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;MD 2004/ 033503 - ‘1 - PCT/ FR2003/ 002960

~ 'HEPARI N- DERI VED POLYSACCHARI DE M XTURES, PREPARATI ON

THERECF AND PHARMACEUTI CAL COVPOSI TI ONS  CONTAI NI NG
SAME 5 The present invention relates to m xtures of

wol yeosaosbeosdes derived-fnom hepari n,pdtarszdes fJoskoso
of preparation and pharmaceuti cal conpositions
containing them 10 Heparin is a m xture of sul.fated

ggggpol yﬁ@ﬁgﬂ@ﬂﬁ ﬁ@ﬁx\% m@Agé’ﬁA@iﬁb V\@i@ﬁégfsggl 'Cn
....-.,. L1 MR

which limt theA 15 @@@@mﬁmq&@ %QMEItS use. In
particular, its high—amttcoagutrant activity (anti-Ila

activity) can cause henorrhages. Low nol ecul ar-wei ght
m@arpmsemt aiinstrini digsire 1a2@ sdepel yﬁEktﬁﬁéisonoﬁf poly-

sters have ,be roposed., (EP
PRECha D a8k ot Be LRV R 0aR, RRRR T ane | PEA TaceRATGE 'of
p@egat@manmle@nghammqﬂmutmmaalnsmpasetabﬂe beent a P2hing
ribed in ' US 6384021. However, the anti-Xa activity
val ues obtained in the exanpl es descri bed do not
exceed 120 IU, and the anti-Xa/anti-lla ratio

Q@ﬁﬁiﬂﬁdlssa hekween &3 %%qf%QedsQMk%§W@ﬂ¥§E%%%¥ldes of
Ver%%LOMFnD ecu] ar-wei ght heparins are_prepared by a

SF19R SHRLER o UBS635 402 Padivd CUdRiN HHAT oS anti-
@chdwl syt bedaveen: 100 afiso 350 prdpaitheanti -
Xal/anti-Ila ratios which are also very high for
certain exanples of application. 35 A constant need
hewever srivstsheheshi dag atissadvamedjeanmenicho liinprtovighe
theappidnXa aghi vis E'esuéé‘ pﬁﬁtLFHLEECEgathwﬂyém’hlgh

actjvities greater than 150
apticoeguhnt | reYigtity d@@tl ITla act1v1ty) can cause

hemeorrhages.

Low-molecular-weight heparins obtained by basic
depolymerization of heparin esters have been proposed-
(EP40144); however, these products still have a high

anti~ITa 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, very-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~ITa ratios which are also very high for certain

examples of application.

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

particular in . obtaining activities greater - than
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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
anti-Xa/anti-lla ratio by nodifying the nethods
described in the prijor art, in particular by
controlling the percentage o wat er during the
depol yneri zati on step. The héparins 10 t hus obt ai ned
S I,bi t excekll.ent t:i_thr £ act j vi an

iggségzmgh axgﬂgcti\?lhte y sia%@llarﬁt%%at ot h%apgfr(%(’n %na

erefeefucitry Geveligks wPvaknogehagaetworls a overleparin
qewiaktayastivity. Likewi se, the products of the
i nvention exhibit half-life periods which are markedly
15 greater than that of heparin. The subject of the
Ongenti amd sdherefvee bavehe MpdedesSo®f is therefore to

I charides, degived from heparjn_, possessi .
L e R S R it (e vt
tahceobyXajodntly i ngatieactéviaves fHactcarbed {fiather prior

Abg) thanhepardfg,lt bb? HBARL3E 99l ot AL th;?eﬂ‘:é#!é@% of
of polysagbharl es having a nmean ol ecul ar wel ght _
18Per t FWO0W DAD€andepslyderdzddd ons shpPosatiehartiahayins

thud bbtstinaspedius t BRheLHE RIPVELed: MhXEULeT i%fhrombotic
at ed ollgosaccharldes haV|€£Vthe

suj f enec al
B bt PR inan ooy nE AEPTagE b thpt of
heparin ahdlkaviandiwegf ahlcow hgkeharad@aioSth£ge with a
e a >cul ar, wei ght of .150Q t o, 3000 :
bEFY opo%e e A eRcRRVEEY. S DR on EBROG Ry ofn the
bmventienaexhibif dialeskifhaperdody mhiohl aneamsirkedly

%%e@@éivtﬁaﬁae&étlbg aebhVity ratio of greater than
0, 35 the constituent oligosaccharides of. the .
m xtures contain 2 to 26 saccharide units, have a

Thé- BoBatytat ed urelkc asivénZ-iGrsulfat ecHairkfakeOn@ovel
é§§%é{$%flgﬁgz%psggﬁéggb%%gdkﬂp hgégiggghar%ggn heparin
possessing a more selective activity toward activated
factor X (factor Xa) and toward activated factor II

{(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.

In a first aspect, there is provided mixtures of sulfated

oligosaccharides having the

general structure of the constituent polysaccharides of
30 .

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-Ila 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 2-0O-sulfate unit at one of
their ends, and contain the hexasaccharide AIlIa-IIs-Is

of formula:
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Na Na N p Spp SOpS-O NaOONaOONaODO
% 6HO p... OH...p.. OHO p... 0so 4p4. CHp... H
OHNH~OHp NHO. 00, \H -~ 0=S0=0 0 Na O~ O Na
Na Alla IS Is The hexasaccharide Alla-Its-Is
contained in the mxture 5 of oligosaccharides may be
a sequence which has as high _affinity for ARIIIl and
characteri zed by an aXa act i”vi3t37 greater than 740

U ng. The m xture of oligosaccharides is in the form
of an 10 al kali,or al kaline-ear |a’] metal salt. Inya
second aspect, there is provi dedta met hod for ]
preparing mi xturds of oli gosacg_hﬁbi des as defi _(_eggo
above, 15 dUPTRG which the qUiPernary amgoni um 3alt
of Nehe Kenzyl t eNagf Keparin Ps cf‘é%oﬁri zed /'n an
orgaftc{medium \n th esence Qf a SQre,ng orgam c

base us onsi O of theQanil élo ene OHP
particu Y T ENT G o'r) 't'@?z‘c NN OH
a percen e of wat=er ess than=0.6% [Inr_a third

of
aspect, the®d is prii ded a bt hof. 87 pl%ggri ngR%S«NH
NS, «
e

ol i gosacchari des a% defi ned abové Tom 2b Yepari

in which the foll owPng operationd¥@ar® car g, oubta
transalification of sodium heparin by the action of
benzet honi um chl oride, b) esterification of

benzet honi ud\lt@pari nate obtaipgd by the actiongf
benzyl 3a <chloride, c) transalification of the
benzyl ester obtai ned and obtaining of the quaternary

:amﬂgﬂﬂéﬁéﬁﬁécharide AlIa~IIs-Is contained in the mixture
E of oligosaccharides may be a sequence which has as high

affinity for ARIII and
characterized by an aXa activity greater than 740 U/mg.

'The mixture of oligosaccharides is in the form of an

alkali or alkaline—eérth metal salt.

In = sepond aspect, .there is provided a method for

preparing mixtures of oligosaccharides as defined above,

15
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- during which the quaternary ammonium salt of the benzyl
ester of heparin is depolymerized in an crganic medium
in the presence of a strong organic base used consists
of the family of phosphazenes, in partiéular 'in a
dichloromethane solution, contains a percentage of water

of less than 0.6%.

In a third aspect, there is provided a method for
' preparing oligosaccharides as defined above from
. heparins, in which the following operations are carried

- out: a) transalification of sodium heparin by the action

. of benzethonium chloride, b) esterification of

benzethonium heparinate obtained by the action of benzyl




~d). depol yneri zation of the quaternary amoni um salt of
the benzyl ester of heparin by the nethod as defined
above, e) conversion of the quaternary anmoni um salt
to a sodiumsalt, f) optionally saponification of the
heparin by the action of a base such as sodi um
hydr oxi de, g) optionally purification in particular by
the action of an oxi di-zBag-agent such as hydrogen
peroxide. In a fourth aspect, there is provided, as a
medi canent, the oligosaccharides as defined above. In
chlozxifief th @spediradfarieicatpoavi degd, amhea npdhegmeBter
havi ng an antithronbotic activity, the .
obtadnpgosacc RIS NaL et ihe@uakRieary naBNSR KR adpkct

d) ddpSBmlet iRQUIHEh A PRAT BREEULhGRL - LAMRAS | &t of

containing at |east one nedi canent as defined above
the geprnzifle eftabr @ phepariut bral thye i mechoderas prleAisedr

abov\é?h'e_c;l %@aner%q%'nt 'ovfesthé n L?aée%}/eﬂy c?r?:fu t:?gite L5
provided a m xture of pd?ysacéharl es as defined

a sabove, shlch cn beptobireldigd shponhhdicewtibod a$ the
defi ned abgve. .al kal i. or_alkaline-earth nmetal .salt,

hepaghh o8 GARe p AR i, i 3ha Highestim Sarfln

hydrakedpf efger rest i oddel yrepar il €stl @ wel ghirtiScular by
determ ned_by high- pressure |iqui.d chronmatography

the u§FEb°?mo°%ol%ﬁnuP¥ 178YS egIefdr é%&ﬁplésthgggrogen

peroff@ket ed under the name TSK 3b G3000 XL and TSK G2000
XL. The detection is carried out by refractonetry.
The eluent used is lithiumnitrate and the flowrate

In o Soa@nflddfdle T SESLAM Sy Gald Dral ed Weblcanent,
standards prepared by fractionation o enoxaparin

the oAVENTESyhdnyidds onatdfriaphly atvovagar ose- pol yacryl am de
gel (IBF). This preparation is carried out according
to the, techni qgue described by Barrowliffe et al.

In alhfdfth Repect]l2,th2fe36i{ 197dvi8ed, ObsD.dA méaneawént
.al ., Thronb. Rei;,_12, 257-271 . .

having an antithrombotic activity, the oligosaccharides

as defined abhove.

In a sixth aspect, there is provided a pharmaceutical
composition containing at 1least one medicament as
defined above and one or more pharmaceutically inert

excipients or vehicles of additives.

- In a seventh aspect, there is provided a mixture of
polysaccharides as defined above, which can be obtained

by the method as defined above.

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

potassium, calcium and magnesium salts are preferred.

The mean molecular 'weight is determined by high-~-
pressure liguid chromatography using two columns in
series, for example those marketed under the name TSK




(1977-78). The results are calculated with the GPC6
software (Perkin Elnmer). 4 The anti-Xa activity is
neasured by the ami dolytic nethod on a chronogenic
substrate described by Teign et al., Thronmb. Res.,

10, 399-410 (1977), with, a5 5 standard, the first
i nternational standard for | ow nolecul ar-wei ght
heparins. The anti-lla activity is nmeasured by the

techni que described by Anderson L.O et al., Thronb.
Res., 15, 10 531-541 (1979), with, as standard, the
first inter national standard for |ow nolecul ar-wei ght
heparins. The hexasaccharide fraction preferably
represents from 15 to 25% of the m xture of

: oGB@@@aKEhanlddassK Bwooeharabine ddecdtXbHr €8 88rried out

f 15% of the h h d
b SHAN S e o e R T e
n@l%ﬂur‘éhﬁf dllicgo- sakcehaisdes. 62&17hﬁrperCHréag§y@tﬁem is
t id
. d%t?lejr:lr%lﬁ(%gﬁgc%ﬁh PAREIAS PR REatlY a8 idharign of
‘ @@WWL éﬁg 'WQ'QIZS(BZO@G’ Xichowimatmgraphy on agarose- |
- qhd By NGy VR YABY 1 epgt@ﬂ ve m&ar@_—égarghane X3 PPied

saccharide fraction he m xture i

HHonatJGFaFHEa%0n £61 unkdef i | tarhiiigie descrlbed by

i iy oyl Pt e e tagar.gs eri pdie Jeke SUCh 18 ti‘ﬁi3émtf§f¢ﬁ78) :
erpthe E,radenark ahltrogel ACA202R ( Bi osepr a) .
t

mixt UPeT s t e i thtw sotrEARy dr &§sn fcar]o%nat%57 =271
s(dlﬁj?t”fi-o'frﬁ) 30 ‘IFPreef eeabllys tdee sedunlyes®@geiitear bRRatepce

to 1 nmol/1l solution. Still
m)re pre efP%f 1'tjjf;ﬂe?éseparat| on is carried out at a

" concentration of 1 nol/l. The determnation is

carried out by W spectronetry (254 nm. After
fractionati on, the hexa 35 saccharide fraction in
sol ut'i on in sodi um hydr ogen
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carbonate is neutralized with glacial acetic acid. The
solution is then concentrated under reduced pressure

SO as to obtain a sodium acetate concentrati-on

greater than 30% by wei ght. The hexasacchari de

fraction is 5 precipitated by adding from3 to 5

vol unmes of nethanol. The hexasaccharide fraction is
recovered by filtration on No.” 3 sintered glass. The
hexasaccharide m xture obtained nay be anal yzed by

HPLC (Hi gh-Performance 5 Liquid Chromatography) in

oritrer aty ideter MAE iRy  d6nt BARSUeRlexh¥ackhar i @eidolytic

MdEndd SohSa HR¥8m86EAREI dabshihdel Ifd & i B8y Teien et
reparati ve HPLC _chr omat ogr. aph by

isolated b or b
K1 mi t P ENFBa BFaphy Mr andSAn¢tohr aABIdI Kl | Vith,  as
sephredose, cahem fdeser dingetraathenkl t echndgueas @sed low-
E%oﬁ%g Eprs_skil gc&_ldén]gfe art (M Hook, |. Bjork, J.
PWOO and U9 ndf#T PP E B.S letters, vol 656(1)
(1976)). Most particularly, the m xtures may have an
| - ;L t ity saf . bet.we U 2 .
??%%g%ﬁgfé?g%gbﬁ?tl¥ﬁgyﬁig%urggaéggeﬁavggaﬁag%tPg%?gquue

A5G 1Redf bre4EmPs LePry, etand lmost Theewl cuRgsl-y 15,
?Bﬂ@blg (%-9?9')%nﬁitﬁ?e fé(afmilaﬁﬁjé?cfc%,agﬁgﬂecaﬂgﬁg Zﬁ}jter—
esc/r | el o nstrate val ues of between 1.1 an
Py RS ForHrabo PG bRF e¥PLPh EonBpathRs
process are used. Preferably, the mi xtures exhibit an _
| - LYLLy/lanti-.l]a LV rati § r
A Boafdedfbelipn drans Por bl LU RN B RE R £ron

Friefter abtdy , of Hderikiirese hal o bl geaacebietdeéar  wei ght
of between 2000 and 3000 Dal tons, and nost 30

BRI TRHRC W AT g 8L AU LT - HRIIBENF 24008 to

y
an 2650 "Da. The m xtures as defi ned above nmay have

- drbamtfi tkae hgseserchavideed WeenlI50Tand 200 | U ng, an

@Eglﬁﬂézkegggaccharide fraction of the mixture of oligo-

saccharides.

The percentage of the hexasaccharide fraction may be

analytically determined by high-pressure liquid

_chromatography on TSK G3000 XI. and TSK G2000 XL columns

or alternatively by preparative separation of the hexa-
'saccharide fraction. The mixture is in this case
chromatographed on columms.filled with 'a polyacrylamide
agarose type gel such as that marketed under the
trademark Ultrogel ACA202F (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 separatién is carried out at a concentration of
1 mol/l. The determination is darried out by UV
spectrometry (254 nm). After fractionation, the hexa-
saccharide fraction in solution in sodium hydrogen
carbonate is neutralized with glacial acetic acid. The
solution is then concentrated under reduced pressure so
as to obtain a sodium acetate concentration greater

than 30% by weight. The hexasaccharide fraction  is
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activity of between 0.5 and 3.5 I U ng and a nean

- mol ecul ar wei ght of between 2400 and 2650 Da. 6 The

m xtures of oligosaccharides may be prepared by

depol yneri zation of a quaternary ammoniumsalt of the
benzyl ester of heparin in an organic nmedium by neans
opracsphiengedr ganixkidiase Mdh 3 pKasprefianak! )éfgir@@h%&lol

t Q rties preferably simlar to
of P S ﬁﬁ%gzen i PEFEE0uY AR e Sertied ngv e STackation
S@hms&wn eunabredAngéaﬁsCheﬂhelrhexéﬂhcdﬂaﬁ1£k26mlxture

iégza%i§§§§?§g7) a§8ﬁ %Ihg%{ eﬁ quater ﬁwﬁeg%%QRance

conve S1 0N 0
akhEHLEm ﬁorﬁtq%mm‘\)zyl imst @rdsr t Heo de@@t@mm@ed the

hepatkAtt Oof INAIINASH 4 ri SRPNY d-catd -ony of HEQSsaccharlde
esters and optlonally purification. The

si_dual
n&ﬁaa L3E5dPosdtP ¥ray PPepekato tdectai RYst eQ)’éeRﬁrQ%Ve HPLC
nehhexﬂaaSgdﬁ@nyu bed i ByVDaEEQ%ZQ@ W@hlr@n@@dga%lpw on an
essen aracteri sti ich makes it possible t -
%ﬁgléh ﬁthﬁﬁzs 8?p F88§ac€ﬁ§PF@esaﬁlPﬁdﬁﬂg %o the
phgghnmqheﬁ1uabdchar@ﬁmaanﬂ|sknkﬁmﬁthm Boei arti é8. Hook,
deC@'QQ% ah9veHon?88dEHkP Qrd Gj{ e%Pt3¢QE?§ %eletters,

speci fic mxtures ollgosacchan

neebs8abylio (28AF) bk the selectivity of the base by a
very precise control of the water content of the ‘
nivstsir @ad:l.tﬁ]d’ig.alrll@r, dﬁp@| ymrmtmteson & ephavhe aethod -xa
di scl.osed e chara er| ed a control of the

PR O VPR e | a0 pHSGvd A he Sonab/me.

depol ynmeri zation. It nakes it possible to

depol ynerize the heparin while preserving as nuch as
pBSSiBrébtiie sef@nc&d *Witesan BRYI nikgVeor aATI | nEdchIa
a c k| | a- 1 d ri

T T oE S Phe et had Toied [ ERE dRRY P Sicurarly
obfai -5 6@ - 3-fe pUVpgacchaei desamples of appllcatlons

described below demonstrate values of between 1.1 and
1.6 IU/mg when the preferred characteristics of the

process are used.

' Preferably, the mixtures exhibit an anti-Xa
~activity/anti-IIa activity ratio greater than 50 and

. most particularly greater than 100.

Preferably, the mixtures 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 mixtures as defined above may have an -anti-Xa
- activity of between 150 and 200 1IU/mg, an anti-IIla
" activity of between 0.5 and 3.5 IU/mg and a mean

 molecular weight of between 2400 and 2650 Da.




This characteristic of the nethod can result in

unexpected aXa activities in terns of the nean

nol ecul ar wei ght of the m xtures of oligosaccharides

(150 1Unmg < aXa <7 200 IUng for a nmean nol ecul ar

wei ght of between 2000 Da and 3000 Da) . This

selectivity may be due to the6bvery particul ar

physi cochem cal characteristics of the phosphazene

bases whi ch have a pKa greater than - 20, a very high
TRe eMicHiGfit af€e A @S awelkarhdes edshi | pei Pyerpres by

aEiBfte P bR ULt Y OXRLASSSE Wt e eagh i on
ﬁéed%ﬁﬁrﬁ 'S aanh;?dr ous.a @{t e ot%r%ﬁJﬁhg%i?héﬁm %er'
begiteneseér t & hepsrioninedinumigsericasesiiva, driastmeans
edugt j [ . sel ecti vi of 1 he_depol rizatian
o%a% %%f%g%er vi%sl#ﬁ)easper ewsleé%a?i EgaoP tf %8 rég’g'yer?creesater
thwin h2 af femopyp rftdresATidd f elegb egased mdndc vt hieo cOnsequaticey
be | arge dr in the aXa activity. In the
O%?éjgje%é%l%?elgefsovﬁ?%fﬁﬁ‘{tgoﬁf SHAEELE t FeCPHbSpharéndR
sdipass iR rbenonEl pr odrgaked @ngnt hafieackhve BPgti e,
ﬂgi beconme a quaternary anmoni um hydroxide. In this
1ta8sl loHe Y7 hi gR - sEEMWESAngGFarice nd idgew . Chem.
1gnicl eopd | i Gidys)pr0pgrdd £, BRYHbe Jfosty and ggﬁ%\lﬁéﬁry

influence the quality of the product obtain
anyepol e sieddt iadh theabesnaré eatet edf oute wilepoymerized

h%P%%%q{e and cant.:ol I e ter content, this effect can
e seeanh %e %&Pﬁ&hexgﬁg§§edﬁéﬁéﬁ%o*?%gfﬁﬁ tggfeEEe
resuivhet L zeesttheers npactt ofopttHensdfier poritfdriatdent.he The

lectivity of the depolynerization .(only this
meb it 671878 BV o TP ThE (ri%l 82 ifnesteps of the
nesflob hi dgetdesfiddie heagrot n2ddmdi kHtiiensaqadis an

tenperatures remai n constant according to the criteria
esgefdidonshekprF 8l FRiEhevikeh TR&SSasbtuseessibige to

ouaasPhazene RasLires of oligosaccharides with the
2-tert-butylimno-2-diethylanino-I, 3-
 Phoisistaph giek ¢y Hr ocllapagtdrasgpiesspleord nedhe  activities

described above.

Indeed, in order to obtain the specific mixtures of
oligosaccharides, it may be 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 disclosed may be 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 ATIII such
as the hexasaccharide AIIa-IIs-Is described. This

‘critical step of the method makes it possible to obtain




8 _ Water 0.05%0.1%0.2%0.3%0.4%0.57% 1. 8% 2. 5%
content aXa 192 177 161 132 122 120 105 99 IUng alla
1.31.51.41.41.31.43.113.4 |1Unyg aXa/ 148 118
115 94 94 85.7 34 7.4 alla For an optinmum sel ectivity
and a maxi mum preservation of the sequences wth
affinity for ATIII, it is preferable to carry out the
procedure at water contents 5 of |ess than 0.6% and
nost particularly less thdA 0.3% when 1 ol ar
equi val ent of phosphazene base is used relative to
t he henzyl ester of heparin, benzethonium salt. 10
ths RAYSEFRETETRSi's the step of depol ynmerization of
the quaternary anmmonium salt of the benzyl ester of
hepari.n _oht ai.ned accor di to_net hods known to :
Thplesfso%hsarsc“l elréLtf%licn t a&?e, charaefer F28d iFt&t 42
urkage cakdt bEaf amilyitbeof iphosphazeneshe imefaridtathd@rar
i.,n_dichl oronet hane solution containing a percentage
weiIhkafdr the Mt Y FaR ©8. BY4 IPS TSR T s ef 4BPy IVV A%
< petsent age of water should be chosen | ess than 0. 3%
and nost particularly less than 0.2% 20
Advant ageously, the strong base/ester nol ratio is
between 0.2 and 5, preferably between 0.6 and 2 and
nmost particularly between 0.8 and 1.2. The use of the
equi nolar ratio therefore forns part of the preferred
25 enbodi nents of the invention. Oher aprotic
sol vents known to persons skilled in the art may be
used, such as THE or DWF. 9




The quaternary ammoni um salt of the benzyl ester of
heparin is preferably the benzet honi um

cetyl pyridinium or cetyltrimethylamoniunsalt. 5 The
bases of the fam |y of phosphazenes are preferably
those of formula: R3 R2-\ R4 RI-N=\ NR5 NR6 R7
10 in which the radicals Rl to R7 are identical or

di fferent and represent al kyl radicals. In the
preceding fornulae, the alkyl~ radicals contain 1 to 6
carbon atons in the formof a straight or branched 15

in. Diclosed herein,is met hod r epari ng the
200 ﬁ%‘ﬁr ef?’roia oIP?@Bsdrb%]n%?Pgé§ a‘ﬁ%bgg‘i%ngg%o%entewgen
2000 Davemd oroogomani.simgd heefadt oty HEEPHLU@ to

transalification of sodium heparin by the action of
the VEEHz Rdni Uhhadhl BRY HCodyendads j ehaatsbprbitics of

the pROREALDANLIMASPST hials: bYabbe o afkhORy:fahéNZyhan
chl ori de, g%.transallflcatlpn of the benzyl ester
20, obtalvRed t ohigh 25 sgeater nariyndnanss unesal t ,a d) weak

ﬂﬁg l;yyeei zation of the quaternary amoni umsalt of
1 . . )
et eqﬁénzyi ester of heparin by the. nethod as defined

above, e) conversion of the quaternary anmoni um salt

This k@ract3hapdbemaEalt, &xppptianalhywnsapani fgatign of
the heparin by the "action of a base such as sodi um

mediumyly oRNEEIrgYs opPRomakl whberi fiaset,i orhém plaet wetibar by
conterdoBCLION_ 10 A1 X1 ALALAA AGRNeAUED, 2% huLopel
per oxi de. 35 1
reduction 1in the selectivity of the depolymerization
can be observed. The preservation of the sequences
with affinity for ATIII decreases and the consequence
may be a 1large drop in the aXa activity. In the
presence of a low quantity of water, the phosphazene
base may become protonated and the reactive species
may become a gquaternary ammonium hydroxide. In this
case, the wvery high steric hindrance and weak
nucleophilicity. properties may be lost and greatly
influence the gquality of the product obtained. When
._depolymerization trials are carried out with a

measured and contrelled 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 1is 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 1is the
phosphazene base: Z2-tert-butylimino-2-diethylamino-1,3-
dimethylperhydro-1, 2, 3-diazaphosphorine) .




The follow ng reaction schene is as illuistrated

below. p ow I Xsowc ~[ - VQOTA O ~H r0-vN _~

R ((( ~~ Shv B Q(sCaNa)Y O N( SCaNeK Sodi um
hepadnat e Benzet honi um chloride =25 (WOF) n= X+Y+Z
(mean o eras level of sidfalion of the disaccharide)
X= Deg... f sulfagen of Me site, the remainderis
represented by the andcal H 8Y" Degree of sWalion

oftbe sifre, Thg Tenai nder  I'S{Teprgsent eq by the a
r dGtEA HOZQ5TDegPeé of $ot¥a too Sof Pt it {hbk-8% 2.5
reemienddr is rdpresented bythe radical ¢CCHa a{d &0
| XsQ Hap oOenP(I\Y)SOV\#O}Ol OHOvuy If " |~
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81%99@ degreq u-de, froaaf. ajedfi gafi an| Crude]benzyl

D

ester € bci"lLyi ester—sodiumrsgt-t—0 u(aa-'v'v' ir-y—A40
PuiiIeIébenzylleﬁter,l-sﬁodumlsah + .4 [01%3 QOot-#4 y+ 3.1 | 13.4
quamngo ~ ninmshtorjde - SO+tH{y NH($O xy~ ¢(HY a.)

o mME s Purgbenzyfester benzettoprunrsalt—ONa
Q&% QNal®RO|xay® [/ L5 94 94 | 85.7 34 | 7.4
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For an optimum selectivity and a maximum preservation
of the éequences with affinity for ATIII, it is
preferable to. carry out the procedure at water contents
of less than 0.6% and most particularly less than 0.3%
when 1 molar equivalent of phosphazene base is used
relative to the benzyl ester of heparin, benzethonium
salt.
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Disclosed hereln is the step of depolymerlzatlon of the
quaternary ammonium salt of the benzyl ester of heparln
ocbtained according to methods known to persons skilled
in the art, characterized in that a base of the family
of phosphazenes, in particular in dichloromethane
solution containing a percentage of water of less than
0.6%, 1s used. Preferably, this percentage of water
should be chosen less than 0.3% and most particularly
less than 0.2%.

Advantageously, the stroﬁg base/ester mol ratio is
between 0.2 and 5, preferably between 0.6 and 2 and
most particularly between 0.8 and 1.2. 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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SapMvadan \ ry OHp OHp Hp HNaO#4 'C ,
Depatyner(r)SQu Q(sQlla)Y Ntq Step f X WOMNCONa

QSO Nal Y NH( SCst W2 St epdande - m=_a Crude .ULMM
(residual esters) O# ONa igsgf+Ux ~~ p~ (((("sowk ONa
"sow) % HOHO O~Ip}rt~f ONH202 OO~-0O0OH O H
OHOH 0(50145WH 50 | XSCsNa) Y NH($O-Na)z m
Q(sBNa) Y 'aaPP. O O(5C1hb7Y9NH(sosna) on--3 me-3

de . ure UL The, .conver si on . of the
gﬁ'gte %Jéé?%/%gag niadtr%l%l\ﬁﬂl‘fgofsat e o\égngt)}? é?setnezry of etsﬁeer of
Hepelymeriisz gk dfepzath by t bhe dediaghhagalum,( stepy Byyrsdinium
geneealhY. RN Bl rG1L NG the Teaction medium
wth an al coholi'c solution of sodium 10 acetate and
preferably with a 10% sol ution of sodium acetate in
TRkhaeled Wof 0BhéEV @A)y & BhbepRekahuke aQf PELAL1
fl:g and ng Tr&g equi val ent bygvvei gﬁt of acet atﬂgﬁ%dded Y
OfFefér &HY %imes greater than the nmass of

quat ernary ammoni um salt of the benzyl ester of 15
heparin used in the depol yneR$zati on reaction. - 11

The saponification (stg& i)/is geperal ly carried out

by nmeans of an al kali Tretak hydfoxi de such as sodi um
hydr oxi de, pot assi um myarB=Be—d—1R5t hi um hydr oxi de,

in an aqueous nedium at at erat ure of between 0

and .5 20C and preferably betyeen and 10C. 1to 5

nol ar *+ equi val ents of al kal R7metal hydroxide wll be
generally wused. Preferably, the saponification wll

Eﬁuf%ﬁéﬁfstg‘? ARER e % ™ @ ntical or

different and represent alkyl radicals.

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

chain.

Diclosed herein is 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 chloride, _ .
b) esterification of benzethonium heparinate by the
action of benzYl chloride, '
c) transalifidation of the benzyl ester obtained to a
quaternary ammonium salt, ‘ |
d) depolymerization of the quaternary 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,

- £) opticnally saponification of the heparin by the

~action of a base such as sodium hydroxide,

g) optionallily purification in particular by the action

of an oxidizing agent such as hydrogen peroxide.
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15

al kali netal hydroxide. 10 The final product may be
optionally purified (step g0 by any known nethod of
purifying depol ynerized heparins (for exanple EP
0037319Bl). Preferably, the purifi- cation is carried
‘out by neans of hydrogen peroxide, in 15 an aqueous,
medium at a tenperature of 10 to 50C. Preferably,
this operation is carried ot between 20 and 40C. The

~quaternary. ammoni um salt of the benzyl ester of 20

hepari n may be prepared according to the follow n
Tren did ldpwiEide FEa CEY OB AFERER 0AS 0f 3 t el Wepaia i d é?et%%'-
formof a sodium salt by neans of benzethoni um
chloride in or der to obt ai n benzet honi um hepari nat e

(tran |LJIC§SL b) esterification of the
benzet saI ned Hkay\ means of benzyl
chlorl tretrre yTh dg algphol i ¢ sol ution of
sodi u a%,ale or det.dnSumbifl.n the sodiumsalt of
t he benrysl ester of heparl'*\n:H c) transalification of
the s ﬁm@&H'W@fswfﬁalwembe 30 ester of heparin to

= Degres of sulfalion of the sie, the mma.lndar

a gqua ﬂﬁﬁarsymammmas - smaf}’&mpruef erably to a
benz e fHEHI ‘Ut etayp YT TP TGy coch

cetyl trifret hyl armon a etso, e react| ogyf )
may beéam,i ed out .l i im.
chl or izdeudol excess, geparl N, KAt s fwsomaz |,

tenperatire in the r,,g,gjﬂaqnm t 0 25C. oA & Rrdscstion

A

" tageously, the sal t/sameu%maparl N nbieenay gl sotimgat

between 3 and 4. 412 The starting heparin used is
preferably a pig%gﬁrlgf“’:@ | att.er 37%% u‘sr’T”fied
befferretend it brd rdduce i tsoger °§&(T

| evel according to tdhesmethod descrl bed_ i Fat €Mt i,
FR2663639. 5 The esterification of st epure@anlei,

preferably carried out. benzethonium salt

-

W Q{“"k 0(soamy

¢ Sapanificat]
( h MaOHa'e P
Depolymerization stepr
2 MeOH! ACONa O(SO;Na]\’ B OKSO,Narr NH(SOMa
. Stepdande es

Crude ULIMWH (residual esters)

Oy -ONa OIS0, Nap ONa - O{S0,Nax

7 Pudfication m o O(so o
o Q Q ) :
H o—OH Yo o o n H02
O{SONaJ¥  Nress0, Siepg
QSO MNalY  NHISO,NaY " O(SO,NaiY HHEO,Na ocso,mw Nmso,Na;z
m=-3 ma~3
Crude ULMWH pure ULMIWH

The conversion of the gquaternary 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 depolymerlzatlon reaction.
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in a chlorinated organic solvent (for exanple chloro-
formor nethylene chloride), at a tenperature of

bet ween 25 and 45C and .preferably between 30 and 40C.
10 The ester in the formof a benzethoniumsalt is
then recovered in the formof a sodiumsalt by
precipitation by neans of sodium acetate at 10% by
weight in an al cohol such X¥s methanol. 1 to 1.2

I f . al cohol -al | l. f
H T TN HET U o 58P Gt Pt JUBF TRargy PTG die by

- mawhd heoff eact | edkbilie meealadhyustedida osdeh t®s obiadium

HERESE | RS ALy, 85, SERaph MRS Gin
Par egupgueeigidius, behzyl temperaterar efudedtweenl10 and
PRrE Byaveir @ 1ol 1IReNZ et Horh um 2 sat boef epgéi B molar

Li kew se, preferablg;the reaction time Wl e
Lo

YRk i abkablr 8etahehydangaret Wdddi &ie gpylly

uBd be rgarered 19yt be MBSO i ch Ut eyRany BANTFH #8 ed
25 _of benzet honi um

chl or,i de_,and_preferably_by ans
Y orPde  PFERTTIAR nbfim khFor e rgier cqatvarenty of
&etayl i matetihywdmoniden chl ori de, in an agueous nedi um
at a tenperature of between 10 and 25C. Advan-
t ageously, the quaternary ammoni um chl ori de/sodi um
Tha t fipelt peoBegEyImasst ke obtiepadily nolrigied i(step g)
et e Zows Tndflod- ofhﬁuﬂfp_ﬁ!fl%s d8pSAGéPiSAd hdPHrins
convertﬁd to angég [ Slka i or _alkaline-earth™ |
%) SRMPLernBP a0 adel PRy orr QB TARbY S5Ot LEL-
datﬂnnixnuﬁégmiﬁﬂﬂ@wed?yshagnkhefnﬁyhadgeﬂeﬁﬁﬁdxﬂﬂéﬁlin
atent FR 73 13. 580. _The_m xtures aeeerding e o
aﬁ‘ee%@g%gl %%%%l‘gr?@ Fot Poxr TPERE Ry uslge tRe?the -
hsficcabdnt,s. thig3 opfhmatmion ules ofrolédosadchhetdesn 20
dmY Apused as  antithronbotic agents. In particular,
they are useful for the treatnment or prevention of
venous and arterial thronboses, deep vein thronbosis,

d ngnaty¥reabgl isonium salt of the benzyl ester of
heparin may be prepared according to the following
reaction scheme:

a) conversion of the heparin to the form of a sodium
salt by means of benzethonium chloride in order to
obtain benzethonium heparinate (transaiification),

b) esterification of the benzethonium salt obtained
above by means of benzyl c¢hloride and treatment with an
alcohelic 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 quaternary ammonium salt and
preferably to a benzethonium, cetylpyridinium or

cetyltrimethylammonium salt.

"The reaction of step a) may be carried out by the action of

benzethonium chloride in excess, on sodium héparin, at
a temperature in the region of 15 to 25°C. Advan-
tageously, the salt/sodium heparin molar ratio is

between 3 and 4.
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unst abl e angi na, myocardi al infarction, cardiac

i schem a, occl usive di seases of the periphera
arteries and atrial fibrillation. They are .al so useful
in the prevention and treatnment of the proliferation
of snooth nuscle cells, atheriosclerosis and
arteriosclerosis, for the treatnment and prevention of
cancer by nndulatlng angrojéene3|s and gromth factors
gyd for the treatnent and preve gi di_abe C,,

O G 1, chRe T abBEt ot PRGHALAPGY Andbid heparin.
Thephﬂapﬂéhlemayfhbeloeedlﬁeealnbefotbeapuarmaceutdeal to
EAIRAS §L0NS0cERALANY 08 eB8ACH LY ! NOEEALAING dxo  the

i n"conbrnati on
mtﬂWCbld@S@rrlrhﬂde Mmaateréxcﬁ‘@@ﬁlﬁéwThe phar maceuti cal
conpositions are for exanple solutions which can be
|nJected by the subcutaneous or intravenous route. :
161%@%@ LigEeralhi Asstrafichribyy t$rrried out.

mul manwrﬁ_ﬁatted( | Sgh it & ORb 1@entby (£8E @xalm;ﬂ@t €hloro-
The dosage var accgrdlg%eto t he age,

nd
LR o Bt t heMbaFi F af acfhefltlpg]ﬁtﬁnéei n°t
bgeneral Zlﬁietame:!anfi!'l?maaddlﬁ@elﬁgrebﬂ.ydwﬁﬂwaetrhéo and 40°C.

ﬁhtfég%g§Ung GSEB%ﬁu%ﬂ?O Sk!%@é%hég%h nglt 1s then

| OW ng exarrp es | stra I hvention w thou
rieoweesed iim tihey fermExanpl eodlwmwmwcwatwn

BBENGETHONI UM QAT T a%%lﬂ%\@e Of ¢ HEPAR ’\?Eﬂcﬁght in an
PeH

nzethonlun1hepar|nate sol ution of
aerpetnGiHdm Bhl GBI 125 F0 bfZ wiPArTeEs gficaleghol

aeSdfid MLy Leed qiemepatumel rbf t heatoibnofmeaiiandi uDhe
salt .in 10 duct

fil
BRI Th TEDEY St TR BBy SePaFSbiRegarih 22

adjocitem sial tyrder to obtain a degree of esterification
of between 50 and 100% and preferably between 70 and
90%. Preferably, 0.5 to 1.5 parts by weight of benzyl

chloride are used for 1 part by weight of benzethonium

‘salt of heparin. Likewise, preferably the reaction time

will be between 10 and 35 hours.

The transalification step ¢) may be carried out by means.of
a quaternary ammonium chloride and preferably by means
of benzethonium chloxide, cetylpyridinium chloride or
cetyltrimethylammonium chloride, in an aqueous medium,
at a  temperature of Dbetween 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.

‘ffThe mixtures aéeefdiﬂg% o i

35

‘a sodium ealt, may be cohverted to another alkali or

alkaline-earth metal salt. The passage from one salt to
another is optionally achieved using the method
described in patent FR 73 13 580. '

" The mixtures aecording—to—the-dinvention—disclosed are not toxic -

and may thus be used as medicaments.




16 m of benzyl chloride are added to a solution of

20 g of benzethonium heparinate in 80 m of nethyl ene
10 chloride. The solution is heated at a tenperature
of 30C for 12 hours. 108 ml of a 10% sol uti on of
sodium acetate in nmethanol are then added, the

m xture is filtered, washed with nethanol and dried.
7.6 g of benzyl ester of heparin are thus obtained in
the form15 of a sodiumsalt whose degree of
esterification is 77% Benzyl ester of heparin

The (mbexizetrtsni om sallt)g@tagelidrDB848 nolky ofbebemmpld estser
.and. 540 of distille

..of h tin_(sodiu sal t
ant 1 t§EoABBRTL A LBREL MTA BRI U5 210 Hndl Brfuasirt
for thaskrAaWAiéet hanmogesi@ation &f verdeperml Wreeafial
bout 20C, a pale yellow soJution_is obtained, A
thromBgegs; ol 64eHB FHEP™RsBE! Srol PUMOTEEY, e ERBATL G
unsta®leor i danainth 450 mbo0fira@ier isnpaepaief, WehRdiac

. magnetic stirring, in a 1-litre Erlennmeyer flask 25 B
ischerda . sol OEFOHSANSEr | @hRe§erSB | 8fpoukled oveer abbarads

it Es | 1L P: Lhe £59kyhiian gy Er i
arterdHX Q£915? fiﬁrﬁlﬂyﬁ;&h. {nld gfgmﬁiféﬂhgeful

stirring. The formation of an a ant

in the eprpiveatéoins vbdetvedtnthe Eof errimeyeprBliferansed
' 0 f..distill wat er _and.t he,wash. water_i.s

of R oautdi iR o (Fel B ennByBFTACTSRERETHITI ngns
arterfibsolestopped fand the suspsisimn bhadalpowethdiprsebtl e

for 12 hours, Once this tinme has el apsed, the clear
cancep, iy JedtlatHed sAPArAaPaRESTE PERDVECENY dPSERrded.

and 56O Mhé&f twed@ierds € Afded Ao, dheis8di BNt @t abetic
precipitate (slurry 35 appearance) and the m xture is

disorgdgysed FBFN20 Mhut edliabhd opr edigtilnepatidesl | oned to

nephrbfsedi &ent for about 30 mnutes. The supernatant is
renoved and di scarded (560 m ). This operation of
washing with about 560 m of distilled water is

~ Disclbepesat adtance ion the sedidmi &l da Pr eohplbkateonkn
the | ast washing operation, the recipitate is left
contaimlngrspehsP6hiEAd iNUrediedtt heo tarfoof3 Epnmetead

(1), %b%%%né@%&cﬁheééﬁﬁfﬁgkfgﬁh%Qtw16 & or more inert

excipients.

The pharmaceutical compositions are for example
solutions which can be injected by the subcutaneous or
intravenous route. They are also useful for
administration by the pulmonary 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.




times 200 M of distilled water. The wet white solid
is 5 drained and then dried under reduced pressure
(2.7 kPa) at a tenperature in the. region of 60C
After drying for 12 hours, 87.5 g of benzyl

hepari nate, benzethonium salt, are obtained. The
yield obtained is 94.9% 10 Exanpl e B: DESCRI PTI ON OF
THE HEXASACCHARI DE AH L3z -(Alla-1ts-1s) Na Na Na
OSOpSO@sOthOMOOthO%OOOW

.. 0s0 " OH
The ﬁ%n%lf“@nlq oe«%lﬁble@ OlNEF strd @1% @-nNgnélﬂg oﬂméloetAwa
howevé%sliﬁhtjﬁé Rroton spectrumin D20, 500 MHz, T=298 K, S
in ppm 97 (3H, s), 3.18 (1H, dd, 10 and 3Hz), 3.30
(1H, t, 8%2) , 3.37 (1H, dd, 10 and 3Hz) , 3.60 (2H,
bet n ( (
mxamfle D eEBen gttt 3. Bl i phosdud O Aot o
BENZYhnm?4ﬁE%R¢M$¢En) 20 between 4.16 and 4.45 (8H, ln,
4.52 (1H, d, 8Hz), 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) Decasodi um
salt of 4-deoxy-a-L-threo-hexenepyranosyl- 25 uronic
aci d- (1-*4)-2-deoxy- 2-acet am do- 6- O sul fo-a-D
gl ucopyranosyl - (1-*4) - (3- D- gl ucopyranosyl uroni ¢ aci d-
(1-*4)-2-deoxy-2-sul fam do- 3, 6-di - O sul fo- (x- D gl uco-
pyranosyl)-(1-*4)-2-0O sul fo-a-L-idopyranosyl uronic

aci d-
(1-*4)-2-deoxy-2-sul fam do- 6- O sul f o-a- D- gl ucopyr anose
30 --- e --- 16 Exanples 1 to 7 and 12

illustrate the influence of
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the water content on the selectivity of the

pol ymeri zation reaction and the aXa and alla activity
of the products obtained. 5 . Exanples 8 to 10
illustrate the influence of the nunber of base

equi val ents on the aXa and g la activity of the
product obtained (with a water content of 0.1%

Barmd gt onkitan Iﬂéﬁﬂlaiaafethe use of a phosphazene base

ot her than2t - but yl i m no-2- di et hyl no- |
i fiet Wyt pRr AY 4 19 20%. %ﬁ&ﬁ&’b%‘f %@n %eofm 125 m

dferiabat yILBmaﬁlOlteﬁJ (tpyr& obbdiunapphaesp oy anecF hEXAWRLE in

D OOk er) | TBIA oPAFCHRr AN e By e/ o) Sea TS

percarctErllserﬁnelytaredfl askshed 0l gh (R 0D6 rEmﬂl)dlbtecbenzyl
ester of heparin (degree of esterification: 75%
benzet honi um salt) obtained as described in exanple A
Benzwldqested of yherarif t (5edivri 4 EiThe wat er cont ent

14 dheckeasdd A mednbiides 2k UsiRéd ot d. l.t% sc'ﬂ'_lﬁtlon of
sol uti gn |s heated to 40C wunder |trf{)(gergl t[t""ﬁltal
A Sorhit Pemzetherddit fon2 c #8250 e
ddeﬂ‘h&:ler egithe ofol2(Gon f kbl dvexdcday addid | ’oempératﬁseMOf
@09 1)2 %gau%ﬁt ert082§'nl 5 éil chy:?olu‘%l%?oof 2sod:.um

nm no-"2 hIamnoI per
auneizeatmosphomehbanfﬁhe aue@ultherrg md)@@@r:e tbestmw’é@r%t is
f&lﬁéﬂ@ffakﬁﬁﬁmkﬁ %H%hre&b@ﬂaﬁklzoghﬁordgfeﬁourf 6 g of

Dur1 ng his tinme, a solution of gcof anh drog‘ form
§

k?f—b’bﬁiﬂm eaE@%fatoé iheERo0L 1 258 ﬁé‘tuﬁ’a

& B4l anneyel JHask deghd %ft@é’@érﬁfﬁ@@ﬂ:iﬂ&ﬂloﬂs 57%.
of Hyflo supercel Celite are added to the sol ution.
The reaction mxture in the Erlenneyer flask Ais

_ Hnnme;bl estoaerofl hdparin 30osezenasniwnosa hie) net hanol i c

npsgg @g@)u"z%ﬁ%t?} 13t o @ LEMREY aflg;,srm the&dium
0 magnetic stirring
saaltr)rmgdf@#o 1Bl nﬁlﬁutié§tlﬂll@dsw§f5@ﬁ3|aéﬁ iiggrgduagsl into

S31] e fOrEd189MEyer flask A. After homogenization at a
temperature of about 20°C, a pale yellow solution is
obtained. A solution of 64.45 g (0.1438 mol) of
benzethonium chloride and 450 ml of water is prepared,
with magnetic stirring, in a l-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 washihg with about 560 ml of
distilled water is repeated twice on the sedimented
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30 mnutes. The clear part of the supernatant is
separated out and discarded (220 m ). 220 m of

nmet hanol are added to the sedi nented precipitate and

17 the mxture is stirred for 5 mnutes. The
precipitate is left to resgdinent for about 1 hour 20
m nutes. The supernatant is separated out and

@i@@mm425OIM) the25018ktof wminianpl eperadded, t othe

%ntg n‘i EI‘GC.I itate and the y.:ﬁ:e [ rouah

SATT AT B niRaEed SUESIELTDI TaTe 1 FEa8He ROEHY
a sNo heB bihtered tgﬂlaaagh Thee Nmke3 5% nteeedwgbhsd. wikhé 4

1§rﬁ}§§ S S t 0 f, | .
pal e rmfd%%/v%ie @Qll%‘@ Qgge}éimr al&llﬁédggr?dwgﬁg%eggaqg s
rrtiereq e@m&eﬁl@me@gm@ wpdes kpdycatl areespaeat(drd ikfa)
dthear Q:%n@ﬂ%x%ftu&%c 1A el ﬁédi&g ber ¢ houfgte?- Bkying
of the sodiumsalt of _depolynerized heparin in Celite
?%r 932 Bt aﬂeé gTﬁg b?PéIY& bEParisdtes HaRzethonium
SEPONi d1t € BN 5 Thd Oy 0GB dmldirdd the o4 Lgke,
depol yneri zed heparin, sodiumsalt in Celite (5 Q)
obt ai ned above, and 17 ml of water are placed in a 50
Epanipleenfy e DHICRIRTIONR QRS THIS| GREAPSHICRARIAE ATIII
AUy . 3 sintered glass ,20 and rinsed wth
{Aﬁce S%ﬂ(}f water. The filtrate obtained is placed
in a 150 m Erlennmeyer flask. 0.4 m (0.004 nol) of
30% caustic soqa is introducediai th nagnetic Na
stirring, at aoten‘perature in ®he regi on of 5@ After
addi tion, tloespCxture is st®r$e%| for 25 2 h@aSso The

satiait | i s nem raNla ze@ by ad ngNa\N and

sodi chl or| ar ed. After I ution,

of met ded he @ctl ony [ um

stirri i o ) Al 3 ,
ysti ing fo -lhour 30 Stlr 4ng|s hen

st opped arﬂﬁthe s¥bensi oPH s | @f i"”to @eﬂ’ msntOfBF' 45

mnutes at a te raturelnthé’ eglono f 5C .TS
supernatant is thé&h separated &t !

Na

Alla Hs Is

Proton spectrum in D0, 500 MHz, T=298 K, 8 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, 8Hz), between 4.05 and 4.13 {(4H, m),
between 4.16-and 4.45 (8H, m), 4.52 (1H, d, B8Hz), 4.67
(1, m), 5.06 (1H, d,  6Hz), 5.10 (1H, d, 3Hz), 5.33
(14, d, 4Hz), 5.36 (1H, d, 3Hz), 5.46 (1lH, d, 3Hz),
5.72 (1H, d, 4Hz). _

Decasodium salt of 4-deoxy-d-L-threo-hexenepyranosyl-
uronic acid—-{(1—4)-2-deoxy-2-acetamido-6-0-sulfo~a~D~
glucopyranosyl= (1—-4)-f-D-glucopyranosyluronic acid-
(1>4)-2-deoxy-2-sulfamido-3, 6—di-O-sulfo-oa-D-gluco-
pyranosyl)—(l—%4)~2~O~Sulfo~a—L~idopyranosyluronic acid-
(1—&4)f2edeoxy~2—sulfamido—6—O—sulfo—a—D—glucopyranose.
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di scarded (90 m). 90 ml of nethanol are added to the
sedi nented precipitate and the mxture is stirred for
35 5 mnutes. The precipitate is left to resedi nent

for about 20 m nutes. The supernatant is separated

out and discarded (80 m.).1g8Q nl of nethanol are
added to the sedinented precipitate and the m xture

i seghinpred fiorto 57mgmdt es2 Theupteeipi tiale iAfluence of

: th filt dth
é%%{):?ﬂ%on |a:§0 %ﬁ*él%cakgl og{%ﬂ neosrot ?%Yli\%ésheuf wi {he

gﬁﬂmﬁenﬁzatetdmnoéacﬁhenmemd stohé daKe drral nedlan@attiendty

sure (6 kPa) at a tenperature
ﬁh gl%(jf’f%;% ICHA ter 5 drying for 18 hours,

1 Exaglpéﬁscr Bdeaepll yrbluseththepdd ningdupnsesapf) the
ﬁﬁﬁbé¥n6¥rﬁ@seTQ§u¥ﬁ§iQn9§t§hn€He hRa68%4 aIIa act1v1ty

Purification %jg f. crude depol yneri zed geéoa]l_'
httdhnRreabirie hfpined nividih @ 319 LMERT £ s
ﬁ'@z@@fﬁbl@ @}1(5)%1&1151:5&&@@”&&‘@ ddeasks Ehp$%phﬁﬁenes base
rou t to W t tic.sti.rri . |1.S
S e ' ppr RS- s R driho-1, 3-
dhynekr tdr e r i o-€la,c2 | Do iretiphmdphdibided t ered t hr ough

[asyegiroéfgen peroxr\ggﬁégfbﬂct ﬁ)ls a% ecf%@?er ﬁcglt(y%rﬁi ng

for about 2 hours at a tenperature in the region of
fgrer m xture is neutralized by adding 1IN HCIL,
foll owed b add| tion, of 2 of SOdI um chl ori de ' 20
OISR AT ¢ 1A £ ig 9% odgh The'oss salt

Ma&etaﬂd 14 m of nethanol are then poured in. The
I u n_cooled to 10Ca rredfor
T8 Minates 2 5BTRF S0P Ripha e wPLopRl, UfiGeh " matiieree
ﬂﬁ@h Aring for (2.AB6rmoBt i raf ngensyﬂhem‘stﬁloppﬁd repprin
SU@ﬁe”é‘s%riElE&Eioﬁo Seghment, 0l g%g»‘li}tli an15.salt)

e supernatant 1s then separate

Cﬂ@fs%la“r%d a@sodﬁﬁyrllsedm inpf eFefpdsolA apEcadedeto ahryly

wBdi et £ g eCTRé t Rh e ANdohBentl ¥EURR SeSidiile redfium
is adjusted to 0.1%. The solution is heated to 40°C
under nitrogen. After total dissolution, the solution
is coocled 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 disscolution, 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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5 mnutes. The precipitate is left to resedi nent for

30 about 25 m nutes. The supernatant is separated out
and discarded (50 m). The precipitate in suspension
is then filtered through a No. 3 sintered glass. The
white cake obtained is ther washed with 50 m of

met hanol . The wet solid is drained and then dried
w@iemifcedﬁ@edssssmﬁﬁéwr 606:6 5<|?@)mﬁies& t Enpepatuieiitate

the.region of 4QC. ter 18 .13

5 Bre. CHegryarsb Tpa vh (sodttites ot pianged? dne
shtatmethntThd s yseparabedi med | sn&?%h:i@ardéré (250 ml).
%{tt? MRt egkst 'n‘f"est:hf qc{lhe @0| PSS 'dzeqicpepeﬁén %I%lc’ﬁmented

al ned are as ows: nean nol ec ar wel g
Hxﬂqxﬁmﬁa@%tanﬂahﬁﬁ|m4¥9urq7¢mlyuﬁfqﬁquﬁprlﬁamlnutes
@Hélykéalgitétéuﬁﬁg eﬁ@idﬁ“i§'tMéﬁnEhitbﬁeQC&MWdugh
ratijo: EXAMPLE

rization and Ver si
% 0 Nre Sodiighesad 9%65(50 700?&(‘ ofo%iff?ﬂ'f? onet h%ﬁ)ém
w shed agﬁ.‘ihl n1@0 Bnl emfﬂi‘yﬁéthﬁhaﬂik Arhelopgl(eo @@:Blasml wet
e. be ter rin (de I
BT cArFoREd 70 HAITIELRBHT It QAT F OBFenBFRsEe
tesicrd bedti @ é)@m:ér@mlra&r eimddbe I&g;lcm/vqu Wfa. After

- &E {dd NGANd 1nqef, Ul tr9ge reé%“'r@heTh@odﬂ‘@}ﬁersalt of
te I

t of thereactlon me mis adjusted to 0.2%
dﬁHQ#YWQﬁ%#eﬂlg%@ﬁﬂ%ﬁohn @e#Stﬁi(@ogmoerﬁoppt@ﬂned The

vrd B tobid phddn 19- @44 et hyl ami no- 1, 3- di net hyl per hydr o-
1, 2, 3-di azaphosphori ne are added. The m xture is 20

stlrred for 24 hours at a tenperature in the region of
%nﬁ&émﬁmis time, a solution of 30 g of anhydrous

' 3 f
B emiBe P oRrome s o (e s P RN g grRs R R A,
&@dimﬂslpétcem @elite ald alidedtadndse Fodvei oﬁndTﬁéf ml
Our eg%&' oy i HEEGT At he Bl gimeyeredddpde Afi8sk. 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 introduced with
magnetic stirring, at a temperature in the region of
5°C. After addition, the mixture 1is stirred for

2 hours. The solution is neutralized by adding 1IN 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 1s 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 methanol are added to the

sedimented precipitate and the mixture is stirred for

5 minutes. The precipitate in suspension is then
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over 1 mnute 30 seconds into the nethanolic solution
of sodium acetate wth magnetic stirring, at a
tenperature in the region of 5C. After stirring for 5
m nutes, the suspension is left to settle for 30 2
hour s. The clear part of thgysupernatant is separated
out and discarded (220 m). 220 m of nethanol are

ﬁﬂﬂ@&r%@f ttlftercaﬁjh rrfwt Q\lfb_l_.ﬁr$0|ﬂritd‘$1€éoﬁn 1tah,|% ][n Xt € dake
Irre or nut e e r e

Lot  Erfhiasnea BB 85 BLcRecminafiol o The wet
sehﬁﬂateddmaunadda@@SdﬂKﬂGdde@@ ﬁhﬁerZB@deedfpressure

ggt Pa0pl . a?(re ~ g{fpdellaou}&e dttﬁ%nt eqq oIk ecdl{;)t h@t,@ H}%er

recipit ension 1's ere rough
Royisg sifeer e g}'lcastssf Thie- ﬂal@ ot aicradle sdtemlwmné'@d

0¢ noI el ol [
H\éézgr%r alg%ceig‘f'1 ngta?%en aa:rl ed %i r(yr e‘t‘dﬁ%veg@%rlgsg}j%gl(%gd
¥Pa§65at a temperature in the region of 40C. After
drying for 18 hours, 2.63 g of crude depol ynerized
%’g{_)f f: Cellte(5 g) are obtained. The yield

BT 67% 5 Saponification: 2.5 g (0.0038 nol)

b.f3t@eoﬁodrudesdépoﬂ)?mdemzbgin’eepaedin bepaihedi abCGel tad

optai qare,placedg
%rﬁi EB{Eenﬁgg/ie:?? ask susp%\ﬂ| on |J§ fi ?t %O i
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150 nl Erl enmeyer fl ask 04 nol) of 30%
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at:mp@f@d urtghddudthe ar egi. @8 ah Skembtags Ja';hcaddl to*zorml of
rred for .2 houréJ .The soI
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D
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The solution dis then filtered through a 0.45 um
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 1is 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 left to resediment for
about 25 minutes. The supernatant is separated out and
discarded (50 ml). The precipitate in suspension is
then filtered thtough 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 18 hours, 1.13 g of pure
depolymerized heparin .(sodium salt) are obtained. The

yield obtained is 87%.
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suspension is left to sedinent for 45 mnutes at a
tenperature in the region of 5C. The supernatant is

t hen separated out and discarded (80 nml). 80 m of
nmet hanol are added to the sedi nented precipitate and
25 the mxture is stirred f¢ 5 mnutes. The
precipitate in suspension iIs then filtered through a

™R 3nhgkateeedstgkasor ThReC e Obhaitiesbd ShepeRin thus
vvashed th 50 Egcﬂ]r{% met hanol. The wet solid is

and tdre Y Uunder reduced pressure (6 kPa)
rmaramce‘lrm:eﬂastmrveeighﬁhaﬁ@@lmmlms)f 40C. After drying

ur e depolynerized heparin
n%l%?a %ée%’(}alne . . .

a(sodl tin 4 The vyield obtained is
éﬁ”ﬁ% H&rla‘q@atltm 13% lUllrntg of crude depol yneri zed
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is brought to 40Cwith magnetic stirring. The pHis
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h%it‘jroxi de. The reaction nediumis - filt

A

ered
TP m Wb r SRR O7tch1 e aqucg‘ous Fove*
(y2xgen per oxi de solution is added. After stirring
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20°C. 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 secords into the methanolic solution
of sodium acetate with magnetic stirring, at a
temperature in the region of 5°C. After stirring for
5 minutes, the suspension is left 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 seclid is
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left to resedi nent for about 20 m nutes. The

supernatant is separated out and discarded (50 m).

The precipitate in suspension is then filtered

through a 20 No. 3 sintered glass. The white cake

obtained is then washed wigd 50 m of nethanol. The

wet solid is drained and then dried under reduced
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hosphorine are added. The m xture is stirred
?@ﬁ‘&‘%ﬁur% i A ttr?glpﬁé@t&ﬁeofl%@? oF©@4°Rof s5 ﬁ;rﬁ%er
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over 1 m nut O seconds into the nmethanoli c sodium

15 minutes, 36 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 (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 m1 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 9.7 £ 0.1 by
addition of 1N sodium hydroxide. The reaction medium is
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acetate solution at a tenperature in the region of 5C,
Wi th magnetic stirring. After stirring for 5 m nutes,

15 the suspension is left to settle for 1 hour 10

m nutes. The clear part of the supernatant is
separated out and discarded (220 m ). 220 m of
nmet hanol are added to the sedinented precipitate and
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&bt ange aszthe xodishmy sal tehi Hrf8bi tard SallledTheo the
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RUEEhsitBn i §0F Akt e JGghtacR coot e, EPeyLy°C and
gff imsiedindar ndédmintitzewi c865mid of waeehandhe are then
' at ' IS [ N 5 rl eqpey 5 ;
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&égﬁéﬁ”b{{$t§6?mlt9 oﬁgphanol. 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 molecular weight: 2650 daltons

anti-Xa activity: 161 IU/mg -

anti-IIa activity: 1.4 IU/mg

anti-Xa activity/anti-ITa 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 moi) of benzyl ester of heparin
{(degree of esterification: 75%, Dbenzethonium salt)

obtained as described in example A are added with
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a No. 3 sintered glass. The cake obtained is then 10

washed with 50 ml of nmethanol. The wet solid is

drai ned and then dried under reduced pressure (6 kPa)

at a tenperature in the region of 40C. After drying

for 48 hours, 1.42 g of crude depol yneri zed heparin

(sodium salt) are obtained. The yield obtained is
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B SR s otk B EURF oo hel bl Sor i o B b o
HduredsiperFag fddltintat ears tdgleccobd edhieo 901bhen 30 The
é%ﬂﬁgfghgﬁﬁxeérg]QHieﬁhes%ffeﬁH€ﬁ§ﬁ$§€9 kane fhenoyred

owed by stirring for hour._ Stirring

qwen hdnmneEged3BnaerREASUs PRSI drRG s TIdaNQ) e diSRERUT
afd&tagt% rgdnghgj&a%garﬁ ?U@%’%ﬁéﬁ@ﬂ?ré stiiplheﬁ?seegﬁaggégo?t“c,
an | SCar de ) - OoT nEet hano re e 0
“sistq} h’@ag’éaf'ﬁ%n&é:d'rﬁllé’&‘pi%g%%r(ﬁtd'rrﬁ}ngp AF arnc &y 1kES -
HHee suBpdnsieorn Sistiefedtdosebthentbesl Rbearplecimdntdies .
hs left to resedigent far ut_ .25 m e
A e e A
Necardsicht 622 myll Jas 22 0Thel whif t eeth&robbeagnedded thRefhe

SRt S 0 e TS Toe L0 0 2o
Smigutieshper Be@r ePFRCERATAESI o Tof HOWENGIAR di§i nghen
fflidftered through a No. 3 sintered glass. The cake
obtained is then washed with 100 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, 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 mi of water are placed in 50 ml Erlenmeyer

- flask. The suspension is filtered through a WNo. 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 1is neutralized by adding 1N HCL

and 3 g of sodium chloride are added. 15 ml of methanol




10

15

.20

25

.35

18 hours, 1.24 g of pure depol ynerized heparin (sodium
5 salt) are obtained. The yield obtained is 89% The
characteristics of the depolynerized heparin thus

obtai ned are as follows: nean nol ecul ar wei ght: 2400
daltons anti-Xa activity: 532 |Ung 10 anti-lla
activity: 1.4 1Ung anti-Xa activity/anti-lla activity
a6d i poudd EXAMPLENE Deead:tyﬂ@'mi zabcttmeandAf’o@nersiiimring

%ﬁ?ct he %’89 msa'§6 ]115 - B4R thQgraglgl&_owed

hiSr Omet ané are aced |n a Erl enrreyer
ny gtémrmne nsty  of hpenzylste'nsnrerng)flhe;rénam stdepeee and
Ofie €ShEY rd @ 08 7h& Ttbwe‘s'%‘agg.%g‘tsaké\% Pkﬁéﬁf‘ed The
as desc in exanple A are a y, 20 w t
%tp@m%antrhelwat drhtont ERPaBRtEfe adct | BRD rre&tl@nﬁarded

awt{) ust ed 17%1?148%5 H%fthg@idlt :a&tﬂa Iadatteﬁtes 'ttﬂe3%dllﬁféd&red
ntro er ta | SSOI Utl on e ur

REOFHI 135S PBpdma PEXEREE hdSr Ciig & 506 ot BLFoes -
TWeaﬁﬂetipﬂt@fellﬁSsﬁsgehdﬂﬁhrﬁﬂ)tméanﬁétéréa through
butyl i ng 1%t%'r%td“y %E‘s@o 1T§ed'8§1££‘y' JB}/dé(? L& Rnen

d|azaphosphor Xture'is irre
wasiped it $0 mheorf e@ﬁbhanﬁl20@éoweZ4Shéads isDgriedged

44 S dridie, di‘:t.é@' U&ﬂl&’é“r Ofré’cﬁx&cpf %@Q)éﬁﬁ:%us (GOQPQ

F at a
acetate 1n 300 met hanol IS re ar ed

mmefﬁasktlee Aagdion off s(‘sol atfteﬁ @riglw for
Hyfhoussiper cei &ebtt exrase adgedyh@rtlaedsabpbmﬁ (Baeiium

reacti on nm.xture he Erle er, fI S poured
%%%) 2 Mk %‘ecﬂt&h y}r%(gme}% Aétjc 'sgdi um
acetate solution at a tenperature |n the regi on of 5C,

' ggt_acg.ﬂ.etlc stirring. After stirring for 5
mnutes e suspension is left to settle for 2
holrs. ofrher@deaﬁepgéyme@ﬁzeﬁehenpémapaﬁelnedseb’aﬁfat aégd

thﬁnd fli sgacdedic(80 ey 8Q4d qgi1d@idang), age 50 m1
added to the_sedinmented , precipitate and the m ture

BExlegneyeyy fLpsk. m|Qﬁ(¥9xture is brought to 40 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 0.07 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 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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25 The precipitate is left to resedinent for about 1
hour. The supernatant is separated out and di scarded
(80 mM). 80 m of methanol are added to the
sedinmented precipitate and the mxture is stirred for
5 mnutes. 5 The precipitatgsih suspension is then
filtered through a No. 3 sintered glass. The cake
vbtatdedith Gbheml s med hwintl .15hariweaf snﬁidnuﬁ drdined
e 0 t r ed under
Q& uce6£%r2%§%¥% Egge%P ?e géﬁ ;ﬁ%%% U e |nk?%g QE
t@lgp@nabﬁraocin Ather J@L@gmxyu @g féﬂ @8 nmolrer; drgsng ofor
féuﬁsuﬁgpohy@argé%% §@P§raepeﬁgmggaabae%ega%fﬂ“asodlum

sodiumsalt_in [ 1t yi el d obtained Is

83b%) ABBnPPERAREEN: Th@syeeidgobeaeafs il $98F t he

sodl um sal thef @H&&%ct@%ﬁ@tﬁwl zgfl hepari ndépo Gahdtezed
é %l ogéﬁlneﬁgabovg nH of water are placed
RPBH- M "B FeRbE§EPe fﬁﬁgkaSTﬁE $8¥énsion is filtered
ndaougblachibar3wesghter 240l dsitand rinsed with tw ce
_ he 'I ate obtained is placed in a
%‘%ﬁ%ﬁl&%ﬁ%’%}g 137 Lhrhgae (0.007 mol) of 30%
aaustItasadhivstrddédd Wimgnagnetic stirring, at a

éﬁﬂpexgta&@lvmtyhsnﬁggtﬁa ae£l§££¥A&5€£oad§utlon t he
m xture is stirred hour s he solution is

neutralized by addlng 1N HC1L 25 and 4 g of sodium
EXdepiEedare added. 28 ml of nethanol are poured into

l%p eacrlon mxture, After stlrrl\rll\g f e15 nénutesgalt
Y%? HETRARBI 2P STARICTFHPTowkd g{& st¥TFIHG 1O
{Ohdurwateryring is then stopped and the suspension

be Laft to BN h e
#ieﬁﬁSeggré?égkoutI%%Q{Jﬁgc%%%édgf§ggg %%P Biﬁéggn¢éyer
Feaplandl- at@ Sddddt Q& el lsedf nirareyl peekepi bt dreprrin

cﬁ@?f%é(t upe | %s%blr&@@aft%nki Mgt es. berﬂl@cﬁrﬁﬁh@' ta e )
for about 20 m nutes,

eft to. resedi nme
%‘& red age ‘fe eéieanogﬁagw&eg@,d, §E§r@éidie(d9§]rﬁ“513’r

ﬁﬁkmﬂsﬁirﬁﬁhbanQheametéddeﬂnk@nkhﬁf the reaction medium
is adjusted to 0.4%. The solution is heated to 30°C
under nitrogen. After total dissolution, the mixture 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~

diazaphosphbrine. 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 is left to settle for 2 hours. The clear
part of the supernatant is separated out and discarded
(80 mly. 80 ml of methanol are added to the sedimented

precipitate and the mixture is stirred for 5 minutes.
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" sedinented precipitate and the mxture is stirred for-

5 mnutes. The precipitate in suspension is then
filtered through a No. 3 sintered glass. The cake
obtained is then washed with 50 ml of nethanol. The
wet - 26 solid is drained gnd then dried under
reduced pressure (6 kPa) at a tenperature in the

Tiegi preoip#D&re Albelefdr yongebenif8nhodnbs, aboltg 10hour.
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451 Bdi L8 |f ﬂgaﬁﬂédﬁb@ﬂﬂ thdrouwisied analeﬁpesahueadmetsla;elre
no ZOC, t emxturels eutral. ze y I'n

RO Rl Pty ok | i 5P m o vAD - "hrrer

dﬂm'mqr defor THe mﬂluts,on 3.52& heen o | tce:meist t depodghmerized
%ﬁﬁ dP@'bﬁﬁeglﬁ@ §1 éﬁelng%QQHQI Qé%ttﬁ%p Celite

oure or 15

: emx ure is stirred
rmkesTh%a/#ﬁl%fobwrr%ﬁho}s ¥ ¢ hen added, followed
by stirring for 1 hour. Stirring is then stopped and

%’ésu n%{[onls left to sedinent for 15 m nutes.
ré’téjg is then separated out and di scarded
340 ngp) . (80001 80fmo2% netthandle arsodigded $81t heof crude
ggg! eql e .and b t [ j I red [
m%?éergfz%eﬁp gté?%lta Ce& EFef(rlt e)re(g%d:'S éﬁ fa%?we
abdbutZ RmIni wdt egatehe asapeph@q:a@t in Sdparlat @@rl@@meyer
ﬂ%]@“ Scﬁ{@e%ﬂ%r{‘gﬁon 5Q0 ; 1Qfe h%rllﬁlou%%e added .

he sed] nent ed precipitate and the m Xture is
%&I}fr%ré%fi forass n"i“?ﬁljtJé%nseq'h@lEFeEWbF?aﬁemiLsOFfef"latﬁé The

FiEseed tentofteinkbuUt s20placed in a 150 ml Erlenmeyer
flask. 0.7 ml (0.007 mol) of 30% caustic soda 1s 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 HCL

- 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 methancl are added, followed
by stirring for 1 hour. Stirring is then stopped and
the suspension 1is left to sediment for 1 hour. 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 1left to. resediment for about
20 minutes. The supernatant 1is 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 WNo. 3 sintered glass. The cake

obtained is then washed with 50 ml of methanol. The wet
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m nutes. The suspension is then filtered through a

No. 3 sintered glass. The white cake obtained is then
washed with 50 m of nmethanol. The wet solid is

drai ned 35 and then dried under reduced pressure (6

kPa) at a tenperature in. the region of 40C. After
drying for 72 hours, 1.56 g of pure depol ynerized
:hﬁnﬁi [ ﬂs(&@dilnmi sald )tissre @biad nﬁﬂdefheexﬂhe:le@ﬂ pressure

ed Jcs 829 em eraZt The ch?lracterlstl C3 g A_fter
epo Ymeflrz&8d Heparin thus™ i NetP are as :

dmesaimagrol| &eul a‘ﬂSV\Jeoghs, 2350 dal odns cramts - X@Emﬂtynwnjgzed
l';%% séd s!ah.@g a%ltll '5l§/tailne’3%|4%%%g(e'ldx%btalned

t|V|ty anti-lla activity ratio:
polY4reri zati on and conversion to the sodiumsalt 10
(O 57% water): 140 ml of dichloronethane are placed in
%ﬁjeéenme er flask A. 20 g (0.019 nol) of benzyl
ar i (degree of esterification: 75%
bﬂwz:etds@ncuﬁnieaﬂépolpin‘eawed aspdesear iobedlinjedemim#ee and

re added.slo 15 with stlrrln The wat er
conalent %f aﬁekrgﬁiégl owate&l urm ™ (iledl{lo G 57%% ml
I yegrmavsal LHaskol Fhieomigbrerd ls(@rmwlrbol‘go ofi0°C with

u 2 t hyl n
nc;f@r%ﬂlyclbpé%{%kg}gg 'ﬂ{@ szzlp@hoggé ?Pﬁe té)r e9added0 Theby

aAddtiran iaf s fﬂr%@llam ayﬂéﬁfséfiat ufkej gepré ipggmsiiom is
ﬁﬂt&%d ore b utir & DUrdNGut hisgerid fihe a 501 UtJ ON 10f  of
Sl Ao RO M AR oL e U SO0, iy prcer
dtotatingli feal utbont 1D lgowfs Hyeftl 0 asupempekateket eimr eche
et (B, P S W g SRS | By Weing
YedBHds fatlovdak byeaddhbloe e6dium adetsadd ugolaitlamide.
e & $ETRELGH Ur &si N rihe rm@&&ﬁ 4&&9{1{;& MagNes L ym
stirring. After t|rr|n%for m nut es

O?Pqis ﬂelp{_ p methanol are then poured in, and

the mixture is stirred for 15 minutes. 36 mli of
methanol are then added, followed by stirring for
1 hour. Stirring is then stopped and the suspension is
left to sediment for 15 minutes. The supernatant is
then separated out and discarded (40 mi}. 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 m1 of methanol are added to the sedimented
preeipitate and the mixture is stirred for 5 minutes.
The precipitate is left to resediment for about 20

minutes. The suspension 4is 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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settle for 30 mnutes. The clear part of the 30
supernatant is separated out and discarded (400 m).
400 m of nethanol are added to the sedinented
precipitate and the mxture is stirred for 5 mnutes.

~The precipitate is left to gesedi ment for about 1

hour. The supernatant is separated out and di scarded
Bbe (426 ralckerd2@ ids of £ nehkandipal wneutiteed t aephein thus

éﬁﬁ%%ﬁ%@ggr#rgglg&ifggsand the mixture is stirred for

suSpension is then filtered through a
mean neletelad geaght: TAdSeaftalobnai ned i s then washed

yﬁgp 200, 01 5 P pet hapoty /Jdhe pale yellow wet solid is
rzln%d agE d then d{lgd under reduced pressure (6

%ﬁ%} I%% ACEEVpeY at brd TH/M¥e region of 50C. After

gyl aga 4018 POREI~ ﬁzéGaQtthyuﬂ@tﬂspobwerl zed
heparin are obtained, as the sodiumsalt in Celite

(10 g). The 5 yield obtalned is 85% Saponification:
BXBMPEE (9. 0101 nol) of the sodiumsalt of crude

i . ' [ 10 ai oV,
SEPOLIRELL 2L ORP RS Doffoldfol | 68) ORL 3 BRfL O e
{9 e2%% Wankexslispension is filtered through a No. 3
Ba it ﬁﬂedmgl a&%hqesiofnte%%ﬁew éfbt}ﬁﬂl%%e?:ﬁ i’ﬂ af Mt &imever

The f |Itrate obt ai ned pl aced in a_150 Erl enneyer,

Flagk. A1, ¥ g(d%ﬂl%ﬂfal foéo%e@éee@t.%S%%Jaaoéréleparm

adslgeed 5 ft heﬁ’@@ﬁ&Eh@a&E_bh“ ng5sat %érﬂﬁt&fcﬁillﬁnﬁ ighlt)
the re i on Aﬁ}er addi ti e m xt

i'rEr‘Jr‘é f8F Th §6F‘HIP$8M'S Akt A efiedS]b‘V“ly’
wmkhn@ti$tiﬁg Ehd ﬁaﬁeg cbnkedtumﬁcMhmwnkaaﬂmDHHMEdium

A S e S

69 Dbtigeel) forf ome?d'wtsthwtr&rhgllﬂm*zrmhylﬁmlrﬂqm 3-
& Smd P pSEIORPES- ANg, 3081 SHSPROSHOS | Se | %.fxte t@dded. The

sedi nent .for 14 hour_ at a tenperature in the reglon
HEXBES ThE  higdiGfat aht 3 sCERRATIEPET attéd Bhu% &rgion of
W sTafsed24 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 is poured over 1 minute 30 seconds into the

methanolic sodium acetate solution at a temperature in

the region of 4°C, with magnetic stirring. After
stirring for 5 minutes, the suspension 1is left to
settle for 30 minutes. 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 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 is 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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25 (160 m). 160 nl of nethanol are added to the

sedi mented precipitate and the mxture is stirred for

5 mnutes. The precipitate is left to resedi nent for
about 20 m nutes. The supernatant is separated out and
di scarded (180 m). 180 m p4 nethanol are added to

the 30 sedinented precipitate and the mxture is
dratned faoxd ©hen ndkesd Hmeie&usp@dinsa@@ pgekbame (6 kPa)

ohe & et e Danndr S RN G058 - ofThER o
Toe W8t heuvkbd ibs66r gi néd crane tdwmldmee:dzmﬁéregaemm@re

apeashta, (6aé<Pac)heat sad§émte§@f€atll4{ecbﬁl£@e E?@'&P OfThe
After drying for 18 hours, 4.53 of crude

ﬁé%b@y%’?ﬁ@@dhéﬁaﬁﬂ (sodium salt) are obt ai ned. The

yleld obtained is 74% Purification: 29 4.53 g of
rude. $ lé neri zed heparin obtained above and 45 m
?P‘a?ﬁ Tr# % °Réater are placed in a 100 M Erl enneyer

6l a6k. gTheOnDi0Ur moils bodughhet 0 s4QCuw t I[salagnet | ccrude

| h 9 7 .1 b Lt
A
andit difeanlt h@ﬁugﬂ@t@ro ase pplesest ahe andS0. 85 Mrignmeyer

Apliepus BP0 hydsogen: fer oxd de: ol dtdpn 4igeadgded.o hAfﬁc?f

stirring for about 2 hours at a tenperature in

S USROSt 3600 LARI NTADERE [ eUEHAFPY kb BYL aadi i -
ﬂﬁéFfiltEQtEOWEﬁaﬁﬁedd@é| @458 8 afsosedi WRlenmeyer

6158 pr rbrBY a0 A Bath gl e Flg Fthomnaed

with amagneempesatiorengn tdte & egempephtdH€. ikhehe region

| C d 1
3P1 o g en-Bagbalt (070CA0 a8 L6 pI0 150
%yh%wﬁfru Agef o‘?olﬂltﬂm ist nepitag litg achdry sedpped ait HCL

idhe ssspension isodfld thReddentafor L0da nut@s milther
super natant is then. segarat ed out and discarded (90
meyhanpl i age nBtfgrol tar e thEded SPE IR s@ididFt-ed ABPT

Precrphd aferand wheufest urle7l snistofredthanod rreUtRied,
followed by stirring for 1 hour. Stirring is: then
stopped and the suspension is left to sediment for 3
hour at a temperature in the region of 5°C. The
supernatant 1s 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 minutes. The supernatant is separated out and
discarded (180 ml). 180 ml of methanol are added te 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 obtained is 74%. '

Purification:
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"The precipitate is left to resediment for about 25

m nutes. The supernatant is separated out and

di scarded (100 m ). The precipitate in suspension is

then filtered through a No. 3 sintered glass. The

white 25 cake obtained is tdven washed with 50 m of

met hanol . The wet solid is drained and then dried

4nsier gr edficeduder edepByérkpad adiepmtienpebasimedi mbove
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bbtEGChed asldesedi bby | m@amre At ar b. addedogl ovaloydlum

é’McS‘rf*&é”'ﬂQe e watsr cant effe Pt 4:h& IRAC 9 ough  a
dium10 is adjusted to 1.8% After total

@1%%dw@tm@mbrgng and @@ @@Q(ﬁ%|we§@anol are then poured
ﬁ"{,t erat buzs yld -2kt il aniiw- Isedyion of 10°C. The

h 3-d h dded
R Ly vl R Epdrar (1B n AL Fagabt T2
Ei)@nimté’sﬂf hbe® sml Duf i mgthhnslt amre, thesaolatdk:ile@n (ffolG@mged
ot sanhydr s sedium acetate 4, 600 Wn0f ELDARA! ang
In a t ot

[ prépar a enrreyer
dissenapeonlonoiyg defiyfieo sepgbrert Ceri € adsuvieded.The

dbethec S0t utiian. dhg, reaeph@RtBLXt Whe | Nahfe discarded
Erlenneyer flask Ais poured over 1 mnute 30 seconds
M Fthe 20 ml of methanol are added to the sedimented
precipitate and the mixture is 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 welght 2200 daltons

anti-Xa activity: 120 IU/mg

anti-IIa activity: 1.4 IU/mg

antl-Xa activity/anti-IIa activity ratio: 86
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20 net hanolic sodium acetate solution at a tenperature
in the region of 4C, with magnetic stirring. After
stirring for 5 mnutes, the suspension is left to
settle, for 30 mnutes. The clear part of the
supernatant is separated oufyand di scarded (400 nl).
25 400 M of methanol are aéhed to the sedinented
precipitate and the m xture is stirred for 5 m nutes.
The ?re0|p|tate is left to resediment for about 1
B The supernatant is separated out and di scarded
méﬁ@lyﬁénﬁ&&m Gindetdwii@dr sileh adged dhe t loditm salt
gfﬂ$ nted eC|p|tate and the m xture is stirred for
e precipitate in suspension is then
Iﬂwteﬂedxﬁhdmughoaombthaneinnﬁweplgtaésiﬂﬁhe taldenmeyer
ned i e Wiyt h, 20 n

E%%{ygl I 02?v9 t soI g ra?%eg then eg‘ﬁl (g% ll}-r% grin

e@egmce@f pr@gtareféeakmyl at 78% ten’g@nafs*@h@nnnm h@alt)

$1864 De g 0f 55 QfesAfitRIg Ay i BYahfic 18 holkrs, addad %P@hly,
crude depol ynerized heparin are obt'ai ned, as.the

wHeh U EEFE09 i nfleRl Yeker 1608 en¥hety teed r§BCALREY Mesiium
P5%adjusted- -to - 1.8%.- -After - totak-dxssclutléﬁ,-B.S ml

[ fication 4 0 O 01 .nuol f the.sqdiums
B PR B e ity PP B RO Ca PG ST o 3
dimeﬂhmipeﬂhydI01ﬁu2£E%ddazﬁphwﬂghozmmephaeeduﬁhaa 5C0he
rﬁqhxiﬁifeﬁnggy%rtl%rféc?sgt Ehet?ﬁgé»é#}é é S:Ji' | th%re eglon of
rou sintered glass and rinse
A6°Gr foF htlepurs ThBuFingr bbpésobiaened ﬁ@lata@@dolfn 68 g
(%éoaﬁhyg&bﬁﬁnﬁﬁﬁiuuﬁ|éégtaﬁezalﬂ16©@ ﬁizcﬂ®|&e€ﬁaﬁ%ﬁ% is

causti c soda are added with magpetic stirring,
RERr uréfin ehe Eéf?ﬁﬂ?ﬁﬁrof %k?S&wﬁer ﬁﬁqu(mwtOtal
diesoiwiiore, 150 s§i¢f edyfior sdpboues. Céhetsohuti addesl. to
eutrall ed by ddin N HC1L and 10.5 9 q}
% the

iU
t Pé@ are- a .rgéc%ﬂo oﬁmh%?%anol aré ad r&eggeyer
ﬁl&skeﬁctumnpmuﬁ@ﬁnOﬁﬁteﬂ witrivrtrd ng0f epceBdmi nnes, the

-Jﬂéghéﬂofﬁcngéaf&ﬂla@éﬁa@gd@%lution at a temperature in

the region of 4°C, with magnetic stirring. After
stirring for 5 minutes, the suspension is 1left to
settle . for 30 minutes. The <clear part of the
supernatant is separated out and discarded (400 ml).
400 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 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 1s 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 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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15 followed by stirring for 1 hour. Stirring is then

st opped and the suspension is left to sedinent for 3g
hour at a tenperature in the region of 4C. The
supernatant is then separated out and di scarded (180
n). 180 m of methanol are,pdded to the 20 sedi nented
precipitate and the m xture 1s stirred for 5 m nutes.
FaoriectPiise is left to resedinment for about 20

m nutes. The supernatant is separated out and
tistarded(1880 M molhgoof ShenefRaReM aséldddéd t Frude
dé];ﬁ)lﬁﬁiﬂrmd edepéecihpl it ecandet helOMiggt ubBLESnNSHI rdRre
fo nut e The reC|p|t e.in suspen iqy i s

PHbn 53 Pt b “ERPOUGPES. RIZSS0h, K orbdof| Bls Lrirgmeyer
Thdkak . obTlae nedoilsttiban washeﬂ1ht¢tedmnthr50gh1 @f No. 3

S n d dr.i-e
und%%ﬁggdg gg g?%%sghggfglﬁ¥§ﬂ %géé?eﬁ%gra u?g ??ter
The felioatef oBbasoed Am arlaksd ngnfar 159 Fourkslamyer

£ £k crude s dapol ywreriizzed ihepak n30sodiymseakt ) s@d® are
obt ai ned. The yleld obtai ped is 80% Purification:

astlad 5t gh ofagrifde dePot FRErY ze@thépat PRPBBR ARARJ 1N the
:@étl)gca)wcm anédfl%: mAﬂf?Jdl SEdlll_tlz_ﬁdn\Natﬂtﬁe &ﬁ;&x@uﬁéedﬁl r‘sttaered
Il en er e.mxtiure 1 u 0
o 1 BETmaanire. SPIRELRE the BEhFea i ehgniY o Biding
m ]HCny arddili.én gofoﬂNssddummdﬁgﬂatrmﬂedearé’heddealct i'dh ml
andh%mg%ﬁn} 3%ref 'e!cfcf‘erc?d %% hr@ao:tﬁ%npnfnggﬁgﬁlan%fter

agueous rogen per oxli sofl ution
sl eeidet. foFt ép mdpufEeisng ¥t ndbdm nehbapglaprg added,

£ EMRAra ur? l rsﬂlr\ﬁrlﬂ<§glm of; Hur ! hestiiXtiH® 155 then
neutralized by addin HC1, foll owed b addltl .
PP of RS odi %HF%?PE%OH e SBtut i6n ?% diipeint or =

Hauxt erad tehr augipeardkuvife prin Mgty aneedinsh 493m1 ©ofc. The
met han e then oured in er t %n
Suxf%ﬂ?(ﬁﬁhﬂc%sThe s&?ut?gﬁa s:{eﬁen r¥?ou% éi ded

@it stliror ediBOr ml5 nehut esthe2@ i @feloaﬁﬁ¢mnot0ar¢he

ééHﬁhéHggﬁhp£8EkBmﬁthyéﬂdrfﬁggmﬁ%%ure is stirred for

5 minutes. The precipitate is left to resediment for

“about 20 minutes. The supernatant is separated out and

discarded (180 ml). 180 m} 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 twice 50 ml of methanol.
The wet solid 1s 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 1N sodium hydroxide. The reaction medium is
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1 hour. Stirring is then stopped and the suspension is
left to sedinent for 20 m nutes. The supernatant is

t hen separated out and discarded (105 m ). 105 m of
nmet hanol are added to the sedi nented precipitate and
15 the mxture is stirred foy 5 mnutes. The
precipitate is left to resedi nent for about 25

MLy e olpPerhapant s sgeabahed osbgand 31 ml of
di scarded (110 nl) The precipitate jn suspe
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a No. 3 sintered glass. The white cake obtained 1s 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 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~IIa activity: 3.1 IU/mg

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

EXAMPLE 7

Depdlymerization 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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prepared in a Erlennmeyer flask B. After tota

di ssolution, 10 g of Hyflo supercel Celite are added
to the solution. The reaction mxture in the

Erl enneyer 10 flask A is poured over 1 mnute 30
seconds into the nethanqjh; sodi um acet ate sol ution
at a tenperature in the region of 4C, with magnetic

sdi 'é'd'jﬁh@;teﬁfti% f2t3t5|t°”|mﬁt%4|@r t?)t@lnuéi§§solﬁﬁloni 3.5 ml
spensit o se e or ear
PEREE N S s naraerh oy st i a1, 3
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alned above and wat er "are _placed in a 50
FRCE ¢eﬁ%%y%rh°¥¥as?heTﬁée§ESB§ﬁ§|8§|P?q|qqﬂﬁ%&?tant is
éé;s@r&he@ Nt@ut3 agiqll_:] ea];;eslcgb:a&a agph(m ﬁile)d. W |ub0t iLce of

wat er e filtrate,.obt i S ace
ksl EreoridsRs tp ke PRl iatfoRh EERes gna
deaishictecda iar esatldesd Wotrh fagheties st Thei pgedpitate
1EMPEERt e (DA i d01 00, bt A EInafdili9Re (dfear
mxturée i's stirre or 2 hours. e utlon i'S

protlt rafi b IPppsddivrgniN HClserarabed 10uy endseHismarded
f&tﬁ@rmﬁp ar Qh@dd%gfe& Hatf  HBt h%pé{ﬁﬁgdeﬁistothen

he reaction nmedium After
tiltered through a No. 3 sintered glass. The cake

obtained is then washed with 200 ml of methanol. Thé

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, 7.78 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) obfained above
and 79 ml of water are placed in a 50 ml Erlenmeyer
flask. The suspension is filtered through a No. 3
sintered glass ahd 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 scda 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 1IN HCL
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“stirring for 15 minutes, 190 nm of nethanol are added,

followed by stirring for 1 hour. Stirring is then 5
st opped and the suspension is left to sedinment for
hour at a tenperature in the region of. 4C. The

super nat ant is then separatfg out and discarded (180
m). 180 ml of nethanol are added to the sedinmented

HECi phtat egandstheup XEHEL%r'laeSt breed JbQkal0 B0 mi  of
m nut es, ~ The preC| pitate is left to resedinent for
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45 35 r.an and 49 m _of, net hanol
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at™a tenperatur |nttlhe r g| on of
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yield obtaf%ed is 82%

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 1IN sodium hydroxide. The reaction medium is

filtered through a 0.45 pm membrane and 0.34 ml of
aqueous 30% hydrogen peroxide solution is added. After
stirring for about 2 hours at a temperature 1in the

region of 20°C, the mixture is neutralized by adding

1IN HC1, followed by addition of 7 g of sodium chloride.

The solution 1is then filtered through a 0.45 um
membrane and 49 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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1 hour. Stirring is then stopped and the suspension is
---------------- -- - 35 left to sedinent for 20
m nutes. The supernatant is then separated out and
di scarded (105 m) 105 m of nethanol are added to
the sedi nented precipitate ?fpd“ the m xture is stirred
for 5 mnutes. The precipitate 5is left to resedi nent

ié’itftaktgﬂg saaimgﬁgt e%%ﬂzea 1SURAAL anhel fs@ﬁ@ﬁ{_ ateth is
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§§i@r Sfe haPaLidkqg ( dﬁgé efl@:td e&ﬁ&uﬁé&aﬁ HYs .75%

benzet honi um salt) obt al ned described in exanple
Phe ar8axagEQTIFEREY, Otni Fﬁestqerﬁq]ﬁ@“erﬁcfzteéir heparin thus

shhissDhed | O ads afdplmmﬁture in the regi on of 30C and

Iﬁgggﬁld“%]o%c‘ﬁﬁﬁ”i W %h 'er?‘r’é& é% Egﬁe region of 20C, 1.75

donit 34 Xam aot Rvidi yet W89 alli frog 1, 3- di net hyl per hydro-1, 2, 3-

g&g@faﬁgosg@@ﬂp@yarﬁ agdle@/mghe mxture is stirred at

antl ¥Xa activity/anti-ITa act1v1ty ratio: 7.4

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%, benzethonium 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 in 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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tenperature in the region of 20C for 24 hours. During
this tinme, a solution of 60 g of anhydrous sodi um 35
acetate in 600 m of nethanol is prepared in a

Erl enneyer flask B. The reaction m xture in the

Erl ennmeyer flask Ais poweg into the nethanolic
sodium acetate solution at a tenperature in the

JRPAsieh 4Cs Meth megneetelst ifigri ng. hAhker sThéridlgar

f he - 3 i f
Qgg&nﬁgégﬁﬁegggggpagsgitJ%$Q§ﬂ%%§ﬁﬁ%#ﬁ%%gagn%e%ﬁé%af%ed
Segandtled odfOanmdl disCar dedthafsd20 Miye. 420ed ofo the

é%?fﬁgﬁgeéuﬁrgggﬁgtgg g¥ig@@%nﬁﬂkﬁgr@r%%%gg£§£fe§n%or

e mxture Is |rre : m nut es )
3 aeipitase Thel areqipitexierli ivndefér tabsasedsmpBhr for

abitfiiC! 88rnpatLs, OfTHéqec§HE§r ']:?ézﬁi“ofs th%epéuﬁéﬁﬁia@élﬁt is

an i scarde (4 400 rgﬁ]t rrﬁ.,r} 8

sepanedeckdi Akt e@%ir ec?ibF’FéFgegnd (4% xtur% Ps

e 1; gke3dddt €s. H}hﬁ %fgﬁhﬁ&ﬁ:éﬂt_rhﬂ.ﬂed:ﬁpltate and
arate out an ardge precl i tat

S BT oo Bt Rt i, A Pilbten ningD SRt

J‘$i nt eepdrgkads. dhe cakel obtdkiisveddesl t héAGlashel) . wi the

f T
él"ljt%efﬂang t rgl%?ﬂo rig:er redu%ll&%\gf\giﬁg%b&(; a
N@Pa)3 adintersmetdeare Thet r@heeg%i?ﬁme%oas Ahegy washed

Wiied Newise’ Ho@f nﬁl_r ude depohyH®L] zatdhepankn ;@éﬂow wet
E’(;L_géalned as.th %Onﬁ 7(5 % %leldotalrgf i S
d 2b° sdpohif c&P - T-29. BO88T nbFVGE Y g essure

diran sat t aofte@crpﬂimtnﬂm:)oizyrmheze:tédmpﬂrmﬁ ébf'ai.nedter

bhave an n of r

3Psfeyer 71tk 06 o5tnre"( BeBsasRS JeR s00pEEiD  ave
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tgnperature in the region of 4C. After addition, the

mxture is stirred for 2 hours. The solutionis
neutralized by adding 1IN HC1 and 6 g of sodium

sHifdeaiemdded. 42 M of nethanol are added

5.7 g (0.0086 mol) of the sodium salt of crude
depolymerized heparin obtained 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
solution is neutralized by adding 1N HC1l 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 temperéture in
the region of 4°C. The supernatant is then separated
out and discarded (180 ml). 180 ml of methancl 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 ml1 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 regianef 4C. The supernatant is
then separated out and discarded (180 m). 180 ml of
tred hanetuas e i35 saddedkd ofdhe3sedinensed pzhecipmetoapetate
the m xture tes
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e obtajned is then vvashed With tw ce 8

ATl RePagdn; d{§igiy; ﬁéatbn&%eﬂb‘saw%d The

schicasd pressur£s at a tenperature in the region
of 60C. After drying, 3.5 g of crude depolynerized
heparin (sodiumsalt) are obtained. The vyield
Mﬁimi®67 4% 10 Purification: 3.5 g of crude
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B0lktl On FS511HeAADr eyahtaddd @ angle stareed foE sodium
chloride. The solution is then filtered through a
0.45 pym membrane and 27 ml of methanol are then poured
in, at a temperaturé in the region of 10°C. The
solution is then brought to 20°C and stirred for
15 minutes. 65 ml of methancl 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 1s then separated out and discarded
(80 ml). 80 ml of methanol are added to the sedimented
precipitate and the mixture is stirred for 30 minutes.

The precipitate is 1left to resediment for about -

30 minutes. The supernatant is separated out and

discarded (70 ml). 70 ml of methancl are added to the
sedimented precipitate and the mixture is stirred for

30 minutes. The precipitate in suspension 1is then

:filtered through a No. 3 sintered glass. The white cake

obtalned 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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25 15 mnutes. 65 m of nethanol are then added,
followed by stirring for 30 mnutes. Stirring is then
stopped and the suspension is left to sedinent for 30
m nutes. The supernatant is then separated out and
di scarded (80 m). 80 m_ofgnethanol are added to the
sedi nented 30 precipitate and the mxture is stirred
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suspension is tered through a No, 3 sintered
Beas sno e lwr t webalke: 29HPQi debteBSt hen washed with

éf{\ﬂ;p—:xé’aoaml@{tyetﬁ@@oi IUH&? wet solid is drai ned and
then dried upder reduced  pressure at a tenperature in

AN TR AFOFVERE AftetV/M88 drying, 2.8 g of pure
Sepolyared dzedi bepant - sodicmivsalt yanie: opgagned. The

‘yield obtained is 80% The characteristics of the

depol yneri zed heparin thus obtained are as follows: 5
WIFEJI%CUI ar weight: 2900 daltons anti-Xa activity:
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TBHoTIARR T 22 irSehd conversion to the sodium salt
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{§9t9@ Qggggg 23?*C(Qn91%0%g1%%fft% EeEEgggrature in
tylimn |eth am no-1 per hy

the regiocn .2'ml (0. O mol) of 2-tert-

butylimino—Z—dlethylamlno~1,3~d1methylperhydro—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 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 is separated out and 'discarded
(310 ml). 310 ml 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 is
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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di azaphosphorine are added. The m xture is stirred at

a tenperature in the region of 20C for 24 hours.
During this tinme, a solution of 60 g of anhydrous
sodium acetate in 600 m of nethanol is prepared in a
25 Erlenneyer flask B. Hal fzpf.the reaction mxture in
the three-necked flask Ais poured into the
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of the supernatant is 35 separated out and di scarded

(400 mM). 400 mM of nethanol are added to the
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hour h Rer at ant. is., separ ted out_-and
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the region of 4°C. The supernatant is then separated
out and discarded (170 ml). 170 ml of methanol 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 {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 1is 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 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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to the reaction nmedium After stirring for 15 m nutes,
115 mM of nethanol are added, followed by stirring for
30 mnutes. Stirring is then stopped and the

suspension 20 is left to sedinment for 30 mnutes at a
tenperature in the region gf 4C. The supernatant is
then separated out and discarded (170 m). 170 m of
wet el €1ladddedre0 fher e ﬂﬁmlﬁ%d@}ﬁc'ﬂbt abecand th
the mixture s, stirred for 30 m nutes.
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B eRd. stiid edfQension is then filtered through a

No. 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 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-Xa activity: 150.5 IU/mg

canti-IIa activity: 3.2 IU/mg

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

EXAMPLE 10

Depolymerization and conversion to the sodium salt (0.8

_ equivalent of base):

70 ml of dichloromethane 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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15 m nutes. 63 mM of nethanol are then added, foll owed

by stirring for 30 mnutes. Stirring is then stopped

15 and the suspension is left to sedinent for 30

‘m nutes. The supernatant is then separated out and

discarded (70 m). 70 m_ qof; nethanol are added to the

sedinmented precipitate and the mxture is stirred for

cﬁ@l%am'rﬁé%ea_s deeitee pit abeainplkef®, L@réfaﬂdéﬂerﬁlcfvﬂry,
a, few nm nut e The _suspensi on then, filtered
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Dur | s tine utlon of g of anhydrous

.gﬁﬁ“lmﬁ601pltate is to resedlment for about 30

minutes. The clear part of the supernatant is separated
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 1is separated
out and discarded (190 ml). 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 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 finsed

with twice 6 ml of water. The filtrate obtained is

.placed in a 150 ml Erlenmeyer flask. 0.6 ml {(0.006 mol)
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acetate in 300 m of nmethanol is prepared in a-10

Erl ennmeyer flask B. The reaction mxture in the

Erl enmeyer flask A is poured over 1 mnute 15 seconds
into the nethanolic sodiumacetate solution at a
tenperature in the region_ of;4C, with magnetic
stirring. After stirring for 5 mnutes, the suspension
db B3l t@ﬁhtsthSQthei%osdlieblOWi.thTh@g@egag: wi&::%hgt,hat
supernatant is,separated.out and.dis e .
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and 4 of sodi um chl ori de
(6 k Pay at a temperature in the region of 40°C. After

drying, 1.6 g of crude depolymerized heparin (sodium

".salt) are obtained. The yield obtained is 57%.

Purification:

1.6 g of crude depolymerized heparin obtained above and
16 m1 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
1N HC1l, 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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5 are added. 28 nml of nethanol are added to the
reaction nedium After stirring for 15 mnutes, 72 ni
of methanol are added, followed by stirring for 1

hour. Stirring is then stopped and the suspension is
left to sediment for 30 mgwtes at a temperature in
the region 10 of 4C. The supernatant is then separated
wethansl diseargdesh (8ddadq, ShMowdd mneshanatiafihg for

ded to_.rhe .sedi.nented precipitate.and the m xture .
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20C and stirred for 15 mnutes. 36 m of - 43

EXAMPLE 11 _

Depolymerization 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 cooling to a temperature in
the region of 20°C, 3.5 ml (0.011 mol) of tert-
butyliminotri (pyrrolidino)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
prépared in a Erlenmeyer flask B. After total
disscolution, 10 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
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methanol are then added, followed by stirring for 1

hour. Stirring is then stopped and the suspension is

|l eft to sedinment for 30 m nutes. The supernatant is

then separated out and discarded (50 M) 50 m of 5

met hanol are added to the.sggdinented precipitate and

the m xture is stirred for 5 mnutes. The precipitate

'tlsel etbglionr esedi aeqt, fgrrltalbowag:ﬂéﬂﬁmutse&rrﬁhﬁ; After
er nat an epar at ed out, and_discarded (5
SHEEETRAC ot o 2 PR Bl enernd  WREREAST  cheq Tdre o

sdattwhgh £ok0 N30 SHamml:ersed gllzss. clleernwetpaot i dofs the

.QﬁﬁéPSQtéﬂg tf?”seﬁ%!rﬁ@eﬁ”d&ﬁtr%‘?}‘&Feg&BEﬁA guge ((4%d<%1)

a tenperature nthe reglo I ng,
QOQSH% ofefpurree tlpol y@?ﬁze@mrlﬁo(séaﬁumfﬁé{ ymented

Brecobtehpedanihechyi gl deabbaiinedst sr¥8% £b% Eh%unutes
characteristics of the depol ynerized heparin_t

%B% aPREGIRA-E2RE G ﬂﬁ% eaheRBAERERE, TR @hﬂu%zﬂodmr
gal tansutapli - Xaeackupkeliatib4. 3 ilsU/ nppaanited | @ut and

ctivi I _ t,y/_ant

%??@FT& rgggg%ggﬁgg?dﬁ E>f< %H \ﬁ;?r]%ra%%ahdéﬁ%arﬁ the

se@ymested p@ﬂdﬂpi&aﬁanamﬁlthel&&xﬁunﬁ is stirred for
ar, « Erl 5 fl

JAOLGEOTE e iR A SUBEL RS bsnen

%@b@eé@doft%@@ghf 2atiion: 3 75%NERFeet Bk saflty cake

@BE@iﬁ@Q 3% deséh | %@hleraz exafm| @ 0B, mr eonddedhshew. Y, The
h stirrin Afte otal di ssol t| on

eValdPy et tﬁ% gi-8n B cg%FPn&rﬁﬁd under
i:edmeéat pressnrao (BhePaggiaan aofteﬁ'@a@,ra&uﬁ:emlr( G Iregion

I teyr butylimnotrkfpyrreli
gge)ﬁlgdtd‘ %‘ éy))’(]t[%e %sgét% Pgdadetp a ten‘perg{aﬁ%arln
t(lhenm@l censtﬁr 26Qdiam 24ahbur arducbiginisids tThe, wield
ﬁﬂ:éﬂ%h sg of anhydrous sodium acetate in 600

ano I's 35 prepared in a Erlenneyer flask B.
After tot al dissolution, 10 g of Hyflo supercel

Sepbheraegeadded to

5 g (0.0076 mol) of the depolymerized heparin (benzyl
ester, sodium salt) 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 (0.0l mol) of 30%

~caustic soda 1s 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 chloxride
are added. 42 ml of methanol are added to the reaction
medium. After stirriné for 15 minutes, 104 ml of
methanocl are added, followed by stirring for 15
minutes. Stirring is then stopped and the suspension 1is
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 methanol are added to
the sedimented precipitate and the mixture is stirred

for 5 minutes. The precipitate is left to résediment
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the solution. The reaction m xture in the Erlenneyer

 flask Ais poured over 1 mnute 30 seconds into the

nmet hanol i ¢ sodi um acetate solution at a tenperature in
- 44 the region of 4C, wth magnetic stirring. After
stirring for 5 mnutes, thegsuspension is left to

- settle for 30 mnutes. The clear part of the

soperpahantysi ;isapacat atheOldupsech 4t sear dedseAlRamkl Dut

LT aE T il Che hi xt bP T OF FREASFOL 8 AGKES t°

e pedm'mphtatle predigfitt ate rals@ditﬂnentmjf:»drmaboms Bmmmd

R e e R T

fhktavededimondd @ edipi tFateSJaﬁc,elt% dhaag-e The cake

Shtdiedif 95 thdH nU&@ﬁedThﬁiiﬂ{ egpbi hat & NMEUBRRBSEL OMhe
is then filtered through a No. 3 sintered glass The

wake SVBihi Aed PEaiRed waBfAedtiwRh 9PEEd WSt ced
ghesspd e (}€E|]dPQzV)I wat s®l itkngseiained iandthBencefied of

glrl edu e e (6 at a tepperature in
egr eg?g{ﬁ %“g &F dr@#@gu’%s.39 .2Pg of' © drlide
cdi@»@lym@arlzaﬂd hepamn (behizyh esfie), =wdi dbtsahed. arlhe
Jhe; vi el obtained is 69% 20
apom(?gtcatrp%% i"‘% % (0.0076 nol) of the depol yneri zed
heparin (benzyl est er, sodium salt) obtai ned above

P Bh-ati®: water are placed in a 50 n1 Er | enmsyer

flask. The solution_is filtered throu a
%t‘ér%g grade dRBO}YMEELZGHt REPETHR & tfénr%d 6‘?’0‘78 and
y®ter . dhe Hubt&aledobb@t@&d igreg| asbalcedn an25@ n50 ml
r] enne erfas OOlnDI f30°cses
é%i% E gné xtur L %ro qo fy Eb qg%h

|rr|n ratureln

. hdenerlE onst@ﬁ:rzt@g Af'lﬂmr BﬁdIIS oh;roulgbt mcxtlré ts0.1 by

5%%#Ef%hf9f ?NhQHd%umTH gﬂh%onT Orl%aﬁﬁﬁbhagl Qmpﬁﬁ

Ium ch are

.Jz:glwr%ﬁl RSt &reoadéeﬂmt oMERBTABECt R

A&suSt B0%1 RYdiretehd pirvitiefs JOPutlofis added. After
stirring for about 2 hours at a temperature in the
region of 20°C, the mixture is neutralized by adding
1N HC1l, followed by addition of 3 g of sodium chloride.
The solution 1is 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 is 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 solid is drained

and then dried under reduced pressure (6 kPa) at a
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met hanol are added, followed by stirring for 15

mnutes. Stirring is then stopped and the suspension

is 35 left to sedinent for 1 hour at a tenperature in

the region of 4C. The supernatant is then separated

out and discarded (140 nd )46 140 m of nethanol are

added to the sedinented precipitate and the m xture

ﬁ@nﬁ%ﬁdﬁt@ﬂa fmrfﬁhai rbliﬂgﬁi_f‘on The pr@ug pi E@&:éri sdtefthgt cfor
edi ment .4 or Qut 45 m nutes._ The supernat :

JE R a 307808 Chnd Uhs AP HRLVISBbET) PELBG y Goiun

smlh)ammte avket saddedl. tThe t hee bédelment reeld preac?Pi t at e and

T

ehtmired 3fasys fThklewke obtained is then washed with

rﬂ@&%opécwﬁgf]av@ighﬁhemwtd@p&wsl s drained and then

dried under reduced _pressure (6 kPa) at a tenperature
I meR i ont ot Mok ® AYePIdrying for 48 hours, 2.7
g of - cradecdOr depol ynerigaag heparin (sodi um sal t) are
obta ed. The | el d. optf ai ned. |s 59% Pur i ation:

b G e WA et 2Ra HEbaY  RE5h i he above
and 15 25 mM of distilled water are placed in a 50 m
ﬁhmy flask. The m xture is brought to 40vaith

TregetTc-stirring. The pHis brought to 9.7 0.

Rerp}yRsr A2 e odiitdn r@cen*fﬁ#%vn THe r édhq | ap%m Lale
(®. 084 | 4£¢&ch 1 hrough a 0.45 pm nenbrane and 0.15 m of

0 SRE DRSPS TS o 18 Hhncyer

fheskrs e@Oongof (@O@ZLSB thelm xdfr dbelr&yrleuésﬁblrz edlf byheparin
@g(%n este F?“SQLQX adQ5L|0n ﬁ%dﬁlqﬁxhégﬂt)

r|de Foh 'S then™f Itere
oSt 285 nein%mn@%dllzleﬁﬁm@ﬂen@trhamm addetiheaiowly.

eéitif‘rlr?% gt g”@fr at ur %o'l%chﬁ%rr eqiQR %frel%deﬁ‘ &0
ution i's then roua ht to Cand stirred for 15
a

PRRUERRCE 5P CREUm BB fahBe Hlaéetrhéﬁné%léd s QU to
®Yost) rihdPef 8kirring slowly for 48 h. The supernatant

is transferred 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-
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 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 into the
methanolic sodium acetate solution at a temperature in
the region of 4°C, with magnetic stirring. After
stirring for 15 minutes, the suspension is left 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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1 hour. Stirring is then stopped and the suspension is
30 left to sedinent for 20 m nutes. The supernatant is
t hen separated out and discarded (50 ml). 50 m of
nmet hanol are added to the sedi nented precipitate and
the mxture is stirred far /7 d nutes. The precipitate
is left to resedinent for about 20 m nutes. The 35
:B«slpeyamxmﬁed sosepasad eddiidamadet di(ecar ded . (50501 Jnl of
cipita uspnlon then filtered
T%‘?%%g% ot é‘%dsn nt%ere %I ass?fl é:e If’rec%&ltate and
‘oline ammetlulrs tl@erﬁtymehédfwrt A 55 0nimutofs nei!.‘han@lus;félmélon

yet gk dflﬁrk&?an%ﬂroaeﬂ taheﬁodrse%l%%d gygsg The

pressure enper ature In th 1 oNn
%k%oebtm-ﬂ@id dyi Heet ovashgdhailitd, 0Banky of m@rtglanol
Tepobuner i zeth fippakicn $SPl uls S@k4Inéd € 208t aitl'i’&‘ii dHfed

| d ob ain d is 90% TE;S %h racteri stics of

‘g ‘ﬂ‘i% Héﬁé??ﬁeth( k okﬂtal%eﬁe’aP%r%EuF%l FBudhe
I’@ﬁi‘brﬁmbe'CLﬂCBf’rC weRhgher Zihgﬁlrd;al fons 1anidur$g aﬁtBalgyof

nt I tivity: 1 LU/ ant i

SR o ahm e Aed FoBR Y| Al oPorabntly BRabiespaivn
m\wmeme ofil Gl cdﬁwr)si&)}d taptdinabdiumGat.
(0.05% water): 140 m of dichloronethane are placed in
a Erlennmeyer 15 flask. 20 g (0.019 nol) of benzyl

MifFCHEARRI n  (degree of esterification: 75%
Perg ethonialro el 1 Jmo 10bt alned Has @%%ﬁrdnbecédlrt ebasrmlc@ude

dendl i G bhring i el L hhe Ho.g; Statndt, ahgve

drie WAt el cont eateirs drougiticed 21h 020534 mhi IEElenmeyer
?fiéé}g' ngrhcé Ovl-‘i fé:req{&uo% h. sThefl Lﬁ%ﬁ:re@t Q:rl'ﬁou'

anst erred ner ere to a q%‘rl enrreyer
Fnlekeend g\ﬂ%‘? @adalrlms§§olw;|¢t4horﬂ Bimesd 15(01 002 weiter.

e 2e1 BELa DUt ¥hERE ARA2-dl §IIMHAM 110-4 . 350 m1 Erlenmeyer
flask. 1.01' ml (0.0122 mol) of 35% caustic soda are
added with magnetic stirring, at a temperature in the
region of 4°C. After addition, the mixture is stirred
for 3 hours. The solution is neutralized by adding
IN HCl and 11 g of sodium chloride are added. 77 ml of
methanol are added to the reaction medium. After
stirring for 15 minutes, 200 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 at a temperature in the region of 4°C. The
supernatant 1is then separated out and discardéd
(240 ml). 240 ml of methanol 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 methancl. The wet solid is drained

and then dried under reduced pressure (6 kPa) at a
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di met hyl per hydro-1, 2, 3-di azaphosphori ne are added. The
25 mxture is stirred at a tenperature in the region
of 20C for 24 hours. During this tinme, a solution of
60 g of anhydrous sodium acetate in 600 m of

methanol is prepared in a gglenmeyer flask B. After
total dissolution, 10 g of Hyflo supercel Celite are

acdedraoudd tihe salautit@c_r;uoﬁhler eactCon mivdr riyinghefor

I er a i S_paur er _about .2 m.nu
B TR 2o PRaoPfc “ESRRL R a5 festp it SPsodium
sahperaterebtainete Thgi phedfl dCanned mraghatve.
stirring. After stirring for 15 mnutes, the
suspen5|on is left to 35 settle for 1 hour The cl ear
Parrfgatder supernatant is separated out and

ﬂ|§§a@ﬁeﬂf(%%%dé)deﬂggyﬂerEedmﬂéﬁﬁgﬂnaB%tﬁQﬁ@@tébove

he m xture i s stirred

precl e an
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addition edf f BN g5dAMUbhysiroRhides udhensieatt i trrtashium is

fildersd thrQuan, a Nog %5S|tl.lﬁlt eh%ﬁbﬂ?%ﬁ}%s aﬁﬁanol fé‘k@h of

obtained is then washed w
FHOYR| PO WErssiend Ber ilda esio bnkl ehed SdEidsied .uffdrer

éﬁihﬁﬁgﬁ;pﬁ%&suéﬁoﬁ@ kfahoaksa-é@nﬁﬁrﬂbﬂbérb@ukae 1n the

1 on 5 Af ter ing for 16 hours,
d860| % Z%E'eh T, ésom%m%llﬁ%g ke Rdding
kNxHan]ibk&bWednbﬁbhddét@&ﬁ Of. 3The ofi elatiiaht athiletkidse.

"1q§e 69 %olé??cgﬁ" Fi; %at Itq{écfle ofﬁlgeégdoo lll OHS’L) Of Cé(? %5 pm

sodi um's of ¢rude nerr zed epan
e gpneomnd nell abooé mﬁshanqlSQrm t@bm\moexreak gn, at a

tRlmasehd k& SO aﬂle EEESEJHHY%'E flloa@k 'I‘-H%es%li R O iShen

fil'tered throu si nt er ed :ﬁiass and rinsed
REYEHE t FReQL ‘gcminef %altlélfed fRE 17 R bt aPfieB]| ©F

nl&itﬂfaﬁ’d:ol N srd 5G:HEn Efdcﬁiﬁﬂ?yerfo]flcﬂ% Pl 461 i 2% or
fnhgu §¥?@§fﬁ§t&% %%en stopped and the suspension is
left to sediment for 45 minutes. The supernatant is
then separated out and discarded (46 mli). 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 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, 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 IU0/mg




20 added with magnetic stirring, at a tenperature in
the region of 4C. After addition, the mxture is
stirred for 3 hours. The solution is neutralized by
adding 1IN HO and 11 g of sodiumchloride are added.
77 m of nmethanol are addeghto the reaction nmedium
After 25 stirring for 15 mnutes, 200 m of nethano
aneiaddedactioitoved. Bylsymgring for 1 hour Stirring

d,an sus ens 0
S rem A F bR EY (B 5T e PR Uit 18 Pegi on o
4C. The supernatant is then separated out and
di scarded 30 (240 nm). 240 m of nethanol are added to
the sedimented precipitate and the mixture is stirred
for 10 mnutes. The precipitate is left to resedi nent
for about 30 m nutes. The supernatant is separated
out and discarded (225 m). 225 m of nmethanol are
added to the 35 sedinented precipitate and the m xture
is stirred for 10 m nutes. The suspension is then
filtered through a No. 3 sintered glass. The cake
obtained is then washed wth twice 50 mMl of nethanol.
The wet solid is drained and then dried under reduced
pressure (6 kPa) at a - 48 tenperature in the region
of 40C. After drying for 18 hours, 2.65 g of crude
depol yneri zed heparin (sodium salt) are obtained. The
yield obtained is 53.7% 5 Purification: 2.65 g of
crude depol yneri zed heparin obtai ned above and 26.5
m of distilled water are placed in a 100 m
Erl enmeyer flask. The m xture is brought to 40C with
magnetic stirring. The pHis brought to 9.7 0.1 by 10
addi tion of I N sodi um hydroxi de. The reaction nmedi um
is filtered through a 0.45 pm nenbrane and 0.25 nml of
aqueous 30% hydrogen peroxi de solution is added. After
stirring for about 2 hours at a tenperature in the
region of 20C, the mxture is neutralized by adding 15
IN HC1, followed by addition of 3 g of sodi um
chl ori de.
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The solution is then filtered through a 0.45 pm
menbrane and 21 m of nethanol are then poured in, at
a tenperature in the region of 10C. The solution is
then Dbrought to 20C and stirred for 15 m nutes. 54 n
@ ZOo{Rid¥pd are then addgq,_ foll O‘Ne‘ivd‘i%s-%tz'ofofs'/%zgso
or 1 hour. Stirring is then stopped and t

suspension is left to sedinent for 45 n1nutes The

rpatant is then separated out and di scarded (46
¢#§Eiﬁge m of nethanol are added to the sedi nented
precipitate and 25 the mxture is stirred for 5

nyt The precipi iS4l
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19ﬁ ﬁfd The yield obtained is 89.1% The
aract’eristics of the depolynerized heparin thus
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characteristics: - they have a nean nnlecular wei ght
of 1500 to 308@ daltons, an alsi-Xa activity dfa 120

to 200 U ng, 6 0
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and are in 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 or alkaline-earth
metal salt is 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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an anti-lla activity of less than 10 I U ng and an

anti-Xa activity/anti-Illa activity ratio of greater
10 than 30, the constituent oligosaccharides of the
m xtures - contain 2 to 26 saccharide units, - have a

4, 5-unsaturated uronic ach5§-Q-squate unit at one
of their ends, 15 - contain the hexasacchari de

Ab&&sbﬁ&ﬂd&ﬁdéfﬁﬁdﬂﬂﬁbn f@pf@sé@tl - OrohO18 A O=570 of

%hS°O éﬁ bH OH oso OH
GHletb‘re e %%l‘-’loﬁﬁc a@’lﬂﬁso o "N 0-S S 05 0

Na OO NaO NaA AlallSIs and are in the formof an

Qbk@Hecﬁ.f%ﬁfg'Qf'SﬁﬁpB 288h T84 ess%lt 145 mé? in claim
ni xture oOf osacc descaste i s 1,
é‘har@tﬂtlé%@tz@dlzaﬁth@t thht athactcpntﬁlraﬂ kérorneBeetrq H5% of

FEﬁtea| nh&ahkakenghogen Afpanff i@ :BPt 258 URbxSBLEEHDY 5 de

and magnesi um sal t 3) m xture of
6 F@&&é&@c kdr itdes mé§téwf§| Réd 0|l|4 gesaiceharigesz,
characterized in that it contains a - 51

SE accharltdeefr tign reg gentl n from 15, to 25% of
Xt OF&E5F S0l T o8LEEREPFHBE I LTS TIRS nFxEuPedofn any
ohegofacdlamsdds tas 4| attreechdtrexxd B2dn id hat it exhibits

f 1
ARRSAEET S0 et bEPRRLA B0l OMLE LRSI SHLOTy mo.
fraction of the m xture of oligosacchari des.

6) The mixture of oligosaccharides as claimed in any
one of claims 1 to 5, characterized in that it has an
anti-ITa activity of 1less than 5 IU/mg  and in
particular of 0.5 to 3.5 IU/mg.

7) The mixture of oligosaccharides as claimed in any
one of claims 1 to 6, characterized in that it exhibits
an anti-Xa activity/anti-ITIa activity ratio greater

than 50 and in particular greater than 100.

8) The mixture of oligosaccharides as claimed in any
one of claims 1 to 7, characterized in that it has a
mean molecular weight of between 2000 and 3000 Daltons
and in particular from 2400 to 2650 Da.

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-ITa 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 <claims 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 alstrong organic base with a pKa

greater than 20, characterized in that the organic base
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5) The m xture of oligosaccharides as clained in any
10 one of clains 1 to 4, characterized in that it
exhibits an anti-Xa activity of between 150 | U ng and
200 U my. 6) The mxture of oligosaccharides as

claimed in any one of clai 1 to 5, characterized in
that it has an 15 anti-lla activity of less than 5
L5Ea0 éﬁﬂshﬁtspaH@(HEKE 0fafi Pyt 003. 5ph@@@%az€heghe in
m xt ur e_ of gosagcharides as clainmed in any ope

EPEFﬁEuiaFoi‘él éh LR EP T YRR fﬁ“‘% h&CH18%ni b?‘f’%ta%s a
perashtada aftwytéy/ antlesbathRshi Oi6y.ratio greater
than 50 and in particular greater than 100. 8) The
m xture of oligosaccharides as clainmed in any one of
tlhi rithel metﬁcpdcl@a acleimedd im chaimi tithafon mWBpraimg
r 00 Dalto n
e S g2 a5 8o 0 B o 0] P Bt draiar
@hﬁg@@h@@hé?ddé@la%h@taﬂﬁ@ﬁ w¢¢%hycoaﬁén§f:@$aﬁﬁ§31&hﬁn
8.3¢hanacheeizeshbip 1835 thagxhipsts 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 mean
1P} eThkanetroghbfoprhpbweedo?466 andizesl iba.clHim A0 or
tho for RLS arln n1xtur of ccharide
B R e A o S o St e
ohe njuaat benayy awioen umfsaﬂlttp@tlm hé sheblagl beeszteé:rh@flum,
BEPRLbYr18; HPRR! YFEELELTE o P GARLG1 BRULAM. TN the

pr e a strong organic e Wih a pKa greater

- than 20, characterized in that the organic base 52

!JSFdTﬁ@nﬁéﬁh§d06ft b@ebamaldoﬁf aphegphaeenas, dlralm 10 or

D gkt o7 e, oy RAES S Bob s % (i Fela o

.phbhpﬂaasnekaanedthnselafnfdﬁmﬁba preparing m xtures

of oligosaccharides as claimed in claimil,
characterized in that the wagger content is |ess than
0.3% and preferably |ess than 0.2% 10 12) The nethod
of preparation as cl arpgedN n cl 4n 10 or

ermNﬁxﬁﬁT‘N“"Rﬁ
N-—RGB6
R7
in which the radicals Ry to R; are identical or

different and represent linear or Dbranched alkyl

radicals containing from 1 to 6 carbon atoms.

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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11, characterized in that the quaternary anmoni um salt
of the benzyl ester of heparin is the benzethonium
cetyl pyridiniumor cetyltrinethylammoniumsalt. 15 13)
The nethod of preparation as clainmed in claim210 or

11, characterized in thaL_QQp_bases of the famly of
phosphazenes are those of formula: R3 R2-N\ 4 R3

By Nefh e N FBcAN 1 0iR6 oﬁ%%ﬁzkafahvyﬁllaﬁ theps adhged s Rk adiged
7 are identical or ﬁrenL ng represent |inear or
br dAEHERE R KGO r 3H %%?%Y FRaPHi g from 1 to 6 carbon

@t ofBan 25l 18) cdbeonetdfodtht [Bapayat eanteas cbhameedi mnd

I 10 h

N T e
¢ edepabyyebetabbon006 tied @awa@yAampmﬂmf eplt of
pre@ﬁélg #%9§§689h8%'ﬂ%§a§§ncb§l%ﬁ% dé%ﬁ@&’dg“ﬂéflned

cl ar ms rom hepari In which the follow ng
ope¢%t¢b®%mal@ edrtled out: a) transalification of

SPULMROLPBERN B R aciaeR r@hrybenzebhgdnunsalt to a
chloride, ----------- 3 b) esterification of

ben%%@ﬁ@ﬂ|%ﬁ+56parlnate obtained by the action of
ﬂﬁn@yilaméblydesap@nifa@saioﬁ|O@flomh®f hédmaemzydy the

‘ester, obt aj LN h ary
anﬁ%%? T sa t % %? %géglyneg?gl Ltnoﬁyggg%ﬁéQQUaternary
@mopi Lonahly elhrificabépnylirespart bfubapabin thy tartion
et fpd, ﬁsogféiEEH%Dé&eﬁkaéHEﬁo 28" hddro§inCRE¥ELSHEN Of
the quaternary a nfumsalt to a ~sodium salt,

16) The method as claimed ‘in claim 15, characterized in
that the reaction of step a) 1is carried out by the
action of benzethonium chloride in excess, on sodium

heparin, at a temperature in the region of 15 to 25°C,

- with a salt/ sodium'heparin molar ratio of between 3

and 4.

17) The method as claimed in claim 15, characterized in.
that the esterification of step b) is carried out 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 is 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 c¢laimed in claim 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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10 f) optionally saponification of the heparin by the
action of a base such as sodi um hydroxi de, Q)
optionally purification in particular by the action
of an oxidi zi ng agent such as hydrogen peroxide. 15
16) The nmethod as clainmed if, claim15, characterized
in that the reaction of step a) is carried out by the
£6f | oL Of rRemzet hasi um ghho i de | R18%eessEs, ON1podipimyg,
heparin, at a tenperature in the region of 15 to, 25C,
WHIFRAGESEE 99 sddi ubhRepdritn W0l dr- o aPRBEof Bt dRbATS Of
2én 2y éhlblgd'éhepélft UOCba’il_St Chai W{&Qﬂg}{t cbai ;ﬁelfzethonlum
c racterized in est rificatiqgn of ste

S T A1 NPT RACEH Br JRACEIS0! VTS s bt o
mslbﬁbmrMétmammr1Q5am®th&lbne chloride, at a
tenperature of between 25 and 45C, preferably between
30 and 40C, and the _ester in the formof a sodium

20) 1The waBhodeasyeitadmps ipr edppm di-ofNgyrantgrd z6d 1n

Skt uppacet-aheaat F10%hyn wWei Qslﬂeﬁ rbpnlgl eqbokeguelitapy
nmet hanol in a proportion 30,of 1.2 volumes of

B IhoPL pér WEFEREGY FEECPLYR cﬁé&.r&ﬁerlg)n%w&%%tfﬁ&&y
g cheamed b chan@etbodtiuh/, chilbariat, er ickad lipyrilkdnium

- de f f 5 h
Gt saft GFCPne-beRL)Y aSrep Br nopapradre A an

dmtemen mOdaml 2009 tance priefes dbdywdet Wwe@end (2 2t
90% 54 19) The nethod as clained in claim115, 17 or
18, characterized in that 0.5 to 5 parts by weight
%) Bemzgethadorpdelpéned wrf:leynméu Oghtchgfracterized in

Henz etheni éjﬁhté@hargf Ao it aE8163edeWisbRian eagtt ORE
t.inme mhlch will bet ween 10 and. 35

& Hot 2! cPEFRE Ofn TGP 520 e Gk o P 7 BR VRO fafd
3he transalification of step c) is carried out by
means of a quaternary amoni um chl ori de, and

preferably 10 by neans of benzet honi um chl ori de,
2% YTy rpgthpdnas claimed in claim 15, characterized in

that the conversion 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) is carried out by
means of an alkali metal hydroxide such as sodium
hydroxide, potassium hydroxide or lithium hydroxide, in
an aqueous medium, at a temperature between 0 and 20°C,

and preferably 0 and 10°C.

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

hydroxide are used.
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chl oride or cetyltrinmethyl anmoni um chloride, in an
aqueous nedium at a tenperature between 10 and 25C.

21) The nethod as clainmed in claim20, characterized

in 15 that the quaternary anmoni um chl ori de/ sodi um

salt of the benzyl ester_ofcheparin nol ratio is
between 2 and 3. 22) The nethod as clained in claim
s’_l§3j _ @hérﬁ\ﬁ:ﬁb?ztaﬁ icnait&adt hat dlfﬁncol_rB/,ercﬁialmt‘hdt%J?ihzed in
sodi um salt qf_.the quaternary . ammoni um,s e
BBRGy Fhee Pl i CAERORy i Iee®) hipalPh (eneg d) B means
6ar rhedrogénbypéreaidag the saracigoecurdimedimmh amt a

| cohol | |yt i f '
APERCER 1sBC5E0Bor8LPoohurii 2SR T R LR Yand

408&Cght /vol une), at a tenperature between 15 and 25C

23) The nethod as clained in claim15, characterized

in that the saponification (step f) is carried out by,

36) nB&nd BRJddfaEcRAli thet &1 R idfch as in

Aydrextdesr pohassi ymbydroxide or |ithium hydroxide,

in an aqueous nedium at a tenperature between 0 and

20C, and preferably 0 and 10C. 35 24) The nethod as

27ni ped 4 med a3, shaiagt ani zed:ithrddiaitikc tacBivity,
| ar yequi_val en £ al_kal4. . [ Xi .

bRl eraars Eeiddaly B Ton T d i 40 SRt C1aine 1

hgdPoxi de are used. - 55 25) The nethod as clained in

claim15, characterized in that the purification

ésteg g) is carried out by neans , of h droggn

B} oxbh@e e ciredfife A ARALURE d L£14HMpePaldr & of foT

ifet 5&&31@6%@{1 Q:fﬁ{?t@e)éﬁﬂ@iﬂ@??ﬂovéﬁélus_5 ég@_. 2byehsal
med] canment, . the ol igosaccharides as ainmed in. a

BRECBPOEP AT mESFR 081110 HAIIRS LS ol CUVERE YhaVTRE L AR

anstablenbotingiaet i vi myocatdtd adl | gosatahairiates ascardiac

EgghgﬁgaLno@EXugﬁgeoEi%Eg%g% %ftfhélperipheral arteries

~and atrial fibrillation, the proliferation of smooth

muscle cells, atheriosclerosis and arteriosclerosis,

cancer by nmdulating angiogenesis and growth factors,
and diabetic disorders such as diabetic retinopathies

and nephropathies.

29) A pharmaceutical composition containing at least

one medicament as defined in claim 26 and one or more

pharmaceutically inert excipients oxr vehicles ox

additives.

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

injection by the subcutaneous or .intravenocus 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.




28) The nedi caments as clained in claim26 or 27, for

15 the prevention or treatnent of venous and arteria

t hronboses, deep vein thronbosis, pul nonary enbolism
unst abl e angina, nyocar di al infarction, cardi ac

I schem a, occlusive di seases; of the periphera

arteries .and atrial fibrillation, the proliferation
32) smpet bh&@mﬁdé&k&cﬁﬂil |chmp&Ié‘lﬁﬁicﬁS(‘A£r osasmandin claim

terj oscl rOSIS nDduIating ngi [
B CGPOREREPALFor sih” ARG foi HberPio Ol Eorabr & ougiagtion
ﬁbqabaﬂmmx:eﬂ::ramxmt hiresendad Dephrlopatialsro@e 29) A
phar maceuti cal conposition containing at |east one
medi cament as defined in claim26 and one or nore
Phar fapdutpesl by nsdmsasadiasiics a7 Jehiepdsipr any one

@fﬂdb&hy% 13@5309, Tiaﬁleﬂae&&ceﬂgw@&aﬁ%@oayt k@R afthod
cl ai ned claim’ characterized in that it

%%rf%@%%%e%fl%o@cﬁi%n@f or injection by the

subcut aneous or intravenous route. 31) The

phar maceuti cal conposition as clained in claim 35 29,
characterized in that it consists of a fornulation

for inhalation intended for the pul nonary route. - 56
32) The pharmaceutical conposition as clainmed in claim
29, characterized in that it consists of a formulation
~for administration intended for the oral route. 5 33)
A m xture of polysaccharides as defined in any one of
claims 1 to 9, which can be obtained by. the nethod

as defined in claim15.




