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- 2 150 U ng, and the anti-Xa/anti-Illa ratio, and
therefore to devel op novel generations of heparin
derivatives. 5 One of the objectives of the invention

is therefore to inprove the anti-Xa activity and the
amiQ 200440335032 ratio by nodifyi ng t hePPRIFR2G03 /002960
described in the prior art, in particular by
controlling the percentage of water during the

depol yrer HE®RRIN-SERPVEDheohepaccasriOEt hugToRESR| Nned

| oo spEEPARA A0 BXECChy A RIIRA . 3 Al A

LA A= L

whil e reducing the ri MTﬁIM@rSM@e with a very

low alla activity. Likew se, the products of the
invention exhibit half-life periods which are markedly
159§ epresenfaninhantbpnh 2es THe sojpésrest phe poly-

| AN dess t hRehie novel  ®apdHes Ofheir method of
polré sacchari des derived fromheparin possessing

Pty 2B t PV?FW‘F@%&F&"’%M@WC@}tz‘{?qsac?%?t?(mlng
(frdehar Xa) and toward activated factor Il (factor
Ila) than heparin. It is understood that the m xtures
of pol ysaccharides having a nean nol ecul ar wei ght of
156B@aro 8060 Danicdnir?5 Hest f aeeld asuctpgbgaachiaariéss of

iRt O as Gl FACaH 3 goel R oel Aabingf chofed i

|_'|

g&rvandall agity @@curatafthy A4St Pre@srtdesysacchari des
of 30 heparin and having the foll ow ng
characteristics: - they have a nean nol ecul ar wei g

of ICP5EE dleweo“aﬁ%rﬁas aA18AfYaREAgEF| \‘ffhtlfhoflﬂf@ot the
t@ozﬁﬁtlldld‘nmg fan ants- | heeact iv t paoftilwssit,hanitd® high
an n_anti cti i-l1la.activity ratio
or sy iondn 3601069 b ike ke X bBuse
olhegwsratb@lg@ra des of t.he mixtures contain 2 to 26
saccharide units, have a 4,5- unsaturated uronic acid
2-0-sulfate unit at one of their ends, and contain _
t ROMBRISEATERATVGE IALI a- hepawingt f otAiqied by  basic

depolymerization of heparin esters have been proposed
(EP40144); however, these products still have a high
anti-IIa activity.

Very-low-molecular-weight heparins have also been
described in US 6384021. However, the anti-Xa activity
values obtained in the examples described do not exceed
120 IU, and the anti-Xa/anti-IIa ratio obtained is
between 15 and 50.

In WO-0208295, wvery-low-molecular-weight heparins are
prepared by a method different from US 6384021 and
exhibit an activity between 100 and 150 IU with anti-
Xa/anti~IIa ratios which are also very high for certain

examples of application.

A constant need however exists in this class of
medicament to improve the anti-Xa activities, in

particular in obtaining activities greater than



10

15

.20

25

30

35

-3 NOOHMIalts 00 ONH" ONH' 0-SSOS Na
001 Na O Na O I's The hexasaccharide Alla-Its-Is
contained in the mxture 5 of oligosacchari des

described in the present invention is a sequence

whi ch has a high affinity for2 ATII1 and characterized
by an _a activity greater than_740 U ng. The m xture
of20) | §3§Ccha?P&es dB&cri BBRELTH2 ﬁ%tlgglﬁreSEﬂFlor and
| terdferd s don therdlagn afowdl aldaldrafions of heparin

al é@fQ% 1%%%th netal salt. As alkali or alkaline-earth
nmetal” sal't’,” the sodium potassium calcium and

magnesi um salts are preferred. 15 The nean nol ecul ar

Wer@hto ¢ %ﬁ@t&gﬂég@%@g B.J'fgtﬂhepri%%?lrtgolrj %H dﬁ‘herefore to
chromat ography using two colums in series, for .
eXAWFIcF & higse ﬁﬁﬁ'—keg{éd affdieritheandnd FESKan GBOY®/ st i-ITa

and £FeK @%Qd%%iﬁee +HRt edd 1l d Sa&aEF11884 04t A0 dYprior
refractonetry. The €eluent used is. |lithiumnitrate and
t RE Sl oWPr aﬁ%ﬂ?ls‘:@%‘f nP¥mi Fonthel $3R9 erhis PEErPBtaged of

Wit et atidatdlg pitepadegdobymbfaett0pat ione®f The heparins

OTY LTS e | B DTHT Erprengr o i TaC LarF POt e
activity and possess an aXa activity similar to that of
heparin while reducing the risks of hemorrhage with a
very low alla activity. Likewise, the products of the
invention exhibit half-life periods which are markedly
greater than that of heparin.

The subject of the invention is therefore novel
mixtures of ©polysaccharides derived from heparin
possessing a more selective activity toward activated
factor X (factor Xa) and toward activated factor 1II

(factor IIa) than heparin.

It is understood that the mixtures of polysaccharides
having a mean molecular weight of 1500 to 3000 Da can

be termed as oligosaccharides.

The subject of the present invention is therefore the
mixtures of sulfated oligosaccharides having the
general structure of the constituent polysaccharides of
heparin and having the following characteristics:

~ they have a mean molecular weight of 1500 to
.3000 daltons, an anti-Xa activity of 120 to 200 IU/mg,
an anti-Ila activity of less than 10 IU/mg and an anti-
Xa activity/anti-IIa activity ratio of greater than 30,
- the constituent oligosaccharides of the mixtures
contain 2 to 26 saccharide units, have a 4,5-
unsaturated uronic acid 2-0-sulfate unit at one of
their ends, and contain the hexasaccharide AlIa-IIs-Is

of formula:
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25 out according to the techni que descri bed by
Barrowliffe et al., Thronb. Res., 12, 27-36 (1977-78)
or D.A. Lane et al., Thronb. Res., 12, 257-271
(1977-78). The results are calculated wwth the GPC6
software (Perkin Elner). - 43 The anti-Xa activity is
nmeasured by the amdolytic nethod on a chronopgenic
substrate described by Teien et al., Thronb. Res.

10, 399-410 (197®, with, as 5 dandard, the f.rQF‘

I nternati onal stQindard for | ow Gypl ecul ar - wei ght 2 =0
hepari ns. Theﬂwﬂ -lla act|V|Ct=§S‘Is nmeasur ed by=Efe
t ealni g descr® bela by

derso L ® etQal ., Thfonb.
10 53 541 @ 79), asOSTZ{andard he
nat st ard f C
" @e i hrsOne %33 Qx E‘c G ) voH
efera represgnts f 15 t025% of —The

fractio

mi xture of @i gosackhar i desOH15 Ry eNer abIo,,Othe 0, NH
mi xtures accordi rg{to the invent Do, contzSy froﬁs\'&to
15% of the hexasaccharide All a- INs Ps i tﬁ)e Na O

hexasaccharide fraction of the m xture of aoI i go-
sacchari des. 20 The percentage of the hexasaccharide
fraction mawjpge analyticall et erm ned by

hi gh-pressure liquid chromat'&graphy on TSK GS‘@OO XL
and TSK (2000 XL colums or alternatively by

pr, aratlve separatio f exa 25 sac har|
r ST AT AT Sl SR ot e apisture
oroﬁ:od)lumssdcmtﬂmdldwﬁ; hdaspoipadr yhatitde pagssmiseihypetion

U rogeF %ﬁég% “i]% S %dﬁ#ﬂﬁh%ff&rﬂ%w& REELL and

i'osepra) e mxture
wiahe ra ofedigach jor @gma@arab?@naftléwwlrmant@;x t3@n 740 U/mg.
Preferably, the sodi um hydrogen carbonate solution is
a_0.1nml/l to 1 nol/l solution. Still nore

pridfer dbt§LUre heOSep&lddosAcraagarfed fcTbeg in  the
quméirftat ioRredftich mek/ | inThehdet®sswh naff oknl Salkali or

car.fr out ectronetr 254 n . After
f PHATSRR e PEn s R gl Y (254

As alkali or alkaline-earth metal salt, the sodium,

potassium, calcium and magnesium salts are preferred.

The mean molecular welight is determined by high-
pressure liquid chromatography using two columns in
series, for example those marketed under the name TSK
G3000 XL and TSK G2000 XL. The detection is carried out
by refractometry. The eluent used is lithium nitrate
and the flow rate is (0.6 ml/min. The system is
calibrated with standards prepared by fractionation of
enoxaparin (AVENTIS) by chromatography on agarose-
polyacrylamide gel (IBF). This preparation is carried
out according to the technique described by
Barrowcliffe et al., Thromb. Res., 12, 27-36 (1977-78)
or D.A. Lane et zl., Thromb. Res., 12, 257-271
(1277-78). The results are calculated with the GPCo

software (Perkin Elmer).
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35 saccharide fraction in solution in sodi um hydrogen
carbonate is neutralized with glacial acetic acid. The

solution is then concentrated under reduced pressure

SO as to obtain a sodium acetate concentration

greater than 30% by wei ght- 4he hexasacchari de

fraction is - 5 precipitated by adding from3 to 5

vol unes of nethanol. The hexasaccharide fraction is

rh enca/eraefqtjby;;fi bkrtatiey g@ !‘sbeaaﬁ.zﬁécﬂltb ayed t?ﬂeasgmiabﬁytic
exasaccharide m xture . obtai ned may .be anal yze .
IR o oy Tor e 8 Ut SR G o oo By Y Réien et
orafler, t oTletwp M nBethe A0nt er®O%f4 IHexatkthari deith, as

Al l.a: ={s. a ar i = -1

isiﬁ%%%é?%& S%E%a?gggge #ﬁf%?ﬁ%%f%%%§o§§§%ﬁ%u%f Efr Low
afffe eyl afrorididgigiar g .an  antithronbin |11

sepharose columm according to the 10 techni ques used

by persons skilled in the art (M Hook, |. Bjork, J.,
%od‘“&ﬁd’lﬁa LPAEAREEYF. ES B ISt s PY véifisesbpgpnique
( lﬂi&ﬁjﬁibé‘vbSbypahIdh&lﬁoaf | ¥, 0t hetm xt vy es’hae}ﬁ?r_gi mgs t,0 15,

t i ny, i.Qn have an anti - Xa .activity of_.hetween
Ly 00 300 TEFhG, Bt PERABRS ey ey e Thter-
acooridinegl tak arva nichvisnt i loyw —nivelvees glre rante i-ghlta hegptaniintsy

of less than 5 U ng, and 20 nost particularly of 0.5

to 3.5 U ng. The exanples of applications described
beltsiv Herppacehtelidal degcstonpanadarably ahePnesenly nfrom

when ddhe oy ef erdied michalctar icitiges QicHdia Quocess are
used. 25 Preferably, the m xtures exhibit an anti-Xa

activity/anti-lla activity ratio greater than 50 and
mMxte frardb oyl andhe gmeatarekhancdOPdiRyefes ahlhe, theention

m xt : bng to.fhe_inventign__30, have a an
st ARG S Dot wsnBB00 ARa 3000  tars Anee ke s
nost Pur thexh satghar anf natieten apf teeghixbfirbepfieenlgo-
2400. apd- 2650 Da. The subject of the invention is
therefore nost 35 particularly the m xtures as

defi ned above, having an anti-Xa activity of between

15Gheaange208nkbhBY, 0 @NtABt ihexasaccharide fraction may be
analytically determined by high-pressure liquid
chromatography on TSK G3000 XL and TSK G2000 XL columns
or alternatively by preparative separation of the hexa-
saccharide fraction. The mixture is in this case
chromatographed on columns filled with ‘a polyacrylamide
agarcse type gel such as that marketed under the
trademark Ultrogel ACA202% (Biosepra). The mixture is
eluted with a sodium hydrogen carbonate solution.
Preferably, the sodium hydrogen carbonate solution is a
0.1 mol/l to 1 mol/l solution. Still more preferably,
the separation 1s carried out at a concentration of
1 mol/1. The determination is «carried out by UV
spectrometry (254 nm). After fractionation, the hexa-
saccharide fraction in solution in scdium hydrogen
carbonate is neutralized with glacial acetic acid. The
solution is then concentrated under reduced pressure so
as to obtain a sodium acetate concentration greater

than 30% by weight. The hexasaccharide fraction 1is
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Ila activity of between 0.5 and 3.5 U ng and a nean
nol ecul ar wei ght of between 2400 and 2650 Da. - 6 The
m xtures of oligosaccharides according to the

i nvention may be prepared by depol yneri zation of a
quat ernary ammoni um salt of-the-benzyl ester of

heparin ,in an organic nmedi um bg means _of a strong
orLEgJ%?ﬁJcPJo%%feect R 1A KL B er BBl y YPéHles phaledbanoct.
( ﬁl’k@@ehékasacﬁg@?_@ﬂ@bhff!a&itﬂbharilsl Oré&'t&rédﬁ!ﬁ | yyOEiltration
pnhosp Zenes I he I exa e ccordain ta . X
D oor et et s e M M8 R Jixture
1167406 ( 1987) ,be Randdiveesi npgr &PLAl . ,(HAnheRerChemance
105. 0 VerSi o f.Ih ua

oD ERPER LSRR eRs ooty "R che
deporiertr | 28d hepasrackaradeodiiim-stls. Hexasaccharide
sappri {1 £at1on @byt hed esidyalbt et ey angreoptdongdd | Yupre
purificattTon. The nethod according t0 the ' nvention

r EPEERTRA LR GRIN epdYof Afd Ngtho FHESTES OgesPiyhegn an
| e 20829 vwmj_leha;@'gﬁg:m em_mﬁr%nal accokl):di_ng ﬁo the
characteristic 1,C nmakes |t 0 | et obtal n e
ARG LU Tt aRRPaT nint Bn@rgRt" i Hoor,
i nvenBijonk, widt.h Hdmpvquit) sardclenmIcaldadtiagr aft BrBs§i dstters,
an\gﬂg h@56 @@t i b’ié"}eﬁs') descri bed above. 20 Indeed, in

order to K

obtal'n the specific m xtures of
ol i gosacchari des according to the invention, it is

n@@%@arﬂakﬁiéﬁﬂéfp*,thﬁhéa eatitides ofaddierdase byoa the
v.ej;{‘{é)rtems. control of the water content of the _25

m R i hRY R HRP deot ViRr #gat YhhY spEpPefrighet RBdIU/mg
acooi Ao 1Tw/ride present invention is indeed
characterized by a control of the high selectivity of

t he base during the depol ynerization. It makes it 30
podsi iR mbly depgdleymaikzerehe depardinghite pgheseiunivagtion

a haas possi : e S Wi.t.h f&ing or
A%Eﬂ'{gsagh as thg{eéggéggﬁgri e h%%-l%?s%dgs%ﬁ%edand
i MatHe preseeitlantenefol- SThios i 130400 st Bpe opxafples of

neidiod dekasnd t ROSSH e t o ObbRI Nathenpekysaccharidss of
3% accor di ng to the i nven6t| on.
etween .1 and 1. IU/mg when the preferred

characteristics of the process are used.

Preferably, the = mixtures exhibit an anti-Xa
activity/anti-ITa activity ratio greater than 50 and

most particularly greater than 100.

Preferably, the mixtures according to the invention
have a mean molecular weight of between 2000 and
3000 Daltons, and most particularly a mean molecular
weight of between 2400 and 2650 Da.

The subject o©f the invention 1s therefore most
particularly the mixtures as defined above, having an
anti-Xa activity of between 150 and 200 IU/mg, an anti-
ITa activity of between 0.5 and 3.5 IU/mg and a mean
molecular weight of between 2400 and 2650 Da.
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This characteristic of the nethod results in

unexpected aXa activities in terns of the nean

nol ecul ar weight, of the m xtures of oligosaccharides
(150 U ng < aXa < - 7 200 IUng for a nean nol ecul ar
wei ght of between 2000 Da -arfd 3000 Da) . This
selectivity is due to the very particular

pHYSi cHRENER Har £4IGIAGLER G he agssiigzedee  the

b;ﬁ@%n\ﬁﬁbﬁg haye @eg@@aﬁﬁé&r Hﬁqa@ﬁ%l@lyﬁeﬁlﬁgﬁiohl 0bt a

steri.c hindrance and a wea Ilicity. |

R T 5, BB Se o AT 17 St b erarin

anhnydx‘muts:gaﬁhd hr@cbtdner thanmesanshest tdhestwadrey @ordreit base

e rea on a t re ' :

Olske OGO IRLUILA St 8288, S1a5L! o CHIELLOML e

o@sr@rf\ﬁé@bly’TheSlpfrlel%fr vatd onthe tlf@ms‘téquenxfes mhesphazenes

alddiinn o ARl 8T RAES ARG, e SONREGUENGe 46 &1 .,
| arge drop_ in thé aXa achwtg In the gresence of a
Sp

| SW9§Hant FbgTof IR&t er Bt heEpHdspha2enel basel betonkk?87)
PRQt Graved iage rt ke Jélreaﬁhgaﬁ speemes sconE @ (1993)),
qguat er nary mr% gﬁn h& xide. In this,case @{1 VEry, o
hucé’ﬁ“@tré dr GAGe “HAGSHBAKY nuRTESPHIR| c72 © ©
pm;merytll e&taarle bHsthandiemgrieatd yi def | nepeeit hquwaI $d><§!1um

fs gt e pré;agé‘&ﬁatﬁ)éﬁl%%{j o¥"‘e”chdeep°£¥gfé{1£ i %Iré (Al s,

are carri 20 "neastured con
wekdricpeatlgntpur hi scatiert dhe betbedn &@Cb@ﬂlfnﬂly'o the

eXpressedn Thspz‘egkgom&g tr@i@ SUam | z8s EH@ | gRBLbd  as
of the water , conte e selectivity of the

d@ﬁ&%@@ﬁzaﬂ%nwﬁs @8Hﬁ§9t5m vhpleandings Fariapfential
i Rhiahe cteirdlssict h@hlcﬂi Oiraitie@mel £ ¥ pofs stihe ef eggerbtaibnhethe

RSy iy GREIL SR SR S A e o
baisehuse’dhes lph@fSlpbchphwamrle balseracteristics and the
aE% %1%%%%'6 SEQi%§Q|g§B¥|a”‘nO 1,3- 30

di rreth I perhy l'aza hosphorl ne). - 8
V\aterO 050/&) 10/&) 299. 399. 499. 570/& 892. 5% cont ent

axabel/ 7164 132L231204099% ain the specific mixtures of

oligosaccharides according to the invention, it 1is
necessary to control the selectivity of the base by a
very precise control of the water content of the

mixture during the depolymerization step.

The method according to the present invention is indeed
characterized by a control of the high selectivity of
the base during the depolymerization. It makes it
possible to depolymerize the heparin while preserving
as much as possible the sequences with an affinity for
ATIITI such as the hexasaccharide AIlIa-IIs-Is described
in the present invention. This critical step of the
method makes it possible to obtain the polysaccharides

according to the invention.

This characteristic of the method results in unexpected
aXa activities in terms of the mean molecular weight of
the mixtures of oligosaccharides (150 IU/mg < aXa <
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aXal/ 148118115949485. 7347. 4 alla For an opti num
selectivity and a maxi mum preservation of the
sequences with affinity for ATIII, it is preferable
to carry out the procedure -at’ wat er contents 5 of |ess
t han O 6% and nost particularly |less than 3% when 1

mel08r T4BRvaltent & PrReShhdRfeHade w@,el&i%a Gl dtgteen

t @otolte Daenzyd  8sber mef) .hepat s nsemeaz@bmapl u &abt tolGhe
The Su%@ﬁt of, the invention is fhe ge or

pdBeTe B R SRR Ero Pt by FORFRGRebrSEAGS Of the

qg@@ephazynamMmaaﬂnwhd¢hohavheabqﬁzylgssae$rothan 20, a
b t Dy s

porzy, Bigh hEeRte, AhRidoR3 LALTH bRgR, ARGMRGERIL e ey,

base of the famly 15 of phosphazenes in particular

I @hqlsc@f%%etlfee,arf%n%pléggﬁgs%mt@&i NG RS CEIN R edium
of, water of less than 0.6% is used. Preferably, this

pérc ERTYGE o5 - V\é’ﬂ’erthest%ﬂedf Bnchosien d tHRED. %%tent
and nfisd pasttcohakbleyivestndhedsds 2% Zﬂastlc reduction

OYIAROSRL 15,51 0, POSBLERLT AL LRLIS diervea.

mi'sie ppr@5@z¢a¢iqnbeﬂMeehe0 Seamehde?. mﬁhﬁluaéfmﬁltbe for

eqi-el [ £f of .t he ;pr.efer ;
SRLTE YesiRtl WIS BLE LORTRaRA ool oLhE IATARD

s&lfl\?erﬁ?@ TSy ity pe?%ohl@,esxareswcenofhé lat qrantplecy of

useder ?U%@%ﬂd@f%z% pas® béhEmaYabeLRIM tRIMHHI M he
salt of the benz ester of heparinis ££eferablg t he,

b&RPELHSR unﬁpeggﬁspyr PBFAMEM o? quaternary mmonium
Chtwilrblxllﬂtét hyhaltmﬁm lﬂH&’:}l tthelhexbaseisglofstdwel d amlhgrance

hos zenes rably_ _those.of fornula: 10
e e Rl & Rrpab BT i oy Toct
greatly 1nfluence the quallty of the product obtained.
When depolymerization trials are carried out with a
measured and controlled water content, this effect can

be seen to be fully expressed.

The following table summarizes the impact of the water
content on the selectivity of the depolymerization
{only this parameter 1s variable in the trials: the
stoichiometry of the reagents, the dilutions, the
temperatures remain constant according to the criteria
of persons skilled in the art. The base used is the
phosphazene base: 2-tert-butylimino-2-diethylamino-1,3-
dimethylperhydro-1, 2, 3-diazaphosphorine) .
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peroxrder 35—=—10—The fottowng reaction—schene
illustrates invention: ClI Step. Sodi um heparinateJm

MrEb Benzgthanimumn ol ariwe y P& anTaé¥id (PR@Bervation
overall level of sulfatjan of %he_dlsa charldei X=, ,

D@d{reéjﬁ? sUTT BT Of (eS| tBEE X HEEY enePhder T, 1t is
I eprefRenidd hd hearadica the Yordegieee odsukvfiadoncontents
of ¢ site esrgpainder is represented by the o
i s ot 8RB et o e ety Y4 than 0.38
r eft@indér nstarpeasémpddnby ¢hephadipbalzeBeCH3aSt ed sb used

Pyra enzyl t §stek: AdMm s@8tLr-+of heparin, benzethonium
salt.

The

particularly

of the invention 1is therefore most
the of of the

gquaternary ammonium salt of the benzyl ester of heparin

subject
step depolymerization
obtained according to methods known to persons skilled
in the art,
of
solution containing a percentage of water of less than
0.6%,
should be chosen less than 0.3%
less than 0.2%.

characterized in that a base of the family

phosphazenes, in particular in dichloromethane

is used. Preferably, this percentage of water

and most particularly

Advantageocusly,
between 0.2 and b5,

most particularly between 0.8 and 1.2.

the

strong base/ester mol

ratio

is

preferably between 0.6 and 2 and

The use of the

equimolar ratio therefore forms part of the preferred

embodiments of the invention.

Other aprotic solvents known to persons skilled in the

art may be used, such as THF or DMF.
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~ k 11 ; \~ Depolynerintion 1/ MOH4 ncONa Step d

and. steps OQ(SBNa)Y NH(SBHs)Z | L m nm=-S Crude

ULMMH 5 O O en)b 0(SO Hyrl 0 O SCuHy)Y NH( SCaHy) Z

m=- 25 Pure benzyl ester, Dbenzethonium salt

Sepenthcetion NaOH 4'C Step ¥ pure ULMAH M=-3 The
conversion of the quaternary amonium salt of the
béﬂ%&lqé@F@FnéFytH%mﬁ%ﬁdFWnéﬁﬂEedD%eﬁgﬁlﬁb?%ﬂ%ﬁséﬁﬁﬁﬁi of

Saidpa(xsﬂlﬁﬂi_§)pr§f@ﬂlﬁlr}a| the Coeft€EhoiuRy E&Lalbigidheium
reacti g_ dluq%¥ wi_.t h an .al coh I|c sol ution of sodi um
!

16 acét YaPEPRE A MASBH f 10% sol ut i on of

sodiun1 acetate in nethanol (weight/volune), at a

erat f 5 The e I
wa BrOHEE of LE' SERLAN S T e Loy
tlﬁhQQGHPfrﬁﬂﬁmQ%ﬂquaternary ammoni um salt of the
benzyl ester of 15 heparin used in the
depol yneri zati on reaction. Lpgs OQ(sonNa% NM 5~NaJ b=

degree of estenfication Crudé be | ester O
g R2—N {24

R1W—N=:P<—N——R5
N--R6
Ry

in which the radicals Rl teo R7 are identical or

different and represent alkyl radicals.

In the preceding formulae, the alkyl radicals contain 1
to 6 carbon atoms in the form of a straight or branched

chain.

The subject of the invention is therefore a method for
preparing the mixtures of oligosaccharides according to
the invention comprising the following steps

a} transalification of sodium heparin by the action of
benzethonium chleride,

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

c) transalification of the benzyl ester obtained to a
gquaternary ammonium salt,

d) depolymerization of the gquaternary ammonium salt of
the benzyl ester of heparin by the method as defined
above,

e) conversion of the quaternary ammonium salt to a
sodium salt,

f) optionally saponification of the heparin by the
action of a base such as sodium hydroxide,

g) optionally purification in particular by the action

of an oxidizing agent such as hydrogen peroxide.
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15

rLefigtlan the present L ¢c(sO Na)Y NH(sO NalzJ b-

degree of at.Hfi..dn Pure benzyl ester, sodiumsalt
TanssPflcellan G Step ¢ Benzet honium chloride (Hp

a') Crude ULMM (residual esters) - 11 The

saponi fication (step f) is-géferally carried out by

means of _an al kali netal hydroxi de_such as sodi um
hﬁ}eoxfﬂ%lo‘ﬂb’f“ésﬁeéﬁﬁtm%‘r oGRS r LLHRAFGAT RS dISE deresent
I inwhtdgreous nmedium at a tenperature of between O

and 5 20C and preferably between 0 and 10C. 1 to 5

nmol ar equi val ents of alkali netal hydroxide wll be

gener al y us%q referably, the saponification wll
be carr T tﬁg\@esence—@ a0 2 nolar
equi va ol [Ral | tad” hydr oxg—de. 10 The fi nal

pr oduct ”ﬁé*“‘sé hLonal | ified Fstep g) by any
known net. H“"ﬁ?""%?url fylar% Lo depol yieri zed heparins (for
exanpl en- kR 2343 k9 Bl onoftRﬁl&tthE)abl y, the purifi- cation

i's car rEH0ilE. ﬁﬂtsfﬁﬁﬁmw el mHE Y peroxide, in 15 an

agUueou s/ etk iy ofgetie, @ et=emperetipre@ fCody o 5 OC
Preferably, this operatisn iswChrried out. mz
and 40G, (Jhe, quat er nar oa n| | UM Sakde O

ester of,.> 28-heparin (Smw m. e ar ed accor J[SQNE,; he
foll ow ng=treaction da mfm“ on onver si org,dagj“,fgst .o
heparin to the form of g UM sal t PiperaiBBnSodDh salt
benzet honi um chl orj de i n or er to obtai benzet honj um
heparinate (transahificatio 251b)amest ‘TS?*B‘n of
t he berzetheRi4m S bt°al fle ab'aés-vei'ib
benzyl chloride and tkeabm®mat with an allco rlml (SO,Hyazm
solution of sodium acet®® in order to obtairn=
Pure benzyl ester,
benzethohium salt
CLX
by ona D{SOJN’)’ 0x.-ONa ocso,n
l<‘“\ Sapanification
o cm NaoHae
Depolymerization Step ]
zma O{SONa)Y NHsOwa ogso,Na)Y NH(SOa&a)Z
Stepdand e

m=~3
Crude ULMWH (residual esters)
Cro-ONa GIE0, ek ONa QLSO O(so,ua 0(50 Naj
Purification
o Q O Q
G ~0—OH —0t~oH Yo—OH Yo no H02 oou "
SSONa)Y  NHESONa): Stepg
L O{SQ,Naj¥ NH{SO,Na)Z " O[SO,Na)Y HHS0,Na O(SO,Na)Y NH(SQ Na)Z
m==~3
Crude ULMWH pue ULMWH

The conversion of the quaternary ammonium salt of the
benzyl ester of the depolymerized heparin to a sodium
salt (step e) is generally carried out by treating the
reaction medium with an alcoholic solution of sodium
acetate and preferably with a 10% solution of sodium
acetate in methanol (weight/volume), at a temperature
of between 15 and 25°C. The equivalent by weight of
acetate added is preferably 3 times greater than the
mass of quaternary ammonium salt of the benzyl ester of

heparin used in the depolymerization reaction.
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the sodiumsalt of the benzyl ester of heparin, c)
transalification of the sodiumsalt of the benzyl 30
ester of heparin to a quaternary anmonium salt and
preferably to a benzethonium cetyl pyridinium or

cetyl tri met hyl anmoni um sal t. 1The reaction of step a)
is carried .oyt by the action of 35 benzethonium

R isfPandt N o5 IS Um e gt g a Y #£arried out by
temzersat ofe &N tdn:ekaﬁegl afetof1l 1513xd&o&aae Agvigh- as sodium

I th | t./ h t
baRBET Feand o 2 5 Mt o Rudlih hlutrice, o
preef ezqityus pedihmpardtn. a Theepeatteremayt beepueehi éd and
b%ﬁpﬁﬁhﬁﬂg Ee@éggﬁlkobéi UGe @tﬁngeﬁﬂpkﬁn fukgaﬁﬁ molar

| evel accor od described 1 n pate

FRIBEIBISNS Tite cddiadi MRl Doy WL} Se generally

PR, abbyegéfawpl Obﬂhe I aagoﬁlﬂk%he%ﬁd WORNIGe  carried
sol vent (f %ﬁ exa or o- or m_or t hyl ene
).t

SOl gl 9Ly Sxamele el oro; form o TeLIYLene egensa of
prafkeriabime thet weelko3@ dand 40C. 10 The ester in the
formof a benzethoniumsalt is then recovered in the
formof a sodiumsalt by precipitation by neans of
sddieunt acet apeodtci 0%y wei ghtiomahhy abcdlfidkedsucheas g)

|
1 8y K e ch o ST ELETLEL Wepo Rife BEAH Modarine
belrﬁan erkPBPLEe BRd Gthe’ Tt on Ptferf@réﬂoéyradfﬁb§t eurhfi-

olcderi dn0 i@btiry iddegree pfnasterdf i J’f&jlan Oéep@iﬂ@@n in
50 and 100% and preferably between 7 nd  _90%

PASF eREBFYUS 0 e ™ 535ard Wﬂﬁéﬁa&ﬁ’treofo end| to S0°C.
c Hrerfiedabdye uskelds f epekapdoh bys welaghti caf behz eldtomienim 20
Zgn%ahb %f heparin. Likew se, preferably the reaction
tine be between 10 and 35 hours. The
transallflcatlon step c) is carried out by neans of a

q%teer&é‘é’&’em' W19k dgzqpd cf)fef:ﬁ%a%é(n m%%'% r of

of benzethoni um chl oride, cet I |n|un1c | oride
Pep@alw t PRHet P§| PFRIPA TR crﬁqﬂq ng nten hfGeofigllowing
Me@iaii onakkcactgnper ature of between 10 and 25C.

%Xanwwersion of the heparin to the form of a sodium
salt by means of benzethonium chloride in order to
obtailn benzethonium heparinate (transalification),

b) esterification of the benzethonium salt obtained
above by means of benzyl chloride and treatment with an
alcoholic solution of sodium acetate in order to obtain
the sodium salt of the benzyl ester of heparin,

C) transalification of the sodium salt of the benzyl
ester of heparin to a guaternary ammonium salt and
preferably to a benzethonium, cetylpyridinium or
cetyltrimethylammonium salt.

The reaction of step a) 1s carried out by the acticn of
benzethonium chloride in excess, on sodium heparin, at
a temperature in the region of 15 to 25°C. Advan-
tageously, the salt/sodium heparin molar ratio 1is
between 3 and 4.
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tageously, the quaternary amoni um chl ori de/ sodi um
salt of the benzyl ester of heparin nol ratio is
between 2 30 and 3. The m xtures according to the
invention, in the formof a sodiumsalt, nmay be
converted to another al kal &2 -al kal i ne-earth met al
salt. The passage fromone salt to 35 another s

opticoriHANF 1dtchi BRRAE 1181 13°E heS nBrREGT2R4Y A R jheparin.
patent 16Rté2 18aH80be Theu st it e@eﬁ@&@gﬁin@g ia tbeder to
Il nvention.are ot toxlic may thu e _useaq.as
N i 85° 895 0 © < SRAEY LW, PRABERURS | ko ortne
t e tyiogls eets criilpeentinoparen th&RA$6A 689 .ant i t hr onbot i ¢

agents. In particular, they are useful for the
treatnent or 5 prevention of venous and arteri al

t Ahentssdes i fdead 1od T t3frepnidusils i ferelr )y epiiofiednout

unst abl @h@BQEHéted”)&gq%r ial sdnfct i @Br AIMAC chloro-
i schem a, occl usive I seases of the peripheral

artoer eSTandi e Lane i BHYI&S)on. Athey? aree@pegpture  of
u$:%|ft_lﬂz|feeinn zﬁ%rﬂjﬁmiaﬁm Jﬁk@irui:l atmlqglatme@{ 3dheand 40°C.
prol i feration of .snmopth nuscle . ce . :
RORET | TEE br 081 Ml ST ePF ol RFBATSI0pHym @it is then
t regtveredanc priey entrimredfa caombiem bya hiodoy apragipitation
angi o esi :gr.o or d f t .

tr atﬁ%%?gaﬁg§ %?§6%%i¥%§e%$5%ia et??°di§%rd§$§ﬂ§hcﬁn an
as1@capédt ixuch 528 emehbparhi ed dritl hephVepaigiset Thbcohol

Praggetferd dWMENty Olsals@eirelAiRind 0ot hephanmR- reeutintal The
COﬂpOSLtlonS cont al nl ng,. as .active |ngred|ent, a .

mete tr Mor RENaYE| FRIGEEEEnANY FAS coRBChAPPorr My are
waldj uenedorimosedénetd ekthphent sleghiee phair aateviftahtion

c [1io e fo aple . sol utions which can
e da By R0° At uF A AR o gL i T Ao e Crefe 10 and
T -arkr e smiilgef ul . $oko28 .admantst r ayi eellgptt hef benzyl
pulRRany roul 6, {dphal at ELOPAer pyPYed hiOT & BﬁHE&%onium
The doz_%ge may vary according to the age, weight an _
StSaLé HeRamof hHewag eMmrefgrakaly deig treaetiqn fime
3Qigenecabehelewpen 02@nands168upg per day by the

The transalification step ¢} is carried out by means of
a quaternary ammonium chloride and preferably by means
of benzethonium chloride, cetylpyridinium chloride or
cetyltrimethylammonium chloride, in an agueous medium,
at a temperature of between 10 and 25°C. Advan-
tageously, the quaternary ammonium chloride/sodium salt
of the benzyl ester of heparin mol ratio is between 2
and 3.

The mixtures accorxding to the invention, in the form of
a sodium salt, may be converted to another alkali or
alkaline-earth metal salt. The passage from one salt to
another 1s optionally achieved using the method
‘described in patent FR 73 13 580.

The mixtures according to the invention are not toxic

and may thus be used as medicaments.
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i ntramuscul ar or subcut aneous route. The follow ng
exanples illustrate the invention w thout however
limting it. 35 Exanple A: PREPARATI ON OF THE
BENZETHONI UM SALT OF BENZYL OF HEPARI NATE - 14

Benzet honi um hepari nate A soffdtion of 25 g of

benzet honium chloride in 125 mM of water is added to

a solution of 10 g of heparin in the formof a sodium
salHe i NmiROupksof owat %ll&d‘@accﬁl@fﬂﬁb&t bg fidHeer eflresent
washed with water, and dried Ben ester . aof hegg{r}%n

(SOHUHSH t %6 RE ofSERnAf é"‘lﬂ&ﬁh&é’ & 15dde
s@ia;:ttucmll@fr ZO:Tgayof atx&nzelt*.mﬁuhmf@parthne\t etr@aBemi or

téjn'pereg%gure o?‘ %"hgﬁf ngét&ﬁf @095%55}9 edb fein

sdlhﬁqwsdfsrsodlﬂﬂ#m@@éfﬁfat e elpoRdshanol UaFsabhen angina,
Qgﬁébaztcflealm X{HEBrEBioh] | t ehedi avashed-wid s et hapohsive
an

ried. 7.6 g of benzyl _ester of heparin are thus
ot ESRRPS n Phe fU??n 15e67-PReLEdi unt bRt LGhosérdegrabrial
offigstiaridfdicat.l onhes &t% Bepaylusstar oh rtemarpﬁeventlon

(benzet honi.um t g (0.0549 ) of benz ste
O pSreAcHEBEr 0 bERaTER s hibe; o spmposg fbscle
vvacteérleareathewdacéelroﬂis aZMaathkﬁoecEereaneyerfor the

about t@b&ﬁ“ alrkggag?qfﬂow SO ut?%%é?%egggﬁgaHigtfig angio-

sSlangord o@ncé4949w‘gh( ¢-ap438 snol 3ndf foberte Horpapent and
ciyx@rvedﬁlaﬁﬂ 450 rdllége'l‘y@ erdi SoPASPAr ehach W 49  diabetic

netic stirrin in a I|tre Erl enneyer flask 25 B.
CARWIEH S éﬁ%ﬁfé’ﬁ) hi€sioured over about 35

mnutes into the solution in Erlenneyer A, wth

S rr| f or.nati.,on _of nabun ant. _whi_te
p';I'em pittat Sft}‘uecs SOYSFVER” T Sl‘—.’ﬂ é-"ﬁ eSS BPs FlfRsegharmas
vmqemtzwlmcmwsmmd$obmaainm t he watshvwatiegresient

3%.'9&%9g¥%ed frnfﬁ 18 & ErI tfbn%? st H{rbeﬂbi atlon

then stopped and the suspen3| o s a d'to sett
f oLt onifo s MAtife & Nefits P g el apsed, the cl ear
portion of

The pharmaceutical compositions are for example
solutions which can be injected by the subcutaneous or
intravenous reoute. They are also useful for
administration by the pulmcnary route (inhalation) or

by the oral route.

The dosage may vary according to the age, weight and
state of health of the patient. For an adult, it is in
general between 20 and 100 mg per day by the

intramuscular or subcutaneous route.

The following examples illustrate the invention without

however limiting it.

Example A: PREPARATION OF THE BENZETHONIUM SALT OF
BENZYL OF HEPARINATE.
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the supernatant is renoved and di scarded. 560 m of

wat er are added to the sedinented precipitate (slurry

35 appearance) and the m xture is stirred for 20

mnutes. The precipitate is allowed to resedi nent for

about 30 minutes. The super@dtant is renoved and

di scareg_g_t?(%o m) .. This operation of washing with
r’rﬂ““bfhept‘?i%ﬂatleed water is repeated tw ce on

thte settiteot edf- 255 g psecbphtatBonkiomt ki lloastdewashi Dg5 ml

operation, the recipitate js left in uspet i,on and
PR Srefs nigugrted ) 'S Sohiet € gradd! SRE e in
t h8re washied of t 4sotiunms QO0t mirof 16Dsml| led watter.. The

:g&%ﬁ?dcmg %lS:LQJe' 5 k«%%‘#{eﬁ Q«ﬁ%ha%%ttel}e%n@r 'dEQeltﬁﬂder

pressure a tenperature in
regi on of 60C. After dryl ng for 12 hours, 87.5 g of

beﬁéﬁﬂylh%éﬂﬁﬂfe,h of hedimm $alitt) are obt ai ned.
10 Exanpl.e B: DESCRI PTI ON

The yleldotaln 94 9%
DA PRLATLAF 204 | AABE. 159 AG JeiNEon. of
022?{,00; QaSQBe&zgt@oAllbﬁl @dﬁﬂl@é&d\lalrl @ 001 NH SSQrke Oh NHene

O 02 0]
SR oT B SHARTGR | H DPBaT8b0 Mo TR ES of
Iﬁﬂb¢h1f0r1197h@3E$ Sﬂ083ﬂm8(£ﬂkh do3 Hdlartd BHzZQL sodium
H .
(2H %éi odf m@éﬂgﬂ%ﬂ%ﬁ l(cFl 3t§‘%gl( 6%|gd$§ H%% %ﬁ%re e
Iopl temgd.d, waRhpd ulbb (m$fhanoBHANA hetriesh 47@§ of
afbiarf‘z 3 éﬁ‘lﬂar b %@p@%ﬁ‘f@%ﬂ:é‘r 1fuandptadfcliBin Mhe form
4 %?a.sod1unlsHit ﬁ%ose degree of esterification is 77%.

Benzyl ester of heparin (benzethonium salit)

36 g (0.0549 mol) of benzyl ester of heparin (sodium
salt) and 540 ml of distilled water are introduced into
a 2-litre Erlenmeyer flask A. After homogenization at a
temperature of about 20°C, a pale yellow solution is
obtained. A sclution of 64.45 g (0.1438 mol) of
benzethonium chloride and 450 ml of water is prepared,
with magnetic stirring, in a 1-litre Erlenmeyer flask
B. The solution in Erlenmeyer B is poured over about 35
minutes into the solution in Erlenmeyer A, with
stirring. The formation of an abundant white
precipitate is observed. The Erlenmeyer B is rinsed
with 200 ml of distilled water and the wash water is
introduced into the Erlenmeyer A. The stirring is then
stopped and the suspension is allowed to settle for 12
hours. Once this time has elapsed, the clear portion of
the supernatant is removed and discarded. 560 ml of
water are added to the sedimented precipitate (slurry
appearance) and the mixture is stirred for 20 minutes.
The precipitate is allowed to resediment for about 30
minutes. The supernatant is removed and discarded (560
ml). This operation of washing with about 560 ml of

distilled water is repeated twice on the sedimented
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(1H, ), 5.06 (1H, d, 6Hz), 5.10 (1H, d, 3Hz), 5.33

(1H, d, 4Hz), 5.36 (1H, d, 3Hz), 5.46 (1H d, 3Hz)
5.72 (1H, d, 4Hz). Decasodi um salt of

4- deoxy- a- L-t hr eo- hexenepyranosyl - 25 uroni c aci d-
(1->4) - 2- deoxy- 2- acet anmi do-648& sul f 0- a- D-

gl ucopyr.anosyl - (1->4) - (3- D gl ucopyr anosyl uroni ¢ aci d-

( PRIt @Gy - 218 ul FARi dol®%6- dFaeh et oopayajiigsy- the
pYrRaatel - 4) 1 @£ 0- sHl fsRrsprelrsii dapEraN oSyl t108d Cthrough

"2 5. 2 eiatesed A ao TR ooRlr dSa B UEBERAL L ¢

. t3nes DHO mibxafimpd st ill el Atk 1 lid lwst rateté heolid is
i 'Hﬂa‘i“r‘ﬂe]%e Lla 45, WAl &Ly GaMENt - ‘Jtﬂ‘h >§Pé§§ﬁ£%/ ! gé’ PTxpa)

ol'ymerization reaction an
a@ttl v@t FenpereRergr dductbBeobegiivad. o5 60ELandifds8 dpying

1%dﬂ|1%“Héﬁﬁ%trgﬁ'@;?U@ﬁcﬁeﬁéyihﬁep@ﬂf@&fepfb@ﬁ%@thonlum
equi_val ents on the aXa and la activit of

p t 3t &edEdit Fhe waedd @éﬁﬁéﬁﬁdoﬂso o3

Exanple 11 iIIustrates the use of a phosphazene base

GERRPR Do Py aPESTR g BT B M BRbRREdfind® avaoz

tdﬁllaﬂ%ﬂgﬂﬁsknrl(pyrroI|d|no)phosphorane EXAMPLE 1
Depol yneri zati on and conversion to the sodiumsalt 15

(0.1% water): 70 m of d|chloroqgthane are placqgﬁin
benzet honi um a?t) obtalned%é3 es rlb in é} le A
sol uti ongy at q 9 AC

(0.006 nol) "of 2-

a tenperature in the region of 20C for 24 hours.

an Erlenneyer f3sk A 10 g (0.:006 nol) of benég)
are d sl ow y, 20 stirripg. ter co ent

{ S adju t o

I?Q éioﬂ H
di ssol utW§on/ theNsol uti o S c re
0 °s.

butyl i m no- 2-di et hy}yam no- 1, 3- dlﬂgv ylpeﬂﬁmgro N2, 3
During Alla

ester of heparlnpo(degree of est i fication:

of the regaction |u

in the regi of 2 f ol I'gyed @ﬁdltloﬁoof 1 75Nﬁn
g Sy oy

di azaphosphori ne. The resultlng m xture Na stirred at

lls Is

Proton spectrum in Dy0, 500 MHz, T=298 K, & in ppm
1.97 (3H, s), 3.18 (1H, dd, 10 and 3Hz), 3.30 (1H, t,
8Hz), 3.37 (1H, dd, 10 and 3Hz), 3.60 (2H, m), between
3.65 and 3.85 (6H, m), 3.87 (2H, m), 3.95 (1H, d, 8Hz),
4,03 (1H, d, B8Hz), between 4.05 and 4.13 (4H, m),
between 4.16 and 4.45 (8H, m), 4.52 (1H, d, B8Hz), 4.67
(1H, m), 5.06 (1H, d, 6Hz), 5.10 (1H, d, 3Hz), 5.33
(1H, d, 4Hz), 5.36 (1H, d, 3Hz), 5.46 (1H, d, 3Hz),
5.72 (1H, d, 4Hz).

Decasodium salt of 4-deoxy-o-~L-threo-hexenepyranosyl-
uronic acid—- (1—-4)~2-deoxy-2-acetamido-6-0-sulfo-a-D-
glucopyranosyl=- (1—4) -B-D-glucopyranosyluronic acid-
(1>4)-2-deoxy-2-sulfamido-3, 6-di-0O-sulfo-a-D-gluco-
pyranosyl)-(1—4)-2~-0-sulfo-a-L-idopyranosyluronic acid-
(1—4) -2-deoxy~2-sulfamido-6-0-sulfo-a-D-glucopyranose.
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this time, a solution of 30 g of anhydrous sodi um

acetate in 300 m of nethanol is prepared in an 30
Erl enmeyer flask B. After total dissolution, 5 g of
Hyfl o supercel Celite are added to the solution. The
reaction mixture in the Ertebfreyer flask A is poured
over_1 mnute_30 seconds into, the nethanolic solution

of SRt atetat’® al &ferrerbt tHetTate nEhpegindd Wsmass of
SCE.heMtham:agnet ténskhtri rtga Aftl’rﬁ stsiemé:cmg;zfl@y Eof the
spen3|on i S ttle or our,
R R RS Ol Lo e s A 1y Setivicy
seq@rtatee@rmaiuc&rmd ciitsdareded (220 m). 220 nm of
met h d tOnt fe reci o a -
17 fggg}nﬁ?%?u?\% ?g S Pr:lg‘ %% r%%% 'g}ﬁges&ﬁh&e&{& BS%. J.Che
pregisin stfe base |equival grdsedimeite fofa abodtaildonetpoity

fﬁdﬂlt R SURSY AR 'w%tﬁeﬁa'iv%tt%q: ehtaR® of 0.1% )
di scarde 250 m of nethanol are added to

t he @@d%lé?wtje]d sl%vé*er@t%%t *éh%nast%h@fm%(tm%s%azene base
stdtrr{]ad ;o:r thafi nut eg- tﬁfhebﬁgﬂ%mﬁ@t-g dgeﬁlldﬂmxﬂﬁﬂ}rﬁ-nlﬁ—
I S,.t Iltered thraqu .a | ntere gl ass e
B BT e s AER ChOBRIE00 R of et hanot
Thisepalfe tealt-bwtwdti miswltird (pyrdoaiicédocaptospéo rdneed
under reduced pressure 10 (6 kPa) at a tenperature in

the region of 40C. After drying for 18 hours, 2.51 g
oEXPLFodi um salt of depol ynerized heparin in Celite

(@e@)ol?h@xqmlw ahld® c¥hobdseBhal B8d tReb4%pditm salt
icatiQn: 2.5 g (0.0038 nol) of the crude

dePoyn&Rt8&d *heparin, sodiumsalt in Celite (5 g)
olvttai med o&boych Bt dne oérwtpeuracaafce phaced Enléenbdyer

m . Er| fl filt

tﬁ‘crl&rTgkﬁ Nor 3 gf[llf]t e(? ecfn%]rs)as ?53 gﬂzd}lf ﬁlg 8%\rNI %1 heparin
tv(ndceeJrEeM aof vﬁtearrlfﬁtreatfudrt r at’e% obtla¢meethenphacesalt)
i %b%a&%%dn‘ Erhﬁgggyfﬁeﬁl eQaﬁ?EL A(Qu994agﬁgh Oglowly

30% causti c soda 1S 1 ntro uce
sty g iring -« dffera e Goantent rel; @lheoreagt;owm@@lum

addi th@Mustde MoXturesi s 1ol réethuf 0hn23 <2 ROES8a Toe 40°C

SOI%EéNkigkégggrahkégg boég¥“g%ssolutlon, the solution
is cooled to a temperature in the region of 20°C,
followed by addition of 1.75 ml (0.006 mol) of 2-tert-
butylimino-2-diethylamino-1,3-dimethylperhydro-1,2, 3-
diazaphosphorine. The resulting mixture is stirred at a
temperature in the region of 20°C for 24 hours. During
this time, a solution of 30 g of anhydrous sodium
acetate in 300 ml of methanol is prepared in an
Erlenmeyer flask B. After total dissolution, 5 g of
Hyflo supercel Celite are added to the solution. The
reaction mixture in the Erlenmeyer flask A is poured
over 1 minute 30 seconds into the methanolic solution
of sodium acetate at a temperature in the region of
5°C, with magnetic stirring. After stirring for
5 minutes, the suspension is left to settle for 1 hour
30 minutes. The «clear part of the supernatant is
separated out and discarded {220 ml). 220 ml of

methanol are added to the sedimented precipitate and
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and 3 g of sodiumchloride are added. After

di ssolution, 21 m of nethanol are added to the

reacti on nedium After stirring for 15 mnutes, 44 ni

of met hanol are added, followed by stirring for 1

hour. 30 Stirring is then stdpgped and the suspension

is. left to sedinent, for 45 mnutes at a tenperature

i Tshe™EGrER 16t HATTAtk SoperndLaNtess tTm?n Pr801pltate
sa;mrlaéf—:td but rapddiglestarded al@tn) hod® M winutes.

met hanr 2138 added to t

sedi_nent recipi tat d
t He R xture i s 8t i Tred hl:erd gug A tggl C‘Fﬁ% ?298
pr2é(ﬂ pilt atefi smeghenbd r eyrsedi addéedf oto abde 26edimented

he. s r a paL a
d| scar gje (80 #? reﬁ%OI?[][-rﬁ}étﬁ“frsee £ a%’gqrgr%g g%g[ed‘% mmﬁtes
J&W%ﬂm*@t%u @t éuaﬁ@nﬁh@nmb& drteert ststtered through

5 gmi mut.es E"i‘ﬁt@&@@' pgi@é@ | NpisdlS ReN& O%Ht%lh%@n 1sl8then
filtered throu si ntered Iass The cak

b Farbna Gathealnaet et Sl Re bl Yoiew wet

vveiolﬁbl ig dsathhad nefldantiehheiridd achdndered @tk eﬁressure

' h
208 Ve € rgengeraruis mourtns g gRoriar e arter
debodﬂymrlfmd 1Beparra, (sodblnysabt) tdre cloddumedsaThe of
P 1 '
yigl b1 eayl%qi H @{11(9 rf"dé C@é'? 3 %bo%%éaﬁ%gigﬂ%?. The

cru Iyrrerl eparin ta| ne
onl@llﬁ |qht@df\ﬁé5tér5 &4é -pl aced ina50m Erlenneyer

flask. The m xture is brought to 40C with nagnetic
styrring. The pHis brought to 9.7 0.1 by addition

0 aﬁﬁ"é‘%&‘iﬂ%ﬁﬁgﬁr oxi de. The reaction mediumis 15
fid.tereed (0hooBghmal . 45 mmmf@w@i@lﬁnﬁlﬁd oheparin,
a 3 ydp, ro S tlonls added t
s%%?%%zng agj)'ﬂpagout l%(;%ur qe) 8% alré'regt &Peovleh tahnc; 1 m
redi omaoer 20Ce tihvergrdkt Lne a s5®1erulr Elrilzoteyg raddiamk -1 Nlhe

G usﬁ&!él%‘i‘fe%ny@EdL?bEéBn 1Hrduch O %dk%g&*}lﬁfpéif glass

The solution is then filtered thro

nefsy akd P8RE 1116 ofWhee hahdh) ardf t eFour Eaeu nfi¥peate
sQfutldiond S d henkaepliad 4 013G andr Béhhé@erf 81 58R0UD . 4 m1

15 m t?nsél 360@ 86 neéggggicarseo ahenlsadg;%%ro&?llcle%mw1th
magnetic stirring, at a temperature in the region of
5°C. After addition, the mixture 1s stirred for
2 hours. The solution is neutralized by adding 1N HC1
and 3 g of sodium chloride are added. After
dissolution, 21 ml of methanol are added to the
reaction medium. After stirring for 15 minutes, 44 ml
of methanol are added, followed by stirring for 1 hour.
Stirring is then stopped and the suspension is left to
sediment for 45 minutes at a temperature in the region
of 5°C. The supernatant is then separated out and
discarded (90 ml). 90 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The precipitate is left to résediment for
about 20 minutes. The supernatant is separated out and
discarded (80 ml). 80 ml of methancl are added to the
sedimented precipitate and the mixture is stirred for

5 minutes. The precipitate in suspension 1is then
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by stirring for 1 hour. Stirring is then stopped and

25 the suspension is left to sedinent for about 15

m nutes. The supernatant is then separated out and

di scarded (50 m) . 50 mM of nethanol are added to the
sedi mented precipitate and-th® nmixture is stirred for

5 nut es recipitate s left to_resedi nent_ for
3€n&G§§Fd25tErFHEEES gThgosuBerﬁ%%ﬁ"e‘iﬂs %Je?)%ﬁ‘at edPputcake
andtadnsdaridedheh0 wishedTha tir e pnlt aife rigtIsusAensien wet
| en filtered, throu tered | as The
ot d g S AR R PR 8 prd¥sure
ndﬁhéﬁ’@l) atTh@ mmpschtdresmalmdragmm hehf drOl é‘d After
ur&q edyged ure;(§1k a) i
e%{lggl onggf §§O 58%?1’ erld%l @]EAE]’tICEours@é‘ﬂﬁ%é zed
oﬁleﬁérrén dépstiyreriaidd hepar phtééﬁﬁiﬂum’f@&l i edide obtained
ohtzaigeed. The vyield obtained is 87% - 19 The
characteristics of the depolynerized heparin thus

obtai ned are as follows: nean nol ecul ar wei ght: 2600
D#utrdifd cazdbn: Xa acti vi ty 177 1Ung 5 anti-lla

ot ¥to et Wl B M T Al Yene
t a3t mé sod urdlga:htlleli) (@atz% 78rei pﬂadedhl amorr@t ha?fb ml
a@%lghﬁgg rl rfl%s%r | eﬂ?’@yﬁﬁxtﬁlrés igA blléhgq}é 0,006 %! )i th
of

ester arin
eg*?é'ﬂleitﬂ»é’atﬁfdﬁrlm/ﬁ BBz dthohd U roy@ht) et §i-ded §31 by

dtaa@rirt@aﬂ bg qmg@ra)ldmtﬁq alrirrdder . 1hd gg%tl\/%d hhedium is
sti.rring .and under nitrog essu e
COALERESEr EREOREACLT orf rictiiNin FETRIFRS: adnflo De030FL Of
AEQBEOUBtQOdﬂhyﬂﬁageﬂwpeﬁoiﬁd@1sb@uﬁ@ﬁnﬁ@@ gfded. After
ty di et hyl ami n , 3-di_met hyl per hydr o-
%géﬁ“’é}ﬂg JL' ospr}hoor%}tne%a?léuagde%t % )?teu%lé%rée ) the
strler}ri@a bér 2@4Chodnh@ atl =& wenper atamecalrladde begahinof 1N

2@, Dugd Nthiidd Syl 'E‘adlaafcﬁl UBEO'@ g{ §P &oQf ﬁx”haﬁi&':'f'de

sodi Umacetate in” 30 prepared In
The solution is then flltered through a 0. 45 Bm

membrane and 14 ml of methanol are then poured in. The
solution is then cooled to 10°C and stirred for about
15 minutes. 36 ml of methanol are then added, followed
by stirring for 1 hour. Stirring is then stopped and
the suspension is left to sediment for about
15 minutes. The supernatant is then separated out and
discarded (50 ml). 50 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The precipitate is 1left to resediment for
about 25 minutes. The supernatant is separated out  and
discarded (50 ml). The precipitate in suspension is
then filtered through a No. 3 sintered glass. The white
cake obtained is then washed with 50 ml of methanol.
The wet solid is drained and then dried under reduced
pressure (6 kPa) at a temperature in the region of
1 40°C. After drying for 18 hours, 1.13 g of pure
depolymerized heparin (sodium salt) are obtained. The

yield obtained is 87%.
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Erl enneyer flask B. After total dissolution, 5 g of
Hyfl o supercel Celite are added to the solution. The
25 reaction mxture in the Erlenneyer flask Ais
poured over 1 minute 30 seconds into the nethanolic
sol ution of sodi um acetate WPth magnetic stirring, at
nperature in the r%gl on of 5C, After stirring for

a
5 %%u?%@ra%%ré%%b%%sp the | gepolymegierd fspag thus
thiJ:rtSaln'El&E alecals F oafs :t he supernatant is separated
out _and sc rded m m_ of methanol are
adféd' (% ﬁelrg%gd [?26@9 éaﬁ&oél Sand the mixture is
stantrie&sf @Ctﬁwtm;tés«”’?’ The'npr ecipitate is left to
r esadil t 120 The supernatant is 35
separate out ang:%l scar?ﬁf%% m). 230 m of
matHamela acd igdded and itHd as editdeited rptdei:piltidt e. The
precipitate in suspension is then filtered through a
NQ.. 3 sintered glass. The cake obtained is then washed
V\AW of nmethanol. The pale yellow wet solid is
- Ipoldmririedhtdit el didonderiaden  €duceHepr esdiltit (Salt
kP@) qt a tenperature in the region:of 40C. After

1'Mg

for 18 hours, 2.63 g of crude depol yneri zed
heffarmh iof Geékhflerpheghaare a a'pﬂadedTh_'enyiael Hrienmeyer

0 iedai s % f e 03 )
tgl%Ihe sodi u?nas(;?t g?pé)@%oﬂf‘gﬁérl Zed tz?]he ngeIQ%qun %eggtlr of
(Slegl)aré@t ailAdegraBover arfb tegr il L @t L anet er75&rfe beaeeghppium

5Gait )Er bgeg%ea fhaskiesthe vy syapensimpits A i lber edadeq
throuhaNo 3 sintered glass _and rinsed with tw ce

5 SHOYGH rwaferh ﬁ'ﬁ%r?}lil‘ﬂrﬁflg UGS ﬁ"éd:-qc@;‘eﬁ] REWFICY The
15Qtdr Etbﬁﬂﬁﬁyeroﬁ| agk. ﬂeeﬂctﬂon(&e@@ﬁmﬂbi_é @fdj?a@%ed to

c f. C ed W th m et| ti

thurr%er at%&ej Tn t re%lf o%h]dft 3 ?r%?’ a d'lq(fé ﬁnOl) of
tri’etmm—@mﬂm]snsmcr—r%@ﬂlfeamﬂahd@psl 'Bh@tln@ctlhu’tllp@trhyslro—
nt;:‘Ll"tZr %l B AR lﬂ%ggg%{or}:% %h . TR d' YWhviure is

chl’oride are a are oure I'nto
t i ireget ifor m&theers Aﬁtela §€Fﬂpﬁ|rﬁ§11ﬁ?@r 1r115thﬁ nee@son of

3@ olc .ofpuratrhanali are mdded, sdohd e ds Y30 g of anhydrous

sodium acetate in 300 ml of methanol is prepared in a
Erlenmeyer flask B. After total dissolution, 5 g of
Hyflo supercel Celite are added to the solution. The
reaction mixture in the Erlenmeyer flask A 1is poured
over 1 minute 30 seconds into the methanclic solution
of sodium acetate with magnetic stirring, at a
temperature in the region of 5°C. After stirring for
5 minutes, the suspension 1is 1left to settle for
2 hours. The clear part of the supernatant is separated
out and discarded (220 ml). 220 ml of methanol are
added to the sedimented precipitate and the mixture is
stirred for 5 minutes. The precipitate is left to
resediment for about 2 hours. The supernatant is
separated out and discarded (230 ml). 230 ml of
methanol are added to the sedimented precipitate. The
precipitate in suspension is then filtered through a
No. 3 sintered glass. The cake obtained is then washed

with 150 ml of methanol. The pale yellow wet solid is
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20 stirring for 1 hour. Stirring is then stopped and
the suspension is left to sedinent for 45 m nutes at
a tenperature in the region of 5C. The supernatant is
then separated out and discarded (80 m) . 80 m of
met hanol are added to the sedPnented precipitate and
25.the mxture is stirred for 5 mnutes. The

prE@Haht 819 fhefs sEHSbnndet hERPFPLe MEE IRTSUgh® dFa)
N@.th3a8'rtrét'rqh::l‘eﬁtgtu@|eas:ﬁl Ehﬁ Q@:@Qo@bt@f ned°'c|s :ijplfﬁj’ér drying

e i 5 methanol,. The t salid is C
R et Al THen? ob? o TRder i ARRRT odr e TP 1n
atCed ittenplér atlureera ktthd neegi Ghe3@iefld40CtaAhedr idr gi7hg
for 48 hours, 2.3 g of crude depolynerized heparin

(sodiumsalt) are obtained. The yield obtained is
esmpomidiigatdionon: 35 1.4 g of crude depol yneri zed

hepay i obt @b dgdnaPpveranfelsJdi &f Histibt edepBi Gherized
are placed,in a 50 m Erlenneyer flask. The nm xture
i L9RGddht 1Bo RIGHE t S FagrfRE I nRq r APRY S Thid pHiS @l of
Er‘nmd gt dt@r@?hﬁ)lé)céd_byinad@!ot man (Efrﬂd}in&% immfldask. The
roxi de. e reaction iumis - iltere
T o5 4e PP e 07 fP-of  Sigthedhrs gpbes®
hydrdogennpedoxiwdehsotwi con 5 snladded. wAftieer. Sherrfhbtrate
f - r q. t re. | regl o}
4%r8,t%?;1?1§dm%xsl’t13#ieasﬁé’sﬁ c%lolagg %oq{éytg%éeéﬁa%f?% gﬂ%%{‘t hée'4 ml

r €8i-69 4ofeddC dnd>eheranati ¢ apidad iy adiifid i whth opagnetic
Hek i iGi0f SO UbepLPstdfc alR RALEG A deyr rEae! | Bfter

medj um, The solutign.is then filtered through a 0.45
prﬁ%‘)&ne ARG 1PKCUSE néfhafblraPe t B8R  polPBESi n. The

The lselidr obsi sadutemm icioaiddbi,o adG rend 11103%&1;3{:@@ ok of
15 m.nutes., 36 of net hapol re then e

{ SR Sy B R e TG g i 0 e BT g, poured
stioged &ahe t heezospensi omiituteft tAdtsedi memitirkéng 15for
m- kU e s a t ] r out

e S B SUPSRISAN mbELAIER, SORAT Bh8dad e itoued, by
15 tS&diiment &R plebPPrt afEirgiigor yiappbaRafdepPradd are the

MotlsWe@ di®nst Lkl etefOr 2 MsBUE R8Nt ThEoPr epl phitalted Sat  a

left to resedi pent for about 20 mnutes, e ,
temperature 1n the region of 5°C. The supernatant is
then separated out and discarded (80 ml). 80 ml of
methanol are added to the sedimented precipitate and
the mixture is stirred for 5 minutes. The precipitate
in suspension is then filtered through a No. 3 sintered
glass. The cake obtained is then washed with 50 ml of
methanol. The wet solid is drained and then dried under
reduced pressure (6 kPa) at a temperature in the region
of 40°C. After drying for 48 hours, 2.3 g of crude
depolymerized heparin (sodium salt) are obtained. The

yield obtained is 65%.

Purification:

1.4 g of crude depolymerized heparin obtained above and
15 ml of distilled water are placed in a 50 ml
Erlenmeyer flask. The mixture 1s brought to 40°C with
magnetic stirring. The pH is brought to 9.7 £ 0.1 by

addition of 1IN sodium hydroxide. The reaction medium is
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supernatant is separated out and discarded (50 nml).
The precipitate in suspension is then filtered
through a 20 No. 3 sintered glass. The white cake
obtained is then washed with 50 ml of nethanol. The
wet solid is drained and théad dried under reduced
pressur€%£6 kPa) at a mgerature in the regi on of

Woﬂghfof‘ (18 Ot s eI Ayt apgy e0- 07 mb  of

deppieymy i zed h@@a@gém ( pedouitie23cqalttibnarie C&lid?édl.edAfter
8 .yl ield o The characteri st

tal n IS
dep J1 ymerq 228 he ﬁ %ﬁf&ourosbt Sitned ar ¥ asrachd‘me W§n the
mesgy il ecti| 49 ° el ’ghe m2850rdalitsonmsolamt i tXaa atémpetryture

1 I tL=l ctl vt ' i=Xa s
acth SRR S athi O eyt i el o cacdition
Dejdol Q%Hpiat i drd and coOPYLRE c;rhltq:rltdfe g6 wrdded t togsthe

(GeIbtwalrErdedfu] ®he dbemh@&eﬁetﬁa%@f{ er Pl @t | Phaough

Erl enmeyer flask A. 10 of benzyl ester
ofa nONGE i ( BegbEahsT a9t orld ek % nol are then

bepzetdtbniitm sahé) SOQ_ID.ﬁ:a_IOEledJ_QS wescr bbadedn exampl°e Aand
arg add

irrin er_nitro
pr essrurree \1,tue W%lBe]IIl %{%%ht 9%fm hef| UC ﬁed?ﬁ% j khen
adjidsstdhd folloB%l Aby esttiotrding dfssolljth@ru: 1Stam1ing is

‘%J%Sﬁh%%ﬁ o TSt gE b 11975 B aggiirent for

ﬁfﬁémt@ ar%h%daéaerrrrﬁéamtxmﬁ ethgnstsrepnaéététd gut and

tefmﬁfa&tdgcﬁ‘ (40 the) r e@bon1 0o 20kefiin2d BOHr SddRdl it the
this tinme, dg solution of 30 of anhydrous sodi um
0

A HMET R 0P TRC I HRdthan Wit r Yy and the
Enﬂlemrmeer il aski BedAf for tOualntiessol Dheoprdrigpiafatk) is
super cel I|te re dedt t.he sqglution, The
reac | onl%% xt l]:feg%l A the Erl gnmeysl O askgh Tn%n 8 Fed The
ovarrelr ndtautte 130 sarordsed mwt t dwed nét haaoti¢d sb@h mhi . The

a%?ﬂe%ﬁaﬁ%ltlét ' of %tus%ae %‘I%?{ agUre pdy, t @;HS%S” t@fro'i%h a

gnetic stirrl After stirrin m nut es,

18“% he°> s%rb%%%ngﬂ@%ef {Thep wette echbe Phigdnero 1s then
MyHHARS with 50 ml of methanol. The wet solid is drained

and then dried under reduced pressure {6 kPa}) at a
temperature in the region of 40°C. After drying for
18 hours, 1.2 g of pure depolymerized heparin (sodium
salt) are obtained. The yield obtained is 86%.

The characteristics of the depolymerized heparin thus
obtained are as follows:

mean melecular weight: 2650 daltons

anti-Xa activity: 161 IU/mg

anti~IIa activity: 1.4 IU/mg

anti-Xa activity/anti-IIa activity ratio: 115

EXAMPLE 3

Depolymerization and conversion to the sodium salt
{0.3% water)

70 ml of dichloromethane are placed in a Erlenmeyer
flask A. 10 g (0.006 mol) of benzyl ester of heparin
(degree o0f esterification: 75%, benzethonium salt)

obtained as described in example A are added with
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The clear part of the supernatant is separated out and

di scarded (220 m ). 220 m of nethanol are added to

the sedinmented precipitate and the mxture is stirred
for 5 mnutes. The precipitate in suspension is then

20 filtered through a No. 3 8Entered gl ass. The cake
obtained is then washed wth 100 ml of nethanol. The
WIS i3 MRS T A9REh RIS S Afd eFhe JeRfedEl content

proe.ssunes A deRan a:tecamnerﬁpgeraed}u&édw tden e omredr total

40 Aﬁt d h 57 f 5. .

ol 1kt i an@ BHEainty. of PreSEharuhy SHpino-
|r24aﬂauhyha&1@p 1TBedyneh@yd@bahyddth B6%-diaza-
S 2. 0. 8 t
%%crﬁyge%g@edeag yrragcrh?ezcéd %gl%ar%{gk%ug%:e P% Ssocg_&;gdsagtt @
otitemmé@talb‘@v@n drite 18eai.onf O\ﬁ/atZé)r Carf@p| 2 dbure 50Dwring

EHH%&UEXQHe f|§5ksoﬂ@€léﬂsﬂﬁﬁsﬁﬁﬁéf o&'lgﬁﬁﬁgrﬁﬁéouggdlum
3 'sintered glass and rinsed with tw te

vvé’tC@rtatﬁwe i 13¢%tel obPhi nBEthanplacéd .@r@pfe@% I a
Er}jxarenme@reﬁanba&kB 0. Artdr (GO meliks sofl u3Q¥nGaust gC of

i s added netlc sti.rr.i , a .
T SeSrGe FRaTEanct e St M Bhalsqiytiqe The
mnetasurtaqns wixtues flar tie hEmr’isnm@berscﬂMsﬂonAi Ss poured

”%H&ﬁ@'hzﬁ9n9¥ d?b”%%&%# &@?ﬂ h% oEiggghgﬁhc so%ium

chl oride are a are A
| MGG HERE rsedettilon mtxtmr@mwnee’rrurﬁ i3y i e Jf@q;lqrs of 5°C,

m#llﬂ:thesma%%ﬂc oftARt-hagol me.,added - -fQ4! qurd 5bﬁ{1nutes,
stirring hour.. Stirring is then stopped and  the

s(ise meTsd ofe s tjt?%%d%ci‘re?ﬁt‘ﬂoef Hoholrhoghel @ minutes.
supey nElet partt heh skpakapednatitinand sdissgaratd (A: and

m ). 70 n1 f d.tot di ted

s Gad T moalird R R vRarT 5T ATt ko the

TW@QmmanqadzﬂxﬁdipSMSmﬁnshdnUhetmmxmmrétese$uﬂnnm@hfor
N&tg%t Isnt er. §01%- a gke Bbt%'%§%ns %Peqj}o then

h 50 ano e wet
rfd-lh’i@d?edan@h@fﬁ@ﬁhdr RedN@Rd8r ﬁéau@éadpmégase (Bh&Pagake

alolA a ihREPel At Uhen Nvddieed egien ofo ARG AFt &letdHJ  The
for 48 hours 1.42 g of crude depolynerized heparin
Y&& uRP 1id "1s 'drained and then dried under reduced
( u
pressure (6 kPa}) at a temperature in the region of
40°C. After drying for 18 hours, 2.57 g of crude
depolymerized heparin are obtained, as the sodium salt

in Celite (5 g). The yield obtained is 66%.

Saponification:

2.5 g (0.0038 mol) of the sodium salt of crude
depolymerized heparin in Celite (5 g) obtained above
and 18 ml of water are placed in 50 ml Erlenmeyer
flask. The suspension is filtered through a No. 3
sintered glass and rinsed with twice 5 ml of water. The
filtrate obtained is placed in a 150 ml Erlenmeyer
flask. 0.4 ml (0.004 mol) of 30% caustic soda is added
with magnetic stirring, at a temperature in the region
of 5°C. After addition, the mixture is stirred for
2 hours. The solution is neutralized by adding 1N HC1

and 3 g of sodium chloride are added. 15 ml of methanol
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salt) are obtained. The yield obtained is 62% 15
Purification: 1.4 g of crude depol ynerized heparin

obt ai ned above and 14 nml of distilled water are

placed in a 50 m  Erlenneyer flask. The m xture is
brought to 40C with 20 nagneEBc-stirring. The pHis
brought to 9.7 0.1 by addition of IN sodium

hyPdifoxP der e h énr't@ac?}i‘%n rReditdrn ¥ Yter edttRrouthl BEING

0f4:& prg nerfiedne, ard A1 03B Mimefharaguegus %@%ebudrﬂgEIbwed
roxi de solutlon |§ added fter stirring for a
t

ou?% 5109 t ERperattits i nSEHET 2891 d§i oh® f@@ppteﬁe and
mt>hteur susgensgidtnalizeddsy atdi ngedimerHCl fofrol Loledrby The

a%@t r?lgtgj’ltz glgf ‘Eﬁghums%atq% t%%1‘l I@ér ed tdhr odl%carded

di's qut ion, the solufion
ﬂ@ B} rersr ade ahdnahamobf anet hdded &ce tftelwe$1edlmented

edpliRatihedd | £hat ?al'xstutrléenlé:ogjcfgréﬁ e andyBhites.
irred for 15 m nutes. nmet hanol are then

a&“@@d Plf%ﬂ#%%@d:eoyl%tﬁl?li)ﬁas%%@ aBottel Hourtemstq rhFrpgh
|f%1 tlzgn st O@Qﬁﬂe_lﬁ_@d tjuaaws?qud _Oﬁ,'altk% I @Btaﬁ_ﬁetaegiﬁentihen
or mn es. e er.nat a | e

R ghs Yo ge ot MY Thet oo S el e
3andhetkedi nbnted pmeleirpi ratecédl Lpsreysaprpear (@nd®gr)andt a
t ' t
{REnpBRKVLE | Sty e L96n D R MR MG I SRLDILY! orox

piéchpirar e 1i-4 2s gs pdn giromie sﬂqn@ymanqmdlenﬁmrgh godium

N@,al% skRteredaghass. TheeywRiheopakenght aknedsi s then
24 washed with 50 ni o%ymethano The wet solid is

dral ned and then dried under reduced pressure (6 kPa)
aiPu&ifh.eﬁme.bature in the region of 40C. After drying

for , 18 urs of pure meri.zed. hepar,in
364 Bt Uediag htyeli TR T [P E  Hbfe and
89% mThe ocfhar@ci@rl]sid cswa)’tet headepopyaeeidzed,n heparb®h ml

t%g% gkﬁ}e?iege%laarsfi( asrf Ol h?%urge?%zrﬁ?{jf&n%ﬁqo an'zﬁbh’tc with

ons ‘anti-Xa actiVvit ti-11
a®eppptyc 1Y ryge The  pH lS brought "to 9.7 £ O.l by

addition of 1N sodium hydroxide. The reaction medium is
filtered through a 0.45 pm membrane and 0.07 ml of
aqueous 30% hydrocgen peroxide solution is added. After
stirring for about 2 hours at a temperature in the
region of 20°C, the mixture is neutralized by adding
1IN HC1l, followed by addition of 2 g of sodium chloride.
‘After dissolution, the solution dis then filtered
through a 0.45 pm membrane and %14 ml of methanol are

then poured in. The filtrate is then cooled to 10°C and
stirred for 15 minutes. 36 ml of methanol are then
added, followed by stirring for about 1 hour. Stirring
is then stopped and the suspension is left to sediment
for 40 minutes. The supernatant is then separated out
and discarded (50 ml). 50 ml of methanol are added to
the sedimented precipitate (slurry appearance) and the
mixture is stirred for 5 minutes. The precipitate is
left to resediment for about 25 minutes. The
precipitate in suspension is then filtered through a

No. 3 sintered glass. The white cake obtained is then
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anti-Xa activity/anti-lla activity ratio: 94 EXAVPLE 4
Depol yneri zati on and conversion to the sodiumsalt 15
(0.4% water): 70 m of dichloronethane are placed in a
Erl ennmeyer flask A. 10 g (0.006 nol) of benzyl ester
of heparin (degree of esteriftication: 75%

AVEHE DA o bl SRR EL1 TG Tnet Wk ope dFained

carnentheh tHeiedacindsr nediduned spadgasted t® ]£Pa4)% at a

i g,h d C _unggf it
totar%%d%%s‘%butﬁgneéi{er%%%?gre#SQ%cggl ATPer, AVifly for
t erfpdraiife }red e pégoreofderad yriestizntechepyrin (sodium

ack itd oy ,Qf 010t7a5_'Lr{Hd (Oﬂl%o@l@ld) o%fta%nte%f 4 2R03 .
butyl i m no- 2-di et h%ﬁam no- 1, 3- di net hyl per hydro 1,2, 3-

di azaphosph&}}%e -’éa?r*f‘?éfjcﬁ‘él?% sOfr r dehaat gepolymerized
tefmﬁh Wit rghy g d]:lt%ll ireg ]Eﬁi??OfaszQ?llefwsg4 hour Sd' Duri ng
this ti a_sol ution .o g of anhydrous sodi um

ad&tHt m:]ne%(?rm WeS A et t?a#’&l OEasltg?nneﬁ‘?c/)ar ed in a 30
Erdrenimedeeradiiasik B. 1A% U Amet al di ssol ution, 5 g of

Hyf] 10, St efCCeJlVCiegyl teJhe (érrula/gn ed to the solution. The

reaction mxture i'n nmeyer flask A is poured

oYL i Xd tte 30 wegdridsl Tantee tiitvd tiye ttteduiol ti @4sodi um

acetate solution at a tenperature in the region of 5C

35 wi.th netic stirring. After stirring for 5

MR EeE 4 he suspension is left to settle for 2

h@epnlyhearicdaabgion parid Okonhersdipar Nndbanthes seganit edalt

og@ d_di sc rded (80 m) . 80 m of nethanol are
oatthe sedi nent ed precipitate and the m xture

i JGstintr edff f dichlpirouetdane 2bre Thvd apreeci pit & eEk$enmeyer

| eft, es nt fg Th er nat

|2E‘lséstpkgr%t eg% aRd ?2@%% #ﬁo%érﬁ% %gglél% Cﬂfa ﬁgﬁarln
e aref amibelfbfxcr%tls@dﬁ rre?ﬁ@d b@@é?bh@@t@nanﬁalt)

t Rt MY €ad Sqakiirhi8ddf A e Bmiesa 5 ae added slowly,
precipitate in suspension is then fil | 'fered through a

NG 58T STt idte gl T Wartfer cSREE bt aphebfsreAghion medium
Wazﬁleddy\ukheda}:d’ﬂ 00kg [TEtm&JlobolJbﬁoﬂahQs yebhowdwalo 30°C

S%lnicfje ni rraggneend az’pfic otai eglsl;'l ét{gg}'lc’glgle E}%E’Llil%ee is
cooled to a temperature in the region of 20°C, followed
by addition of 1.75 ml {0.006 mol) of 2-tert-
butylimino-2-diethylamino-1, 3-dimethylperhydro-1,2, 3-

diazaphosphorine. The mixture is stirred at a
temperature in the region of 20°C for 24 hours. During
this time, a solution of 30 g of anhydrous sodium
acetate in 300 ml of methanol is ©prepared in a
Erlenmeyer flask B. After total dissolution, 5 g of
Hyflo supercel Celite are added to the solution. The
reaction mixture in the Erlenmeyer flask A is poured
over 1 minute 30 seconds into the methanolic sodium
acetate solution at a temperature in the region of 5°C,
with magnetic stirring. After stirring for 5 minutes,
the suspension 1s left to settle for 2 hours. The clear
part of the supernatant is separated out and discarded
(80 ml). 80 ml of methanol are added to the sedimented

precipitate and the mixture is stirred for 5 minutes.
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(6 kPa) at a tenperature in the region of 40C. After

10 drying for 18 hours, 3.25 g of crude depol ynerized

heparin are obtained, as the sodiumsalt in Celite (5
. The yield obtained is 83% Saponification: 15 3.1
g (0.0018 nol) of the sodiunksatt of crude

de olynmerized heparin in Celite (10 g) obtained above

afdhe2 PrAcish tadeer sarke i} dcereseSoneRt HroerRgigy 1 hour.

flw SsURE rHSRENSI O dpa fddderast téﬁ@%@aﬁ\lﬁéd 3(80 ml).
tere 1glass and rlnsed with twice 6 vvate
f|

trafe o5 nedPFe pPRdES in % 1 em sédimented
Elﬁr@raﬁ@m;ratef | #rsk . tBe 7 milx t(e007s Bk} retd3@xrcabistimutes.

S i S adde th nagnetic.stirLri
PR Sr Aot Ly TEONELNG L 8h (05 M e tared pgouan
maxt Hpe Bs stnteeddf oyla®s holftse ﬁ@écesolomta@neds is then

”%ték@ Zﬁﬁtﬁy dl}d)g'n{lg b%\g ’i%‘t nd 4ng of 'ry%g‘low wet

chlori are a anol are into
trﬁ@lrléiaclts ot # 5@ dr and Afhep §jtrllle|d| nderorrex Qﬁ%@re%ssure

12( gk raf '@c! han%m%?ﬁ@d%?,uf Otld]:ll@\/\gggl@ﬁ ot rgg g fRfter
our. rri en ed a suspen .
RS §gotediRehprSr  19naa S ThE. 36r Siper dacanirEized
th@pa&&lﬁﬁr atred chitaionsd di scar dad £80iuh) sal¥0 th ofelite
ne( ol T%reyq%q%dotoga P‘ %%I Bt ed precipitate and
ree

the Xt are i’s st m nutes. The precipitate
is left to resedinment for about 20 m nutes. The

s%gmﬁ@aﬂl%nseparat ed out and 35 discarded (90 m).
of methanol are added to the sedinented

pr3eé1 pid at €0 el ? Heo b xt @f e £&eSst iSOEET orsa sy nidut egrude
eflepiilzate hépstispens arliscd heno §il t@yRdned above

thm”&g;hg@b WPEn UL - R ARY TR GALTL pBtieneyer

sdlliadki.s dha nedsperdstiben dei ecﬂlmndeedr etbeedgpr essure. 3

(%151 %)rfegitr g?,g‘lt ourrc?tr% elcp ‘*l Cfu%gjl'(g% gfmf Cf \:@LE&% The

yneri z
hépéltmt(eso@b@mleaﬁt )iar @b@@@m neich Bhel)'iioemél oEréehJeeyer

5 1587 %0 Purdif | etd®N'mo1) of 30% caustic soda is added
with magnetic stirring, at a temperature in the region
of 5°C. After addition, the mixture is stirred for
2 hours. The solution is neutralized by adding 1IN HCI
and 4 g of sodium chloride are added. 28 ml of methanol
are poured into the reaction mixture. After stirring
for 15 minutes, 72 ml of methanol are added, followed
by stirring for 1 hour. Stirring is then stopped and
the suspension is left to sediment for 1 hour. The
supernatant 1is then separated out and discarded
(90 ml}). 90 ml of methanol are added to the sedimented
precipitate and the mixture is stirred for 5 minutes.
The precipitate 1s left to resediment for about
20 minutes. The supernatant is separated out and
discarded (90 ml). 90 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The precipitate in suspension 1is then
.filtered through a No. 3 sintered glass. The cake
obtained is then washed with 50 ml of methanol. The wet
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1.9 g of crude depolynerized heparin obtained above

and 19 m of distilled water are placed in a 50 nl 10
Erl enmeyer flask. The m xture is brought to 40C with
magnetic stirring. The pHis brought to 9.7 0.1 by

addi tion of I N sodi um hydrexkée- The reaction nmedi um

is filtered through a 0.45 Timnenbrane and 0.1 ml of
afifddis BoW T ernPebRNdErdSHuINGIeT sradiHery RMFewFure

1 estidpayi g for t@ﬁgékazu%urﬁa athé tegpshabyr edIr.t hefter
is neutralized by add

regi on of m xture

| RGPSt w1 TorS o B ot SR ReEOLer i zed
cMemaﬂﬂh (s w0l sditon hset bemafinkter @thet hyiotigh @btained
0..45 pp nenbrane and 14 m of nethanol are then
poured i'n, and 20 the mixture is stirred for 15
m nutes. 36 nl of nethanol are then added, foll owed

b)blglglrdar%g_ofnor 1 hour. Stirring is then stopped and
the suspension is left to sedlnent for 15 m nutes.

Trile Suparthamite iderahareBgrd ferpbit i et alrere and
(ﬂ@ M) - M ndiHfi2hedret Panel apecadgadcke they a 5o ml

nented C e and the nmixture is s |rr
e R Al e h DS PR ther T i th
abmg.nezﬁdn mmes:t)ng'h;a'rh&ug&t nasarirdwgyigepavat®ed autd.1l by
r
PSR e T S P anid neae 8 G A0t n 15
stﬁlrlxt@d:efdor threiuglt es. 0TI4é precinpinbaapei sahéft0td ml of

resedl 300 egopegbﬁHE@SSOIB%l%HSQEQSé&EbdS After
then flltered t . sintered gl ass.

mmttléfrclé!@e Seifaufﬁ%%ufrs 2t H@Vr%/va%edawtﬁmwarﬁurcﬁ in the
.off heowet Sthé diistdi-al ned ﬁéu@ﬁalﬁ_hga &y eddding

tﬁiveﬁec'g»oﬁﬂ H6E B ety he T of @ 79 novgLin cBgogide.
ofThaur esco:[ﬁpnlqrrrerlzedthepar |fnl(tm@|dumtks:aju@h arg 0.45 pm
obtained.. T %yif'rﬁjthekgh@%ﬂahélsé% e ok ed in, and

characteristics meri ze hep arln
obitte nediziures ol | emrrﬁdan freal ecld arlmmetﬁwt @50l of

g?kﬁ@ﬁﬁuﬂﬁg%%erafﬁ%h'Vbﬁﬁedlzszyﬁggeé apli -kt &rring for
VI .
1 hougl Stlrrlnémas then stopped and the suspension is

left to sediment for 15 minutes. The supernatant is
then separated out and discarded (40 ml). 40 ml of
methanol are added to the sedimented precipitate and
the mixture is stirred for 5 minutes. The precipitate
is left to resediment for about 20 minutes. The
supernatant 1is separated out and discarded (50 ml).
500 m¥ of methanol are added to the sedimented
prebipitate and the mixture 1is stirred for 5 minutes.
The precipitate is left to resediment for about 20

minutes. The suspension 1is then filtered through a
No. 3 sintered glass. The white cake obtained is then
washed with 50 ml of methanol. The wet solid is drained
and then dried under reduced pressure (6 kPa) at a
temperature in the region of 40°C. After drying for
72 hours, 1.56 g of pure depolymerized heparin (sodium

salt) are obtained. The yield obtained is 82%.
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anti-Xa activity/anti-lla activity ratio: 94 EXAMPLE 5
Depol yneri zati on and conversion to the sodiumsalt 10
(0.57% water) : 140 ml of dichloromethane are placed
in a Erlenmeyer flask A 20 (0.019 nol) of benzyl
ester of heparin (degree of 2ésterification: 75%

benzet honi um sal t obt d as described i.n_exanpl e
efn %ﬂase‘a Jo#ﬂycs 1% tﬁ}? a?P?fW@e“rﬁ% wiEgATin  thus
C@lhitalihedf atrlee ased&oflilewssedi um is adjusted to 0.57%

Aft ﬁ‘n%tl%lcu 'a%f’]%l gt (lkﬁ 2 %%PE g1alt§0§?12 nol ) of

am no-

dlanf@tlhyilapelcrb‘,ymi@yl 223 dUa{maphosphori ne are added. The

a)ﬁttlire |sa%tt|lrvrle rmgr ature in the region of
fT hou s. Durln his time, a solution of

6@“@1‘6’@ éﬁﬁ}érﬂéﬁs’ a@@é&r&ﬁﬁaééﬂlaﬁétwnr%eom 96f

nmet hanol is prepared in a Erlennmeyer flask B. After

t i gssolution, 10 g of Hyflo supercel Celite are
a%{g’hﬂ?}% 1cf‘the solution. The reaction mxture in the
Eﬂjepmlmnen:ﬁatﬁ.loaskaﬁdj scpauveedioxer té nthet es8@ium salt
se(abogq t)he nmet hanol i ¢ sodi um acetate sol ution

at' a tenpera re in the region of 4C, with nagnetic
st1|4r0r|rm1g oniftcexchlectmmetdgarfe)rasemmcm ihea Erlenmeyer
SYSRERSION b lgﬁf'{ot@l9sﬁ5ﬂ f.Eorb Sﬁnagee e heparin

clear part o e 30 super nat ant arated out and

di (Segrasg e£00 Giﬂf)erlf&mtrﬁo%f ithandhe et bmden { gsaLt)

t B@t&@ﬂb@eﬁﬁddeﬁéﬁﬂb@dﬂt ahe anghdike m XbWee ddyed | él@ﬁly,
ft to resedi nen

m,nut es o] |tate|sl
B Bt T iy TR DRI 9% i or St et um
and ddpartdstl 85 (04.250«1 )Afd20 obtal rEidwrialtiarg 3.5 ml

‘aqged 160 é'i?or 383' ”EE“ ?9:9@%&391{&‘{1‘?0 aé‘ddw?hﬂé@]%&l , 3~

IS stirre e” suspensi on
|dllmerted'lpﬁﬂr®wgllﬂr0al Q@3-Ql§|2ﬁpepe§hghfa9§ e eaked. The

09&%&@%@ Eﬁstggﬂrf@ﬁh%g: &”E%m%@@a%hr%f:H?tgﬁgmredggi of
pleye ow wet solidi1s - drai ned and then dried

urtdef Eoducéd lm%ur%lr(lel%%ls dtimet ehpp it i et 60 g
t be reghpirois 586difht efcabatidginf @ool&uhobES mE el is

ofepude depolymerlized Neparl '€ a5k B.  After  total
dissolution, 10 g of Hyflo supercel Celite are added to
the solution. The reaction mixture in the Erlenmeyer
flask A 1is poured over 1 minute 30 seconds into the
methanclic sodium acetate solution at a temperature in
the region of 4°C, with magnetic stirring. After
stirring for 5 minutes, the suspension is left to
settle for 30 minutes. The clear part of the
supernatant 1is separated out and discarded (400 ml).
400 ml1 of methanocl are added to the sedimented
precipitate and the mixture is stirred for 5 minutes.
The precipitate is left to resediment for about 1 hour.
The supernatant is  separated out and discarded
(420 ml). 420 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The suspension 1is then filtered through a
No. 3 sintered glass. The cake obtained is then washed

with 200 ml of methanol. The pale yellow wet solid is
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obtai ned, as the sodiumsalt in Celite (10 g) The 5
yield obtained is 85% Saponification: 6.66 g (0.0101
nol) of the sodiumsalt of crude depolynerized
heparin in Celite (10 g) obtai ned above 10 and 47 m

of water are placed in a 56 B Erlenneyer flask. The
suspension is filtered through a No. 3 sintered gl ass
arralinpsede il t Bhew ¢ issl minder waedncedTiE 394kt €6 kPa)

ohftai ped cnp Rl |ih arAa0 figikn epreyerc.f imster lddying
m_(0.011 nol) of 63§0;%ca stic so(gg are added 15 with
megietit B9 Yy, 049 £ erpaiat ROT e RbZeRiopAT Hf are
5GbtAfilrerd ,addist | Dhe tdwelitinkt geeti sistigekdtd or{102g). The
hour s, nget s.ol uti.on 4.5 neutralized by adding i N HCL
anyole;dso of- " $8diim cHi'ori de are added. 66 m of

met hanol are added to the reaction medium After 20

Std ci:ﬁ. -fcggt-Jo'i“m nutes, 171 m of nmethanol are added,
fo#{)we be sltirring for 1 hour. Stirring is then

stoffed @and(@ HeL Sugprebsi of | sthef tsedlwedi peht fof 3grude
hQip Aty ti8REr BEPELI A N ihhecd BOEON (@D 3¢ h@ained above
s% na ani i s then separat e]o_l out. and di scarﬁrgLedEZ%
(8 nfl). M6 “BF hetdtoP aredaddeddt 4 My Erlenmeyer
setliamnt ed’Hy eciydpeatsd oand ihe failxtued | shebughedaf oNo. 3
5 m nutes Tge recipitate is_l. Ent t 0. r esedi nent f{o
SO i AUEES, SR ST hatate | SVsEhara Bh ot ARECT
di%ear st X489 ob}yainsd ak ofl arethdmola ai 80 anbefirignmeyer
thg 230 sedi 1“‘?1;[)& ety mﬁ'nﬁﬁr]{q)at& afgk 1L, M XL UEEqhSare added
stitred for "5 mnutes. e suspension Is then o
f i“lltt_é}' é&a‘_ﬁrFﬁ%%@hsﬁerb?ga 3Fntaertéﬂ“%résté%re1'h3é"‘ chlke region
$Qﬁ?'®e@.|FAgb§ﬁ Wﬂﬁd%ﬁ%ﬁﬂM tghkMﬂﬁEéégrg1 i%j'ﬁﬂﬂ%?@@ afor
e wet solid is drai,ned ,h an tgen ri under . redu
oAl | 6Tk Pa U A0g5 (BRI AEF6EP e TUU TR SR HCL
4Cmd Afc.er odr yifhg sfoariuml 8 chdwrdded. 53eg abidetiude6s ml of
d lLyneri zed hepar i n, (sodi u sal obtained. T
N g i g
crafder wiepo| ferer L2edihepasi n1dBt ailned abwvenahdass ailded,
of ¢ fihidd e patgr; ,arie Pl 3egd N ul00 Brirring is then
stopped and the suspension 1is left to sediment for 3
hour at a temperature in the region of 5°C. The
supernatant is then separated out and discarded
(160 ml). 160 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The precipitate is left to resediment for
about 20 minuies. The supernatant is separated out and
discarded (180 ml). 180 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The suspension is then filtered through a
No. 3 sintered glass. The cake obtained is then washed
with twice 50 ml of methanol. The wet solid is drained
and then dried under reduced pressure (6 kPa) at a
temperature in the region of 40°C. After drying for
18 hours, 4.53 g of crude depolymerized heparin {(sodium
salt) are obtained. The yield cbtained 1s 74%.

Purification:
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Erl enneyer flask. The m xture is brought to 40C wth
magnetic stirring. The pHis brought to 9.7 0.1 by 5
addi ti on of 1N sodi um hydroxi de. The reaction nmedi um
is filtered through a 0.45 pm nenbrane and 0.25 m of
aqueous 30% hydrogen per oxi-dé9sal ut| on is added. After

for about 2 hours at, a erature_in the
SIS SRR it e TBPRELE b hied, 2oV
1NrHCL45f | oveddbytatitledi omatefr Sabeg pifacsodi itm a 100 ml

|.de. t fil h
ookt 80 e L PEPOLAEOUN g e
i magnetda eaperaiuge iThet heHr égi dm‘@iglmctoTrQM ir 0 1 by

soaldalt%ﬂ Sof hﬁ\ﬂ %Mﬁths}?ﬁ&%@n%ﬁé' fé&&{&a I&édilém is

m nut es. nmet han are then ad , followed
byflsltﬁerrﬁqqgtﬁﬁérowhhoar Ost? remngnemPransm $sh6ppld2andl of

trwqmr@@@nhyarbgéﬁ berseduaeric 1@ o0 iy r&tﬁ&@d Tﬁﬁter
ernatant i s th]S epzarat ed out and di scarded
6 n2PR%hol

TTgEYy T JFBTHdEE 18t HERH T edrnzothe
prz&cg:mrt abe and ,heting xtixevire sts r nedtfralised mut esdding

TqﬁJeﬂfflplféﬁf%wéal ﬁ tgddi%ﬁghneQﬁfoiE?EﬁUtofzssodium
ed o

The supernatant s Separat
du@tla?rltﬁeiﬁ (1atbzem rolmdopr edispi thee | fidtspedsi bhroygh a

”Uerhff élrﬁ &b tHOughy a3hon1 3 -3 ARG Al a8s dilen poured

white cake obtained is then washed with 50 m
nmetthan@t  aThé SRPErSoNEg | d0dr éﬁﬁedrﬁﬁéoﬁheﬁfdrlgdc The
Urﬂiﬂ_futfleﬁﬂCa.ds rtm@hsumo@@hltPa)coat 2@°tenpanat yeerk8d  for

t f 0C.. Af for 18 hour 3.
oft pir s thepro VLA dtf HEFITH L sthr uniet T ge foPloved
olityai abdrrThe 30 yl éhchiobt Sitieding 829 thhe stopped and

t |
ChAFLSEh ol oL Receenal WL LARE "ERRTAA (Mg 7o
dAursIDatanty - Xbs actthent y: sapara ey @Btantaind | adiscarded

actd ov inf1y):. 1904 rhlU/dEJE ABEhaX81aGkevidddantic {18 agbhiyhbNted
ratio:, 86 EXAVMPLE 6 Depol yneri zati on and

Céﬁﬁgﬁﬁ%ﬁgq% §%% ggglgm%gﬂqe 1s stirred for 5 minutes.

The precipitate 1is left to resediment for about
25 minutes. The supernatant is separated out and
discarded (100 ml). The precipitate in suspension is
then filtered through a No. 3 sintered glass. The white
cake obtained is then washed with 50 ml of methanol.
The wet solid is drained and then dried under reduced
pressure (6 kPa) at a temperature in the region of
50°C. After drying for 18 hours, 3.7 g of pure
depolymerized heparin (sodium salt) are obtained. The
vield obtained is 82%.

The characteristics of the depolymerized heparin thus
obtained are as follows:

mean molecular weight: 2200 daltons

anti-Xa activity: 120 IU/mg

anti-IIa activity: 1.4 IU/mg

anti-Xa activity/anti-ITa activity ratio: 86
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(1.8% water): 5 140 m of dichloronmethane are placed
in a Erlenneyer flask A 20 g (0.019 nol) of benzyl
ester of heparin (degree of esterification: 75%
benzet honium salt) obtai ned as described in exanple
A, are added slowmy, wth-sBPrring. The water content
of the reaction nedium 10 is adjusted to 1.8% After
total dissolution, 3.5 mM (0.012 nol) of

24ﬁem¢aﬂnﬂqﬂi m no- 2- diethylanino 1, 3-

diet er.h ro 1,2 |az hos hor e added. The
R R ey 4, pRRTBRARAC ER", FRE, PSR Sare
Zmaiﬁﬁ'watdnhns Duri ng thls tine, a solution of 60 g

1514%“ ﬁfh%‘%r OYcrrl c%}c?h'i@t"’}‘?aeﬁ@t '”@gaocegﬂf of @tﬁfﬂ%meyer

prepared in’a enneyer ter tota
(ﬂﬁ%ﬂﬂhﬂ$on201039 6f0¥9fmgltus%&c@¢nzxﬂueétarecahdb@parln

t qddieesoldlt | ayt chhier r@actdpn Mag Ur epd i dftfonium  salt)
Erl enneyer flask A is pqured over " mnute 30 seconds

Hﬁ’t@%@@%@%%%ﬁﬁ??%%&& R Rt B, sOKGt iasiied alowly,

t eniper attineriiny . the: negian eintddat Wi hem@gheit€ion medium

st.irri fter fin or 5 mnutes, the, .
Sisher@TBREra irar ot BE lvetr CpBHA0 Fhosinlis iopye 3.5 m
cI@awlﬁamdef t hé sapEena%hntyE$m$apa2adEdtbwlamndo -1,3~

dkﬁﬁﬂggﬁﬂgk#%.dEBLl %534%9a@5€gf Eﬁ%@%ﬂgl ME g?ﬁgitoThe

the se predipitate a mxXture is
farl@%%u%%sstllrﬁ@dpﬁém@u ttereeratuget o Ehsedigtmn of

f@fo"@b%tr szﬁqwurs T*Iﬁ;rsl fﬂ}@it@nﬁlme% sepas alehbRUb s 60 g
di scar ded of net hanol are added

het B ERys ﬁfjé&mprae%ﬁﬁ‘?%t dnarRP G met npkt giedhagol is
stprrenpaiefcbr ih mdilu}qﬁnléﬁh&}m'lemsmﬂa&tkeﬂ n s%fpemsi Oototal
1 thr S|-nt ass
s e ciontsq 100 of g I RSk oab e e 488 raddfa v
Thée papeuyedhowTet sohtdids drdaitwest aihd then driedmeyer
Urﬂ%r k35Ar%déJCEQ %ESSW&(‘?L ﬁpﬁhg:%t §0t é@&(@é Ur%}'o” the
reglon 50C. After dr ours,
oF“eé'-rh@é’é’ ld?ep%?dylﬁﬁfr |az%t%@%aﬁpﬂauaa@noaﬁamé@pm@%rqwe in

sweumr%@lton i pCeldte, (10i@) . dhenyietd obiained. i sarter

96%, - a on|f| ati on
séﬁrrlng % B mgnutes, the suspension 1is left to

settle . for 30 minutes. The c¢lear part of the
supernatant 1is separated out and discarded (400 ml).
400 m1 of methanol are added to the sedimented
precipitate and the mixture is stirred for 5 minutes.
The precipitate is left to resediment for about 1 hour.
The supernatant is separated out and discarded
(420 ml). 420 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The precipitate in suspension is then
filtered through a WNo. 3 sintered glass. The cake
obtained is then washed with 200 ml of methanol. The
pale yellow wet solid is drained and then dried under
reduced pressure (6 kPa) at a temperature in the region
of 50°C. After drying for 18 hours, 7.54 g of crude
depolymerized heparin are obtained, as the sodium salt
in Celite (10 g). The yield obtained is 96%.
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7.54 g (0.0101 nol) of the sodiumsalt of crude

depol yneri zed heparin in Celite (10 g) obtained above
and 53 nl of water are placed in a 50 mMl Erlenneyer 5
flask. The solution is filtered through a No. 3
sintered glass and rinsed wi Bfh twice 15 ml of water.
The filtrate obtained is placed in a 150 ml Erl enneyer
f 1SgRenifisstion:g 012 mol ) of 30% caustic soda are

addest widg h (oagietl encsit)i 1 ré g, th’ﬁ asd@rm@r atare ieft herude
10 r%g!on aof 4C.. After addlt

th
SOl el g aflanat gl 108kt htSand, above
ammg53m\[u—|©]f angtdd. mxg oplscehi urbnc ha orﬂOdenlar]érlenmeyer

70 o) ol -are 0 reaction
i Tole olomLhapo) 19" c Adledelo UigiapeL " .
nﬁwmedar@l@@%e@ndwri@w@mdtby tetiae | hg nér 015 water.

hogfe fﬁlﬁf&ﬂ@ é@téfﬁ%ﬁ §EOB@§@eanQntQ§'§9§H§P5E9feh§eyer
left to se i ent or % hour at a tenperature in the

r ddidsik-of 14€> The (QuPéfn@Paht ¢% t3rQe6n Sepstdtedsede are
angiddics ol e dma §A80ial Jst k80 nRy, oft net ﬁ@ﬂ@'er&lt@r%_ddﬁﬂ the

to the 20 e bLen recipitate and the m xture
L st el ate R R oPfar a%plutl 1 pSrirrea
rdkedlﬁehbuﬁer ﬁheuts@Duhammta&a Tea tsaddrrat abty | sdding

ang.ledar%'tléng d'o%"%&&%ﬁ@ﬁlég}%del%‘%e a{cgc{ 70 ml

are added’t o the —sedi neh pr ecipi
twé nPgtreol s ast9 r pddeflort@5theni mﬁ@‘slorrh@edlum After

pr&qlrmlt@t &rdh §ysf@§1@1§t@@ i $obh@N offi IdeBirRth dahr oMghad@ded,
; j |ntered Iass he cake_. obtained is then
WG h P Elgélﬁlg of Oket haRB8PE- TRELWELNGol 18 iEhen
drsaicpeddanghd henedrdetbaidem reduaecft m@ssuﬂem(eﬁtkﬁmr %
at_a tenperature in_the regiaon /vtﬁ g5¥|ngTh
ep

o ar &, SeBER5o0PREr vag G@Bol GAdrFRed”
( sofermagaintt) are olthennedseddmatad el dut)bt amkd dsscarded

80(04_’080P'1+{1' ficatgon,; 3%5. dﬁ%gh%, frugﬁ‘: ?8%&'8” 28 the
heparin obtalned above an til wat er
arepMmeeded Preaol te Erpdnidpermitiaske The shituak for

l% i Qigtlats | tom&C;wetdl imgretis sumripg. rEephdrt for
%%t to 9. 0.1 b addi ti on of 1N sodi um

3 ikt Tin REBPGRAFEST 1S Separated out and
dlscarded (180 ml). 180 ml of methanol are added to the

sedimented precipitate and the mixture is stirred for
5 minutes. The precipitate 1in suspension 1is then
filtered through a No. 3 sintered glass. The cake
obtained is then washed with twice 50 ml of methancl.
The wet so0lid i1s drained and then dried under reduced
pressure (6 kPa) at a temperature in the region of
~50°C. After drying for 18 hours, 5.53 g of crude
depolymerized heparin (sodium salt) are obtained. The

yield obtained is 80%.

Purification:

5.53 g of crude depolymerized heparin obtained above
and 55 ml of distilled water are placed in a 100 ml
Erlenmeyer flask. The mixture is brought to 40°C with
magnetic stirring. The pH is brought to 9.7 = 0.1 by

addition of 1IN sodium hydroxide. The reaction medium is
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- 32 filtered through a 0.45 pm nenbrane and 0. 31 n
of aqueous 30% hydr ogen peroxi de solution is added.
After stirring for about 2 hours at a tenperature in
the region of 20C, the m xture is neutralized by
adding 5 1IN HC1, followed by3&dddition of 7 g of sodi um
chloride. The solution_ is then filtered through_a

0.545 t5RedreAraNgtand 49 AP WF MAURLRIC aPedt hEn3l ml of

paigiedus, 368 nydf@@@@rpbubglde she uteginon Dfadddd. Theter
solutlonlsthen br ought, to 20C, and stlrredfor 15

mAUtEE 9260k P4l feditiHS &Fe fherffefture in the
f(ﬂdgmmm by éﬂ)KhlnghéonuxtuheunxsSnentraglzsdthan adding
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m nut es e supern ant hen separ at ed
diar el yaom m s 1@96ﬁ1 (fflltﬁbé?ﬂq‘andihr&r@l‘ado%d Pod5 pm

t hrgadinentief 4y egi i Qﬁ@ck?&ﬁ%llf’af@etﬁ@%t%@réétln, at a

stirred for 5 mnutes. The preméa tate is |ef

r SSRGS iR 229 it R%est 0 The ThgpephataeR 38 then

Sﬁmﬁ@ﬂﬁﬁ ot 28nd ;ﬂrﬁcgﬁﬂﬁﬂrl e(%leom L5 mlmﬁgseglma atle of
sigon _is.then filtered._t . .

SR O] She SRt rEE aco ohi gy Py CREATzIpS  for

wals hediowi t e 50 Irg ois mehhanettopﬁlael wetd sdle dsuspension is

drlaééf‘%edtoange&ﬂﬁé‘n@“f%‘} Uﬁgeﬁlflﬁggg éFJeeS%%&a%é%%t‘é%@ is

enperature In the Ion O

f dhenigspparsted. 3aity @ﬂdplﬂlé?@é&ﬂcyné?c%e@lhepéﬂ% m o

(sRdndMo1Sahty AP 8bNGGe TQSdYﬂn@hgethpﬁﬂéﬂﬁ%l't%te and
82 25, The characterlstlcs of the depol yneri zed

TRLFRGES oft & T o4t o %8 PoMHOWES SealnSrobEEGI B Cate
WejsghtleﬂﬁOOtdal tresedimsht- X&cact iabdut 1905 midlwPes. The
ST A VALY oA TG0 U B aren (110 m) .
DEfbel yoresd il i ore abdl euApensiion tie ttersofli Libesead t through
(% S ORI e
esteshest Haghrih my d&jrl@%tl'b'ﬂfn + Fhe i et i dplidsig drained
bemeet BABhUNYSALY) under reduced pressure (6 kPa) at a

temperature in the region of 55°C. After drying for
18 hours, 4.53 g of pure depolymerized heparin (sodium
salt) are obtained. The yield obtained is 82%.

The characteristics of the depolymerized heparin thus
obtained are as follows:

mean molecular weight: 2600 daltons

anti-Xa activity: 105 IU/mg

anti-ITa activity: 3.1 IU/mg

anti-Xa activity/anti-IIla activity ratio: 34

EXAMPLE 7

Depolymerization and conversion to the sodium salt
(2.5% water):

140 ml of dichloromethane are placed in a Erlenmeyer
flask A. 20 g (0.019 mol) of benzyl ester of heparin
(degree of esterification: 75%, benzethonium salt)
obtained as described in example A, are added slowly,

with stirring. The water content of the reaction medium
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obt ai ned as described in exanple A are added slowy,
wWth stirring. The water content of the reaction
medium- 33 is adjusted to 2.5% After total

di ssolution, 3.5 mM (0.012 nol) of
2-tert-butylimno-2-diethylagiBne-1, 3-

di et hyl per hydr o- 1 2, 3- dlazaphosphorlne are added. The
m3& uPEIPEteRi ried2abta Pdhset ataFeli WitsRoludgiosn of -5 ml

2}9@ forze 2d1hour DUQI—Bt@rt:hbﬁtS(%gigln@ Q?ayé*tcﬁm@rlﬁl@@-g 3-
0 an r-ous .sodl u ein 0 nme ano
O e R B A R SR d ey (fhf - Added)  The
dmslsdiuna ons ]sﬂilgtref:i | a sﬂmrax@ltlﬁ@l ite ahe addgdn of
od I Th ein .
ER OO I et N LA I SRS 2 Tab i of 60 g
sétfonaa vdreus heodiathamottat e odinune At erlat efsaaithamel is

alp B dHMEr atiwre kn - ERELEOIOP offfa%kwh BRYAeti Crotal
Stll‘l‘lng After stirring for 5 mnutes, the

s iR Ay 116 9 1of gk cSURRATAS hofcs 11 ea B¢ cagded to

pa:rﬂe obolhieisHpermad aﬁéacsléﬁ Sﬁﬁ@i@eﬁdlﬁUttl"@']dErlenmeyer
car de%1e (400 i are added t

B aPRrbE e dnTERe e Sreofds ciiPeqthe
fmrretﬁlancriuioessodl'hﬁn paectptéateluksohefatt too te@mweitatente in

), m nut ege~ Th ar f
super nggfgaCJr}Jt IS (gs]fépafa(% ve 1? a és%ﬁ(?deépgﬁrj(ﬁ%o After
motirHegpr &oitpi t5aﬂ@rw¢e§uspéhl§| oﬁuspenﬁenn fibteteft to

t iyl ardN¥o.1 JsiNt ened A aSS. pdhe GRKEhe OBLBL ARG ASt is
then washed with 200 M of nethanol. The _pale yell ow

WCRGIAT®] s athi néddandiHear RS ed (GAferL) red ml  of

gm%%ﬁﬂﬁbﬂﬁgkﬁabdﬂe&i%gnﬁﬂﬁﬁtﬂéﬁlméntéa @%ﬁdﬂpﬂﬂéﬂg and
. ter rvin Qr urs
i DhEFuesY 180 g r ety "ORE S s, Bt er) S G pae Lat pate

i isCelefe €20 rgeedimenyi e‘icd: o@}braunedm Mi9Mmte%. The clear

Sapan faf%%gns 3ne 180460 QLMY Qe 105 Sg%gmded
of cru yrrerlze pr|n|n
ob&%ﬂ%é@- abovéhe an@mgl@llt@fcevvatm aﬁéspleaééénl n i& 50then

mflﬁ&kﬁﬁﬁ?Y%&rd&bﬁska The . S@Spﬁﬁﬁh@BeHS BﬂbggredThe cake
throu sintered glass and rinséd with tw_ce

Stuotbr thes THRPITALHALE ot Wodofs HEhaRPin The

apﬂﬂérﬁefidmnneye@olld is drained and then dried under
reduced pressure (6 kPa) at a temperature in the region
of 50°C. After drying for 18 hours, 7.78 g of crude
depolymerized heparin are obtained, as the sodium salt
in Celite (10 g). The yield obtained is 99.6%.

Saponification:

7.78 g (0.0119 mol) of the sodium salt of crude
depolymerized heparin in Celite (10 g) obtained above
and 79 ml of water are placed in a 50 ml Erlenmeyer
flask. The suspension is filtered through a No. 3
sintered glass and rinsed with twice 15 ml of water.
The filtrate obtained is placed in a 150 ml Erlenmeyer
flask. 1.3 ml (0.012 mol) of 30% caustic soda are added
with magnetic stirring, at a temperature in the region
of 4°C. After addition, the mixture is stirred for
2 hours. The solution is neutralized by adding 1N HCL
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flask. 1.3 m (0.012 nol) of 30% caustic soda are
added wth magnetic stirring, at a tenperature in the
region of 4C. After addition, the mxture is stirred
for 2 hours. The solution is neutralized by adding 1IN
HC1 - 34 and 10 g of sodi am3éhtoride are added. 60 ni
met hanol are added to the reaction nmedium After

stémf. ng fr A5 FokEs, AvrFARF R hadicdr e QdBY,
f addtetb by Hdd rradied ored howe . Stacfing lrﬁecﬁh@fﬁ 5 After
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y|5€|ng.rﬂﬁte@ nedris 8gec ?itétéat HaN: RsPerdi%n Cri@e then

@&el/msr zed heparin obtained above 25 and 59
9 WP Bl abled ©°n F1DGETR Egﬂéﬁﬁeyeifhe Cake
f lcdsdainEre 18 XtHeR iwWa dbhe@ugit th ot#9€eWSh mlnagmemechanol
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chl ori de.

Purification:

5.87 g of crude depolymerized heparin obtained above
and 59 ml of distilled water are placed in a 100 ml
Erlenmeyer flask. The mixture is brought to 40°C with
magnetic stirring. The pH is brought to 9.7 = 0.1 by
addition of 1N sodium hydroxide. The reaction medium is
filtered through a 0.45 pym membrane and 0.34 ml of
aqueous 30% hydrogen peroxide solution is added. After
stirring for about 2 hours at a temperature in the
region of 20°C, the mixture is neutralized by adding
1IN HC1l, followed by addition of 7 g of sodium chloride.
The solution 1is then filtered through a 0.45 pm
membrane and 492 ml of methanol are then poured in, at a
temperature in the region of 10°C. The solution is then
brought to 20°C and stirred for 15 minutes. 126 ml of
methanol are then added, followed' by stirring for

1 hour. Stirring is then stopped and the suspension is
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The solution is then filtered through a 0.45 pm 35
menbrane and 49 ml of nethanol are then poured in, at
a tenperature in the region of 10C. The solution is
then brought to 20C and stirred for 15 mnutes. 126
m of nmethanol are then addéd, —foll owed by stirring
for _ 1 hour. Stirring is then stopped and the
sufdnsiton sedimet |Tgn ¢£§ BéBPheRt IS 26URCKRREsnt 1is
T%a%p%ép?ggﬂﬁdi sDuﬂ haﬂdsmasr@tmcggtéaadmmh scardeehl of
a to the
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an%]dé%%%ndegg fSEEr%m%HBI)‘ rf%trrgc ag):%oﬁlattsep?%ar&%g%ggngél onThe
| SuRfERFGaAnter él t3RIARFH e N@lt ard nddsgdrglegss (1 Theml)

\MTHéfﬁﬁ@@i éﬂ@e§n|%u%56551ﬁﬁsﬁ%dﬁﬂéﬂ‘ﬁﬁhf@réﬁ through

net hanol solid is drained 10 and then dried
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ot R e R R SRS Rehcb A et ) (8Ba) at a

citemmr@rm&ta csnoftiehe rdgpohynef i 6dChepaftart kryints for

obtai re; f I 5

Gl CREREGL B 0.1 PV B SR A ¥ d Y b1 #5700 um
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actHeVi ENaf @t O it fc20 oWé—EdgpQ@%’lle)fﬂEétizQ{éﬁkﬁﬂdthus
converS| on to the soadiumsalt (0.5 ~equival ent of

BEINERD aFe GF diOdHiO8tSGmet hane are placed in a
Errdemnmoerecuaixf haslghd: 2659 @21@b%shol ) of benzyl

es,at[_1 g{a g%%ar |J1rjCty (%%trlglle of esterification: 75%

béhzet honi“Um sa ﬁ“eqd as described in exanple
AanetrleTé’@d@d:tst\Myy 134 HUstmiarring. After total

dissol L r_at-ur Is ianof; 30 C
and cogital %gt?%’lgyi@%gr Zitllljdr (;%Cltr% é’%t}eﬁg gegl gﬁ of 20C,

1.75 mM (0.006 nol) of 2-tert-
EXAMPLE 8

Depolymerization and conversion to the sodium salt (0.5
equivalent of base):

140 ml of dichloromethane are placed in a Erlenmeyer
flask A. 20 g (0.019 mol} of benzyl ester of heparin
(degree of esterification: 75%, Dbenzethonium salt)
obtained as described in example A, are added slowly,
with stirring. After total dissolution at a temperature
in the region of 30°C and cooling to a temperature in
the region of 20°C, 1.75 ml (0.006 mol) of 2-tert-
butylimino-2-diethylamino-1, 3-dimethylperhydro-1,2, 3~
diazaphosphorine are added. The mixture is stirred at a
temperature in the region of 20°C for 24 hours. During
this time, a solution of 60 g of anhydrous sodium
acetate 1in 600 ml of methanol is prepared in a
Erlenmeyer flask B. The reaction mixture in the
Erlenmeyer flask A is poured into the methanolic sodium
acetate solution at a temperature in the region of 4°C,

with magnetic stirring. After stirring for 1 hour, the
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but yl i m no- 2-di et hyl am no- 1, 3-di net hyl per hydro-1, 2, 3-

di azaphosphorine are added. The m xture is stirred at
a tenperature in the region of 20C for 24 hours.
During this time, a solution of 60 g of anhydrous
sodi um 35 acetate in 600 nt 86 methanol is prepared in
a Erlenneyer flask B. The reactlon m xture in the

ESUSRFEYECTY | B3k &5t pBurtdtilft ofPRe %etdliD | dhe clear
sedirtmoAcCtEiat Supotvit ot at sastpapatatiuicdid midiediscarded

f 4C t t t Af t
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The clear part of the supernatant is separated out
afff &%&rd%ﬁe(éﬁﬁleﬁl )yto 46@% S%@lm%?%n&re%léé&@d and

t thehecllsﬁﬁiﬂﬁéni§dsﬂiﬁﬁda@l tat:e 38nehinihe 91 XtHE eshSernatant
stiirred for %O m nut.es. e rna ant 1

sé&far at 88263t %4nd od‘?%cara& d ?ﬁ: edThe&dﬁfecfHEﬂ)l’at ethe
i pregspensiten is tstme@ehsllbarenbtIth@mnghf:alté\bedSthrough a
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i é\fl&chau h‘eucgndl%emldr%d n@ﬁ@@mﬂedu%a mads&:,uWQliQW( giet

k@@hl@tﬁ%tdﬁﬁﬁﬁéﬁuéﬁd'Ehéﬁed&@@ﬁo%dHEKKEQddgéfrpressure
of crude depolynerized heparin are

ryin
ob(t6a|k%@€1 aars %héeglsaraﬁ%a tln THE yFefdoBbeai i G-s After
73%yi2a, Sagani f icatdoniciude g ddbdBftemigd ofhdéherin  are

S 't of rude epoly I zed, heparin, obt ai_ned
a%%velgﬁ ‘537 }¥Em5?g} mafgﬁp acga |HY%:Q%O #%alned is
Er/3&nmeyer flask. 0.93 mi  (0.009 nol) of 30% caustic
soda is added with magnetic 25 stirring, at a

tenperature in the region of 4C. After addition, the
nicRPeréfisatiopred for 2 hours. The solution is

neutr a g zewh byw@dmg) 1’\bf|C1tﬁ@d Bogieh SeditUmof  crude
e

chl ori ar.e %d% of, met hanol are_ added
epolymerize eparln obtalned above and 53 ml of water

are placed in a 100 ml Erlenmeyer flask. 0.93 ml
(0.009 mol) of 30% caustic soda is added with magnetic
stirring, at a temperature in the region of 4°C. After
addition, the mixture is stirred for 2 hours. The
sclution 1is neutralized by adding 1N HCl and 6 g of
sodium chloride are added. 42 ml of methanol are added
to the reaction medium. After stirring for 15 minutes,
108 ml of methanol are added, followed by stirring for
30 minutes. Stirring is then stopped and the suspension
is left to sediment for 30 minutes at a temperature in
the region of 4°C. The supernatant is then separated
out and discarded (180 ml). 180 ml of methanol are
added to the sedimented precipitate and the mixture is
stirred for 5 minutes. The precipitate is left to
resediment for about 30 minutes. The supernatant is
separated out and discarded (170 ml). 170 ml of

methanol are added to the sedimented precipitate and
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to the reaction nmedium After stirring for 15 m nutes,

30 108 m of nethanol are added, followed by stirring

for 30 mnutes. Stirring is then stopped and the

suspension is left to sedinment for 30 mnutes at a

tenperature in the regi on-oB74€. The supernatant is

then separated, out ,and di scarded (180 m). 180 m | of
XEe 355 o484 e8 RE stHiMEHISS | prees pp¥agepitate

anich _tsh_&sp'@r)@wrell§ tisdr rfﬂctédmd Stm]fdsmjtega ﬁ@goa sintered

precipita is r esedi.nen or abqut
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stlrred or
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i FaHem fi Per e@l thr oudf t&No. dByahet er ed- 5 oI as§f Th@rude

ABhinedd shépepi NagRed Wit hsi W £ear30 dHtLfhed. Th
nea%%%%n%fl@ The wet IEolzlLd |S(s rlal ned an)g faﬁen 5 drlnéad ©

urdérl G SRIGEd S5t dss e 43t a tenperature in the region

of GOC After drying, 3.5 g of crude depolynerized
oc(q;o% um salt) are obtained. The vyield

obtalne 57.4% 10 Purification: 3.5 g of crude

depd yoerf zedhde pep ol ol ai zedl ladimmeizandbtsﬁneﬂﬂ albove and

distille t er_.ar a l e yer

“3;5;&[{1 T(r%)eflv?nCgltsutl’rﬂlelellegJ bﬁﬁcéﬁl{] to 40 ?%ﬁ rr{awﬁe |c:100 ml

strlammeyethef lafk s Bh@ugﬁﬁitweg s br9u69t150aoﬂcﬂ %G owith

Ofma| 3o ugt by gy exi d@heTf@qr%ctbﬁugf?@I Cley @ 6 + 0.1 by
ered t hr ough a™ 0. m nenbr ane_and 18 of
@if&h}:& y]g\1 ‘B‘ér‘g\iﬁ%‘é}%%%ﬁ%% ¥%a‘é%‘é‘a negigp is

stﬂlr]ruef@cf orchabmgh 2ahour 45 afim a ricaifedrad uradid nothe ml  of
R SPGB S Ph Rk TR s oaty 1R o Rt S APrer
cmtomrdelg Ttﬁersodﬂamlu‘on 4 qiathren fitl t @r etk aigirea in the
7 a . n .
05 0 ”@Fz;z@rg 70 TEL L SB35

sdﬁ\htﬂcén i sEeheqivas ougnt ﬁ@d%@oand oft i r¥<dl F orops ggdium
mdhlltcﬁide65 n:iheof slasthﬁaaal ake then agddedertal QM\@gugh a

b% Irrl%%mbrane an£u£$smlsgkr%é% gﬁ%fr§¥gsé£ggepoured
in, at a temperature in the region of 10°C. The
solution is then brought to 20°C and stirred for
15 minutes. 65 ml of methanol are then added, followed
by stirring for 30 minutes. Stirring is then stopped
and the suspension is left to sediment for 30 minutes.
The supernatant is then separated out and discarded
(80 ml). 80 ml of methancl are added to the sedimented
precipitate and the mixture is stirred for 30 minutes.
The precipitate is left to resediment for about -
30 minutes. The supernatant is separated out and
discarded (70 ml). 70 ml of methanol are added to the
sedimented precipitate and the mixture is stirred Zfor
30 minutes. The precipitate in suspension is then
filtered through a Neo. 3 sintered glass. The white cake
obtained is then washed with twice 30 ml of methanol.
The wet solid is drained and then dried under reduced

pressure at a temperature in the region of 60°C. After
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and the suspension is left to sedinent for 30 m nutes.

The supernatant is then separated out and di scarded

(80 M) . 80 m of methanol are added to the

sedi nented 30 precipitate and the mixture is stirred

for 30 minutes. The precipiBlte is left to resedi nent
for about - 30 m nutes. The supernatant is separated

oGt YARd: disBafdedt (4R ) deprpd yMerdrefet RaRdrinr e(sodium

a@@q& t arehebtsedieaentrad gaégupbb@b@naadlghgom xture

t d f 5 30
e h S PSR RLCY | PrordtF « IFBOUATEr N6ES 5 PePAFdPed-ius
gloggs.inthe awkei te éakéowebt ained is then washed with
tﬁ% %%l%%uﬁfrwﬁgg ﬂ%l 296%edgﬁk %glld I's drained and

presSure at a temperature in
t k@ tiedieol ol veoE: Aﬁﬁeﬂ IUE&Q drying, 2.8 g of pure

depel;yrary é%qlk}g@§r| B gsqdi/m salt) are obtained. The
yield obtained is 80% The character| stics of the

d@@&ly%@naféd‘fﬁéaéﬁrlﬁlrﬁ&@ aghiaiR¥drarécas2fofl ows: 5

mean nol ecul ar wei ght: 2900 daltons anti-Xa activity:
1%#?3 anti-lla activity: 5.1 U ng anti-Xa

a /anti-lla activity ratio: 28.6 10 EXAMPLE 9
D@p@lqumeiriaaitdnnaaddcmsﬁmﬂ ttd Hthescdbidimms add41lt (0.6

al,gn hase): 280 m of dichl oronethane
are vggéég“l:l n%abfaggée necked flask A 40 g (0.024

w@ﬁﬁ ol behzgiceberemethimeparkn plscededmea othree-necked

estiaiikl i£at hgnig 75@’90@@%@1?‘36&“%&%@ QQE@&”%% Afeparin
descrl bed in exa A, are adde

stidearRg. Rffteresttcﬁ]%ﬂ 1d?ast§c9rht|o7r15%rt aloqr@ﬁfé}%nw& $HLL)
th@t@&@e@waﬁ 3O Aafle €06 NGkdnplae tBPALAt WRIdD s1dely,

f. 20C, 4. m 0.,014 pnol tert 20
GRS T2 G P A STCA TR ey df oF Fmgegature
diiaz dpivospepi dmeor 80dddethd Theohixg ute ias tsnipamtwte in
athteenE%{g%BHre oleN bhecr gj0p I(a%f 2g§ ok &1 ouLs- 2-tert-

Durin asélutlon of "anhydrous
s &ty ma@@rardlﬁﬁhm@mnmoml gethasshyilpephygapred, 2n3a

diazaphosphorine are added. The mixture is stirred at a
temperature in the region of 20°C for 24 hours. During
this time, a solution of 60 g of anhydrous sodium
acetate in 600 ml of methanol 1is prepared in a
Erlenmeyer flask B. Half of the reaction mixture in the
three-necked flask A 1is poured into the methanolic
sodium acetate solution at a temperature in the region
of 4°C, with magnetic stirring. After stirring for 1
hour, the suspension is left to settle. The clear part
of the supernatant 1is separated out and discarded
(310 ml). 310 ml1 of methanol are added to the
sedimented precipitate and the mixture is stirred for 1
hour. The precipitate is left to resediment for about
18 hours. The clear part of the supernatant 1is
separated out and discarded (400 ml). 400 ml of
methanol are added to the sedimented precipitate and
the mixture is stirred for 1 hour. The supernatant is
separated out and discarded (300 ml). The precipitate

in suspension is then filtered through a No. 3 sintered
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25 Erlenneyer flask B. Half of the reaction mxture in
the three-necked flask Ais poured into the

net hanol i ¢ sodium acetate solution at a tenperature
in the region of 4C, with magnetic stirring. After
stirring for 1 hour, the suSpPension is left to
settle. The clear part 30 of the supernatant is

séat-edThEt GRER diRtAided (S10theY) . werERed with twice

rre1to°[arml @rfe aeaed niba th@hesegament9elpbﬁCIﬁetataoaﬂa is
m Xt i,s stirred for 1 _hour. (grec |tate|ﬂ$:
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( t .
f sptlanited FOAN S A4S ¥ P pggion

19@ddir Tﬂﬁeysmmt@weldslsséﬁ&rated out and

di scarded (300 m) . The precipitate in suspension is

then filtered through a No. 3 sintered - 39 gl ass.

THRERARE IGHFHMed i s then washed with twice 100 ni of

nmha@ol (oThecnakeiyel | v Wehesolddhiin draai_uaed c;:md crucie

th ri ed .under, reduced ressu e.at a
i@f.ﬂ}%ﬁf G EP Ao AT Ay Dfans (Tadbt OF water
depmﬂynplaaed hepari a arx®btlai ned] easeyée sddiagk. 1 ml
S |eI Al 71%,_Sapo C tio : .
(0 gl oty S off paf (Balakie pPta BT Al WA nlgfleric
dmryrmfz@j: iﬁep’aﬁéﬂﬂ]ﬁebﬁt‘alfﬁednaﬁbﬁe r@r@d@% aff 1C. After

VLRI £ 1€ Phaeed iRkt r&50 11 g&ﬁ@PHEVeEOE|a§kho&rﬂ1 The
(0. 010 nDI) of 30% caustic_soda is added with magnetic

SHTAHED WS anPERBeL AP ae i A0 1bg] Bniie 400 A 1hrd of
addidiiven, ciler it &ir e hadéalrﬂedmﬂobﬂzﬂgﬂﬂéhoﬂTﬁmé5added

sql utii.on is neutrali b di ng 1IN HO a , of
G U S5 PEEOA AR e ARA S S bR ” or 8 HidRkes:
tdh%@haﬁmeMmmummAMkb&Hﬂﬂm@dbmﬁ%numug:mr
t f
nﬁ%ﬂﬁ%gﬂp Fﬁ?&%ﬁﬁﬁf Q?ﬂg%a%t%%%gﬁgg %ﬁ? £hérgﬂgpgﬂglon
su@ér%ﬁmmqoseélm@mt forsadi mimutesr a30 anﬁ@m@%ratuae in
tenReratdoni Br thec! eghen QfpdhGacHig Syeerﬂ}?érangeparated

t hen separated out and dlscarded (170 m). 170
néFﬁanBP arglscarded {170 ml). of methanol are

added to the sedimented precipitate and the mixture is
stirred for 30 minutes. The precipitate . is left <o
resediment for about 30 minutes. The supernatant is
separated out and discarded (140 ml). 140 ml of
methanol are added to the sedimented precipitate and
the mixture is stirred for 30 minutes. The precipitate
in suspension is then filtered through a No. 3 sintered
glass. The cake obtained is then washed with twice
30 mi of methanol. The wet solid is drained and then
dried under reduced pressure at a temperature in the
region of 60°C. After drying, 3.6 g of crude
depolymerized heparin (sodium salt) are obtained. The
yield obtained is 65.3%.

Purification:
3.5 g of crude depolymerized heparin obtained above and

35 ml of distilled water are placed in a 100 ml
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added to the sedinented precipitate and the mxture is
stirred for 30 mnutes. The precipitate is left to 25
resedi ment for about 30 mi nutes. The supernatant is
separated out and discarded (140 m ). 140 m of

net hanol are added to the sedDnented precipitate and
the mxture is stirred for 30 mnutes. The precipitate

i bRy STont 135k heAhei Migtade: HrougRoadie, tg 40°C with
snnmgef&qﬁosgiﬁﬁﬁngTheh@ﬁk@{ol@b%ﬁ@ﬁ:gr&t}asg washed.1 by
tw ce nmet.na e t soll IS
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oIS SPPORYIECLERToEPPALNE SPUIOSE S adid. mrter
Plﬁrﬁlmré@tq ofior 3a150@t of2 drawds depol ynerdmmaratepay i An  the

ohtRiingd @PO\Q@ °@nd tl:f’é mlx%f.lrg' std | h@gtf’ﬁﬁ?Eeér &y adding
pl.aced .in a Er | enpeyer The m’™xture

i sthhsdght %114@@% tlﬁy nagAéEienst pﬁr. r?gS The $H i godium
breglgihti deQ 9.16e 0.sblky iocaddiiki oaneh 13&&@6!:@&1 through a

h%ﬂg%%'de T?e react|‘8nige?fhll_ug}fl%lgr @8 ;%%GQHHya?ogg%fed

pEHDX|@$ sal utieoweiratadeed inAf the setgiohngoforiabout The

2 # t at . th r eghe 2 ,
ot A PR MBI Ee T OB Ry Bhe PhiERS, for
add Tiigmtes.3.63 gnJofOEOme@hﬁn@hl ereddheTheaddndit | 6allgwed

then stitered terough ﬁzﬂﬁgt@s45 Mﬂ?ﬁt& ang abrSsfbpped

of nethanol are then poured a tenperature in
t RS etd?eons‘b?pﬂ@%loﬁ'hés <615t |t6’n &i%dﬂtw b Stight penutes.
ZGGeandupérhaednforls15h@mﬂuﬁ§§ar§8eﬁ1 &Ait meihkdanei s 8&eded

th “ﬂ ed,({ollo g rring_f rﬁg m nut es. ..
sl R ST 7 M X Oppeliafal amaer re¥est uhotion Fedimppted
t preedipheattef andOthe nntiesnreThe supermat afwri §0thénutes.
s ated Ay and disearded (D Mdseq i 15% 0
met angjl are a d to the sedinent ed” fp:?e%l tate and few
t M nwteeur eThe seippedsien 30s nithares filfeged through a
p@@ﬁ|®téﬁﬁ%éﬁé$e§§a59 regedi it ferrd @WadPed is then
m nutes. The suspénsion is then filtered through a
washed with twice 30 ml of methanol. The wet solid is
drained and then dried under reduced pressure at a
temperature in the region of 60°C. After drying, 2.5 g
of pure depolymerized heparin (sodium salt) are
obtained. The yield obtained is 71.4%.
The characteristics of the depolymerized heparin thus
obtained are as follows:
mean molecular weight: 2600 daltons
anti-¥a activity: 150.5 IU/mg
anti-IIa activity: 3.2 IU/mg

anti-Xa activity/anti-IIa activity ratio: 47

EXAMPLE 10

Depolymerization and conversion to the sodium salt (0.8
equivalent of base):

70 ml of dichlorcmethane are placed in a Erlenmeyer
flask A. 10 g (0.006 mol) of benzyl ester of heparin

(degree of esterification: 75%, benzethonium salt)
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No. 3 sintered glass. The white cake obtained is then
washed with twice 30 ml of nethanol. The wet solid is
drai ned and then dried under reduced pressure at a
tenperature in the region of 60C. After drying, 2.5 g

25 of pure depolynerized hepdiin (sodiumsalt) are

obt ai ned. The yield obtained is 71.4% The
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10 Erl enneyer flask B. The reaction mxture in the

Eﬂ%ni“r%?%r %9 2K W e s IpSurkd Ser ThRi futeusPastomfs the
| Hupddia tmithanel |§e;ﬁﬁdawn acgtatengolditdcdrdrid a(190 ml).
eLr%er ture |npe§$ ion of 4C, .w,th_mag
A

tic .
StITT | Mte Pitng ¥& 5°ATRdt eSO ¢t q%%usfﬁ%ﬂ%ﬁ“%ﬂted
153ne$llmfttatteo zedt lLéef MlﬁdmrlsThetltrlrealr fpar t Sohibhees.

s e mﬂ@ggea 'l%a%gpamt ad %ndt %éé& ded (ézgp Tobut 30

) et hanol ar e added to |rrente.
pradidiasat dh e madtured i Bhet srpednabant #bnaeparated

out and discarded (190 ml). 190 ml of methanol are
added to the sedimented precipitate and the mixture is
stirred for 30 minutes. The supernatant is separated
out and discarded (190 ml). The precipitate 1in
suspension is then filtered through a No. 3 sintered
glass. The cake obtained is then washed with 150 ml of
methanol. The pale yellow wet solid is drained and then
dried under reduced pressure (6 kPa) at a temperature
in the region of 40°C. After drying for 18 hours,
3.05 g of crude depolymerized heparin are obtained, as
the sodium salt. The yield obtained is 80%.

Saponification:

3.05 g (0.0048 mol) of the sodium salt of crude
depolymerized heparin obtained above and 21 ml of water
are placed in a 100 ml Erlenmeyer flask. The solution
is filtered through a No. 3 sintered glass and rinsed
with twice 6 mi of water. The filtrate obtained 1is
placed in a 150 ml Erlenmeyer flask. 0.6 ml (0.006 mol)
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The precipitate is left to resedinent for about 30 20
m nutes. The clear part of the supernatant is
separated out and discarded (190 m). 190 nm of

nmet hanol are added to the sedi nented precipitate and
the mxture is stirred for 3@ m nutes. The
supernatant is separated out and discarded (190 ).
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met hanol . are added to the reaction medium After
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salt} are obtained. The yield obtained is 57%.

Purification:

1.6 g of crude depolymerized heparin obtained above and
le mt of distilled water are placed in a 50 ml
Erlenmeyer flask. The mixture is brought to 40°C with
magnetic stirring. The pH is brought to 9.6 + 0.1 by
addition of 1IN sodium hydroxide. The reaction medium is
filtered through a 0.45 pm membrane and 0.08 ml of
aqueous 30% hydrogen peroxide solution is added. After
stirring for about 2 hours at &a temperature in the
region of 20°C, the mixture is neutralized by adding
1IN HC1, followed by addition of 2 g of sodium chloride.
The solution is then filtered through a 0.45 um
membrane and 14 ml of methanol are then poured in, at a
temperature in the region of 10°C. The solution is then
brought to 20°C and stirred for 15 minutes. 36 ml of
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30 mnutes. The precipitate in suspension is then
filtered through a No. 3 sintered glass. The cake
obtained is then washed with 50 m of nethanol. The
wet 20 solid is drained and then dried under reduced
pressure (6 kPa) at a tenpeé&ture in the region of

40C. After g a of crude depol yneri zed
h@&&lhlaﬁo@soéif@m t apt)aa gdobt BphbATeThePYi etfirring for

Obt&bﬁad @&13%%h9251PUE%§mcgtgpp%dlaﬁdgtgk Qﬁnmgén51on is
yneri ze e (0] ne apove ,

BT TEY RMeRaL Boo 0 8 MRt ReeY o WS | ARnbastont 1s

f Eask. §hpanatédreoms bnuﬂghhskar@@@ wWi{Eh mignebdcml of

%nertﬁ'a dd%dbr&%'g% séc)?l:?menqceld b‘ér%%lgﬁi@'a‘c' ONing

droxide-° THESr eaciT on ned
futﬂlﬁerr@canmugh at0rasdprterenbr abeubad. 0108 profipitate

agqueoys. ;30%-hy dr98§@d£’zﬁé§%§' de,$0l ubicoR | %cﬁ%%te%f terrhe
stirring for about hours at a tenperature in

r S§PEANGLaRGC St W@Hﬁrﬂt@ﬁe qug n?é{?( | SRy b%(aumﬂg) 35the
I@ﬁaalgl&@k$gwaﬂ wageahhb@?hﬂé %h@nOff%FK%%gﬂ through a
C ori.,de e SOol.utl on S r.e rou a

R’ 25 FmS iREREESn G125 - 1408 s 1H:§ﬁ and then

pdumedl hmdeat aedtieapepatisistirien (fehegi an @f fipeddtaare

SQLULLOD 3 hEn oPr Q4o e-20C Apgikl el or 4 pure

m nut €s. et 'hano _
f debpovwachy zsti rirdmry fror (sedhour .sagtu rrapg iobtedagd. The

storped.apditRg syspersion is left to sedinent for 30
m nutes. The supernatant is then separated out and

dTECardtr IS It icsooh e simpehaReriard &¢@ed ifo thus

tb@ta@dbaea&@dagre@upbWQte and the mxture is stirred
or 5 mnutes. The i.tat is left to resedi nent
gFangﬁﬁegﬁiﬁFnHFégk% h24b§ %g}ﬁgpgnt i s separated
OahtaﬁdadESCaWdEd (364nB) IUThg precipitate in

sgngn§ggan§lgg$ﬂefil%e&%g hrough a 10 No. 3

sintere wet s0f1'd is drained and then
dengd- Eﬁd@ﬁtnﬁd@@éénpﬁeééar@CFGVRPa)ratla t 8fpérature
|n the region of 40C. After drying, 1.25 g of pure
Eol¥ner|zed heparin (sodiumsalt) are obtained. The
t &tned is 78%

Depolymerlzatlon and conversion to the sodium salt:

140 ml of dichloromethane are placed in a Erlenmeyer
flask A. 20 g (0.019 mol) of benzyl ester of heparin
{degree of esterification: 75%, Dbenzethonium salt)
obtained as described in example A, are added slowly,
with stirring. After total dissolution at a temperature
in the region of 40°C and cocling to a temperature in
the region of 20°C, 3.5 ml (0.011 mol) of tert-
butyliminotri (pyrrclidinc)phosphorane are added. The
mixture is stirred at a temperature in the region of
20°C for 24 hours. During this time, a solution of 60 g
of anhydrous sodium acetate in 600 ml of methanol is
prepared in a Erlenmeyer flask B. After total
dissolution, 10 g of Hyflo supercel Celite are added to
the solution. The reaction mixture in the Erlenmeyer
flask A 1s poured over 1 minute 30 seconds into the

methanolic sodium acetate solution at a temperature in
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15 The characteristics of the depol ynerized heparin
thus obtained are as follows: nean nol ecul ar wei ght:
2400 daltons anti-Xa activity: 154.3 IUng anti-lla
activity: 1.6 IUng 20 anti-Xa activity/anti-Ila
activity ratio: 96.4 EXAVPEE421-Depol ymerization and
conversion to the sogl umsalt: 140 m  of

di'eH or’chEt Hanelhr e pfacetiith angpnehigyeftistingaskhfter

?dsw@r(g]@ e g )[nlofutlaaesljz¥l5t(§}@stt)@hs@feﬁtéti@@rl As left to
egr.ee of _ester lcatl o enzel noni um.s

o a8Shec] bl hRCEs ampiben G eSRAdBALE oY, the
vwsllp@inartrantg iAf t eepdodiadd diosisol amhdondistcaarded (400 ml) .
te ratur gi f nd .cool

teﬁfnﬁéjeerngit urg in g"l?l%hegr egal&oe(rjl oégé:%@ % r#mé(go 8?§lmented
motYewifpitartte podylthe motxtiyysyrisl |Smu¢@)qﬂwo§<phoﬁamnutes

mThé“%@%Elﬂl@ht@1IEUﬁ%fksﬁa'ﬂééghfﬁeﬁttf@Pe£§$H{el|Hour
the regi on of for 24 hours. During this tine,

Ut i HFEB0 gTh%f BWPSER BtRN S 0dt Bim é%@@é%eﬁﬂn @% and
mdﬁcarmiétanpiw SuBp. PZEPaiethf métiEhennegyer afilaskeB. the

After. total |

cATHE' S E i tB e hE ebfutyion. "YRECFaacs orirred for
m Xtmimei1ties + heThke | epregépithtask 1A | ssyspemetiaverid then
i Ut e, i nto t | t
o o at A Camer & u S o ARCSrRE T earen of g oake
Wi - adeatbt Le dilieny i Mgshadt erlithst200imy pér B hanales, The

t i 1spensbPNwks |Rf1tid Ois SgkLi 80RO ﬂﬂé}yt§§1egh§nder
clear part of the super nat ant IS separated out and

di SRR RDBHS . (8 K At i? heTRaReFUEFetRdbRE FBIion

t her se@?mnh@derpﬁﬁylmlg,atm FNd; tchel d?pbmyﬁeﬁzscﬂl hepdrin
nut e The precipitate is left. to resedjnent

t oo B | Selhif A Thate b kataRE T 2 "ie1a

saparagtrest o @td-  di scarded (250 ml). 250 m of

nmet hanol are added to the 10 sedinented precipitate

and the m xture is stirred for 5 mnutes. The
prEe k@ tdPnyspension is then filtered through a

Nos ¢ siontoered n13Ssor TREeCIBolymerized heparin (benzyl
ester, sodium sali) obtained above and 35 ml of water
are placed in a 50 ml Erlenmeyer flask. The solution is
filtered through a No. 3 sintered glass and rinsed with
twice 10 ml of water. The filtrate obtained is placed
in a 250 ml Erlenmeyer flask. 1 ml (0.01 mol) of 30%
caustic soda is added with magnetic stirring, at a
temperature in the region of 4°C. After addition, the
mixture is stirred for 2 hours. The solution is
neutralized by adding 1IN HCl and 6 g of sodium chloride
are added. 42 ml of methancl are added to the reaction
medium. After stirriné for 15 minutes, 104 ml of
methanol are added, followed by stirring for 15
minutes. Stirring is then stopped and the suspension is
left to sediment for 1 hour at a temperature in the
region of 4°C. The supernatant 1is then separated out
and discarded (140 ml). 140 ml of methancl are added to
the sedimented precipitate and the mixture is stirred

for 5 minutes. The precipitate 1is left to resediment
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obtained is then washed with 200 ml of nethanol. The
pal e yell ow wet solid is drained and then dried under
15 reduced pressure (6 kPa) at a tenperature in the
region of 40C. After drying, 5.39 g of depolynerized
heparin (benzyl ester, sodiéhsalt) are obtained. The
yiel d obtalggd | S 6996 20 Sa§0n|f|cat|on 5 0. 0076

(
o APHe HRpBHYNETS zed RepHPRRNAREREYILS cigRgrated out
s@dﬂwmmatx)daabt allﬁ’(EdllabO\ﬂ_Eﬁ(Hﬁld. 35 MhetHangl eire atdded to

ced, Idgjt 0 e(ﬂ'l glErﬁloenggg | ask., Jhe.sol utian Id'sstlrred

H ere rou %tered glass - Ul ARy
vmftolx 25 mwnc‘eeao Mheofpvat Epitdbe finl t susecobien néd i shen

p'ﬂ‘i‘%‘éréd“ #n2d0gn B ﬁenexersihﬁakedlegﬁagg 01lpDl ) cake

o 30% causti c soda i added ic stirring

Lk aipedpetat G'Hh@nl rif@‘f'rhed eyish of0u@ APfermeatémntqlon The

”W%t Mextiyke ks satﬁ@&dfcgnoﬁ hoidrs . dFi%dSOhHaé@n F8duced
30 neutrali Edgbééadd' n N HC and of sodi um

cRTGS5dE < a d.2%2 tSF‘PﬁEfJ‘FHESI Ja‘i‘e egegéon of
thl@ ‘CeactAftirer medruhng Af fer Suisr hiotgsf,or 2Ly i nuif®s, crude

t e 0 d_b stl rr.i
o i e R NG 0 B0E b A et e, The
syspdnk ot digedb ilsefs9%t.0 sedi nent for 1 hour at a
tenperature in the region of 4C. The supernatant is

t hen separated out and discarded (140 m). 140 m of

cati®nidded to the sedinented precipitate and

t re gmigktdar Q:ﬂlﬁiétdéffﬁ%éﬁze'ii A WK B8n Jﬁ\@am&ﬂil i’dné@é €and
to_r eéedl f or about _45 nut es.

S Fettat & | QL SEparSA edMBteT aRdSd: SIARERH (Te0 i )50 T

16&1@nmfyerretfﬂaermt arTkec addedutre jtmebsedgh’enﬁ:ed 40°C with

S6RLa ecpnd Le, ThKEUNS, | S SULLLRM: TO0 8 T RS by

€ "precip en suspen ‘ed
tlald@u@hoal N& 3 ssqttlemedngimdérheﬂ@@kleea@blm negidigm is

t N Lwashed Wbl 1005 Mo of 5 Bt hanglh rathe et §0h5d hs of
drai ned and t hen dr| ed under reduced ressureq]é
aP I erEFpettt LR edrpgemePrEgRbAS 0B O LBBEONAf S ra %ﬂ#ﬂgA ter

f @ri48iQur or2. db@uif Xmude sl0adepsl wandaaed iepainn the
(“?:%%I:L%rr? ngft)z{)are, hneal qu"_g{tu;lf-e is neutralized by adding
IN HCl, followed by addition of 3 g of sodium chloride.
The solution 1s then filtered through a 0.45 pm
membrane and 21 ml of methanol are then poured in, at a
temperature in the region of 10°C. The solution is then
brought to 20°C and stirred for 15 minutes. 54 ml of
methanol are then added, followed by stirring for
1 hour. Stirring is then stopped and the suspension is
left to sediment for 20 minutes. The supernatant is
then separated out and discarded (50 ml). 50 ml of
methanol are added to the sedimented precipitate and
the mixture 1is stirred for 5 minutes. The precipitate
is left to resediment £for about 20 minutes. The
supernatant is separated out and discarded (50 ml). The
precipitate in suspension is then filtered through a
No. 3 sintered glass. The white cake obtained is then
washed with 50 ml of methanol. The wet so0lid is drained

and then dried under reduced pressure (6 kPa) at a
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yield obtained is 59% Purification: 2.6 g of crude

depol yneri zed heparin obtai ned above and 15 25 m of
distilled water are placed in a 50 m  Erl enneyer

flask. The m xture is brought to 40C with nagnetic
stirring. The pHis brought #6 9.7 0.1 by addition

of 1N sodi um hydroxi de. The reaction nediumis

f i 1RGP T HOugR £ 4Seﬁfhoﬁenﬁ aft® &nd DA% nidreringg for

aqLe qisn 30 % fmy:w Qg esf pPeu@xl dﬁap&ﬂlyﬂdzqrtecﬁ legiskeeh.n Al §6881ium

7o G SR it & S GRFPRR et by ORddi ng

1I‘§I.‘1H(31ph&nhbbaeﬂsbycad@blft i ‘dme oBieof yobrdadidurheparin thus
ctgfgtrdlq_%% e 4 %Olfﬁtl'l%gqé S then filtered through a

menbrane an m of nmethanol are then
pd‘&ﬁa’—é’d nqlegilag M@ﬁ%@ratm ide lttleasr egi on of 10C. The

SOl Ak i -0 |a$:glh,qrt gty i @0C and stirred for 15
m nut es. of = rethanol are then added, foll owed

e rﬂ%g’?‘qtdf"ltﬂ thdurl 18VM% ing is then stopped and

t hen tsiusRe ned oy 1itsy 3 diefitT 4 @ csadiimntratQlo :2Q 5 nut es.
The supernatant is then separated out and di scarded
(50 M) . 50 M of nethanol are added to the
seEjthﬁitFéd.aoreci pitate and the mxture is stirred for

%ﬁraﬂéﬁ:zﬁr ec'a@x'cfsatc%m)e%s:.%fnt ttB r %ﬁgdi HBH%uInor salt

abo nutes. The 35 supernatant 1's separate
an@{ﬂ%%tafad'@?)(SO m) . The precipitate in suspension

i sy 4deq) fidd eqesh i HF Onghh ane Nare3 élék‘ie?d[ e@ﬂgQ'a@SErlgﬂﬁeyer

white cake obtained is then washéd with
met iRl . “Phedwetl <619 d9ly dPdi nBERZ3hd §HSGT ditegheparin
ungigreatucefl pressti i dHckdla) arse, - Bénzéehpeiahur galt)

h f dryi f 8 h
o B IS RpofGRErTE8a Hepar P Bodhum ™ enl 1305 o 51591y,
obtigdimest. 1 fMtiengyi 1M @bt hedl nslOfWafheieve are added to
Ch@rfé‘cﬁ éﬂdx‘r‘%na{&iﬁn’l‘%r?&%émﬁé éfd BePALE N Ehﬂg%ght to

obt al n are as OWs: nean ecu ar wei g
ddl trfs  wntie xat heringt §lovdy. Soru4fy han”ﬂhel papernatant

actd Vi t¥andrdrtbiM under an  inert atmosphere to a
Erlenmeyer flask A. After total dissolution, 3.5 ml
(0.012 mol) of 2-tert-butylimino-2-diethylamino-1,3-

dimethyiperhydro-1,2, 3-diazaphosphorine are added. The
mixture is stirred at a temperature in the region of
20°C for 24 hours. During this time, a solution of 60 g
of anhydrous sodium acetate in 600 ml of methanol is
prepared in a Erlenmeyer flask B. After total
dissolution, 10 g of Hyflo supercel Celite are added to
the solution. The reaction mixture in the Erlenmeyer
flask A 1is poured over about 2 minutes intc the
methanclic sodium acetate solution at a temperature in
the region of 4°C, with magnetic stirring. After
stirring for 15 minutes, the suspension 1s 1left to
settle for 1 hour. The clear part of the supernatant is
separated out and discarded {420 ml). 420 ml of
methanol are added to the sedimented precipitate and
the mixture is stirred for 15 minutes. The precipitate

is left to resediment for about 1 hour. The supernatant
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-|s stlrred

anti-Xa activity/anti-lla activity ratio: 152 10
EXAMPLE 12 Depol yneri zation and conversion to the
sodiumsalt (0.05%water): 140 ml of dichl oronethane
are placed in a Erlennmeyer 15 flask. 20 g (0.019 nol)
of benzyl ester of heparin- ¢degree of esterification:
75% benzet honium salt) qbtained as described in

exanpPePArated diYed a@i%mﬁyscam?ﬂ st41% ithy. - 243§ oflg of

Ammlhamllaraﬁe evaeld@ﬂe tslded et Osedtfeneadt peacApditde and

the ter cont i by oug to_ 20 0.05% while .
st MRS §51 sEThaeR. Yrte Lo pbPnAraR: e Hetfension
t rl&nsfﬂeem etﬁlﬂlndeedarthm:ergh atnd&pher estwtaredr lgdamsyerThe

gl Al 461s 1L akydheSl ey & Sottb kO and@ldnon.

I m no- am no-1

leﬂi@t hgd brer w)edﬂ@m wel3- @uoézalphb%pldémﬁ@dar@@da@@n Tiveled

29 niiext lﬂe%idc%cﬁtpfé%ﬁé fc L RBREr gt uge t'e?nﬁel'_’c%tﬁ.ﬁ@ Ot the
of 20C for 24_hours, During.this tine, a solution of

66§19 Ahhydrbus RS @unfazeDat 9% BOOPARTSf .36 g of
neirlmai@oldep%lyme&nare@d He@aa_rlar |Wa1fﬂa’:t§,k & Hid esodium

Hyf [, Cel
adiad ¢8 S0IHE SOPulonl Tnd FAcEPDR-AEH GPe P oPhe
Erl enneyer flask A is poured over about 2 m nutes

e oh&glcg%&gﬁnollc sodi um acetate solution at a
tenperature 1n the region of 4C, with nagnetic

sti-PB6i n§. APt8P81dt mpk)ngoforths nppdies, skt of crude

S RN eR & dl q{épépl&Slﬁetdéleiﬁ‘é)r (10 h@w ob‘ﬁiaqn@cﬁaébove
part. of the supernatant is arated out _and

difSCarkd™t 496 nf3teu26 TR I%Jfa et H3no?  aPe Tddderl emeyer
tff&aS@:dl nehtedspepenpibat eiandfilbersixt uheoughstarres. 3

mi.nut.es._ The preC| Lt at S l.eft [81e3 sedi ment
( Sr B PR T thet SOnE ndt B, 1 eAFeS dN ARt e e

oahearfdldqm deed b8 Ml plasedniinofa InEl halhokrhemsmeyer
ed it 0 ih§1 sgi ”Rj“ﬁdzzpfn%h)m batesand o Lhg 'E X%B&% are

15 m nutes. The suspension 1S

f Eddefe & tHY chgBnat Ne. st igirdngredigl @s§.empﬁéa$uéakem the

oki%@'i@ﬁd ds 1hen washed aMdit 200 Mhof mARkharolis stirred
for 3 hours. The solution i1is neutralized by adding
IN HC1 and 11 g of sodium chloride are added. 77 ml of
methanocl are added to the reaction medium. After
stirring for 15 minutes, 200 ml of methanol are added,
followed by stirring for 1 hour. Stirring 1is then
stopped and the suspension is left to sediment for 1
hour at a temperature in the region of 4°C. The
supernatant 1is then separated out and discarded
(240 ml). 240 ml of methancl are added to the
sedimented precipitate and the mixture is stirred for
10 minutes. The precipitate is left to resediment for
about 30 minutes. The supernatant is separated out and
discarded (225 ml}). 225 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
10 minutes. The suspension is then filtered through a
No. 3 sintered glass. The cake obtained is then washed
with twice 50 ml of methanol. The wet solid is drained

and then dried under reduced pressure (6 kPa) at a
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The pale yellow wet solid is drained and then dried

under reduced pressure (6 kPa) at a tenperature in the
region of 50C. After drying for 16 hours, 5.36 g of
crude depol yneri zed heparin are obtained, as the

sodium 10 salt in Celite (104§)- The yield obtained is
68. 6% Saponifijcation: 5,36 f‘(O 00817 nol) of the

s CEIRRTSAME Sof 1R r (Hde HepsPY et 288 Repdtitfy ndexinge for

(16 @bu@@taQnsﬂi@bQME(ﬂ%ﬁdﬁ%?éﬁbl?méﬁlﬂ§ﬂEﬂeﬁﬁﬁiﬂﬂ(ﬁbﬁhum
enneyer as suspensi o
f.P?&S d€ G&ﬁ ngdxo Ths YdF %gePgaagpggslﬁng3rlﬁSed

W|th4t|rres 15 M of water. The filtrate obtained is

plpRGee 150 ml Erlenmeyer flask. 1.01 m (0.0122
P% flé%tﬁa% caustic soda are 20 added wi th magnetic

std-o0 ng, ot arvéepaemalvacrazede hepgrbn obtgdnenf tafpove

adgidt i00,5 e &XH%%ﬂieat 'vfaﬁ:%@ af:.oé QQH&S mTfée 100 ml
solution is neutralized by addi ng 1 and g of

s 6dilGRIeRTSr i e EH%eHllXWI% J&r bﬁ%‘ﬂ%’ﬁoltoar‘lé) C with
adﬁ@@emct het 1 el dy pnTﬁedlw i Af tkgrm%ﬁlts%t?lr Imgrdf+oro .15 by
no al.e. a 0] owe
TR e S Ty, SR MR (A M iy 45
Slf&[iél&&ledn tbrbeth ta s@deSTam fmemblran®oumngt &.25 ml of
| ROREERs e hidfod ! B0:0n1de, sSR oMl ¥l | e
ofstasrRagol fare el t2o hiofygs s séau nenttedngsredivysict aie the

anddtibe M xtgpecl,s §id rfn@ﬁtﬁ@é 1350 Hbﬁ’e'%&hzé'ﬁe by adding
precipitate is l'eft to resediment for about

mithutied s Fivd 1Sser fat &ntdiitd e i at & %tS%%um chloride.
dithear ded (22 M J)s 22benl @filretrbanolthaomgddded t©.45 pm

he 35 _sed d h

SRR For N1 nf huts FSRRE S o et O] LT inv at 3
f iterpead tireoligh tdhe Negidnsioft e’lrtédl.gl%tss sdhet pakelis then
optalaed |5 thenchasheds il Wae 98 fingteoget hangh. or

dral ne and then drie uced
pressgnel( 6akpa) thena addsd,t eapétarate blﬁ t heiregpon for

Oﬁ 40Gr Afdtarrdmy Nos f Ohen 18t bpPES, 220% 1 ofusddidfion is

i%ymsrlzed he arln sodium salt) are obtained. The |,
& ob? aiSsiipents3 feg, 45 Mnoees! Ane supernatant is

then separated out and discarded (46 ml). 46 ml of
methanol are added to the sedimented precipitate and
the mixture is stirred for 5 minutes. The precipitate
is left to resediment for about 30 minutes. The
supernatant 1is separated out and discarded (50 ml).
50 ml of methanol are added and the precipitate in
suspension is then filtered through a No. 4 sintered
glass. The white cake obtained is then washed with 2
portions of 10 ml of methancl. The wet solid is drained
and then dried under reduced pressure (6 kPa) at a
temperature in the region of 50°C. After drying for
18 hours, 2.363 g of pure depolymerized heparin (sodium
'salt) are obtained. The yield obtained is 89.1%.

The characteristics of the depolymerized heparin thus
obtained are as follows:

mean molecular weight: 2500 Daltons

anti-Xa activity: 192 IU/mg



5 Purification: 2.65 g of crude depol yneri zed heparin
obt ai ned above and 26.5 m of distilled water are
placed in a 100 M  Erlenneyer flask. The mixture is
brought to 40C with nmagnetic stirring. The pHis
brought to 9.7 0.1 by 10 add®tiron of 1N sodi um

hydr oxi de. The reaction nediumis filtered through a
0. %brﬁ%rﬁﬁ‘é‘ﬁ’é%’nd 10253 Ufim%f  aqueous 30% hydr ogen
perrxi-de sldittiay Aantaddad. sAfttien tyStrarriiong 14@r about
2 hours at a tenperature in the region of 20C, the
m xture is neutralized by adding 15 i N HC1, foll owed
by addition of 3 g of sodiumchloride. The solution
is then filtered through a 0.45 pm nenbrane and 21 ni
of methanol are then poured in, at a tenperature in
the region of 10C. The solution is then brought to
20C and stirred for 15 minutes. 54 m of 20 nethano
are then added, followed by stirring for 1 hour.
Stirring is then stopped and the suspension is |eft
to sedinment for 45 mnutes. The supernatant is then
separated out and discarded (46 nm). 46 m of

nmet hanol are added to the sedi nented precipitate and
25 the mxture is stirred for 5 mnutes. The
precipitate is left to resedinent for about 30

m nutes. The supernatant is separated out and

di scarded (50 m). 50 m of nethanol are added and
the precipitate in suspension is then filtered
through a No. 4 sintered 30 glass. The white cake
obtained is then washed with 2 portions of 10 nl of
met hanol. The wet solid is drained and then dried
under reduced pressure (6 kPa) at a tenperature in
the region of 50C. After drying for 18 hours, 2.363 ¢
of pure depol ynerized heparin (sodium 35 salt) are
obt ai ned. The yield obtained is 89.1% The
characteristics of the depolynerized heparin thus
obt ai ned are as follows: nean nol ecul ar wei ght: 2500
Daltons anti-Xa activity: 192 U ng - 49 anti-lla
activity: 1.3 11U ng
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anti-Xa activity/anti-lla activity ratio: 148 WD

2004/ 033503 - 50 - PCT/ FR2003/ 002960 CLAI M5 1) A

m xture of sulfated oligosaccharides having the

general structure of the constituent polysaccharides

ofWO 20047 83BHR03nd havi ng the5Potl owi ng PCT/FR2003/002960
characteristics: - they have a nean nol ecul ar wei ght

of 1500 to 3000 daltons, an anti-Xa activity of 120
tgrddtsl U ng, an anti-lla activity of less than 10
IUnmg and an anti-Xa activity/anti-lla activity ratio

of greater 10 than 30, the constituent
olli)godaachanirgeso Df st artiext usbsgosacumaide®? havafig the
S i-d [ \, 4 ' '
2%%?1%3{51 %t%ctt‘cure oh:a & & C?’Ee.r (ol S%%%é‘e[@%}lh I‘aJ?C?]ég of

ate” unit at one of
t epRexas acchhevdagAthe- Fodlowiot EbpmatasrOBtALEa OH

| LS £y N del0 O I%k!an m@le@ﬁ§a9 N%ngQt L ¥ Gspd\a to

O ls and are in the formof an al kali or
al3eNG selégnem a9p E'H%‘%JaTX%aF‘F?lY}tYh@fml%tourfé) 0£00 IU/mg,

Olargosagehankhdegscasvet @i nedl iledd aitWan 10 IU/mg and an
anti-Xa activity/anti-IIa activity ratio of greater
than 30,
the constituent oligosaccharides of the mixtures

- contain 2 to 26 saccharide units,
- have a 4,5-unsaturated uronic acid 2-C-sulfate
unit at one of their ends,

- contain the hexasaccharide AIIa-IIs-Is of formula:

Alla ls Is

and are 1in the form of an alkali or alkaline-earth
metal salt.

2) The mixture of oligosaccharides as claimed in claim
1, characterized in that the alkali cr alkaline-earth
metal salt 1s chosen from sodium, potassium, calcium

and magnesium salts.

3) The mixture of oligosaccharides as claimed in claim

1 or 2, characterized in that it contains a
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1, characterized in that the alkali or alkaline-earth

netal salt is chosen from sodi um potassium calcium

25 and nmagnesium salts. 3) The m xture of

ol i gosaccharides as clainmed in claim 1 or 2,
characterized in that it cenbdins a - 51

hexasaccharide fraction representing from15 to 25% of

t Rexfisgeghe rdfeo| § troalcih aF s rieas e idheT RPRt dPe tor 29% of
oldrgosa&ehal @8s As elsaicpdriidegl.aim 5 3,

characterized in that it contains from8 to 15% of the
hexasaccharide Alla-lIts-1s in the hexasacchari de

f rctTlon mfxtiwes mbkt vilegokbackhgosdeshansi ddsinE)d The claim

o cl SR T 2 iy EE by i TH A | EOBXRi Bt s 2
arithe Xhegeshperhproflebebbenl 1501s Ulvg &he 200xaspagharide

6)¢ v ERQ 1Y @ 1 1 AldrgesacEhaniides sasnal-aljged in any
one of clains 1 to 5, characteriized in that it has an

15 anti-lla activity of less than 5 U ng and in
PaE)t i Thik amieftu@ed ¢ 313gbbhBhafidéhe 48 XEUEEmeE in any

ol i gosacchar.i des, as c] ai ned i n an ne of, cl aj 1 to.
oAt dEges A 2 SR d kO 0 Sndh 1 FganiBits
acin \anttyl/-&at iaddiariact iofi tg twakeino 1§0eallgmg than 250 afdmg.
in particular greater than 100. 8) The m xture of

ol i gosaccharides as claimed in any one of claims 1 to
7,8)chBracméxtrag iof t Radgosahgbagidssnedh AbREBaHarln any

weiht, of cpetmeen 2000 ang, 3090 D 1 00S: naRfakN it has an
2400 to 2650 Da. 9) T

particular from he m xture of

olatgdsdd@harddesv sy cl afned Sis§ ary'@bne® of 18/ 80ns ad o in
8 paftdlcadizer iced .ish tioha&t, 5i truexdyi.bits 30 an anti-Xa
activity of between 150 and 200 U ng, an anti-lla
activity of between 0.5 and 3.5 U ng, and a nean
ndl)ecThar mieitghte off betligesaz4b@rands2660 Daaimdil An any

%0%5 QU ALEPA TG & XéH{xPécPéﬁP%é&Oin 3@h§@¢£’8%&ﬂ§ﬁits
as clained 1'n any one of clains 0 9, during whic
tﬁ@lq@@ﬂér%@ryaéﬁﬁﬁﬁﬁwdﬁ§éﬂrléﬁ th§t9§ﬁiyllré§@er greater
hepai mo S$r3eRel WiBRHized dh AR QFaRnGnmadicum in the
presence of a strong organi ¢ base with a pKa
8) The mixture of oligosaccharides as claimed in any
one of c¢laims 1 to 7, characterized in that 1t has a
mean molecular weight of between 2000 and 3000 Daltons

and in particular from 2400 to 2650 ba.

9) The mixture of oligosaccharides as claimed in any
one of claims 1 to 8, characterized in that it exhibits
an anti-Xa activity of between 150 and 200 IU/mg, an
anti-IIa activity of between 0.5 and 3.5 IU/mg, and a

mean molecular weight of between 2400 and 2650 Da.

10) A method for preparing mixtures of oligo-
saccharides as claimed in any one of c¢laims 1 to 9,
during which the quaternary ammonium salt of the benzyl
ester of heparin is depolymerized in an organic medium
in the presence of a strong organic base with a pKa

greater than 20, characterized in that the organic base



10

15

20

25

30

greater than 20, characterized in that the organic

base - 52 wused consists of the famly of

phosphazenes, in particular in a dichloronethane
solution, contains a percentage of water of |ess than
0.6% 5 11) The nethod as el &ned in claim10 for
preparing mxtures of oligosaccharides as clained in
cluéefﬂ 1,Conhibtatt e?f zeihen £REL lhe dat Fhespiiaiings 1n
| @s5-ttian a,0. 340 apdpeeherahkynbhass ddm o2 cbdth2hs a

The nmethod of preparation as clained in clai m 10 or
1£erc9%té’&eeﬂ§é’@tleﬁ ﬂ‘fatletsﬁetﬁlﬁﬁt r&3ry ammoni um sal t

of the benzyl ester of heparin is the benzet honi um
ctlp|d| retlrltl S

Tﬁ'e rre?ﬁod II[%1‘tlflpr8rdgpa(rs‘atC|¥Lonl méasrae CF%{II %e aaérﬁrloé ée&ég}mg
1mixtheresct efi zebigmsadatiatinehases oftamedfalml y:l@ﬁm 1,

h f : \
R I e e
i derty cald grref@imetdpedesandhedpledént | i near or

branched al kyl radicals containing from1 to 6 carbon
25 14 e pet hod of preparat cl ai ped

0ttt e Pno Qe e ST A (Lt S rohgin 10 or
baﬂg/eﬁh&$a¢ﬁérliédlbnlShb&t%ﬁﬁmnihétéﬁﬁh angonium salt
proeff e%gbl ybﬁ:bnezt egsger dcia hzepaLSrC:)L;n]'5 Atrlqeet hggnggjﬁh?nlum,
preparing dﬁsaccharl craime in any oneé
dqﬂhnipwnxﬂﬁhmxmﬁnheﬁamhm;lmathmhameHﬁym1ﬂﬂhuwmng
operations are carried out: a) transalification of

sodi um heparin by the action of benzet honi um
cHiBr iThe nedwpd (pf RERFEIAn o of L HEReet honFlaim 10 or

hepar i BrLeacbtai ned iby tHer aghbombafedenzylhehl mide; of

phosphazenes are those of formula:

R3
R2WHN/ R4
N\
Ry__N::F:fﬂﬂmﬁﬁﬁ
N—R6B
/
R7

in which the radicals R; to Ry are didentical or
different and represent linear or branched alkyl

radicals containing from 1 to 6 carbon stoms.

14) The method of preparation as claimed in claim 10 or
11, characterized in that the strong base/ester mol
ratio is between 0.2 and 5, and preferably between 0.6
and 2.

15) A method for preparing oligosaccharides as claimed
in any one of claims 1 to 9 from heparins, in which the
following operations are carried out:

a) transalification of sodium heparin by the action of

benzethonium chloride,
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c) transalification of the benzyl ester obtained and
obt ai ning of the quaternary amoniumsalt, 5 d)
depol yneri zati on of the quaternary anmoni um salt of
the benzyl ester of heparin by the nethod as defined
in claim10 or 11, e) convers§Bon of the quaternary

ammoniumsalt to a sodiumsalt, 10 f) optionally
s &orfi Fhegathiisip tafony h@fhéﬁi‘rﬁeﬁlwlt% SPETARAGE LPherEred

such 135 gRdidyniydraxivdezyd) entd-ar!, |y purification

in particular_by the acti on of an oxidi zi ng

s(ieh %@%ﬂd@é%%nox?ae thes ?8512¥ﬁe HetHod© Egamed and
cl ai resgtdimidpian ]t51e ccjwwrtrﬁmyzadmamutrhataltthe

reactjon -of st rledo th | n of

& R e on, 0 £ Lk bR B R A1 ¢ o
at a thergmmatwlr eestrent hef rlegpaniofbysthe @S od vws hd@flned
sal t/.: s 'é’ﬁl q)o frilm)l ar ratio of between 3 20 and

4. 17]) e net asclalmsdlnclalmls

cfdr EQTErG P n Oft hihet hauakeerafy caﬁwldﬁﬂ stséétb) to a

I's caydd®dh 14,0 a chlorinated organic solvent such
as..chl orof orm or’ 25 magwl ene ch

I%ri gs ail a_ . h
t dipSRAE 0FY bR E35 248D 48¢,  5PEf ePGBRY Bet Menthe
30 anad:t%hﬂﬁ @nd thesesirh ias ddu vomhmdrfoxd degdi um

sal.t the recove re [ y 0
soqdl u ace rhIley a?uﬁbf/l%aylorg) Ir%t E)l %%:%ﬁ%g or?gpaé}ﬁe thtlon
met hanblarn o= doirzigar tagmtscamfh Ba iydrdoes peeoxdfie.

al cohol per volunme of reacti on nedium 18) The net hod
as clainmed in claim15 or characterized in that

t Hé)d e drinass 13t |<f}r%]é‘@€?%nl%fc%%“f‘ he> quabeFagrgrized in
argmt ughsaldeit 1die benze@esher of d&&&@reldn d>1§t by the

betvveen 50_and 100% and preferably ,between .
OGO 40t e AR G G CF SR nERFaR Ay 160 1900um
orheb&rlrr;hasrtaca etempdratutdatnOthet achimmart slhyto 25°C,

gf saq%qzy%?&mﬁprhgga.%ﬁ :l'ﬂOq_ rIt P¥t¥\§ g%t }% ween 3

benze honi'um 'sa n are used W reacti on
t iavel vhi ch

17) The method as claimed in claim 15, characterized in
that the esterification of step b) is carried ocut in a
chlorinated organic solvent such as chloroform or
methylene chloride, at a temperature of between 25 and
45°C, preferably between 30 and 40°C, and the ester in
the form of a sodium salt 1is then recovered by
precipitation by means of sodium acetate at 10% by
weight in an alcohol such as methanol in a proportion
of 1 to 1.2 volumes of alcohol per volume of reaction

medium.

18) The method as claimed in <¢laim 15 or 17,
characterized in that the degree of esterification of
the quaternary ammonium salt of the benzyl ester of
heparin is between 50 and 100%, and preferably between
70 and 90%.
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5 wll be between 10 and 35 h. 20) The nethod as
claimed in claim15, characterized in that the
transalification of step c) is carried out by nmeans
of a quaternary amoni um chl oride, and preferably 10
by neans of benzet honi um chl 54i de, cetylpyridinium
chloride or cetyltrinmethylamoniumchloride, in

adddoudhfredrefed £% efperaedr elbet GdHl 1(§L5and1§5(:0r 18,
2Ehathet@tibed asn clkakied in %balingoﬁa@h@rw ejezglt of

5 _t hat the quat er nar nium ¢ Ior| e/.sodi u
Sherzi (el etz DEL o BREhopdl i ReRBRCr & o< thoniun
beta\ﬂﬁenoﬂ a:ma@ar&n 2a’b)e Theemetdnn@h as Clraddatetbn ntdnai nwhich

1‘ih%r a?)eecw]gé?‘ L O3gh%t the conversion to a
dirum-sa hé "quaternary ammoni um salt of the

benzyl ester of depolynerized heparin (step e) is

C i)l %eokﬂet@%ci raeﬁtdl%g_rﬂer&? id e@féin@”lémdéﬂﬁ‘%é{\’:ﬁ&%d in

al coholic sol ution of sodium acetate, and preferably
WithR o tho, SeaRa o ista tlot uPF 28t aBefat é5i Farstifghaut by

( WRiagRt /dBJ'atthﬁ)atéitnaac;ﬁ eFRe radt i et:hn%i@@ﬁ ailﬁi:l q&ﬂeﬁéﬁ‘ably
2%} The et hod. a clal din cl char rlzg

Y e Aok e o TG Tae e e g fdly tum
3@hTeatisleof can aldeailit mvteadh i iden sudilas . dndi uim an
M@ Ao ROLAS S bUdpaxLdg af bRl By dpaxhdec,

an ‘aqueous eratur ween
20C, and preferably 0 and 10C. 35 24) The met hod as

C'ﬂ')”@%é et HdN 23, c IhRE AL '@Fﬁlm n20t r‘(%afaét‘?eélzed in
nmol ar equi val ents of al kali netal I‘OXI

and
pi&rér abhg ﬂ%a&eZWYara@aawamerﬁ% oﬁiqﬂﬁum salt of

hytieOXcde: var eegtsed. of BSpa2b) Hbe rfatth@d 1as eitaigmd 2 nand
cl,aim 15, characterized in that the purification

(étep g) is carried out by neans of hydrogen

peroxi de, in an agueous nedium at a tenperature of

1‘%mtg° ﬁ%cm%qsercai@ﬁn&ft%e%l%gnafg en dé?ctéﬂzéé in
cament oli"'gosacchari dées as clained in
ofi&agf uhqn¢gﬁq913ﬁqn to a sodium salt of the quaternary

ammonium salt of the benzyl ester of depolymerized
heparin (step e) 1s carried out by treating the
reaction medium with an alcoholic solution of sodium
aCetate, and preferably with a 10% solution of sodium
acetate in methanol (weight/volume}, at a temperature
between 15 and 25°C.

23) The method as claimed in claim 15, characterized in
that the saponification (step f) 1is carried out by
means of an alkali metal hydroxide such as sodium
hydroxide, potassium hydroxide or lithium hydroxide, in
an agueous medium, at a temperature between 0 and 20°C,

and preferably 0 and 10°C.

24) The method as claimed in claim 23, characterized in
that 1 to 5 molar eguivalents of alkali metal hydroxide
and preferably 1 to 2 molar equivalents of sodium

hydroxide are used.
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10 27) As a nedi canent having an antithronbotic
activity, the oligosaccharides as clained in any one
of clains 1 to 9. 28) The nedicanents as clainmed in
claim26 or 27, for 15 the prevention or treatnent of
venous and arterial thronbesé$, -deep vein thrombosis,

pul nronary enbolism unstable anglna myocar di a
i r?fSa)r chometrgdiat cixme & oteinslve eharackarbted in

thlaﬁ:ertwegs@hﬁiéﬂim (3pdpayhi als fdatzrﬁlleldatdw b NBeans
pr iferation of snoqth 20 nuscl e cel

r Tt ‘%¥35|?eﬁﬁélQFVerFSSCPQroéﬂgeouEanﬁgng? at  a
rrumm:&tnar@mgnﬂ)wasa ss@hd gndwbhe facilorg, betangden 20 and
méﬁfgic di sorders such as diabetic retinopathies and
nephropat hi es. 25 29) A pharnmaceutical conposition
containing at |east one nedicanent as defined in

Cl2g )M 6 @nrge@f‘@arﬁ’éntfmrﬁqe p@f‘i@@&&é’éﬂn&ﬁi&lé’s ')é‘@rélalmed in

ex0|p|ents or vehicl €s or ditives.
pHE st e 1l addpdsitc éh as cl ai med | n cI aim 29,
characterized in that it consists of solutions for
injectjon b he sub aneous or venQus, route
R A Aot Ea R Rl B B LKA P o Ty
Sajﬂg,ortgmsmmdhaﬂxdhsra$hananmedoﬁa|ﬁny(ﬂh&iof claims 1
fcg#nﬁ ation for inhalation intended for the pul nonary

e

route.” - 56 32) The pharnmaceuti cal conposition as
claimed in claim 29, characterized in that it

C 5’1‘1§e OﬁeélEQﬁQHJcét ban o fomadm pi sipahi o idy epgedror
for the oral route. 33) A m xture of polysaccharldes

asthfef e ok 1omy 6ﬁe teeabranhs af t F9ouFhi éRdcanrberial
oldraddigsbduks t hgeBpt Red n ashdefhbBedsi N wldidAakd: embolism,

unstable angina, myocardial infarction, cardiac
ischemia, occlusive diseases of the peripheral arteries
and atrial fibrillation, the proliferation of smooth
muscle cells, atheriosclerosis and arteriosclerosis,
cancer by modulating angiogenesis and growth factors,
and diabetic disorders such as diabetic retinopathies

and nephropathies.

22) A pharmaceutical composition containing at least
one medicament as defined in claim 26 and one or more
pharmaceutically inert excipients or vehicles or

additives.

30) The pharmaceutical composition as claimed in claim
29, characterized in that it consists of solutions for

injection by the subcutaneous or intravenous route.

31) The pharmaceutical composition as claimed in claim
29, characterized in that it consists of a formulation

for inhalation intended for the pulmonary route.
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32) The pharmaceutical composition as claimed in claim

29, characterized in that it consists of a formulation

for administration intended for the oral route.

33) A mixture of polysaccharides as defined in any one
of claims 1 to 9, which can be obtained by the method

as defined in claim 15.



