 mol ) of VLMM benzyl ester, sodiumsalt, are

di sgokved ifBr2Q Muheteryi Meed09ndl +86R1 ¢ah tekkaskThe
A" of benzet honi,um

. In parallel, 6.35 14.2 mo
chF8KPdéSar, S&egcé’&@h ﬂgoéjrﬂle%fSQNaW rofnvgtesp #681RPd by
copiicalofil ask tBén dheedodbentbeflit" B heupeured sioritounder
"A'. The .suspension , tirred, for _ab Qur _at
ORI aR P PP L and & P en 1t 2B LEMiTeRErFa] ester.
5 appeozethoriymlshduy . afheoBBasupadr nat ant i s di scarded

and replaced with the same volune of water (60 ).
This mxture is stirred for about 15 mnutes and |left
t oTBedicReRt veer YaspoXismatedyt W0GourThaheasapecaatant 1S
i spdipsgarded and replaced with the sanme volunme of
water (60 m). This mxtureis - 35 - stirred for a
further 5 mnutes and then filtered. The cake is

10 washegobirmérizaties ¥ NVLMNH Whetizyldrasted, bpenzethonium

suct i on t hen_drj for f 18 hours at 80C under
re%%%gd(%E%gsgfe°€6£@%é?£°9$%gg'of VLMM benzyl ester,
5 benzethonium salt, are obtained. The observed yield

i s3apoul, 190% mﬂage W@E%Lﬁ@ﬁt gRL tﬁacgdzg%’ al80 ml three-
Depol rization of VLMMH benzyl ester, benzethonium
saneCketiep MG RAEOReSe oLy 33K, 61igH 2. 87 mbt) Gff  dry

15 VLM\Ehd %f?z{l@fl@%ﬁ?l. i ml{(la ﬁl?ﬁ@élrbmi%e%bﬂ!ﬁd fd&ﬁﬁlS to 30°C. 676 pnl
ro -botto sk .w aof .dry . .

i CRo3 o, Fhe el e T B e 2 e isshy 1gaengr 1 3-
( 2d3manby ) pefh@dterl ; buk ydi oz aoh sph et hryd amdo- hddted and

di h dr 9- - di ' - added d
e SERFARY L 4 Pofed POELRORIE PGS Erioed &

20 .Conversion of the quaternary ammonium salt into the

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
25 reaction mixture 1is poured inte the methanolic
solution, while maintaining the temperature at about
4°C. The suspension is stirred for about 1 hour at room
temperature. This —mixture 1is left to sediment for
approximately 1 hour. The supernatant is discarded and
30 then replaced with the same amount = of methanol
(100 ml). This mixture 1is stirred for 30 minutes and
left to sediment for 30 minutes. The supernatant 1is
again discarded and replaced with the same amount of
methancl (100 ml). This mixture is stirred for
35 15 minutes and filtered. The «cake is washed with
| 3 times 40 ml of methanol, drained by suction and dried
for about 18 hours at 50°C under reduced pressure
{6 kPa). 966 mg of depolymerized VLMWH, sodium salt,

are obtained.




20 Conversion of the quaternary ammoniumsalt into the
sodiumsalt (step e) of the process): In parallel, 150
m of methanolic 10% sodi um afq’et ate solution are
prepared in a 250 m coni cal 1ISk. The 25 reaction

‘m xture is poured into the nethanolic solution, while
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mai ntaining the tenperature at about 4C. The

su§Hgn E QN 5bﬁgmé§dlgog4about 1 hour at room

t enper at ure. Is mxture 1s left to sedinment for
approximately 1 hour. The supernatant is discarded and

30 BﬁﬁaniﬁﬂbaﬁﬂgnmbfhﬂH§3VﬁMﬁHEﬁ@hﬁ?loésﬂEﬁhaﬁeﬂlum salt
2 Thi.s Ln?xture is stirred for 30 m nutes and

Ft?B ELYi RENEREPTRBSRThut es. The supernatant is

agal n di scarded and repl aced wi th the sane anount of

T RaZeg%ant i1 vHFRl e R TSR WTh S3TtTRegalt

40anb ofli st regmd| indr &k ﬁednby cducwiagrrandTie i edbliftgron 1is

g%céﬁ Hgl“ré 050G %ﬁ@é‘l&%ﬂ Péﬁﬁiﬁuﬁgtt&ﬁeépﬂask

5 yneri zed
ob?—éﬁnéa B mmAd) ypEl d0gbsadhed hydsggsde solution are

S@ﬁ@ﬁb&t@@&l an af g e\flawﬂeb%rhzy&h@swﬁmﬁog{ ;Jm@al this
of

ep f1) ,of the : 942
de b?"y_fﬁﬁ?l zéd Vv T\M‘-F%%‘gl uhPEal t2°% d?ss AVg§ i rflg, sroom
rﬂt@ﬁlpwah’e{lreTh'EhsolsUILu’Oli]on81sphaueda[Lﬁ]zad169 atidition of

thrﬁ?Clgf d9u otd gﬁ%gtlaSk 40 236 p1 (3435 sogium

mchydr e sol utionare introduce
at aaetet‘rpermctlr &5 nmi heof egiedrhagfol4Carghi shemi xadgeg!.i sThe

St‘sﬁéﬁgng%nakl%m 5819%&8 ﬂr rQBHhtt efperahiies i then

solution is neutralized }I)D/ tion of glacial acetic
acteft 1609sedimeny ofosop ﬁUEOél NAYS ablet abePaRgaBat is

m @@écﬁeaaanghdar:@paa@@dadﬂeﬂ thBesafdSpRBEheNoESmethanol
st gah:d g ut 30 .m nutes and then

left to
gt RS THe s@%ﬁ’é?%nt%% a further
di SOamxﬂadtaad apgpicaded teiltyh 4@ danelafounb ofediment for

meLpanol 1640nghks . ThfeM SLPLEnLaAt! 1187 19%c8rded  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
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.
The yield obtained is 91.4%.

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

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 minutes. The pH is brought to about 9.5 by addition

of 0.1N sodium hydroxide solution. The solution 1is




20 30 mnutes approximately and is left to sedinent
for about 16 hours. The supernatant is discarded and

~ replaced with the same anount_of methanol (40 m).
‘Thi's mixture is stirred for &bout 30 minutes and
filtered through a 0.45 pm nenbrane. The cake is
washedeweth ﬂﬁrdw@me alOomi 5of petalanedr abned By npl  of

suct.i an an dried for_ about hours at C

o aehePudn 05" HoieBiaet Ao A o P Bt S added.

deEbEynmxizte:deVLﬂl\A/\HSCcsadJaﬂn foal tgabaue oibt dimeds 3@ room

Th ' ai 4 fa

T SSHSLICRLR, RTLL oy Rt SR I SPLPREL ot -
5th@¥pr®‘é‘ék§3@ﬂ 395758 .Y oFodiute @ne@m |ﬁ§du\mmm The

(sedhumsal mx@ﬁ@e E'sa%ﬂr%lﬁz%@ Widhree-meckedd 880 mg
flask with 7. ter. The solution is

naPﬁtQPﬁédaﬁF aééeﬁorAf}@rnﬁﬁ&gggngTﬁ@rpﬁbpgtbﬂgu@ﬁputes,
tOtabmﬂolshtadmy pddifileereal thAMNgEodaum. Mﬁdrml gembrane.

|UIO uti n_is fllterdthro
E #Srr%ﬁ]t ST @gepﬁ‘%‘jfeo‘ aYy i'Uez's‘u ‘r#g’r‘oege%n the
10 peremde sobfit i oh’@r e tHen adeEditicFhe misxt us¢iirsed  for
st h%F?Qxiﬁété‘%\?U&52m*i%ft%sata_tr %Bm @é%?éa dﬂj'[fe "‘i‘és'ﬁl of

constant at tion of
o Ifﬂﬁltgéﬁ%maﬁ)?dr%ﬁéﬂ% 88Futtleh. sqrﬁ@en%@@t iien $FiErRe for

i sapeutral i zedrW tihd NshiGk rand 889 mherof sﬁ\l@ﬁzeér &nd the
added. After sti rrlngFfor about 10 m.nutes,

soPBEPBRST i FPer ddHERFETgh & 76 45°H5H mehbr aH%She% pwith
15 m 2opopetbasolofar e5admled @af mettemm@rlat urhei nwéthe st id is

regkggngé 4 T%%ciql %ﬂ¥is éﬁéére Ig undig n1red]pced

apprOX|nate room enpera ure
nmephamslirar el tady&d) arml:tlae Sempenstorei grst Fheedrdamon of

ab%"cl hoidcerTheqsi REI NGEdS. %Bﬁ?o%&ﬁ%@@yandlé hehours
susgenm on is filtered, The cake is washed W th 2

pofPPolg f Fuf 8ePALYRaR6F2d THENIE ééPﬁaqu Salt are

20 dr abtgdnby. sugt i phe Bddobfieined i £6 smwler reduced
pressure (6 kPa) at a tenperature in the region of

- B50C. After drying for approximately 18 hours,
' Characteristics of the depolymerized VILMWH thus

obtained

Average molecular weight: 2000 daltons
25 Polydispersity index: 1.1

Anti-Xa activity: 205 IU/mg

Example 5:
VLMWH obtained by the process according to the

30 invention, comprising a step of 96% esterification and
a step of depolymerization with tert-

butyliminctris (dimethylamino)phosphorane

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

3.67 g (2.3 mmol) of VLMWH benzyl ester, benzethonium
- salt, obtained according to example 4 (96% esterified),

with a water content of 0.23%, are placed in a 50 ml




490 ng of pure depol yeri zed VLM/\H (sodi um salt) are
20 obtained. The yield obtained is 65% S '
Characteristics of the depolynerized VLMMH thus .

obt ai ned Average nol ecul ar “weiSght : 2000 dal tons 25

. Pol ydi spersity index: 1.1 Anti-Xa activity: 205 U ng

~10 .

Exﬂﬂﬁé@wfieckéc&/v\ﬁlabkaimem b;yotﬁe process diehnldrogetBane.
30.igvent|on

oSt 96%
FLERFF B P ouB by BF Thetol vt i Bt G WP of
tetertMWImmtrﬁmMWMM)@mwﬁm are added
I I
soed P S O et and 2B TN o
VLMM benzyl ester, benzethonium salt, obtained

ac C@éﬂ'@ré‘ﬂsiéh eé%”'pilﬁ‘e 4q](13@étﬁ§§:§f 'Jnhn%i-)mum Wshita MWader the
content of 23% are placed in a 50 38

th‘l“%‘%’-‘l"F%c%(%]oltff%"s%P vk IPBERR RpoSRSS d‘l Chl or omet hane.
The m xture is brought to 30C. 595 pl (2.3 mmol) of’

Raibd P ERe e A oPe 18 NP TTUrLY SATholrb i Soesate
Csmlﬂetrmmnacé tHreEpguEcer ar g @Afonulmcsalicailntladie The
Sogé#&fﬂangﬁ%‘%f%% ofth o%rr%eessiﬁﬁéénso Al ghendfB1ic

sodi u acetate ution are

prephitietonn #hi3e npatebrtaing| 4dle . teRee¥abiere ot about
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m xeqr erhs Q@Qﬁ@ﬁsi@ﬁ01§h§tﬂ?i@@nﬁbkCapﬁ@b%lh@ﬂelyml|Eour
mai nt ai ni ng the tenperatuyre at,kK about

SUBheREPBn HEEPEEATIEE - Ohh LeppR bR T IEE el p 5 A e to gpedinent
I obdt t gpet al Uieur TthSe nsxpereatsnt et tdssedie@nandSthen

forsboula Lowr clbe sugeraatant s disearded 0o )

the Sane ahobunt “of ms anol
m ’)?hls'hmsxtrumune i igtriad efof oababbuﬁosmmuﬁﬁSesarahdleft

leff s%eéﬁgggpgwdr ; 8p %9 Halt esrh%heuee@%@ahemlgsa?am

agal n ced W t sane anount
med haprrded %qesrw}acecrhwet% Kagrgapg 3PpREdof opethanol

abputs 121 M Ngh€8 mixture is stirred for about 15 minutes
and filtered. The cake i1s 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 1is
©65%.

.Saponification of the crude depolymerized VLMWH,
sodium salt (step fl) of the process):

980 mg (1.49 mmol) of 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 1s stirred for about 2 hours at this

'temperature.' The solution 1is neutralized by adding

. glacial acetic acid (100%). 4.9 g of solid sodium

acetate and 95 ml! of methanol are then added. The




and filtered. The cake is washed with 3 tinmes 40 m of
nmet hanol , drained by suction and dried for about 18
hours at a tenperature in the region of 50C under
reduced pressure (6 kPa) . 98%¥ ng of crude

'-_depol ymerized 25 VLMMH, sodiumsalt, are obtained. The

_'yl el.dpehtabnedd sstl&iféd ﬁaﬁoaof hﬁ%‘iﬁt@@ Qafnct hl%é&{ udeft to

gglgggealtz 8rVé Guﬁgl( 'umm%% &thp tgllscarded

deaaﬂynema;:zed:@;@ﬂt\’l@ swdthm tisal Ts,arr@r eamlbasol vell meth@nol

B0 WELRen T ot S HPasR L a0 prl (2. 45 mirhet

5 of 380%soteemaprdosiide edol Wridniar ¢h38 i ftodueedediment

a ESW?@&&H‘E kN H %sr eghen QEPéQnaIQhE g X&i‘é@afé@ﬁ{] and

stirred for aout hours at rrpera ure
soktbenonepsdagedt Wathz EhebyaBgdPRGUasitameibence 4éPdml) -

(100%:. fiftaref sol 'Qtﬁ@ﬂé&'mf@uﬁeta@icﬁnﬁnd’a@5nmmﬂfes and
met hanol are t hen addgdgﬁThe - suspe, si on

st LALEETPEr T8EOHPRURe dumh@ﬁ &EPer ol §e&@ﬁ§nﬂsfgﬁshed

10 abatthl thale fll'tblenﬂunﬁﬁ rnaé*amnos dldseahéeld byanduttbeon and

d t 0
_ Tﬁfgls}a(r:nex(%%\{reeé1l g st | FHR eao%f or a n%%l%ﬁ ggnu%%eic under

15

20

25

30

35

appedrcedt pirgsandei 46t kén) I e809t mgs@dl wende fdepodyogrized

16VP9HHS SEB ufBEE Al 2RL bscgiscqrded and  then
repl aced Wlt the sane anount of nethanol (60 n).

This mxture is stirred for about 30 m nutes and

filrher edathiedghial@. 45 pm genbrane. The cake is
washed 10 with twice 10 mM of nethanol, drained by

suction and then dried for approxi mately 18 hours at
50CPurdficatiédnced prhessorwdd 6dkﬁa;tym8ﬁ92ag VIMPHdeodium

de d ng\H' are obtained. 15
Thgg?éggglté §F¥I [ sh% g%%&/@&é Uiification of the
crude depol yneri zed. VLMMH, sodium salt (step f2) of

Eggglﬁ[’%@g;ﬁ crdle 7%époH vRE rGrHde HORR YIBEhZEH YEMM are
placed 1.n)aar25 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 is
fiitered through a 0.45 um membrane, and 39.6 nl 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 solution. The reaction mixture is
neutralized with 1N HC1 .and 1.04 g of NaCl are added.
After stirring for about 10 minutes, the solution 1is
filtered through a 0.45 um 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.
18.8 ml of methanol are added and the suspension is
stirred for about 1 hour. The stirring is then stopped
and the mixture is filtered. The cake is washed with

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

drained — by suctionm —and them dried —under—reduced




placed in a 25 m three-necked flask with 8 nml of
wat er. The solution is nmaintained at 40C for 10
m nutes. The pH is brought to about 9.5 by adding
0. 1IN sodi um hydroxi de sol uttof® The solution is 25
filtered through a 0.45 pm nmenbrane, and 39.6 pl of

aq@@%%u%‘é% hydragen ger Q§<| ﬁ@mﬁ@h’tﬂth@é are then adgesh of
oo

i Xt u is stirred f urs at
oo LRg et i LiRE o P TR R ths O ds iy of pure
O ﬂepplamémngedo IhMWEdlUmmhyﬂmosad¢ }sobkuti osbtdireed. The
re i QN eutralized with IN HC1 and
%j%l% Pghééﬁ are ag " After stirring for about 10
5n1nutes the solution is filtered t hrough a 0.45 pm

”E@hhéﬁ%teZ1§tEE50f SEthanl  aepoadfedidbd® vIMWH  thus
ggerature in the region of 4C."The solution is
st

15 mnutes at roomtenperature. 35 18.8 ni
of A%&B@@Oho&é@u&dﬁede@ljﬂtﬁ hg1g0spensbay is stirred
fo% ﬁg%#t 1 ho%r e i ing is then stopped and

he °mYReGPETFS ?lFP ?éd The cake is washed with 3
10 porhitdrEaohcthvirk yof 268t hdAny. The wet solid is
drai ned by suction and then dried-under-reduced - 40

5 pressure (6 kPa) at a tenperature in the region of
50&x 6drying for 18 hours, 538 ng of pure

depepyaer igRd Y\ &%OdtHEﬁ S@ﬂ&ce-'yse OQé@éft?ﬁlg Thes  the

yield obtained is 67.9% Characteristics of the
depBl§RELPRed CHTMAESLREs 2ToMR & HetPMer 58P nBfeSParation
15mebghtch&ﬁm&u$@ﬁapms RQJVdi@@@WéItyhéndelsa&c&al@de and
EI-X% act V|E§ % # On% Exanpl e 6: VLMMH obt ai ned
B 5?88 §5tHecoraf 3 ¥% the invention, conpri sing
an addi ti onal step of separation 15 by chronatography

toTﬁém’}Shg}E@aQ §agehar 'ﬂﬁ&ﬁ‘ﬁe t&éé@é@& ar example 1
fracti ons I gosacc ar i de m xture eSCFI
exdApPemg) is dissolved in 20 ml of mobile phase (aqueous

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

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

~ Detection wavelength: 240 nm.

30 The fractions greater than or eqgual tc 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 is obtained.
5 volumes of methanol are added to the solution
.35 obtained with stirring. The suspension is stirred for
about 18 hours and theﬁ filtered through a 0.45 um
membrane. The cake 1is dried for about 6 hours at a
temperature in the region of 40°C under reduced

pressure (6 kPa) . The product obtained is




(286 ng) is dissolved in 20 mM of nobile phase
(aqueous 20 sodium bi carbonate solution at a
concentration of 0.2 nol/1). 25 The chromat ographic
conditions are as follows: = fbbfle phase: sodi um
bi carbonate solution at a concentration of 0.2 nol/|
- Sleglricorigiiy apkaseindi oigeh Bﬁsgeﬁdethﬁmm:mﬁamghh Bmount
m dianmeter 5 cm_ - .ectiaon vel. engt h:..240 nm__30
e PRRe oAl iespdl TRt O barir s 010 edtll” arter
hexasaeccliaritdag &he cdelsladdtfeddarfa apadload. aTideyhanre freeze-
ne lLize j t td i t - e t :
B i el e R L A
5i s 38Bt-ai ned. 5 volunes of methanol are added to the
solution 35 obtained with stirring. The suspension is
stirred for about .18 hours and then filtered Lhrou%P
a Ghes PRTAEREIENdCSTRE CRte 9 ISAEF RS dpdurcteirs thus
howks adthed atrenper abulewin the regi on of 40C under
~reduced pressure (6 kPa). The product obtained is -
41 reprecipitated and then dissolved in a m ni num
10 andantti ~Xef awateitgnd488saliyinged on a Sephadex GlLO
colum. After concentrating the desalified fractions
~and then freeze- drying, 109 ng of product_ are
obff&iened igPRacyherddpsPresCcgBimgFhes char et bP¥stics of
t he ol i gosaccharide m xture thus obtained are as

f g TowsT_ 10 Anti-[Xa acti vity: 403" TUmg The
ol MjosackHari de peticent|d§éri s |d¥*fol ||RWE2 Deca >Deca
MiReky - DiikgtrsidgxaCct aDeca>Deqa ( Da) gi spersijty ~o000%a
21501. 00053. 8332./58 1 1Q.53.5 (15 Phar|macol ogi ca
a¢tivitl of the dehpoudds acc”%ﬁin" tgP t”egi%vcntio?:
| 2150 1.0 0 0 53.83 32.58 10.5 3.5

15 Pharmacological activity of the compounds according to

the invention:

Examples Average Anti-Xa Anti-TIIa
molecular activity activity
weight IU/mg

1 1950 283 <0.2

2 2100 121 0

3 2000 252 0

4 2000 - 205 0

5 2100 209 0

6 2150 403 0

Percentage of Thexasaccharide A IIa-IIs-Is in the

20

compounds according to the invention:




Average Anti-Xa Anti-lla Exanplesnnlecular.activity

activity weightl U ng 11950283<0.2 221001910 320002520
420002050 521002090 621504030 Percent age of

hexasacchari de (c)
according to the invention:

42 Percent age

of Percentage of

Ila-1ts-1<L24mthe

20 conpounds

ERanpl eshexasaccharj de hexasacchari de Ta-
fractk%ﬁm? €%ls ir1éqﬁ§Qﬁ§E§§hG%ﬂaride f?ggFF85a§§1@£6@6
2B309%26% 333%33. 5% U3R488c8kabBde SPRBeX s 668h8%E660 ML Ia-
2Dp05/ 010051 - 43 |- PC%QEE@QQ§/001943 CL%&E@I;)iQn he
of i gosacchari de i xture having the generatr “structfure
of the constituent pol ysacchari deshekapagahihidanfraction
having the foll owi ng chayjacteristjcs: - an aygtage
nptrecut-ar—wetrghtof —from1866—toRr4660——<altons,

2 30% 26%

3 33% 33.5%

4 32% 30.8%

5 31.5% 28.7%

6 53.8% 46%




- anti-Xa activity of between 190 U ng and 450 IU ng
- no, or virtually no, anti-lla activity, - it being
understood that the constituent oligosaccharides of

 { hEOnRRPEr83005&0nt ai n front 223 o 16 sacc 4T /FR200i4y 901943

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

at one of their ends, and contain the hexasacchari de

of the following formula: ¢darIMA la + 11 -11 OHO.

PH 00, fNHO O '. O-" '- ~NONaOOOaNa Its Is in
the formof an alkali netal or alkaline-earth nmeta
sallt. An 44l Joscleldiglssacohatiide nibavimng astld ai gederatl
'nEE#ﬂEEhle o@h%%%'%ohg%i@h%ﬂk'pgg %cgﬁarides of heparin
al kal rne-earth netal salts are"the sodium potassiu
caRePuhrEABINRGReSPURPY AR sChaYaTher bFt 83 acchari de

m xture as clained in claim1l or

- an average molecular weight of from 1800 to 2400
daltons,

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

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

- it being . understood that the constituent

oligosaccharides of the mixtures
- contain from 2 to 16 saccharide units,

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

unit at one of their ends,

~ and ceontain the hexasaccharide of the following

formula:
Na Na Na
5 0 o
O=S’=O O:S'f‘o O“S:':O
.\ LY
Na, O Na 0O O Na 0O
o : 9 ‘0_{
0 0 0 0 0 Q
éH Qu{OH Y mdOH O e OSONm ) il OH omd{OH OH
“OH NH OH o N 0 O o MH
— S o TR
0 Na O i O Na O
Na
Alla lis Is

in the form of an alkali metal or alkaline-earth metal
salt.




2, which contains from20%to 100% and in particul ar
from30%to 60% of hexasaccharide fraction. 4) The

ol i gosaccharide mixture as clained in claimS3,

-~ wherein the hexasaccharide fr&ttion contains from 20%
to 70% and in particular from25%to 50% of the
hegasabeharliide (ar)dhlaarikdes -thisxasralef b ned aiimeel aim dlaﬁ)l 1,

Thengelonsaseharide malule 85 i 2L TRd L0 PON Q0801 saes
cl ai'ns has an average for ecar ar t

of arbetheesoddon, apdtaa@d;ulandcahcyamt ¢odl mgrﬁ@@mm%@lts
to 2150 daltons. 6) The oligosaccharide m xture as
claimed in_any one of A clainms 1 to 5, which has

anBi - RECabLigPeycehabetfeBAXt Y08 RE Fy2aRAI41D FlpAg 1 or

?EQ In«rﬁaml@@h@anb@t weemn 200 esd 1@@% ldH dginWalre iatalar
e sa

nme yi virtual anti-lla
hefront 50t e R oPF Bekethar bt HExt T et1ethl Bl e i n
any one of clalmslto 6, which hasthefollovmng
ch a rist. n.aver ecul i_ght. .
betﬁvveghglé)éﬁg%%éccﬁ&%éal ons, 4 ga%tl%lfi‘a g%t l\/ tCl%%m 3
betheeainodhay hgxasacanards nréraaﬁdono caytading uérqny 20%

NOynanyphsl | 8n@Ctiyi tyhrt didl 2GONkRLAS HEOM B0% 4@ 6Q% the
of hexasacchari de raction, which contains from 25A)

t oN6B8FBECARF ACPY éIFé fiactsors BENdotleselabr 1
preparing the oligosaccharide mxture as clained in

.- of .cl al 11tq.7,. ' Yy - 45 |
Tobbobl&r SwbPGRECBRRHTR BV EhoARa BcFIoMg ot GPUabap ©F
t hahaid® LUtog4,alWwhdchchiasi by afregreat e lEelcadarbwielmy of

andl<eneaueragn Mplecybah MRS of REMGRNIZ000 @t 950 Lo

ons i's subjecte ['"owm ng chem ca
redébPorgltanstranssalification by the action of
benzet honi um chloride to obtain benzethoni um

hepari nate, .b) esterification of the benzethgnium
" hepar FRSt QllasﬁﬁFﬁéérwet ReX5EEPoASOFLBERZH 1B8nPBY| @8 ©F

angdlaims 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-IIa activity.

7) The oligosaccharide mixture as claimed in any one of

claims 1 to 6, which has the following characteristics:

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

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

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

=~ it contains from 30% to 60% of hexasaccharide
fraction, which contains from 25% to 55% of AIIa-IIs-Is

fraction.

8) A process for preparing the oligosaccharide mixture

as claimed in any one of claims 1 to 7, wherein a very




treatment to obtain the sodiumsalt of the benzyl
ester of the very | ow nol ecul ar wei ght heparin, c)

“transsalification of the benzyl ester obtained and

production of the quaternary niumsalt, d)
depol yneri zation by neans of a strong organic base
W Lbwa pleeval ae prefgtablhemdrigr eatieh t h&a 2@ctioitas of

to_obtain depal i zed ve I Q l. I | ght
heBRPRREE cSTEr si%h B/ THe GRaferiiry hrmshi PR SATY: ofhen
the Idépol poer iszedaveryge omoketetak amasei ght bepeedm 2000
'”éﬁgtﬁﬁoéoghf%ﬁé' is Ehbi@?@@hf‘cSaFchQ”foLth}?n chemical
residual esters and optiona purification. 9) %he
prEparhiPBA: process as clainmed in claim8, wherein

thg)stropgnbasel{ esteri P! &y akthe Usedi@Wridily bkRGethonium
pol yneri zati on step%g%ags between 0.2 and 5 and

pr ef er aBPyObethekh HhPZ9pyorHEt Rt i
gr@pFSSeggeﬁiﬁi@Eﬂid;m S;oai Mther Benzatieselmmt heeparinate
epol ynerjzation,ste i s perfar usi .
phoSphaQ%h%lﬁggi&Q{iggeasa?ﬁééf' ff?egﬁﬁzﬁggﬁﬁﬁgﬁﬁﬁﬂ$’ and
pr ocesstasathanietoi pbarynondeofsodiluai 2 13 tef 10he benzyl
wherein d L zatq j ] éggk'

“with ma?%?ggoﬁ?g%%QE%%Efe%gﬁﬁﬁgﬁgﬁg%%%aﬂ%ﬁﬁﬂ{Eg S
pretesstranpenri bfhedt iwe hodl Hof abeBglit vapeRr gptained and

phosphagesgubeasen I 8F athy eqiliHt d hea PEnEhoresiners Oft t he
VLMMH, enzithonlun1salt. -- 46 %2% %Ee gregaratLon
pr9tessO8ROLYRPREER T HOANGY Jeal? OF| &i f5T8NPoCTFanic base
wher ei nwibie bapks ohltbeppbosphiazgeneff grehyeusedan 20, so

dur' 10 400 (1E0ShIEL) 25t Al PhELERAR k005 ol ccunex
weight heparin,

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

f) 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 process is performed with 1 molar equivalent of
phosphazehe base relative to the benzyl ester of the
VLMWH, benzethonium salt. ' ' '




'R7 step d).- are in which the radicals Rl to R7, which
are identical or different, represent l|inear,

branched or cyclic alkyl. radicals containing from1

to 6 carbon atons, it being $Pssible for R3 and R4,
where appropriate, to form with the -N-P-N group

whiirgh waéripﬁ&ga‘mmal Geneddes eds heleimaayclie. ah3d) die of

re aratl L0 s cl.ai any o f clai 8

p ? ereln ﬁﬁé Base o ?ﬁg faﬁﬁ@% 6£? g%%sﬁﬁgfgﬁ &ene
.usédmnhyt heselbpoiyriegi zehe ordegicgymiesrization step d). are
2- - [ [ 1 no-1, 3-di net hyl per hydr o-

: betsbLL) Ehogenar s, oo

osphori ne . The preparation process
as clainmed in claim8, wherein the degree of
esterification of the quatern Ly amoni um salt of the
benzyl ester of heparin during™ step b) is between 40%
and 100% and preferably en % and 90% 15) The
preparation process as gl ahped ig-ckaim8, wherein
the conversion of the quaternaky ammonium salt of the
- benzyl ester of the very | ow nmpNetfl ar wei ght heparin
as prepared according to stemgr®d) of the process as
~clainmed in claim8, into the sodiumsalt, is
performed by treating the reaction nmediumwth
al cohol i.c_sodi um acetate sol ution and preferably

a 1Rovhdehuttihen e %ﬁﬁ%%ﬂﬁhd@%é&é|Wﬁlcm-qrenégﬁ%EbFal or
(Z\g%u?téw%un&)epr@tse@tt enpesat ur Br@ﬁcb@HV\Qgﬂ c1,1<51;9¢1d alkyl
e arati an S s cl.aine n a
oradi kg OBk Rar e 2o ot STTRBh: AR AR ot AF ePeINS
adgeds1umE|ﬁgrtRe @miéhufw@&meoap@m@prbﬁtes 8ot ifpes, agith
f It f
greqt  ag- Ehﬁ ﬁ%% WHHALEr 2! ?%9032%%1 sal.t @l kh®ered

benzyl ester o arin use ynerlzatlon
r cBEERBACYT¥F- The process as clained in claim8 for
'preparlng ol i gosacchari de m xtures, wherein the

.qu?ger preparatlon process as claimed in any one of
claims 8 to 12, wherein the base of the family of

' phosphazenes used in the depolymerization step is
2-tert-butylimino-Z-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 benzyl ester of the very low molecular weight
heparin as prepared according to step b) of the process
as claimed 1in claim 8, into the sodium salt, is
performed by treating the reaction medium with
alcoholic sodium acetate solution and preferably with a

10% solution - of sodium ~acetate = in




anmoni um salt of the benzyl ester of the very |ow
- mol ecul ar wei ght heparin obtained during step c) is
preferably. the benzethonium cetyl pyridiniumor
cetyl trinmet hyl ammoni um sal t~ 48)- The preparation
process as clained in claim8, .wherein the
- saperhhheal ‘w@ﬂgﬁﬁSZG@!Ldﬂn@g, togstep ErmpSraperéord®dpetween
-u5|Sg aa Ekg nmetal hydroxi de such as sodi um
'hy& ofP8e pot assi um hydroxi de or lithium hydroxide,
in aqueous nedlun1 at a tenperature of between 0 and
20 t nd_10CG, 19 Th
prgg é%%%%%}s/tsmg}s I%%lc%ésg' ag.cl Qi “%éj fﬁ,he(:lealm 1o
frwhelev-o &h@olmlcﬁqml eauemaéeot alfkadddimet ahcetate added
hyg{l‘f.xL}'lge t@i%d Pardd G ardyebram 4t o thﬂ?ééf as great
equi val ent's of kgl met al hydroxi de are used. 20)
Thé8prté)@esr@,a8~°asoé| auﬁﬁarnﬁranwm@@l@m dalithsoB £8e pPgnzyl
f oEsRE@PaEI AEphRenOLb8QSALCHRE T A8pH1 Wkt £22@50n reaction.
described in any one of clainms 1 to havi ng i ncreased
selectivity toward factor Xa of the oligosaccharide
n1XﬂmrEheWmmuﬁqsﬁhasdhsaﬁﬂhaiide .chnin 8 for preparing
te h fraction re nov by
chPbRaESaraRRyfoe co bt BT s on uRhal ) s wibR tgapary
fa{mbyaumyl%ﬁﬁ‘@eOfagaheseb@yipﬁl ZBtetheopr otless wry low
¢l AbTBALL BraMe Ol OhePhBils Golfidly (O RIEPAELRY o) is

t he oligosaccharide mxture as clainmed in_-- ny
onBrefeérhins 1the 7, bﬁﬁéﬁépﬁnéUWQMInﬁﬁé&&?ﬁFld&éﬂﬁﬁt or

he@étyMtkﬁméﬁﬁ l@ﬁm@ﬁﬂuﬁlﬁglﬂﬁterla| or a very |ow
nol ecul ar wei ght heparin (1500 to 3000 Da) with an

- anti-Xa activity of between 100 and 140 | U/ ng i nstead

of 18heTher yprevarot soul grrovesght asepat aimad def | mdduiim 8,
C'%h@?eg tﬁeo“%gg%%%atﬁ%nc' J& r&d‘n céthongﬁ‘% f) is

“cl-ainsg ' preparing the ol gos arl
m reuferaedcl aghed ian anykahe dgletddlai mydropgde, such  as

. Wh%@hﬁma WM&&W@' € 6‘£§£51M\ﬁ' 9hy HeRatLN ((;-Jg’ooltlthum
' Da) an ant’i - activity of bet ween 100 and
14byﬁgpﬁ§dﬁ5 usRd %gueous 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

eguivalents of alkall 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 oné 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 chromategraphy,
especially on columns filled with gel.of polyacrylamide

agarose type.

"21)'The process as claimed in any one of claims 8 teo 20

for preparing the ocligosaccharide mixture as claimed in




- starting material instead of the very |ow nol ecul ar

wei ght heparin as defined in claim8. 23) The
preparation process as clained in claim?21l, wherein

the | ow nol ecul ar wei ght hepat®n-is chosen from

Enoxaparin, Fraxiparin, Fragm n, |nnohep (or

I(-Oﬁ'h ar@ﬂgéitd\ﬂor &u%h_ﬁs Erbeld SXH( g,vhe'iengpp%imw mldledlar
or [ on),, ivarip an i bor . e

01 FG0SREC REFRdE bt FE bt HeF REG i AGSbRRL: ofT 2 very
cl aows ro lle@ul z rwhiedlyhnayh dyen mibt a{ 1eab byo t B@0pr Degssith an
as fined jn. ong: o | ai to 23. ) .

medr Bt G adaety e BrF Bt hcans: e 47 Qg instead
cl afngde veany one nfledwiars deigh?. hepyrig as defined in
medhci;pal gproduct with antithrombotic activity, the

ol igosaccharide m xture as.clained in any one of

claims 1 to 7. 27) The nedicinal product as clainmed in

C|QEW}@5e°br%@essfﬁé b&a@héagiﬁraﬁ@eba@tb@gcwaaﬁgssa&@ 20
arterial thronb

osi s, _.deep vein thronbosis, pulngnary . .
enbBFi §ﬁ\epaﬁﬁ§9a’658 Sﬁéﬂﬁéﬁcﬁ%c’% §i B XCHESr €6 gﬁr?med aat
camfliyaonel sthemaamsodcltusi Ve dhseasesaofretrhe low molecular
per.i al | es ta)ndd bril ati. 0 .
nu§8?§ﬁ§e|F35%?% ifé%%@?oﬁ%gat%%é%scEgroébgﬁgnggp %%tl xa
ar eetigstlierosi Ketwern dddcemndgy addul B¥img is used as

angi9genasi snand- growiskackiorss ad 9ks9 dabelecular
di sorders”such as diabetic_ retinopathy and diabetic

nepRt-Bpat AgPassy asphaf#aeduih calat®Bnpositi on

containing at |east one nedicinal product as defined

in ggaEH125 and one or _nore pharnac%ytic I ingft. 21
exErpi GAts RARAATIVS BFOC&Edi t7Ves g cmen claim 21,
phahaaeeént tbal loenpodetudaragedbatmadpaminl dsmch28en from
whi Lsts of j.on for Ut aneo r
inF§§§é§%g%ﬁfnjec??%%fﬁ%%%gThe 6%%%#§%éuticg%ﬂ%hep (or
CoRpESPRIroN! as Nolraildde, i micdilmx 280r wAkBHORBASN b1 s Félaxum
- a pekmMnaiYai bRl 8kl PR F R ah@halgdi on.

'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 ¢laim 25 or 26,
- for treating or ©preventing venous and arterial
thrombosis;_deep.vein thrombosis, pulmonary embolism,
. unstable  angina, myocardial"_infarction, cardiac
ischemia, occlusive diseases of the peripheral arteries
.and atrial fibrillation, smooth muscle cell

" proliferation, atherosclerosis and arteriosclerosis,




31) The pharmaceutical conposition as clainmed in claim
28, which consists of an oral formulation. 32) A

nmet hod for determning the anti-Xa activity of the

ol i gosaccharide mixture as ¢l &Pned in any one of

claims 1 to 7, wherein an am dolytic nmethod is used on

a clamorngeny cmedbdttahg iangiighddies resongtricthiihi ductors,

bu%&ﬁf i%lgglyehggkggﬁcciy&?éo?QQQS(PEgEQQOO)éS 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).




