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' '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

wo! Yeosp0shses des derived-from hepari n,pdyesad®es fuskoeo
of preparation and pharmaceutical conpositions
containing them 10 Heparin is a mxture of sulfated
nmucopol ysa SY e C used in

parti cul-e
pr@B@Eﬂﬁé@loﬂeEHEﬁﬁoﬁe@@ﬁtﬁ@ﬁ@ﬁécﬁﬁgI@ﬁéa@ﬁ&ﬁ@@d€§0NS
which limt the 15 ¢pRehineRs kampi ts use. In
particular, its high—antttoagutant activity (anti-Ila
activity) can cause henorrhages. Low nol ecul ar-wei ght
hle@affbf@sélm ailmﬁcérmid&asixéla%@sdeeal yxﬂek'taaéisono@f poly-

he st er ave be roposed., (EP

PRBERA D gt o GebE VPR R oo BRERT Lant | tPFA eetRG | of
p@eyat@@&@mlanwzphamm@ﬂ&uﬁmmﬁﬁlnsmpasétabaa bsmita 2bing
gﬁéﬁribed in"US 6384021. However, the anti-Xa activity
val ues obtained in the exanpl es described do not

exceed 120 11U, and the anti-Xa/anti-lla ratio

9o Ned;i 5Sa RekweeR 13 aRd rRled3thuldd %Qﬁﬁ&%%%des of
very-1 ow nol ecul ar-wei ght heparins aré_ prepared by a

FRtPdl A F9ER VR IFR omt UBS6884D2 Pa&hd CURE QT drfS “anti-
@sadivl.dryt batdaenn: 100rancodbO prbpettiawtii- Xa/anti-1la
rati os which are also very high for certain exanples

of application. 35 A constant need however exists in
Héparih agsvelthabdscamest disddymmoeydhewhith- Xamit the
AGha M 1463, fg PaL Ll Cl’iilasaé | bt 3L PEAGLAGL, VI LigS  high

greater t
antlcoagulant actlv1ty {anti-IIa activity) can cause

hemorrhages.

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

anti-ITIa 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 1IU, and the anti-Xa/anti-Ila rétio 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-ITla ratios which are also very high for certain

examples of application.

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

particular in . obtaining actifities greater - than
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15
" ester of heparin is depolymerized in an organic medium

25

O=-SO O-SQL OGSO Nay 0O ONaOONOO OOPI pO
0O0j-00 bHp... H,, p.. HO... o0so0, ..p. CH
... OHOH O—|NHO—|ONHpOOSSpNH OS 0 Na O 01
ONaO NaAlallSIs The hexasaccharide Alla-Ils-1Is
contained in the mxture 5 of oligosaccharides may be
a sequence which has as high =affinity for ARIIIl and
characterized by an aXa activity greater than 740
Wng. The mixture of oligosaccharides is in the form
of an 10 al kal i ngr al kal i ne- earNa nmetal salt. Inha
second aspect, tRere is provi dedoa nmet hod f or o
preparing m xtugee of ol i gosagehed des as defi me:@’
abqye, 5 durln wWhich tdhe quat gy nagy angoni um sat

of al%sa enzyl e er ofg-hgparin i depod)wférlzedl an
organt c megl um yn+ he p nce 8 Stro oorga

(@)

base wi by & QK. (OB a,tdar Shan.g0fo r.gc. OHi

that thelor/ganic Ysts efa
phosphazeneé in pa’rw cuI ar iy 20 chhI ofnjet hang NH
sol uti on, cont ai per cent age vaat er otg | ess d-‘r‘mn
0.6% In a third aspect, there isprovi de® aonet hdg o
for preparing oligosaccharides as defi nedaabove from
25 heparins, in which the follow ng operations are
carried out; a) transalification of sodium heparin by
the action 4” benzet honi um chiSori de, b) Is
esterification of benzethoni um hepari nate obtai ned by
the action of benzyl 2 150 U ng, and the

armhie Xefsengactharidei dIIand Istier efore iredevr| bhe mixture

inQM?Lo£E§5g§H&HH¥idQ% qﬁﬂffﬂ@ a seqguence 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-earth metal salt.

In a secqnd aspect, there is provided a method for

| preparing mixtures of oligosaccharides as defined above,

during which the quaternary ammonium salt of the benzyl

- in the presence of a strong organic base with a pKa

greater than 20, characterized in that the organic used

. consists of the family of phosphazenes, in particular in
20

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
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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 prior art, in particular by
controlling the percentage of water during the

depol yneri zati on step. The hgparins 10 t hus obtai ned
thus exhibit an excellent antithronbotic activity and

§s n ax cti t h n
V\g | 26?3%u0| n% e ?ﬁl ;eK a?’]dnermr r%ﬁ@ IP%h al?gg{(sy and
Fbwraifpa‘eacthq” td,ﬁvq_l%évm %@Veithegﬁm@dr@ét;@rzﬁ tiie heparin

. HByYepLi9neexhibit half-life periods which are nmarkedly

15 greater than that of heparin. The subject of the

i nvention is therefore novel m xtures of

pnkysd&Ec aﬂwl [ @lﬁ?ed’eﬂrégd ofer wnd;ep@ﬁéﬂtiaﬁsaesajme@re to

re se tive vity towa actjv 0 or X

TRBEpSE' S Lantiod ok iy ShY oattche EhE Y i PRt Qe 1a

raaiothwﬁmméfynnglmhesnwmhoéso@@adumbdmeln1xm@rQﬁlor
ol a h e Iar i

$E6pC AP SEEIATE ey DY PEoRLEAT a1 SRS olELORE g of

vatarfiduring pddre drepd yrergraiided sitepur e§h©f heparins

§h'u§ abed a i¥ldDosies hakhdes chawd naxhagla%%eréx{tlthrombom
ucture of the constituent pol ysacchari des of

?1% AF+hY aABh BASTE hed cﬁ"F%m?ﬁElghEVaétléﬁlétr & ttf}?ety
h@p&rﬂnnﬁanjnnlE@@ﬁﬁin@ﬂﬂgmﬂ ﬁis&50@ﬁ10heﬁ@ﬁﬁhdgét@ﬂih a

nt;i 200 ILM an,an
g%%?vﬁtofo fiFeSS ‘I;C%La tﬂYO ?Ifj/]gewj's n antﬁ) O%c S Ofa the
Heventighaepinibig d@@lﬁrlyfea@e@:@fdsgr@aieh elran 30 kedly

&ﬁeate£h€h89n§BhEu%%th% l.gqsacchari des of. the -

m xtures contain 2 to 26 saccharide units, have a

4, 5- unsaturated uronic acid 2-0-sulfate unit at one

The thabljeeﬂds ofandtgeNt anfrelrte dieXagacchaer@dore novel
rmul a; 3a , chloride

Al |
PHSRIEFTT | 2f T ORCO PRI coler SUER of FEatandieparin

bt a¢ss hggofa t herquatedrawdrywamaortiiomisal 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
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-ITa activity of less than 10 IU/mg and an anti-
Xa activity/anti-ITa 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 AITa-IIs-Is

of formula:




d) depolynerization of the quaternary ammoni 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-pdeification in particular by
the action of an oxidizing agent such as hydrogen
peroxide. In a fourth aspect, there is provided, as a
chmédirdédrent c) t heraplsaddSacahaondessfas def | neehapoveestar
fi.fth aspect, there is provided, as a nedi capent
Oﬁgéﬂﬁﬁgaﬁm GARAGHEG i atts virgtetiery ammonium salt,
dol idsAcstariizdes onaso et haeduabevaarhn aan®niuh aspect of
there is provided a pharmaceutical conposition .
LRGNty SFtPEaSE OMEPHeHR cBYentPasMedBPANGS afBléned

aBBYeONG ) Ol RIS sRBAN RC AU Cakd de el XS RIENd$1 00 to
vehicles of additives. In a seventh aspect, there is
apr 89Fdel asad kit urle ofoptgsingddechaeirgad fasagépnnedt the
h8B9¥en WaL,Chgan %%t%&a' Rgd aPny m%&&g ags defLqegy
above. As al kal'i or alkaline-earth nmetal salt, the
hygddorigie, patlasstuimnaddlyci pur afitdcatymesiiomsatttisswre by
c éefgé Qg. The neaqquhspular wei ght ig detern%ngd b%n
i gh- Tedsut I&Vbui g ¢ d‘r?aqtoﬁﬁgﬁ y ity Hg fho ¢HTURA
pepoxsaei es, for exanple those marketed under the nane

TSK 3b G3000 XL and TSK &000 XL. The detection is
carried out by refractonmetry. The eluent. used is

Thi BhifeRrRit ra%?j_%gtan@hteff% filowrAtRids hd mr{@%feaﬁ@ﬁt,
|

systemis ca rated with standards prepared by

the ael i opad ¢ e oide o ok lsdiined AVENE-S) by
- chromat ogr aphy on agarose- pol yacryl am de gel (IBF).
This preparation is carried out according to the
Iheehnf ysh despecbed thgreBars opcbvidedet aal .3 néddodment

Res. 12, 27-, 1977-78 D. A t t.. .
Pt gt Bpabndbt i L0 h e g Rl ¥ S B pflasenaniges
asalietd et t he GPC6

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

excipients or vehicles of additives.

In a seventh aspect, there 1is 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 liquid chromatography using two columns in
series, for example those marketed under the name TSK




software (Perkin Elnmer). 4 The anti-Xa activity is
nmeasured by the amdolytic nethod on a chronopgenic

. substrate described by Teien et al., Thronb. Res.,
10, 399-410 (1977), with, gas 5 standard, the first

i nternational standard for”1ow 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 nol ecul ar-wei ght
heparins. The hexasaccharide fraction preferably
represents from 15 to 25% of the m xture of

ol i gosaccharides. 15 Preferably, the mxtures as

. d63@00SKD eadt JiSK feo@0® ®ip., TR @étéﬁel@@xagaaabﬂbaeout

t the xas harlde actl
lr‘nl!){;“flrgﬁrafc%qmer}: ggﬁar? %n oM g‘é’rﬁoth]dﬁ“ pltrate
tﬁ@dheihgacdﬂanqderét@ctmsn (1221 h&/mamalyﬂﬂﬁallsystem is

| dsierpiaedby: oM pressue LEOLdoooh PTRLogy 20N, 00, o
-eﬁ@%ﬁ?ﬁﬁ?%@ly(BVEHFéﬁératwveQ@ﬂnm&ﬂqgragﬁythenhexga25se—,
: S@&I}F@étﬁﬁaﬁié@ i@en. Therm Xerl% 'émré}ﬁa}:g{ﬁoﬁasﬁs carried

chronato hed on colums fil
Yacr % d&N9agakese thse gQQQhRﬂHQQStrQﬁSﬂﬁxh@@ed by

lHEdﬂfoutch]e.Lffdﬁ adenmank Utneamh, ARES02R106BI ospps@) (13he-7g) -
xtu6e is _eluted with a sodlun1hydrogen carbonat e
utt

SO ut? ;. 389BFef &abl3L- 1 heT8EATEmM hi&Sogen Far hohdle271
s@lfm'd-o'irﬁ)ls Thed. tesulitl tard el VduBboted | (itkStithle cpce

' d% ﬁg&ﬁ 0 é paratlon is carried out at a
' conce rat on o The determ nation is ‘

. carried out by W spectronetry (254 nm. After

fractionation,, the hexa 35 saccharide fraction in
solution in sodiumhydrogen carbonate is neutralized
with glacial acetic acid. - The solution is then
concentrated under reduced pressure so
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Canti-1la "35 activity of between 0.5 and 3.5 | U ng and
Cagearf tiel bewharcwbryghdeofIbet e 2400 and 2650 Da.
6

as to obtain a sodium acetate concentration greater
than 30% by wei ght. The hexasaccharide fraction is 5
precipitated by adding from3 to 5 vol unes of
nmet hanol . The hexasaccharide fraction i's recovered by
filtration on No. 3 sintered glass. The
hexasacchari de m xture obtai,ned nay be anal yzed by
HPLC ( Hi gh- Performance 5 Liqui d Chronmat ography) in
order to determ ne the content of hexasaccharide
Alla-lts-1s. Hexasaccharide Alla-Its-ls m
i Bt ateed IbEapr egdriatitive  FBLCegkiarel o@ﬁapﬁgeor apydolytic
ghdtHbd Yore i OBRE8EHBRAY cORuBR t rakll WML Iy Teien et

harose col um according to_the 10 techn| ues used
Bifpersghgogﬂrllgﬁslm tHH%art3?R¢ Hok, (197 71gj orvdthy, as
Hopwedal-dnd Hie Lifidahd lEtErBaﬁlbahﬂerstanwekd65@bi) low-
( Qﬂg Iawpggi aEtlcuIarI% the m xtures may have an

a BTV §p%¥l% tween 150 I U ng and 200

U ng. Preferably, the m xtures may have an anti-lla

aﬁ{é V'atr%f: fIfgaes%cttll%Jr‘% I lf/sngmegggrgﬁﬁ pRar Lhgul éé%%nlque

e exarrp es o |cat| ons

d&%ﬁ#w bR R [ &6 v tes Lok y@reh- 1 Resand 15,
RIELY &0 (mer@ )t hewptgf ersed GhalBOLEr | $HLS Fof-stheinter-

Rrocess are us Pr ef ey abl t he. m Xt ur es hi bit an
0‘3 %{bcfeflffilt’%ﬁ%n{‘?wﬂi{%l%‘é‘tﬂr%ﬁ‘g’/e?ﬁw ﬁﬁP@ét‘L@F’

t han 50 and nost partlcularly greater than 100.

Rref e | ecul a

g&ﬁ%e§§gé%ai%%% g%%ﬁﬁga xé%@i ng% %egﬁfsémiélfrom

plar thc = 19£ ih@mm%@mérom@mcmabwmen 2400

and 2650 Da. The mi xtures as .defined above may have

agd \fu%ﬁfe%téﬂe&&éﬁpseaﬁdc&@@aw FBomn a@ to

ain the Hexasaccharide fraction of the mixture of oligo-
saccharides.

The percentage of the hexasaccharide fraction may be

analytically determined by high-pressure ligquid

.chromatography on TSK G3000 XL and TSK G2000 XL columns

or alternatively by preparative separation of the hexa-
saccharide fraction. The mixture is in this case
chromatographed on columns filled with '‘a polyacrylamide
agarose type gel such as that marketed under the
trademark Ultrogel ACRA202% (Biosepra). The mixture is
eluted with a sodium hydrogen carbonate solution.
Preferably, the sodium hydrogen carbonate solution is a
0.1 mol/l to 1 mol/l solution. Still more preferably,
the separation 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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The mi xtures of ol i gosacchari des may be prepared by

- depol yneri zation of a quaternary ammoni um salt of the

benzyl ester of heparin in an organic nedium by neans

of a strong organic base wthsa_pKa preferably greater
than 20 (properties preferably simlar to the famly
obrphopphazeded vdefddiedy f OroeXanpb esage0ufeRd off0 Mdthanol .

wesi nger. et al. ew .Chem Int. Ed. Engl. . :
TR N ide “EERE P o eesaTeiagioly, falbmation
1056, Na20 3 1898fterecongéesbon Thet Heexqusdarirmaride mixture
a k S of y.t.he l.€s - t-he I I
O el e A el
résfdidl Edvamatagraghtylonakhy pmded cat¢ ondefhsmine  the
MebheEndi sof OIRG IB-JePeRle t RE TRITY S1ePS bxbBSccharide

thod_as described in WO 0208295 white addi ng an
g&%ﬁﬂéﬁ"&ﬁar F2%ri 86 ¢ WA PRhKkebYi t POWFFAELY® HPLC

obhabmatbgrapkiur ez obyol kFgsadehar caesnaitbyrtbey on an

p i cochem. cal aracteristics and the activi.ties -

d%%@%?%g%mg%gve?EEndgsgsafﬁssrdgpﬂp Dob&CRTERRY  to  the

shechfii quas xttards bof pesldqgosagichbledlesn thenmaytbéM. Hook,
NeCesIBiy, ! & CORbEAboNanPeheChlividan10f PN hase By 8,

ver reci se.control of the wateéer cont'ent of the

nYt ubeb et i A§2¥RE) - depol yneri zation step. The net hod

di scl osed may be characterized by a control of the .

S‘Mgbltsqiaezﬁttﬂdijlfa)tl@f, ttf‘t&ibaiﬁx&uﬁ:ie@gbltlhﬁy have an anti-Xa
epol.ynerization. It es it possible to

d@EgF§hE¥i9g ?ﬁﬁwﬁ%ﬁaﬁgg W BreddViTHg™ds nmuch as
possi bl e the sequences with an affinity for ATIIIl such

as the hexasaccharide 4lla-Its-1s described. This

cFrefearPivep ofhe he Mgt akB8Yi t pR%si blag t panti-IIa

opLalBit+0 p cghayy .. Ihis ﬁ%gg | Sty
of thglﬁgtﬁgﬁ %gﬁsrggﬁﬁﬁ ?nQﬁﬁﬁg begggd axa 2%%$€%§§£§?ly
ipfted ns dfo t Pe Smedd/mol ecthar exweimles ofoft hepmilitcartdsns

-°&e8££98é80BE%%MQ%%dé%%%éé%é“%afhggao% 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-IIa
"~ activity of between 0.5 and 3.5 IU/mg and a mean

_frmolecular weight of between 2400 and 2650 Da.




7 200 IUng for a nmean nol ecul ar wei ght of between
2000 Da and 3000 Da). This selectivity may be due to
the very particul ar physi cochenmi cal characteristics of
t he phosphazene bases which have a pKa greater than
20, a very high steric hindrance and a weak
nucl eophilicity. This effect—n@ay- be fully expressed
when the reaction nediumis anhydrous. On the other
hand, when the water content of the reaction medi um
Thécrdaseress af astiigosacrias Bes nmee kel seepgreg dy

addisL HRpAl UGz b 0 w&%a@ggm?%rﬁﬁgxﬁ%ets?l%rofmm

preservation of the sequences I Ni
berstleswse manet t heravihs eduence ongay ibe mediamge kel apeams
A%, Aftd M Vi | he ..nresen f | ow.quant it
O%%‘e wat err?gct#e/dgp locsp astzeeﬁ'qeltﬁba%ep ﬁ%ygggggﬁg\g&%tgorneaa{%edr
tlamd 10e (peapkirve espeniceler amyybecantd @& quat enbamamily

ni um hydroxide._In this case, .the very high
okt SRS I AR R e ‘gerfd”t%gkfoﬁuax&?%iel i%?'f?/g%lrr&geFPi &
Someshegeestetandl gr e@bh¥w .1 nflaignce ithe gual igygof the
p fdfCt obt ai ned. When depolynerization trials are
LE6T 71 48k 1 T h a R -nesbUrsanERa Eonirlol ARt erChen.

108Nt antao t hirssefifiect Cany« bgi sgeN otf0 Q%JL“&Maternary
expressed. The follow ng table sumarizes the inpact

amggon henpgrdit ontleat benzyheesetecef vily dfpehemerized
h yneri zat i (only_this r t Ls.variahle.in
ety aPs: & st o - W HE peath o2 et
rediilditd bnsesttleers t eapdr atoptéenadiwi n pronstiantt iaacor dileg
to the criteri of persons _skilled iin the art. Th
meshol Hett | S5ERe RpRodaRbthe isenain stebs of 'the
mexHedt -dsit Yd 9 midrets diat hyd am2u®24953- while adding an
di met hyl per hydro-1, 2, 3-di azaphosphorine). 8 _ Water
©S5D59P0. 1568729 B 856 6C AR FYora ke, 2150, PeTRtett dXa

ob¥32nl7 K61 ﬂ§£t&%g%129f10519805é&%ﬁﬁkide5 with the

physicochemical <characteristics and the 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




alla 1.3 1.51.41.4 1.3 1.43.113.4 1Ung aXa/ 148
118 115 94 94 85.7 34 7.4 alla For an optinum
selectivity and a maxi mum preservation of the
sequences with affinity for ATIII, it is preferable
to carry out the procedure at water contents 5 of |ess
than 0.6% and nost particularly less than 0.3% when 1
nol ar equi val ent of phosphazene base is used relative
to the benzyl ester of ﬁegarTn, benzet honium salt. 10
Di scl osed herein is the step of depolynerization of
the _quaternary ammonium salt of the benzyl ester of
e palivisacshediiféd -according to met hods known to
persons skilled in the art, characterized in that a
hase of the fam.ly 15 of phosphazenes, in particul ar,
THYY G S OECdne <91 utton CBRERPTI ng8 percdifagd™
urfxperired akal essivhanes 0i 8% ehss Usedi h&riedal ald decdihis
percenta%g of water should be chosen |ess than 0.3%
wedI thodt ThEr Mictiwrey of esdiorarrivopides (150 1U/mg
< Agyant ageously, the strong base/ester nol ratio is
between 0.2 and 5, preferably between 0.6 and 2 and
nost particularly between 0.8 and 1.2. The use of the
equinolar ratio therefore fornms part of the preferred
25 enbodi nents of the invention. O her aprotic
sol vents known to persons skilled in the art may be
used, such as THE or DMF. 9 The quaternary anmmoni um
salt of the benzyl ester of heparin is preferably the
benzet honi um cetyl pyridi nium or
cetyltrinmethylammoniumsalt. 5 The bases of the famly
of phosphazenes are preferably those of formula: R3




R2-\ R4 RI-N=P-N-R5 NNR6 R7 10 in which the radicals
Rl to R7 are identical or different and represent

al kyl radicals. In the preceding fornul ae, the alkyl
radicals contain 1 to 6 carbon atons in the formof a
straight or branched 15 chain. Diclosed hereinis a
nmet hod for preparing the m xtures of oligosaccharides
according to the invention conprising the follow ng
steps 20 a) transalificati dh—of sodium heparin by the
action of benzethoniumchloride, b) esterification of

zet honi um heparinate by the actjon o enz
200 T AT oF' MRt Reton orS TRbEDatyy P odataen
2000 gst e 6@ apa 5 %@tseré@ifé/c@m ugzgab, die to
depol yneri zati on of the quaternary amoni um salt of

the v?ﬁg 5@ﬁ%§FUé§FemWﬁs4ﬁﬂﬁhﬁm%Q§} t P FRst ook st fef Phed

the pﬁg%ﬁaz%}lec%éfseésg' Qrieh tihe,guat e;]!Slf@r Y ragwen up, g4l t
a 30 sodiumsalt, f) optionally saponification of

20, tahe NepHr i rhllﬂ)hthéteat-:ﬁl ohigidrgniggse andh &s swdilim

e)'dR g) optionally purification in particul ar by
HUCleéﬁgilgéﬁg of an oxidi zi ng agent such as hydrogen

peroxide. 35 10 _ The follow ng reaction schenme is as

This LEEHESE &%{db@elf%Wl v _CePDPe H4SP! Ha¥h HaAQS areQ-8iShepe
0(50{b)r Nrl (SO NaK”Sodi'um hepadnate m Benzet honi um

mediumg i prageydpeiiys QHTthel other hand, when the water

content o©f the reaction medium increases, a drastic
reduction in 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 gquantity of water, the phosphazene
base may become protonated and the reactive species
may become a quaternary ammonium hydroxide. In this
case, the very high steric hindrance and weak
nucleophilicity properties may be lost and greatly
influence the quality of the product obtained. When
depolymerization trials are carried out with a
measured and controlled water content, this effect can

be seen to be fully expressed.

The following table summarizes the impact of the water
content on the selectivity of the depolymerization
(only this parameter is variable in the trials: the
stoichiometry of the reagents, the dilutions, the
temperatures remain constant according to the criteria
of persons skilled in the art. The base used is the
- phosphazene base: 2-tert-butylimino-2-diethylamino-1,3-
dimethylperhydro-1,2,3-diazaphosphorine) .




n= X+Y+Z (mean wereP | evel of sulfation aftlie

di sacchari de) X= Degree of sulfaton oftlre site, the
remai nderis represented. by the radical H Y=. Degree
of sul fafian ol Me site, Ne remai nderl represented by
the radical H Z= Degree of sulfation ofl he sire, Ne
remauMeri s represented bytl re radi cal COCHa a 0 | XsaP
| XsO, xa# e WenP of sgw# 1" 8CH G~ a Ne 0 e RAf~tim

00 N K o™ % d] O(m(l9 NSt epn[ Na_ot[So, Nr)v HH SG, NaR NI
N °S

MEGLER Y INAF €03 eB %’ 29rdé |Peltgrf i adi bnf® |2-5%
haegned o(ast gdfi cat Crhde benzyl @ster Pure

benzyl gster, sodium >alt oN} Ca' wol } S' @, Nd. ofitx~~ r
af(-F A ——Ff——tPre—berzy—est-er—jsodiuip-sak—+ta— Sk

O [m1os | 99

c eﬁazedvvnmmhl o¥ide] o(1SOHplY M O1AgK | (
It k|{O ONa

u[aualla ENa ulSG Neri€ /" A Sap rrf-wtt ( +Hb
O#134 -0 HLO3H |0 HiVOH 4G4 Depoif nerdi-Zali ob- &~1- 3@ f{ 13.4
Cﬁ(@,f/mb flaro, Z IMOMCcONa Q( SO, / Na)[Y NH($OSNS)z{m St gp

§l Pyre benzyl ester behzet hani um d4a
f O
[

d—end e -3 Qrude UrWH (TESTdugr—estgrs)—ONg
0(¥4a#f ONE8 odowpt® PpPudiP t] of40| 94 85.7 34 1 7-4
alla '

For an optimum selectivity and a maximum- preservation
of the Sequences with affinity for ATIITI, it 1is
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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Dlsclosed hereln is the step of depolymerlzatlon of the
quaternary ammonaium salt of the benzyl ester of heparln
obtained 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%, is 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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HOONOr OHH ~-P29 O0O000OHOHOHO H 1410
z OPONa ) W14 Q(SONa) Y NH(SONa)z m o(aONan' "."
QsOta)Y NN(SONa)z m3 nmF-3 Crude ULMMH P..utMwH 5
The conversion of the quaternary anmonium salt of the
benzyl ester of the depol ynmerized heparin to a sodi um
salt (step e) is generally carried out by treating the
reaction mediumw th an al coRolMi ¢ sol ution of sodium

Heacetal e and Praleraply Wi a k0% sol ULON O csrer o
sodi u acetaté in nethanol wei ght/ vo uné%,z% a
heppeiat drse prdfdeainkenths betzzgdomanequevalent idynium

Wel gattxg_ftriﬂrﬁeeti@l%nﬁ'&q%rﬁ Sspreferably 3 times greater

than t mass of quaternary anmonium salt of the
benzyl ester of 15 heparin used in the o _
UBROIAERIY Zek | @Rel GRAGLIIGN. of phosPha zSRARENIfHLAbEORerably

tep ) i enerally carried out by neans of an
éﬁf?ﬁgi Ozjfetfz’lr%\‘l{)@r‘oxi de such as sodi um hydroxi de,

pot assi um hydr oxi de or |ithium hydroxide, in an
aqueous nedium at a tenperaR¥re of between 0 and 5
20C and preferably bet gghzﬁandeoc. 1to 5 nolar
equi val ents of al kali mnetal \hydrbpxide will be
generally used. PrefRtrabNy=Pthéi—sdtfonification will
be carried out in the presencgg_ok.1 to 2 nolar
equi val ents of alkali metal pydroxide. 10 The fina
product nmay be optionally piR7ified (step g) by any
known nmet hod of purifying depol ynmerized heparins (for

exa e EP 0037319B8l.). .Preferably, the purifj- catio '
i3 ggl:‘i"FEd gg‘? bgaﬁégﬁgsof' drto%enR{:er de’:d‘?rhtll%aj;n or
dijffeusnirednumregiresaranariat UreadfcdDst o 50C

Preferably, this operation is carried out between 20

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

chain.

Diclosed'herein”is a method for preparing the mixtures

of oligosacchqrides according to the invention -

comprising the following steps '

aj transalificaﬁion of sodium heparin by the action of
béﬁzethonium chloride, _ ' :

b) esterification of benzethonium heparinate by the
action of benzyl chloride( '

c) transalification of the benzyl ester obtained to a
quaternary ammonium sait, ‘ |

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, ' , _

f) optionally saponification of the heparin by the

action of a base such as sodium hydroxide,

g) optionally purification in particular by the action

of an oxidizing agent such as hydrqgen peroxide.




10

15

and 40C. The quaternary ammoni um salt of the benzyl
ester of 20 heparin may be prepared according to the
following reaction schene: a) conversion of the
heparin to the formof a sodium salt by neans of
benzet honium chloride in order to obtain benzethonium
heparinate (transalification), 25 b) esterification of
the benzet honi um salt obt & 8d~ above by neans of

" benzyl chloride and treatment with an alcoholic

sol uti on of sodium acetate in order to obtain the
Bl firh I inorepré ipengghepst éf 8F hépakfraigd below.
transalification of the sodiumsalt of the benzyl 30
ester of heparin to a gquaternary anmoni um salt and

prefe bLNy tg;;so t honi um cetyl pyridi ni um or
cetyltr sal t, FHerreaction of step a)
may Db t b € act kon of;7 35 benzet honi um
chlori %%Qa OR.Rdimpgrarin, at a

t enper ah?re |n the regi ontgh 15 to 25C Advan-
tageogﬁ@a f;';m mm S spighog @drm arl S nmolar ratio is
betvvem o e ha hradicr emSi heparin used is
pr efeFa‘FSﬁl'a f‘%{"‘“b“i’”@ "‘rﬁ“‘"“”“"FPf °“1‘%lt g nay be purified

Bl

bef orehghd in order [§ i ts der mpdeff™ spfbfrat
| evel vdcrasdi ng to l% Q,QI desesd be %o At
FR2663838wx=5 The esteri.d, of st ep|b)esdns: tsoma |,
preferabty carried o‘,u,tg,eaag;;,,ﬁgmc Al ori nat € Q- aQbograttdiicGon

~solvent (for exanpl e ehle®&@resfOr m or PHEEH) psighredium sait

chloride), at a rrperature of between 25 and 45Cyand

preferably betwe agg\ -1Q_Ihe e t “the
f orrmtef g =fenzet h msal% is t hegg T re r™tthe

formof a sodium Sabt=spynepreci pitation’ “ﬁ’é’é%" "
sodi um acetate at 10% by weight in an .3l . such as
nmet hanol 1to 1.2 volunes of alcohol b@reaonguener ally

used oI ume of react| on nmedium The 15 quantity of
benzy or| deo &k fal ONoudol are
Saponification
P W u MaOH4°C
Depafymmuﬂon —_St;;f__—ﬁ
zMeOWAooNa o(so‘m’r e OEQFAN NEO/i ™
. Stepdande

Crude ULMWH (residual esters)

OCSO,NG O(SONa)z
‘;Punﬁcaﬁon
202
° °" e ° D !
Py
CrEONayY  Hrgso ) ocso,uaw Rsopa | o o o ,Narr Kougopuez |

ms=-3

Crude ULMWH pure. ULMWH

The -conversion of the quaternary ammonium salt of the

- benzyl ester of the depolymerized heparin to a sodium

salt (step e) is generally carried out by treating the
reaction medium with an alcoholic solution of sodium

- acetate and preferably with a 10% solution of sodium

acetate in methanol (weight/volume), at a temperature
of between 15 and 25°C. The equivalent by weight of
acetate added is preferably 3 times greater than the
mass of quaternary ammonium salt of the benzyl ester of

heparin used in the depolymerization reaction.
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adjusted in order 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 wei ght..of benzyl
chloride are used for 1 part by wei ght of benzet honi um
.20 salt of heparin. Likew se, preferably the reaction
time wll be between 10 and 35 hours. The
transalification step c) hﬁ% be carried out by neans

f a_quaterna hl.ori de an referab
TR O et LN Mo S e by
mﬁamwidHfomwceaﬂmaﬂunembybannbydmmxchborsdeh I asansodium

l‘;gr%?&%fddém%é}{'&ssf&rfl &8%8%8%“%‘% qf; &g%ﬁ%&n%oo@é’e, in

vah eous uat er nar
&h| gagersodiarh Whl tatofa th@mb@nayur@spér ptweparith and

Fetcrahio [ﬂr%t@:té@ﬁ%ﬁ Qetﬁé)eﬁn@ 3andhgoRLXt Uregs 5 molar
aeeerd*eg as converted to anot her

efiydayLeyres a‘i’?a?’rg]%léa%“?ﬁaﬁfepé(ld@éqlﬁe e s R F3kt Y
w@dsalﬂretf@ra%ayanother S@&Difﬂf@&idn agiilgvedeustagried
oﬁk T Qﬁ descrlbed Iﬁ p@t% ‘13 580. E £
antuPES deedrdi v Fi s I8§’ Tar EIHGYALERE ©
aakich i yme thalls fbxeimed:i@s medi canents. 13 The mi xtures

of oligosaccharides may be used as antithronbotic
agents. |In particular, they are useful for the

?fr%afﬁ@ﬁ% Broslusedianbef opsrHeus land purdfiad (step g)
ém%loﬁﬁéwn deephy@i Brt thF’Q?&:cn%’ %ﬂd@&@ﬁdﬁﬂaqtééﬁms
e a Lal ,infarction, car
%er‘ﬁxﬁmg%c g?l \%83?@33@& of PEREepabiBheridie purifi-
casﬂi‘mn eis amwlr ated abuf i byi lkahisonf Tiyel cafee: qimxnscﬁépl in
ve an reat pp f t he RI | i,f.erati o
Eh? E%geBEE Hé#f&%elg§§ %therl EYOSIS:§n&O g O§0 c.
Erafegnadslel er 65is, drpratheon r dat n@mr_aﬁd prdyehekwreof 20
Lancayedy nodul ati ng angi o-genesis and grow h factors,
and for the treatnment and prevention of diabetic
di sorders such as di abetic retinopathies and

Mephyopatkhesy ammonium 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 (transalification),

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

c) transalification of the sodium salt of the benzyl
ester of heparin to & 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 hépatin, at
a temperature in the region of 15 to 25°C. Advan-
tageously, the salt/sodium heparin molar ratio s
between 3 and 4.




10

15

.20

.25

30

Di scl osed herein is the pharnmaceutical conpositions
containing, as active ingredient, a mxture of fornul a
(1), optionally in conmbination with one or .nore inert
exci pi ents. The pharnmaceutical conpositions are for
exanple solutions which can be injected by the

subcut aneous or intravenous route. They are al so
useful for adninistrationZ%% the pul nonary route

nhal at.i 0 or r out dosa
T R SO R BE L Re bRge, V! BhECRRIPLY: & &1 TEBRER"
Tl thatpamlemay Foe apuaddlitgd i befsrehangenénal order to
en a b lag, o

r%%bcutané%usagg$ggaﬁg3gﬁi{%g%fo¥ b%ﬁn 5EE5§&#%§U £b %the
melthgst detseniped rvemd torn i lf%@ﬁ%ﬁﬁwever | imting it.
Exanpl e A: PREPARATI ON OF THE BENZETHONI UM SALT OF

BENZYL OF HEPARI NATE 14 - Benzet honi um heparinate, A '
TH6 @STEFIdH B P heRt@PhBAI dih SIS EPh 928r4pd out.

1@{] é{\?bﬁﬂ.oh:?_né@dzelg d©gan 56| lsbleﬁaarﬂj‘ Lﬁog @‘xamtmaerl ﬁh]LBro—
t he ormao odl um ter.
LA | Sty cAtheileien Wi o akbtpeRaturd of
pBéneen &3 endf4htpannd psediewmbdyl etiear IF @edzﬁr{) C.
| o ar qgggd m | yti o]
Eﬁf%%gonl%ﬁ\heparfégtecﬁﬁ g qﬁhéqt éﬁ%ﬁheéglt is then
reiflooeirgsl ithethwo| ke ¥Bnof s ahsadddumtsad t é?ipe@ﬁ‘?‘aﬂél*éﬁtlon

b?{OQnEQﬁslzof'Oléro%iltﬁ[QS ade tQfc 2 %LQ% g‘;@hutb@n vﬁ?éclgﬂ'ﬁéjl UM an
acetate in nethanol are then add the_ m xture

aflicobigrle S UGRIsAE %W%haﬁm °aan YUr Vadumes 605 gicohol
ab:@znzryén@ﬁBIy ofishepasdn abguikusodbiakeedonn ddwei dror nThe

15 . 18 SOdi n1sa|t egr, esterifi.cati S

P 0 PR e R A h b PSR (S Sgee
a@(jm mol ) onflebepylokdstior af dﬁgmaleu P s@@l’c@mfsgmﬁ}on
AN, o400 @y digdi hhed Wahgr Al d idI0AUSEHwERNO 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.

Thé transalification step c) may be carried out by means- of
a gquaternary ammonium chloride and preferably by means
of benzethonium chloride, cetylpyridinium chloride or
cetyltrimethylammonium chloride, in an aqueocus medium,
at a  temperature of between 10 and 25°C. Advan-
tageously, the quaternary ammonium chloride/sodium salt

of the benzyl ester of heparin mol ratio is between 2

~and 3.

- The mixtures aeeeféiﬁg{ o P

35

‘a sodium Salt, may be converted to another alkali or

alkaline~earth metal salt. The passage from one salt t{o
another 1is optionally achieved wusing the method
described in patent FR 73 13 580. '

" The mixtures aceording—teo—the-invention-disclosed are not toxic - %

and nmay thus be used as medicaments.




20 a 2-litre Erlenneyer flask A After honpgeni zation
at a tenperature of about 20C, a pale yellow solution
is obtained. A solution of 64.45 g (0.1438 nol) of
benzet honi um chl ori de and 450 m of water is prepared,
with magnetic stirring, in a 1-litre Erlenneyer flask
25 B. The solution in Erlenneyer B is poured over
about 35 mnutes into the splwtion in Erlenneyer A,
with stirring. The formation of an abundant white
precipitate is observed. The Erlenneyer B is rinsed
The wmikt208sm odf dilsitgddadechatédeand malye Wwash wsaider aiss
t oduced nto_the_ Erl.en er A, The., stirri i's
ant s B B R T e g LT h i $04 T oRdd bF SEE o
for fbe IfZedmomest OrceptbirentioR cﬁlﬁa@{oame.:dud the «aliear
ortion of the supernatant is renoved and dlscarded

thromgegesy FeeRial 8t ard ISt t R L&edharent ggbolism,
unstal1eci piddf#nd S| urhyc38rappear angedrapdohhe mMostukad s
stirred for 20 minutes. The precipitate is allowed to
ischepdgedi neRELRGEVEboudi86asaisnut 85. ThBesupeehaphatails
V. a Caf: ( )Th p [
e R AP ont e T o (| TEA eLe, deth
in theppaesdntijooe andt e esddieorgnted The ppecipieaneiohn

t t washi per a n, th recipitate is |left
of |%£s%€%ensﬁgﬁcand fl??%%%ﬂ th?gaﬁ loﬁcﬁﬁro§ glntgpgd
artergbasterdbes cakier sthbentvashethtv thd4 ptévms: 280 wif of

distille mater The wet white soljd is 5 dralned and
cancefh by (Peeul dinthed Pé‘&&EeaeBPéééur@@d( 297°%Ba) fagtogs,
and Eeppernd Ur@réaﬂ:rﬁehﬁ: r8 o v & off t @ diyil et fer

12 hours, 87.5 of benz hepari nate, benzethonium
d150%9ﬂ¥5 aréu§5talﬁ€ﬂ Tﬁéa§ﬁ@h§(ﬂnﬁﬂﬁﬂ§?9a§h9$59%aaﬂd

5 B: DESCRI PTI ON OF THE HEXASACCHARI DE ATI I |
IIa Its Is) Na Na Na O 0=300 O=s"O0=s 0 Na 0 O Na
OONaOO p % O1

. Disclosed herein is the pharmaceutical compositions

nephr

containing, as active ingredient, a mixture of formula
(), optionally in combination with one 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) oz

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 Dbetween 20 and 100 mg per day by the

intramuscular or subcutanecus route.




‘E) ...0~- OHO,,. 0 ..p... OHO-
NHO OO0. NH 0-%0.s O=S 0 Na O Na

0,
0 O Allalts Is 15 Proton spectrumin D20, 500
MHz, T=298 K, Sin 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 (XHi3«d- 8Hz), 4.03 (1H, d, 8Hz),

between 4.05 and 4.13 (4H, m, 20 between 4.16 and

4.45 (84, m, 4.52 (1H d, 8Hz 4.67 1H, m), 5.06
The f(qﬂ.qow&n_gG%am}Bl% {-I_I_Jr-llsﬁratsfl—lz}hQS izye j_.gn d”tth%“)t
hOWéVér?@.l’[(l]th!’ngd’ltst) 5.46 (1H d, 3Hz), 5.72 (1H d,

Decasodi um salt of

4 deoxy a- L-t hreo- hexenepyranosyl - 25 uronic

Exang] G O (1->4p %ﬁg?%% @% gﬁ%‘ %@z&ﬁéh&%}@ kT OF
ucopyr anosy g ucopyr anosyl uroni c ac

_ BENZY%IX#&EPBR@HE%@ 2- sulfan1do , 6-di - O-sul fo-a- D-gluco-
pyranosyl)-(1-*4)-2-0O sul fo- a L-i dopyranosyl uroni c
aci d-
(1->4) - 2- deoxy- 2- sul f am do- 6- O sul f 0- a- D- gl ucopyr anose
. 30 - 16 Exanples 1 to 7 and 12 illustrate the
i nfluence of the water content on the selectivity of
the polynerization 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 alla activity of the
product obtained (with a water content of 0.1%
Exanple 11 illustrates the use of a phosphazene base
ot her than 2-tert-butylim no-2-diethylam no-1,3- 10
di met hyl per hydro-1, 2, 3-di azaphosphori ne: Use of
tert-butylimnotri (pyrrolidino)phosphorane EXAMPLE 1
Depol yneri zati on and conversion to the sodium salt
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15 (0.1%water): 70 m of dichloronmethane are placed

in an Erlennmeyer flask A 10 g (0.006 nol) of benzyl

ester of heparin (degree of esterification: 75%

benzet honi um salt) obtained as described in exanple A

are added slowy 20 vvith_st1i4r ring. The water content

of the reaction nedium is adjusted to 0.1% The

Ex Al t b iviin h-ﬁ.ﬁjé}_{iﬂ&éfoc under nitrogen. After total

di ssol ution, the solutl is.cooled to a t nper

B nsehatieupi 8 o Bt &H%@W%dﬁ%% o ig g;%rs ol

0. @GOl } eldddd etd R5solution of 10 g of heparin in
tylim no di et hyl.am ng t-hyl per hydr 3-

tg] Sﬁg‘spﬂgrlq’le O¥ﬁ‘él resuh:l n%l' ma‘LxdtbyungL i §¥stv|?a}éeé% (ne

I:a:odmrmelrsatﬂnr}a:en'ect,hswasém@nﬂbth 20 ¢orand doled.

During this tine, a solution of 30 g of anhydrous

sodium acetate in 300 m of nethanol is prepared in

Benzayl mstemeforhaparia g(sodiwr $3te) dissolution, 5 g

1 miyblko sapaycebn@airitie asfcaddriéd ocbhe sebuttodn of
The reactl on mxture in the Erl enneye

b eBt SHFEet i REPIELBAES it o @H&im% hg}%ﬁyclene

csfoldﬂld:m' vhesatblum ianet abe latateed eaperat teepenathee of
o] 5 5C vv|t netc _stiddl r

gqe%r fﬂ 112 Eo"l’rr% nu]t Ingthg;é}%sus ie¢13|%%11|1§1{)£ Of SOdlum

switdtee f dm 1mhbhenol0 amﬂut‘@mn Tl&éidﬂdear tbartmbﬁﬁt‘ﬂh‘é is

%%%@aantwa edsewtﬁte gwan%ﬁd ghacaagfgd(ﬂﬂ alg.

anol are a to the sedi nented
hsneey i eaterand TEPATG MR utOUSs QREATARE {oh §he form

4% NWtesdi JhesM et @egise | 6fteteresbdatbon for77%.
about 1 hour 20 minutes. The supernatant is separated

out and discarded (250 m). 250 m of nethanol are

. Halileyll testde ofdhepnt il Ebepmnetlpdmhum aablti he m xture

éé Stlrr%g4905Fﬁ_n QPt% Z QE@%' hgpégin (so%}um

SUS S|on | ere
R Hs)s . arfdeb ¢akel obfadméﬁlﬂ«éeﬁhéﬁﬁt%ﬁf@j wﬁw@wqﬁ into

anzﬂﬂ@f‘éotrlérﬂﬁeyékeﬂs%kow M@fteiolﬂﬁadg%rﬁrz@ﬂi% and a

hen dried under reduced pressure 10

’%@?ﬁfé’?%ﬁ%% PA 13HPYegPOnCof 0821 &fﬂéﬁlf ow’ 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 1-litre Erlenmeyer flask
B. The solution in Erlenmeyer B is poured over about 35

minutes into the solution in Erlenmeyer A, with

.stirring. The formation of an abundant white

precipitate is observed. The Erlenmeyer B 1is 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 opération of washing with about 560 ml of
distilled water is repeated twice on the sedimented
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drying for 18 hours, 2.51 g of the sodiumsalt of
depol yneri zed heparin in Celite (5 g) are obtained.
The vyield obtained is 64% 15 Saponification: 2.5 ¢
(0.0038 nol) of the crude depol ynerized heparin,
sodiumsalt in Celite (5_g)cohtained above, and 17 m
of water are placed in a 50 m Erl enneyer flask. The

gsie i s fal tft'}ﬁsd thagughw@smngfs Shipe £ €tog) assrzhe

. 20 and r| nsed %E wice 5 of vvat I]Fwe fi It h
RIS Hited aﬂé i i Sl%%Perﬂsﬁf} yE'rL PESR. & rﬁ?“g
anNo (03 O@ﬂnma{:e)adoglaa%.cawmt icaksodiss | shémt wadbeddwiichh 4

et irrdn e tu [ he. teqi .
R0 S B YRGS ife Dt ofni €Y' 3813 1o
dm;rrsad Frel sdlan i dnied ne@erarﬁ@leaedypaaasngel N2H@E1 kPa)

tgsm% x%%%'x%mﬁhl ehleder&f £o2dded s oXd rafter drying
sso ution, 21 nmet hanol are added to_the
fQdackd dPHR LR - i\ffﬂe@fsbﬁpwﬁghﬁaﬁrisaﬁﬁnupéglzeﬂlomwm
Sf1drethandprarigicaidethe fold nyveshduAisdd rid o for. 1
hour. 30 Stirring is then stopped and the suspension
is left to sedinent for 45 mnutes at a tenperature
Baantgie r &y ODESCRIFTIOMe QFUp ditiEat BEXASACCHARIDE ATIII

ﬁ%&%’[@fﬁ@“]‘o% and discarded (90 m). 90 m of
anol—~are added to the sedinented precipitate and
the m xture is stirred for 35 5 mnutes. The
precipitate isNeeft to re, sediffeent for about Ly

m nutes. The smper natant is separated out and ©

di scar ded (Sﬁ:sﬁp) 80 nl ofomﬁ"‘P\anol are ad@e&‘?o t he

sadi ment ed preo piNaat e cand t heOni KeureOi s stirPed for
ate in suspeﬂ on is then - -

:, L =15 dr f.nedan 4 hen
dri ed und@H reg?_célﬂ* press@te (8. R‘Iﬂa) 2. 8 ten‘ﬁérﬁf*ure
in the region 0C. After 5 )ﬁngqu' 18 holfr &
1.31 g of crude dépol ynerized Naefhar | nh[asgdl urrNéaPt)
are obtained. The yield obtained

Alla lis Is

Proton spectrum in D0, 500 MHz, T=298 K, & in ppm :
1.97 (3H, s), 3.18 (l1H, 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, 8Hz), 4.67
(14, m), 5.06 (1H, d, 6Hz), 5.10 (1H, d, 3Hz), 5.33
(1H, d, 4Hz), 5.36 (1H, d, 3Hz), 5.46 (1H, d, 3Hz),
5.72 (1H, d, 4Hz).

Decasodium salt of 4-deoxy-a-L-threo-hexenepyranosyl-
uronic acid-(1—>4)-2~deoxy-2-acetamido-6~0O-sulfo-a-D-
glucopyranosyl- (1->4) -B-D-glucopyranosyluronic acid-
(1—4) -2-deoxy-2-sulfamido~3, 6~di-O-sulfo~a-D-gluco-
pyranosyl)- (1—4)-2-0-sulfo-a-L-idopyranosyluronic acid-
(1—>4) -2-deoxy-2-sulfamido-6-0-sulfo-a-D-glucopyranose.
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IS 66% Purification: 10 1.3 g of crude depol ynerized
hepari n obtai ned above and 13 m of distilled water
are placed in a 50 mMl  Erlenneyer flask. The m xture
is brought to 40Cwith magnetic stirring. The pHis
brought to 9.7 0.1 by addigion of iN sodium

hydr oxi de. The reaction nediumis 15 filtered through

a ﬁxéﬁ pasmanbEang aid 0197imuet radgueaus BA%iuence of
ution is, added.. After St'”fngthe

gﬂ n per oxi d %I

5" DERREEE a PRperdfur S HTHE +igi OH of
etﬂ'n&smidmr echsthent rald zegtte bypXadddimi aI&IIaH@IZthltY

lék?e c%&yu&géj c%%’@i‘lr?é 2 g of sodiumchloride. :20

e Soltu (11

fonis tered through a 0.45 pm
nefxeapd egndd 14 18f hblpekeortar &hcheAngducags ot T

ﬁﬁmﬁgf(HE'§a§Qeéqﬁ99£fgn€Q éﬁctﬁédaﬁﬁ'%&@ﬁd@?ﬁfﬂaﬁ£VLty
15 m nut es, net hanal are en ad (g

Py e rmrcr@l‘:fforolthd @H"rlhc’hgw%elf h%?P%?% p%ﬁ ni;\;?)
25E£§uep§élsmnallqmlsrts:altefst the et nent af @lho&lpxbﬂatzean base
ni.nut es super at ant t hen .se at.e

Aiiar ded Y t—&utﬁgtlﬁrﬁﬁlqp%r% St r@r}%{ he >
mmﬂmchmﬂxme-mammMmmex s st| rred for

for
S b s rr SRS Grd S i) BRSEIENT 0L,
and discarded (50 mM) . The precipitate in suspension
%ﬁ_@mm Liltgred tgroughha No. 3 sintered glass. The
ite cake optained, is then washed wt
HERRE L 2O R e 20D |%P’}‘€e’iﬁ’é?‘heot%noti}f‘?1er1s‘%ﬂ’ruéﬁ salt

o oes wﬁlsuﬁ)e? 350pressure (6 kPa). at a tenperature in
egi on .0 40C ter dr o] ,

ifP B‘EI gogdgﬂiSPy% g& aﬁlgpar]%/n %SO%I umlsrgl %‘ Elllé]rﬁn%er

Hla sk ndd. They )(OeIOGGOtmDil)neIflbeBZ%I 1698t<ﬂlhe0f heparin

g‘%?i. ée%ft'egtgzﬁheaﬁeal yrr%lozed ﬂ@%ﬂ dlw salt)

ned are as ows:  nmean nol écul ar wei ght :

| 600
thitabrmd & i dRECHAPRG tin ErAMRYe are. added slowly

with stirring. The water content of the reaction medium
is adjusted to 0.1%. The solution is heated to 40°C
under nitrogen. After total dissolution, the solution
is cooled to a temperature in the region of 20°C,
followed by addition of 1.75 ml (0.006 mol) of Z-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 1is prepared in an
Erlenmeyer flask B. Aftér total dissolution, 5 g of
Hyflo supercel Celite are added to the solution. The
reaction mixture in the Erlenmeyer flask A is poured.
over 1 minute 30 seconds into the methanolic solution
of sodium acetate at a temperature in the region of
5°C, with magnetic stirring. After stirring' for
5 minutes, the suspension is left to settle for 1 hour
30 minutes. The clear part of the supernatant is
separated out and discarded (220 ml). 220 ml of
methanol are added to the sedimented precipitate and




10

15

120

25

30

35

5 anti-lla activity: 1.5 U ng anti-Xa
activity/anti-lla activity ratio: 118 EXAMPLE 2

Depol yneri zati on and conversion to the sodiumsalt 10
(0.2% 70 m of dichloromethane are placed in a

Erl enmeyer flask A 10 g (16 Q06 nol) of the benzyl
ester of heparin (degree of esterification: 75%
ﬂ)@zﬁﬁ.ﬁﬁﬁké missadt)rodd aifped |sndascsd bethe n pe:)eampliaafke

15 s| h
o At omRs S itr oot br (R Rnc PP oAU oo

a@emeetcbztm i@. Z%pd\famdtmm dingsofliscanded. A2 5@ ml) .

éSQJt %f P Qrfe d] to J_m nted
ylirm no di et%yl am no 3-di mat ﬁyl per r o-
m@:@wmpnadpm meixreradded. suhered xfake 5 @l@d‘—es

é rb88cifl t e NQUr SRkt Sigiel st ’e'li@n' aﬂh@rteaglt@ﬁ—cﬁfgh
OC. " During this ting, a solution of

asoaiq;m%cétléltt@neﬁl 36827F - of TEt hGRKE .%b*g%fp%?
vedresdreywarhf | ashk Bl Afft emetBhabldi S upade, g;-zegl@cb wet

fl o supercel lite are added to the solutl
Lt BRoRPREurE 1T £ TEAnEyar s FRShoAL) pretiure
k) averm Iempmia88 sevofibs metgcmrheOfreﬂﬁaﬁol iAfter

‘ 'dsr%l%%rfor‘)f 1909 psacebakg Wt Bg”&gﬂgt | Coffbah T 1Mt atof

erature in theé region ter stirring fo
c@mk&m%@lzweh%@%msmncebteft 5t g) sefel Obteinge -2 The

I $ . ogthei kd §afs Pyg, of the supernatant is separated
out and di scarded (220 mM). 220 m of nethanol are

added to the sedinented precipitate and the mxture is
Siponfli¢otidnm nutes. The precipitate is left to

d
LT S0 O eI FYRTE kg Sefrin
sihanobaate laddesll e t 16 gédiokdmiswradpet abad The ml
c}f\%e%éﬂletrat&é No¥ #é@&nﬁ' on | %Ot Hﬂn éfiéﬁﬁ@;%f hE%lQ!l a The

smteredgé{ass ecaeotalne i's then washed
sWarenson isf Hditenes . threuphl @ VP 1 odv #éhtsspry 9lass

and®0 riHgdded i theaedr fefiunder weegeed MHessiie ffe
okbtezlned is placed in a 150 ml Erlenmeyer flask. 0.4 ml
(0.004 mol) of 30% caustic soda 1is introduced with
magnetic stirring, at a temperature in the region of
5°C. After addition, the mixture is stirred for
2 hours. The solution is neutralized by adding 1N HC1
and 3 g of sodium chloride are added.  After
dissolution, 21 ml of methanol are added +to the

‘reaction medium. After stirring for 15 minutes, 44 ml

of methanol are added, followed by stirring for 1 hour.

+ Stirring is then stopped and the suspension is left to

sediment for 45 minutes at a temperature in the region
of 5°C. The supernatant is then separated out and
discarded (90 ml). 90 ml of 'methanol_ are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The precipitate is left to ré,sediment 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 1in suspension is then
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at a tenperature in the region of 40C. After drying
for 18 hours, 2.63 g of crude depol ynerized heparin in
Celite (5 g) are obtained. The yield obtained is 67%
5 Saponification: 2.5 g (0.0038 nol) of the sodium
salt of depolynerized hepgdnin Celite (5 g)
obt ai ned above and 18 ml of water are placed in 50 n

ﬂie@f@d{ertﬁﬁcﬁs@h The Nd). siispensianed S fliddser edhe cake

th h No. t d
SRt A d o n e u b REE uPEA3g, AN00h MeRhalbly THCTer
d&0idl i&r Heategdr afrldasiherD. drikd (1ﬁd664rﬂdl1):edf p3eMsure

f@uﬁﬂ’é)c ggd% 'tc’? % LW‘éh ff‘;mgg%t kf%igelsotnlég 0 ét @&fter

erature 1 n regiron o |t|on
fﬂh&éllm xtipe k8 ﬁquwsed flor3R2 chowrfs. Cehale s@ilemqlofmargzed

Fahi 18840¥maddinRy W anthed 9 Bhe $9dRHM \pbtained

ch orlde are added. ? m  of methanol are”poure into
heb®®action mixture. After stirring for 15 m nutes,

36 m of nethanol are added, followed by 20 stirring
é % hour. Stirring is then st opped and the

?ﬁb 2GRS 1 eft to sedinment for 45 ninutes at a

1 edhperaf uceuda tdbpolggeonzefl BEpaThe sbpeinatianboive and

separ a nd_di.scar ( 89, m of
iy%noﬁéaréggagi% tao tw%é:%g:eddaﬁcgent 2@1%%% p? taté ar%3 ml
Bl enreyaixt Gtasks Jiier mekwre 5iai hroaghtTHeo 40°C with

rpagercétpié aE%lr!rEnélJSplfHéc" R Il% tﬁﬁaufghtt%roed9t’w@ugh1aby
sintered ¢gla ke obtained is then

%g%ebomff f B9 apdopm ’Hﬁ%ﬂﬁaﬁbfie ThBewEeassrrg medium is
£l i et anthAdieyh dai ed. ldBdﬁfa m@ﬁbﬁgﬂeprmum A® iPa) £
1Sl n 0 Sh¥5Pobgn, Paile pafyialt i beaHipar| Arter
g tsiod g s dlotr) abeubbtalmmrsﬂas: pi etempbratned iin the
TSR, i Scdtoost yECS 00 KA
Brlo pfatéavprd PwoaafiitipnemieyérIf Idsksodham nicklgrdde.
Tﬁ%k”é%iﬁﬁléd)4£§:mtﬁ§n nﬁﬂmﬁékédStthEbﬁgh The pH4iss um

ﬁbéggetghg Z4 ml o%ymethanol are then poured in. The
solution is then cooled to 10°C and stirred for about
15 minutes. 36 ml of methanol are then added, followed
by stirring for 1 hour. Stirring is then stopped and
the suspension is left to sediment for  about
15 minutes. The supernatant is then separated out and
discarded (50 ml). 50 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The precipitate is 1left to resediment for
about 25 minutes. The supernatant is separated out and
discarded (50 ml). The precipitate in suspension is
then filtered through a No. 3 sintered glass. The white
cake obtained is then washed with 50 ml of methanol.
The wet solid is drained and then dried under reduced
pressure (6 kPa) at a temperature in the region of
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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~addition of 1N sodi um hydroxi de. The reaction nmedi um

is - 21 filtered through a 0.45 pm nenbrane and 0. 07
m of aqueous 30% hydrogen peroxide solution is
added. After stirring for about 2 hours at a
tenperature in the region p§ 40C, the mxture is
‘cooled to a tenperature 5 in the region of 20C and
ﬁl@ncﬁe%ee@raeeleﬁ asidli then défolhhditlzed @eﬁﬁr&ﬁdiﬁms
hl ori qe are addIe fro the reaction nmedium T
fareh 352 132nt?HP%Ped through a 0.45 pm nenbrane
mmmcwam@m aze00healtposred in. The

oﬁjt* %%ng C?QJZ eﬁUP 10C and 10 stirred for 15

T AUt es han are then added, foll owed

| Wmliara@timtﬁ hbu?. IGmgring is then stopped and

éﬁﬂ&% %@@i@ﬂt&?aﬁ@#li& §8€’H¥§B§z FQEiol51Mpnutes.

supernatant” i s then separated out and discarded
(40 mM). 40 m of nethanol are added to the 15

mt;ed pr eci pitate (sI urry appearance) and the
[Fn rels stirred f %r m nut es. TepLecrprt te is
S.

SFBQ%%%H%nta‘? SRBYTESHPRi ntf esThtheSodtum salt
Gﬁu,@%hat ant is separated out and discarded (50 m).

4Pr I pi.tate Si filter
(Er oughgf %%ol %&nesﬂ?%?@eda%{éasélggﬁg 1’%tgl iﬁilenmeyer
sk ndd i S han @a@lﬁ)édmmhh 5§ nthef hephsholestpe of
af%ﬂ' eﬁﬁﬁkﬁ'Qﬁd e8pd i ReRAEH LR Uﬁggr reghie€chonium

pressure (6 Pa) at a erature in the region of
n@Sf orﬂesegnﬁeer sin 1 exaRke pdy eare added

siwraiynemﬂﬁd shaparing (Sodi umie25nsakbedr @ mAimnad. The
Theeo%(r el d . obtai ned ,i,s 86% The characteristic

.of
| etieads hBRa e ¢ aactipra REAEhRL 2 fRRbeER® o
@rPZa%r malteen arovel ghtiss205Q idal, t chs75 ant i -(Ra 06t mpildy:of
i-41 A 1 | _
el e= 4 81 88k Yidno ba fo bt B 08 bedfiyaro

erqmbemhemneonm| oAdeeds he Brli upighbre 35is
{01 BPayRESE) 24 hours at a temperature in the region of

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 seconds 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 1left to
resediment for about 2 hours. The supernatant 1is
separated' out and discarded (230 ml). 230 ml of
n@fhanol are added to the sedimented precipitate. The
precipitate in suspension is then filtered through a
No. 3 sintered glass. The cake obtained is then washed

with 150 ml of methanol. The pale yellow wet solid is
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- 70 m of dichloronmethane are placed in a Erlenneyer

flask A 10 g (0.006 nol) of benzyl ester of heparin
(degree of esterification: 75% benzethonium salt)

obt ai ned as described in exanple A are added with - 22
stirring and under nitrogemgressure. The water
content of the reaction nediumis adjusted to 0.3%

egfa%ﬁ{?d ghtﬂbl 1Hegs0lHt é@Nuntietd FdOe@Opravbhref (6 kPa)
-tert-nu I.Mmno-, . o .
& dPettrﬁPi‘%}-/ﬁWH‘? 30 FPeny TR AT ard- 12%, - afthh gt s drying

Phosphohonesar @ .&8ded.ofTheruwdat depoilgmstrireédhapaain in

ature, i h ' 0 4 o ydNQ
L R R b T R S e e T E e
acetate in 300 m of nmethanol is prepared in a

HpSEYSLtidpsk B. After total dissolution, 5 g of 10
| o supercel Celite are added to the solution. The

Hy T
4encli A - APRBuPe L) n athd i | eadey®er seihsipTA depPotedd zed
oM r iln Minut € BOrsec@ndy i bheatiRedTeibar®| aeidsotg um  of

acetate solution at a te rafure in the region of 5
G raghet | B18CER i 1 AT dPL ot EFHPRECFSF S faPRd es The
shspdres suspénsifii tiexrddef thtougkt t éld or3 1shoteré@ glass

| éﬁ&IUtrgit%esc?dTh%iQheaq:gﬁ%ret f &?gaguﬁﬁ%g@éggt?ﬂéof‘filtrate

sepay _out and‘ C scar de
ortdhinrd b3 ephdded ib ehéSO0sadi Fardesdayeacifiasdt-e Oarfd ml

([h&dd Xt g b8 Sbi RdshQc SHdl NUEesaddhe wRt8C nRidrits
I n suspension is then r20 filtered throu%h a Naq.
shiieted ghhss. temperaiige dot aihedtPeiPReRtnasfed ALter
a/wditfé&o, gitweg neifensd . e 'sﬁ/\ﬁtrék%)l ifbd s Aaiured arthe
t he ri ed under. reduce res re (6 P at
R s TRCRRESFRERY B SR ah R Derd 15,9167
swiinsy ehbarjdefaceudedad. dégominerti zed hrewdr iareareured
in as iu in ' ( 5240) 1o em ik
sze d obtai S aeaysy %églﬁgﬁieﬂ corEERE 2_55&&310_ 03d °*
Ijinitehe Sé&didm @Bl feghagldearso afsdssl, rrg@'%fé‘ded by

sh?P@ﬂrﬁgi Rogell th%dﬁ Wt Pt ahged sahdd, ansbdSd Mbnaf the
wat er are pl,aceg in 50 m Erl|enneye fl gsk., The
SRR IS f LPEer et t HIHPIERE NfFor 345 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 1is 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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sintered glass and rinsed with twice 5 m of water.
The filtrate obtained is placed in a 150 m

Erl enmeyer 35 flask. 0.4 m (0.004 nol) of 30% caustic
soda is added wth magnetic stirring, at a
tenperature in the region -pof 5C. After addition, the
m xture is stirred for 2 hours. The solution is

ftBLlihl é%dzﬂr@uc}gﬁgian%glﬂﬂ'ﬁ% ﬁaﬁbaageofamdimm7 ml of

C oril de e. a ed. Q - [ (0]

e feopP s e an R e SO R on £3 ARRAEOUAL:

st iesy @ ml abbuitret hanolrar saiad@edtempbtremgte byn the
f h

P%i{)%xlh 2<|9% n&’psér e?}{r nﬁ%&ﬁaifn%glté Sc&Q%@ﬁgEBPﬁedc&g%ré@ﬁe

Typehdaragionsofhéd Sepritcht Blebunenhyadigedr dod aqddg-ion

&) v finl ofgneihangliiane addsdise tah% sedigEent ed the
precipitate and the m xture is sti

T9RCHERR | PPELEB- | ARSUSIRE I i 15t iraéﬁnf if |lt1§18éf§<i{1 L%

& I\@ 453 uiﬂ Nhened agleasandTheacake obt aheeldansit hene 1Chen
washe net hanol ., The we o]:seocll % i s

Rf & Had * andr??ﬁeﬁog'ﬁ P lindé&r F%ﬁﬂcecda pressure %8OEPannd
st irared erfper aflbr einmtelse r 8¢i ol obf40@tAdnel dayengchen
48 1. d
e e s L
gron aibomeed fardt tea: suspanglen éﬁud@f&em yifsHiman for

f@ﬁ@iﬁ&@%t a!rﬁsdsﬁﬁﬁo %%l t 1ﬂsn1thf@}‘n di@[s%é@@dv\?h@r and

re in a epne sk. e

q?%s'%ﬁf)ﬁ%ﬁt (8 mbe- vv|4t0h"§O ‘ﬁ’ggﬁ%fe:F‘EmQ i raﬁ%gada}ﬁé q ie

m%mm%é@ %?]fecﬂpil.téb‘ye acdgiltlir@y ofa]PipNamcrbiaem and the

roxi de e. reacti | It

IEJY lrsfen%crla%]ge%n 0. gs nulf_'é’saql;ﬂeoussgSE}qﬁggrgggeenls

Zp@ft)m deo solngsashinentaddethr Af talyoutst i rag nglliloﬁce%tboutThe
Stcaide éf‘é’éé& bﬁgt E%dZ%lrs%gﬂreréoofﬁw% the]?he_

ture 1Is neut I zed g N HCL, followe
W%H’b‘ha‘b‘? ang %‘FS%%WH‘FWCMSN Ben fifktgred - throug a

gk ssol Htihﬁéreﬁh@_;l%@ﬂt i 'Mie | whiilken ddid esBdaihbBHOUGh hen
waéheg wf@gbgg an 14tggnoa W%Bha%%t %ld 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 I1IU/mg

anti-IIa activity: 1.4 IU/mg

anti-Xa activity/anti-ITIa 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%, benzethonium salt)

obtained as described in example A are added with
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then poured in. The filtrate is then cooled to 10C and
30 stirred for 15 mnutes. 36 m of nethanol are then
added, followed by stirring for about 1 hour. Stirring
is then stopped and the suspension is left to sedinent
for 40 m nutes. The supernatiant is then separated out
and discarded (50 m). 50 m of nethanol are added to
s rirhien oS ech drent @slr pﬁﬁ’@i:@&_:;éﬂt préshurey Fppeandreeloandnt

d. T
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mlnutes he prec1pltate in suspension is then

filtered 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) obtalned above
and 18 ml of water are placed in 50 ml Erlenmeyer
flask. The suspension is filtered through a No. 3
sintered glass and rinsed with twice 5 ml of water. The
filtrate obtained is placed in a 150 ml Erlenmeyer:
flask. 0.4 ml {(0.004 mol) of 30% caustic soda is added
with magnetic stirring, at a temperature in the region
of 5°C. After addition, the mixture 1is stirred for
2 hours. The solution is neutralized by adding 1N HCL
and 3 g of sodium chloride are added. 15 ml of methanol
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di azaphosphorine. The m xture is stirred at a
tenperature in the region of 20C for 24 hours. During
this time, a solution of 30 g of anhydrous sodi um
acetate in 300 m of nethanol is prepared in a 30

Erl enmeyer flask B. After_tpjal dissolution, 5 g of
Hyfl o supercel Celite are added to the solution. The
deactiowrod xinte ithe heekrt eoneydxtilmsk Aftsrpewriading

ver m.nute 30 C nds into,.the nethanollc SO

%lét 3b R E S B B Bt A T e o T Howed
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The m xture 1€ |rre3 SPor M ndt es
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ryi or of crude, depg| yneri ze
el 14 S B e e 1 RS 1S oo e (5
The yleld obtained is 83% Saponification: 15 3.1
£# Jpl) of the sodiumsalt of crude

ynerlzed heparin in Celite (10 g) obtai ned above
?anfd 210Hd ceﬂdwatiemémepnaeédhenamnmob@au@mley@pve and

1l agk. The Syspensian M%ﬂ@ﬂtfﬁfg‘tﬁﬁg@Q@ alhb 50 ml
sintered glass and rinsed with twice 6 of

t@ C
Fhkenige Yy t fapakobtidiendul ¥ 5057 adéd hﬁ?%hitsot?ﬂ 40 with
o demey ekt ifrask. Orbe MpH( QLsD%rHul;}ltoftoBO@/q zausbit by

%Eﬁkééﬁﬁgg f% §ﬂgﬁpggﬂgﬁ£5§18t r&h reactlon medium is
filtered through a .45 um membrane and 0.07 ml of
agueous 30% hydrogen peroxide soclution 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 is then filtered
through a 0.45 pm membrane and 14 ml of methancol 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 suspehsion is then filtered through a

No. 3 sintered glass. The white cake obtained is then
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‘of 5C. After addition, the mxture is stirred for 2

hours. The solution is neutralized by adding 1N HC1 25
and 4 g of sodiumchloride are added. 28 m of

nmet hanol are poured into the reaction m xture. After
stirring for 15 mnutes,_.724n of nethanol are added,
followed by stirring for 1 hour. Stirring is then

%4 ©ippe dwani 50hm15ufpm&$h@moﬂslﬂﬁé waxssﬂﬁﬂuﬂﬂsfdwaﬂned

d
%r?scar C?gg %gé%l&peglﬁggg %éu%gﬁgtpﬁr:eﬁo are agng%ﬂ at a
terpseaiwent éd  pheciptaier afd £0eC mi afifresr | glrsrttngr ekpr
{®'houpknubes, oThe pLecd PHERLE yins rk 8EL th%pafﬁ%edt&?&‘ium

for about “20 mnutes. The supernatant i s Separated
%ﬁ&thn@r%SOQF%%%?@edTQ©OYhP}d obtaingd ket Bdhol are
added to tme S@(ﬁb&ﬁ@t@@ﬁt@&ispl tgte @R t heepb XKLl zed

is stirr m nut es. ecipitate in

ASRBht | BRes CprRirtd S ER; ad EREDSER A No. 5''si ntered

@&aﬁsmoﬂaeubakewen@matnEdOOsdhhennmashed wth 50 m of
q@glacg¥§ %ft f?z f8/%8 is drai ned and then dried

f educed pt essuf e kPa) at a tenperature in
Q¢E&Té@¢o®CE¢V1KMD lﬁ%eIU/mgylng for 48 hours, 1.9 g

@ﬁtflx@ea@@p@wwéﬁ@fﬂx Thepari ifgodhum sabh) are
obtai ned. The yield obtained 515 67% Purification:

1.9 g of crude depol ynerized heparin obtai ned above
ExwMp1l® 41 of distilled water are placed inab0mnm 10

f k. Th { b t t 4 th
TRRFEIRE et FIo SR B Tefat Sngr e tots S hare
6@ld4% iwmtet) § N sodi um hydroxi de. The reactlon nedlum
' i | Augh. .and_0.
Lgugghsggoggﬁhg'ogeniﬁEQBX| e sgﬁggégﬁeﬁgpa %FI%§ﬁ%§er

fEaski Ari rﬂgofgr Ebde mour §fatb@&12’ﬁ’énp%$%@€lr et hegrrin

e ofogocest-.e@lm&ta%%nl s neut r aldzet dieraddh Ndsalt)
1, followed by additi on of 2 of sodi um

IN
DI, aSTﬁj@Sﬁﬁ S%nis SERER LG [Aer 88t REGSEHh HLowly,
Wi poirrendl alReandté4 @ondlenteidfantle afendthioth medium

QUL jdstedango 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~
diazaphosphérine. 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 scolution. 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 ml). 80 ml of methanol are added to the sedimented

precipitate and the mixture 1is stirred for 5 minutes.
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20 the m xture is stirred for 15 mnutes. 36 m of
nmet hanol are then added, followed by stirring for 1
hour. Stirring is then stopped and the suspension is
left to sedinment for 15 m nutes. The supernatant is
then separated out and discayded (40 m). 40 m of 25
nmet hanol are added to the sedi nented precipitate and

Tihe prediecatesikriedtf @6 pefetiinest Foe RBRGICPIL alotir.
eft to resedine or,a nut es
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washed 51 hanol. The wet solid
¥Rehshdvashant®Y nBh &Y e@eahaeplre&m%dpa#@ssxﬁlel% wet
*&E@daisadrheﬁﬁdr@dethéht&@hé@QUQﬂeﬁfréaﬁbeéf@Q@ssure

PR T5od g7 o1 BnPhrhdd OLHiE SF ol C- After
dtiaedds 8Bphourd7 3T chardct emiste cslegholiymerized
KGR0 MTELLZedoREAIRLA TS G BLBAT AT esa8: T Ol O e

mol ecul ar_ wei ght’! tons anti-Xa activity:
20N UThe 5imkd -obaed it y83%. 3 1U/ ng anti - Xa
activity/anti-lla activity ratio: 94 EXAWPLE 5
%%Po' ri zat| on and conversion to the sodiumsalt 10
FARAYY9R: 140 M of dichl oronet hane are placed in
B Erlenngged0l8l ask)A o0 gHD. @4 hmh ) Qél’oenbyl crude
cgzgno%r Oefr:l.hzeeoc?rh )agsgl.ggr %llgée“lfd ggtlglgtal above
7 et onium sal” obt™ar né ed”T i>eXanple
and arZd addeefs| galter 16T thlatedr iy, SﬂwenlwatEe:rlenmeYer

t t 5
conien gl ngsarltan el huds At ilagde, G 536, 5
Fhrt&tedh #IATHi %erHﬂ%@ﬁyWéﬁlﬂnBW-}CQ 6 ml of water. The

filtrate obtained is placed in a 150 ml Erlenmeyer
flask. 0.7 ml (0.007 mol) of 30% caustic soda is added
with magnetic stirring, at a temperature in the region
of 5°C. After addition, the mixture is stirred for
2 hours. The solution is neutralized by adding 1N HCI
and 4 g of sodium chloride are added. 28 ml of methanol
are poured into the reaction mixture. After stirring
for 15 minutes, 72 ml of methanol are added, followed
by stirring foxr 1 hour. Stirring is then stopped and
the suspension is 1left 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 1is left to. resediment for about

20 minutes. The supernatant 1is separated out and

discarded (90 ml). 920 ml of methanel 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




10

15

1220

25

30

35

TEMrang candsl

di met hyl per hydro-1, 2, 3-di azaphosphori ne are added. The

mxture is stirred at a tenperature in the region of

20 20C for 24 hours. During this time, a solution of

60 g of anhydrous sodium acetate in 600 m of

met hanol is prepared in aflenneyer flask B. After

total dissolution, 10 g of Hyflo supercel Celite are

sﬂﬁklﬂj_ﬁﬂi ie dﬁ:gﬁnf&dl la&icbrthe'lfhedfﬁéﬁt uedefr Mlﬁ:éma giessure
neye 5 as I S pour over 1 m nut
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e

ension is t to settle Omnu

t®part of the 30 supernat ant is separated out and
d| scarded (400 m). 400 m of nethanol are added to
the edinented precipitate and the mxture is stirred

é‘?ﬂ?&ﬁ‘és The precipitate is left to resedi ment

]f OEF qbeat ciuhQUHepoTbﬁeSuBeﬂn&b@ﬁtrlins dRpdmaicediaite and
ég] glsc dgd gg &%é - 420 oflnet angk are 50 ml
dé h (]J' nt & rrec:|aplf?at% Aot hé"mi Xt ure
Elsl@tmeryeeld foasks Vﬂhmtrelsxtmh@ sgspensight i sot 4RC with
Si SS., The~cak
ﬁiﬁ %%%% %E&?Egﬂgmaéﬂga BH ;ﬂ; %ggughﬂf%ﬁ%t agor 0, % by

asid i ian | oty 1idt sedivg hydrozsdedr Fhge & oasd 1oHe meghijvay 1s
funded rdeduaech e s sir & (45 kig) m@lﬁb@aﬁ@rrm@t Ltre1 il of

the r 0C. After dry ng 18 hours, 6

acﬂuec‘?‘h% g@épgﬁ’ ﬁﬁf-’re?eé’ ik utb%?ar‘ﬁed‘ddﬁg %}e&er
stoidi timep alftord naBehtt e2 (HOups .atThe Eempeh:dtulntaal ired the
1182%18%/0 o%apé)(fuél C%éleorfn th}r6 9_8( 1t011a][m egd of) lhalec%déing

un1sa|t of ‘cru herized e ar’l
MGG, o bl eeed albmv«edd.@tanu a7 @i gofomceil@r echplaciede -

e 2 201 81 B4 eagey%enfl a@flté‘flédsugﬁﬁeabﬁn 2S5 0.45 pm
filtered throu%1 sintered gl ass and rinsed

mf O\Eatlt@rthanﬂwle 3¥¢t FAER BRU&RARednrs and
tHaacefi ktude 150sm drrileeyeforf| askmiduter. (GO0l of

m@t?anogl 30;/roecaucsﬁlc S%{jcfec?refaodldlowed 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 ml). 40 ml of
methanol are added to the sedimented precipitate and
the mixture is stirred for 5 minutes. The precipitate
is left to resediment for about 20 minutes. The
supernatant is separated out and discarded (50 ml).
500 ml of methanol "are added to the  sedimented
preéipitate and the mixture is stirred for 5 minutes.
The precipitate is left to resediment for about 20

minutes. The 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 40°C. After drying for

72 hours, 1.56 g of pure depblymerized heparin (sodium

salt) are obtained. The yield obtained is 82%.
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15 with magnetic stirring, at a tenperature in the
region of 5C. After addition, the mxture is stirred
for 2 hours. The solution is neutralized by adding 1N
HCl1 and 9.5 g of sodiumchloride are added. 66 m of
nmet hanol are added to the_rgaction nmedium After 20
stirring for 15 mnutes, 171 nl of nethanol are added,
Tloé | abed aoy estilstriiosg 60r thehodkpoBiméringdi dephein thus

angd.t fon is left to sedinent for 4
ﬁ%ﬁ??ggdagggn%§r§¥§$§5§n the region of 5C. The
Bepernalentlis veeghsepasabedadtionand di scarded 25
4360-5k) acdP0 i} of pethagl are added to the

sedij nent ed gre0|p|tate and"the mxture is stirred for
anpinitesacThelpYecl pPt A¥émgs left to resedi ment for

@@@ytx£0a@tﬂﬁi@ﬁ/aﬁbﬁ—ﬁnﬁeéaﬁlaﬂt | pateparaged out and
di scarded (180 m ). 180 of net%anol are added to
the 30 sedinented precipltate and the mxture is
BXAMPEE $or 5 mnutes. The suspension is then
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rh@fseousy 309% hys é‘pﬂ?@f% de . $0l 45588. 1 Sthe
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-é% ghgygrgass%odﬁum 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 is left to
settle for 30 minutes. The <c¢lear 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 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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chloride. The solution is then filtered through a
0.45 pm nenbrane and 38 nl of nethanol are then poured

in, at a tenperature in the region of 10C. The

solution is then brought to 20C and stirred for 15 15
m nutes. 100 m of nethanolagre then added, foll owed

by stirring for 1 hour. Stirring is then stopped and

theisedpensi athdrs Heflédt ansed mesdudeod PRemismuites(6 Then)
per ' en_s ra . Qut s scar ( .
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dbeaPheqi Pidat @nies Lk uho s£pedispen eﬁ?%eabgyb g?2 The

m nutes. The supernatant is separated out an

- PietArdRERINed HF)82%he precipitate in suspension is

then filtered through a No. 3 sintered glass. The
ite.%S cgke obtained is then washed with 50 nl of
Rahot 212  wet solid is drained and then dried
Gnéér ged@tedlOprrsiureof6 kRa) abdaduirenperlat uref i rcrude

' y Afte Lyl for, 18 h .. 3.7
ool PR, Dy B BRTARR, Bl PP pi gpgn dbove
@Mai‘iﬂe@.l_ Tthé WG ey edirjeomlaiqa?@b_ is &Z%'frOTmé Erlenmeyer
ehasact epi St i &8s fnd Nig, depol yinerd 280 he&mwg}ﬁ hus no. 3
obtained are as foll ows: mean nol ecul ar weli ght: 2200

R ghessxandt repepd Mikh UFHECSS5 WhiTL | pg water.
Bed | YilyraledobdafBedntis Xl aedd vid Yaantsio- k1a @etdnimdyper
£5i08r sToh b (Hebbaram srt J0FLcaserdter i ER ided
withli nhyoeviet banerang, pladced tm@eﬂt@nae;‘zar thd asdgion

208 (ReGiS TRl chenif SRGE s DOB HoLroa on

thained ABedesdiita i hs exgpire lAzegdr dndaddisgowiy HCl
Mdh stdrgingF Theamel ercieiteld ofrd heyd®ast i o6 m1  of
medium 10 is adjusted to 1.8% After total ,
%ﬁé&ﬁﬁQ&iO%FES.édﬂ?g to the reaction medium. After
stirring for 15 minutes, 171 ml of methanol are added,
followed by stirring for 1 hour. Stirring is then
stopped and the suspension is left to sediment for %
hour at a temperature in the region of 5°C. The
supernatant is then separated out and discarded
(160 ml). 160 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The precipitate is left to resediment for
about 20 minutes. The supernatant is separated out and
discarded (180 ml). 180 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
5 minutes. The suspension is then filtered through a
No. 3 sintered glass. The cake obtained is then washed
with twice 50 ml of methanol. The wet solid is drained
and then dried under reduced pressure (6 kPa) at a
temperature in the region of 40°C. After drying for
18 hours, 4.53 g of crude depolymerized heparin (sbdium
salt) ére obtained. The yield obtained is 74%.

Purification:
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(0.012 nol) of 2-tert-butylimno-2-diethylamno-I, 3-

di net hyl per hydro-1, 2, 3-di azaphosphori ne are added. The
mxture is stirred at a tenperature in the region of
20C for 24 hours. During this tinme, a solution of 60 g
15 of anhydrous sodi um acetafe.in 600 m of nethanol

is prepared in a Erlenneyer flask B. After total

4i 53 0lgut o BN ,crifieg @épdrlyj‘(xh@rswer telpzGelr t ebasenaddetbove

%§%1e4%e §p|8#| H§%£Tieﬁea&§{8r are turfalg the, o 100

neyer our ed” over P nut e seconds:L
Em@m%eelzoflaﬁﬁt hdhe |Ia1:s1a@br@nnacé:tm®fsrolm| 4A°6t with

rﬁﬁﬁ@if&u%%l'ﬂlnﬁhe FRY] Bﬁ Qlf 49ro%h'ﬂ @9”9“7% 0.1 by

stlrrlng After ~st |rr|ng m nates, th
adipelan onti 3N| epdipy hy FPF‘iédeforThgo rrﬁar%}tl@él mpid um is

£1 pad r I teifoddie asunemeah&ntméﬁbszaaar ahed QUI2RNEL  of

di scarde hanol, are adde
FHE S g@ﬁt g‘é'drﬁrgé& @%%rgﬁds?ﬁth‘?&t b e 30ge gt gﬁftéf
dtorr5img nfices. abdhe pZekdprgater i & I efetnpte@atesedl hentthe
or. abo QuIT . h nat. ant e £qqs
lter‘éil%psgtgrglz (45’6‘Z %%% rn&z‘;31 eq}argya%éjéidmg
1M HGle 30feddipwedt edypr ecidiittiaire arnﬂ tﬁe5nrgxt gfe ispdium
é&léfﬁﬁe forrne mMdteson Tfhes PrERlPI LA B d B USRERRI a

then filtered through No. 3 sintered gl ass. e
Q:eﬂés PR P EREENE s aﬂﬁer?’SV\HéLhébf ViR Rh 200! nPrEf thephamized

ﬂfh,e alfétlsea yg&é@émua@l ich i a:rgg ai e cemd dﬂﬂerz(id’rc.ed_'rhe
u reauc r u r.at ur |
IR ortS of e, BRAUI G g A6 1 FlbURT Lrts gor
Iof m:lrnuieas dehod yrrr]er 0f eﬂebhpaolnaaee t@lelnalaraietéd asdliewed
di [ 5 el t
REoptTrEdhl ¢dk OF hhRr( biln OF, XEolh AL, BLBBReS apa
thi )sespengigadigmisditt tof eedieengepory@ér inipgtes. The

ARl d Ak Celiist e (Hldh 9) sephakred ahave aAd S53ilcHlded
ter. are glaced in a 50 Erlenms er 5 flask. The

dthlon P8 1| P&r 88 thRNGdgREE Ned d&d EPnttbeedsfliggnted
@b Ipinsete Wwahl toMecemilptite Ofiswad®ixred for 5 minutes.

The precipitate is left to resediment for about
25 minutes. The supernatant is separated out and
discarded (100 ml}). The precipitate in suspension 1is
then filtered through a No. 3 sintered glass. The white
cake obtained is then washed with 50 ml of methanol.
The wet solid is drained and then dried under reduced
pressure (6 kPa) at a temperature in the region of
50°C. After drying for 18 hours, -3.7 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: 2200 daltons
anti-Xa activity: 120 IU/mg

-anti-IIa activity: 1.4 IU/mg

anti-Xa activity/anti-IIa activity ratio: 86
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The filtrate obtained is placed in a 150 ml Erl enneyer
flask. 1.25 m (0.012 nol) of 30% caustic soda are
added with magnetic stirring, at a tenperature in the
10 region of 4C. After addition, the mxture is
stirred for 2 hours. The_s:}odutlon I's neutralized by
adding 1N HCl1L and 10.5 g of sodiumchloride are
added. 70 m  of nethanol are added to the reaction
nedium After stirring for 15 mnutes, 190 nm of

|®are added, 15 fol | owed by stirring for 1
epid Lyrbii 24 Blon S 4N cadvppeibmnced heclsd!s BRIt isklt
kgfé to éedtgﬁnt for 9 hour at a tenperature in the
ret . The supernatant is then separated out
bhal dﬂsoafdddch@@80m&thanb801m& plagethadnol a afe lztdeder

aéf@e gm:ﬁ)t %G_tgo i §at %eﬂ%&lt hees{gr]xt er He%arin
s |rre nutes e precipitate 1s le
(@%@mﬁen@ff oestabblicanianaut 8%, Théengedhontam 'Ssalt)
SEPMRESdaqUlueaRg sl S Car dedafnh8Q M) - 2480:8he8f siowly,

net hanol are added to the sedr nented precipitate and
vHeR P RiEFENY s SRerVRESFoFoREeBtpPhytls. regstion medium
D¢ ecidiiulsateel IiEbSQSB%I’JSIiQf\te.S el fdisesedribnpugh saml

L A

aivree: Dieyll pench ¥ dwer- 12 ,eill-drrmlmpmmm&edln@r essuradqdéd kPahe
FLeeyignte Setsgr Lhe 4 smefogh U6 ) Seodinas

Q%3 for saf t hoare. o’atlam@dthxﬁetlgnﬁm & @@tlwtﬁ@@ |o§ 50 g

&@%anB%'rEh%até&ﬁum35051:536:919{ ebodg1depol yaBhLREH is
he ari n_obtai ned abmﬁ and 55 of  distilled water

Heded ih a®100% enﬁ?b’%ﬁrrey@aﬂ‘a%k S xt edal
cﬂBssbdﬁDM@itbn,t 01(40@3 mftnyfnagsapeecsm cellige ke pddesl. to
bhe? 0.1 addltlon of 1IN s

'%ydroxl&elo?he 1&50 | H%&% xturesjjlfg? é&enmeyer

Thskigh aid. s®uyadenteanel anidig; <1 30 seﬁ:onalque:om‘so 3aHe

..1@&5&9&1&@% 44 48 E%%‘t@” doi Added. a@f%%emﬁék%h% in

or about ours O erature in
the region of C, w1t 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 methanocl are added to the sedimented-
precipitate and the mixture is stirred for 5 minutes.

The precipitate is left to resediment for about 1 hour.

‘'The  supernatant is separated out and discarded

(420 ml}. 420 ml of methanol are added to the

sedimented precipitate and the mixture is stirred for

5 minutes. The precipitate in 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 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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region of 20C, the mxture is neutralized by adding 5
iNHO, followed by addition of 7 g of sodium
chloride. The solution is then filtered through a
0.45 pm nmenbrane and 49 nl of methanol are then
poured in, at a ten‘peraturﬁl n the region of 10C. The
solution is then brought to 20C and stirred for 15
gg icddbosd of 10 nethanol are then added,

| owed by stirring for 1 hour. Stirring _is then
—ét%‘bpe%l aﬁ% Ph@LsuepensPén ithe | srdipd setflfentoF orcpirle
%&ﬁbﬂ}ﬁgerﬂ;%&ii g hﬁ@l)ma?ggi% geltifken Eﬁpajl‘{ at edtadhednthbove
i sc e : t hano re.a to
8 B ertba \Bred pFrs @ ARPAS AN nil: e Htedteyer
Blasked Tobe Ssoilugties. The pfetterédtethirsubbft o No. 3

$A3ed [glgg':s tr%'ﬁs “»Ejﬁlb m;ices rRpt ant

separ at ed“out an d| scar e precipi
The stispenstencbsained fig tzelcae@ﬁcﬂ hiaugh 159 M. @rlenmeyer

sidder ed @mﬁ Tfmemtnﬁalqak%fobéébneéaﬁtwensg@a are
washed with m .of nethanol. The wet solid is

'%ﬂ?%%eﬂltlan&%m | S TRYRY . r 8duce dtPFBEERFRIEG ippd)he

Bdgion t efpara.urkfiert hadiedoan afhdSEixfhter idr ydthigrred

hours, 4 53 of .pur e.depol zed .h arln
(SoarutoS v hee BBeABE “4fic GrElER e nany | Sading
B\Z%C125af[¢ie 10har agctcefl sbdcmmofclﬂfm:id:@oayaealdzie@ﬂ 70 ml

ﬁ%ltﬂa%ggs ?t A Qfd akg ;”‘(éhéo'xje%‘é&lo'ﬁea@ ﬁ%}xﬁcu'ﬁter

tons anti - act|V|ty
%‘Wtﬁmll}‘:‘a Beri vt pingtes, URP 30 apf i mxghanol are added,

Mldﬂéd//flﬁtl -dd BraGid Vityr rat ipusd  RAMPLE 7 lS then
tZP /%/ng éattl on and conyersi,on Lo th% sodi msal s,

Bfl) .thes SUBPRPSHPNGiich| b bhetRant® %e‘b?agé?& :
hm.nﬁ Erd emreylmmpéﬂeﬂskre!\ 20 g:f(é) Oindr) off benzyl The
%%gnez qjanrkeparl n reeﬁg’arg grl f| atl on 75d/1°s<]:arded

hont um 33 t) o tai escri exanple
A.8Gmel Jadded 88l oM y, of wi e tdiainorli ngaré'he awhi%i cont ernthe

égdfﬂgﬁﬁﬁfcbkeeigﬁggﬂ@'Eﬁd'thé'hﬁXfure 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 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 is 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 (sodlum 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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33 is adjusted to 2.5% After total dissolution, 3.5
m  (0.012 nol) of :
2-tert-butylimno-2-diethylamno-I, 3-

di met hyl per hydro-1, 2, 3-di azaphosphori ne are added. The
m xture is stirred at a te rature in the region of 5
20C for 24 hours. During thi's tine, a solution of 60 g
pﬁl@éﬁwr%oﬁ@ um ageyat m' Np8RBrfheOf 2Bt hAMDI riS of
prepared_in | enmeyer f ask B. After total

ROt $9R, hygrgasp %ﬁl’-l% etebitkR it ardedddédter
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suspension 1| s | € our .
qmtttraﬁetateds%emhaﬁnmetbanglsémr ahea @@Prsﬁldlnr at a

dgcargad-d 400 fihe - ré&QoH109f10”@th@B%|s%ﬁ%t@@ﬂeQStQhen

the sedinented precipitate and the m xture is_stir
Brspudhty hoe &9, Tr%n%ré*éilﬁiftagt dor sy e‘f‘%n't‘Be“T'esééﬁn’E t Te
rehatout B0 mMunges.addwi cl efaﬂdlcgmd afy g m%rnng for
er nat | S_se oyt _an | scarde .
SupSIRatant Ls.serar ated ouloand, dLssarfed 010000 o
tdiouglo asdldimdnsi nfer e@gldssitethe Thke sabewahatetht s is -

%Arg%q{‘s\g?gg?lgg‘é" t h,200 a4 o QEAP&Q&' (16&23183' e1y8 dthWof

rai ned and t en dried un reduce

mtdsoinle esekrdded Aot e‘ﬁ@%r Segiaeant ahePFegibht 25 ond

B0C. Akt gbedrid NGt { AFed 8 RQUIS mih 8 4. Offher Wecipitate
dep olgnerlzed heparj.n are obtai ned, a g SOdIUW\Swﬂhe
9

it ckffte Efo g‘)eseﬂ@e;ﬂtel Ubt aPRBYTI s mggprtes
ﬁmnafuamaﬁl R 86pdrdBeg (dutO1iBdmod)schrdde sddiouml).

f I d h I
B LpPbahbfies"3h0 YEHRAL PRy Harh" s BBl Muyan
ar Nr | énaayteerecﬂl gs.kss ThEhsuwpétei oakies obitiaieeed is then

JEEHI‘%[@ W{ftm}g'?s 0 %]355';6?' E?HFHB 2sspaad w%'t”%%l‘il\ﬁ Ll tdﬂfaoi%ed

trate obtaine s placed

andsGhen Edréafeyerder| gaduced PreEeUrEe? (6l kst 3@%
€Ay oo geda sar ecpddadgion of 55°C. After drying for

18 hours, 4.53 g of pure depolymerized heparin (sodium
salt) are obtained. The yield obtained is 82%.

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

mean molecular weight: 2600 daltons

anti-Xa activity: 105 IU/mg

anti-ITa activity: 3.1 IU/mg

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

EXAMPLE 7

Depblymerization 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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with - nmagnetic stirring, at a tenperature in the region
of 4C. After addition, the mxture is stirred for 2
hours. The solution is neutralized by adding i N HC1 34
and 10 g of sodiumchloride are added. 60 m of

met hanol are added to the reaction nedium After
stirring for 15 mnutes, 1 m of nethanol are added,

- {9l have @t@d stdrping. fOAfﬂeBmtrotaitIaisggluﬁlbhﬁn 55 ml

t he. su penS|on is_ left tq sed |ma t
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net han are added to t edi A
BRRHET ¢ b Srid o B x Pur S SR FYFRd or o Bodiod of
M uttsr Thehguesi phuategi shief time,r esedilmsdonf ¢f 60 g
(0] ut e at t t nao;
@a? Hhhgrggﬂ’k%soﬁﬁa)um acHpgkRatan 6b§ ?p%@ﬁ g%oi‘ dis

I scar 180 of nethanol are
RFRP2LRAi et ed3pr eBF preBEESANd Fheski Riur Skt hderl

dDEsoButdnlt eso Jhes pﬂﬁbw' taperkB1s @@m@@@ Aitel SiddeRn to
5 fil éer ed thro

sI ntered ass, The cake
aPReytitent he?P??va%@&t\?moPh TWEEI%O%H %‘en&t
fihes ke s:D$| @:dlﬁ:adr aovneﬂ dandnimerne dBiledecodelrs rbdtloed:he

R t h
R e e
’d@olmmmedoﬁepérqln (wmdhunﬂ@ahﬁ)ila:resctmrmm@d RAicer
é’ﬁﬂ%rﬁlﬁt %J}?d g $niSAM0e SUT 'éﬂ&atéﬁbensﬁcﬁy g Of lcéﬂ@e to

rized heparin obtai ned above 25 and 59 of

%ﬁ%ﬂ@ | BRI whit R URr TP a€bBaFnParto0 tnither |Sém%y@rtant is
ddmsiatdde Hl.ﬂituraﬁlds i gdghticto 400NV . Magoet ¢  of

SRUIE0, o Tie P, BoUBl Lo Bele Ol DYy BOPLLLONn

the t adedutlr omagmmf)rel& Eornesbnanecend 0ha4 preaifp3tate

) I d f
Bsers W ILOIRDESLL! doest Ul a00edng VI SLar
p@g‘l onf othgocupekaafianturies | %emmt%qiu oud lpdadhigprded

liﬁd{ai fo'hﬁ@edﬂ%ééﬂﬂﬁﬂéﬁg‘oﬁn7 GfpSpdidiN is  then

| ori
flltered 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, 7.78 g of crude
depolymerized heparin are obtained, as the sodium sailt
in Celite (10 g). The yield obtained is 99.6%.

Saponification:

7.7 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 and rinsed with twice 15 ml of water.

- The filtrate obtained is placed in a 150 ml Erlenmeyer

flask. 1.3 ml (0.012 mel) of 30% caustic soda are added
with magnetic stirring, at a temperature in the region

of 4°C. After addition, the mixture is stirred for

2 hours. The solution is neutralized by adding 1IN HCL
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The solution is then filtered through a 0.45 pm 35
menbrane and 49 ml of nethanol are then poured in, at
a tenperature in the region of 10C. The solution is
then Dbrought to 20C and stirred for 15 m nutes. 126
m of nmethanol are then adgded, followed by stirring
for 1 hour. Stirring is then stopped and the

SUSPENSiPN 46 3§oﬂiaﬁt Ealéﬁgagengréor a@Bell. NUiRS 1 The s
supernat ant 'S en separated out and di scarded (105
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fiectitid ater and mt.ihat@bxt e il sdf rmeehfinslSarendrid,

re itate , |slef to .resedi me for about 2
TR Tt g arftof o L ERE oo iy L tnen

shdggmmednﬁlhhaﬂ$uspéhelpneammléﬂ& o &u&@mmnmnfos 34
qggh si nter I -

l{vﬁ’g{]e cake octt alrne ?ah'\& \%a]s ed:%\ﬂ%lq‘ﬁ)gS%sfrsﬂ 400}& The

sundrnrdlantTheiaet Wuin d pepdratadd tMtandanélen ddsicedded

{iréiﬁfmlf edUCQ@opfn@LSSUé@ (?hekzﬁ%)no%t 8y rd EMRRIRIMT €LbN the
he ra%!on of 55C. After drying for 18 hours 5.21 %Or

SIdiRATE afbpbr §REPiLERAShEpst | B¢ sBdrGHresatt) shigred
SJEﬁiaiiftQﬁs Tiﬂﬁeylgei];é’c:%bi%atf@d iisS ﬁ@ff% ’haa)e resedlmentl 5for
ar.ac ristics o e e 1.Z¢€e earlnt us
it e BBt { oThBne R e of SHRFBREY. 3550 200
dﬂﬁdarﬁedzﬁﬁBG)ﬁ&hctl&@tml 89 héthgnohnticel baded to the
j Vi ntj t Lantd <1
Riiceq Frdol b e BNy Re! ORI S | bRirred, for
&awmtsaa)n tBhe hepsedilpitadlt (I 5 sespevalent 6f then

ﬁqst@recﬂ-4QHﬁo h d'aPhll\Q!' onj;et réeiriﬁ: ARy Plagad in 'Ifhe cake
| enneyer | ask 019 no

%@%aérn h%p&hleﬁ‘ Y%@b@%ewbgheﬁ"éﬁq | %Oatmjonog S‘%thaml

mZﬁébOBbﬂlﬁdsaJst )drabhad naddasidescdibed Ladexamadaiced
t ot al

are_ ad W W th stirrin Afte
R e T T
Hod.i npfitea t@rrpemat uferi n18 hours, 5.87 g of crude
depolymerized heparin (sodium salt) are obtained. The

yield obtained 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 témperature in the

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

1N HCl, followed by addition of 7 g of sodium chloride.

The solution is then filtered through a 0.45 mm

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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30 the region of 20C, 1.75 m (0.006 nol) of 2-tert-
butyl i m no- 2-di et hyl am no- 1, 3-di net hyl per hydro-1, 2, 3-

. di azaphosphori ne are added. The m xture is stirred at

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

:Eelf&f”tﬁﬁ”%)é@&mfehﬁzkf@r Eﬁﬁn’((jﬁﬁﬁitééJtr‘thhét Ué@péf‘néﬂﬂ@nt is
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I's drain drie er reduced pressure
ﬂlse(ehﬁtﬁapt@trlétﬂ@ﬁpeq%t @h@ |419R<h]eYT'|‘%@r%ﬁF1 ofieppein thus

dﬁtg{ne@ryf@gaSnglgoﬁé crude depol yneri zed heparin
are ' |t. The yield obtained

S
450 7904 S0 e BRI I Ens Fon0 SSELG% 0 006 ol ) of the
sod +a sattioftgrutle TWappl ymeri zed heparin obtai ned

d f pl aced, in a 100 mi
%& en%%%e?ggf E9 Ofg En$Uﬁ%§ 009 nol) of 30% caustic
sweb-X3 addbdity{anbhghbeiacebvityrrango:al -4
tenperature in the region of 4C. After

. EXAMPLE 8

Depolymerization and conversion to the sodium'salt (0.5
équivalent 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

Erlenmever 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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addition, the mxture is stirred for 2 hours. The
solution is neutralized by adding 1IN HO and 6 g of
sodi um chl oride are added. 42 m of nethanol are added
to the reaction nmedium After stirring for 15 m nutes,
30 108 m of nethanol are agded, followed by stirring
for 30 mnutes. Stirring is then stopped and the
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Fldisk . Lapdrairedr ends thsughtied Heéew FRAVGE éﬁecssure
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Jdrring for about 2 hours at a tenperature in the

regi on of 20C, the mixture is neutralized by adding 20

i N HC1, followed by addition of 3.6 g of sodium

g i eativh solution is then filtered through a

5O 45 pm rrerrbagge a d Zéfm toge rreth Egrln arsgl%hen fpou(érre]’gc1e

depolymerized heparln 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 HC1 and 6 g of
sodium chloride are added. 42 ml of methancl are added
to the reaction medium. After stirring for 15 minutes,
108 ml of methanol are added, followed by stirring for
30 minutes. Stirring is then stopped and the suspension

is left to sediment for 30 minutes at a temperature in

- the region of 4°C. The supernatant is then separated

out and discarded (180 ml). 180 ml of methanol are
added to the sedimented precipitate and the mixture is

“stirred for 5 minutes. The precipitate is left to
resediment for about 30 minutes. The supernatant is
. separated out and discarded {170 ml). 170 ml of

methanol are added to the sedimented precipitate and
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in, at a tenperature in the region of 10C. The
solution is then brought to 20C and stirred for 25 15
m nutes. 65 m of nethanol are then added, foll owed
by stirring for 30 mnutes. Stirring is then stopped
and the suspension is |left 40 sedinment for 30 m nutes.
"The supernatant is then separated out and di scarded

{80 miyeuBO Wk ofcivaldhmnedr age adgeteto ghfe m%ﬁ@ritteate
re or

30 reC| itate, and the tu '
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otalned hen washed with tw ce. 3
*Fﬁ@aﬁéﬂ sbw%ruilr% aﬁéﬁhe@raﬁqdolf)ﬁ%ﬁna?re&he

y&‘@m 6&5&&@1 M espae. at a tenperature in the region
of 60C. After - 38 drying, 2.8 g of pure

depol yneri zed heparin (sodium salt) are obtained. The
Baelfficbtzomed is 80% The characteristics of the

' h R
o8k UIEr 260, " IEAEA D 3o PR SheaaploLiON Ao
3% 6l |Q1irrgdlamll¢da Hetevi t gres. PLROEAY At | AXa 100 ml
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iH_i - I eég%ﬁ‘ta' dhé pLutlon At ¢ gl eFReNALUT £n 'ﬂfhe

on of and coomgtoa enperature in th
Jr@gwm R C. hel nixoaze nip) nFutralegized by adding
1N HCl, followed by addition of 3.6 g of sodium
chloride. The solution is then filtered through a
0.45 pm membrane and 27 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. 65 ml of methanol are then added, followed

by stirring for 30 minutes. Stirring is then stopped

-and the suspension is left to sediment for 30 minutes.

The supernatant is then separated out and discarded
(80 ml). 80 ml of 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 1is separated out and

discarded (70 ml). 70 ml of methanol 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

obtained is then washed with twice 30 ml of methanol.
The wet solid is drained and then dried under reduced

pressure at 'a temperature in the region of 60°C. After
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20

butyl i m no- 2-di et hyl am no- 1, 3-di net hyl per hydro-1, 2, 3-
di azaphosphori ne are added. The m xture is stirred at
a tenperature in the region of 20C for 24 hours.
During this tine, a solutign of 60 g of anhydrous
sodium acetate in 600 mM of nethanol is prepared in a
c?.ﬁ_yi&[d,ﬁnrm)&rg L bgs}t(}parﬁl'laﬂép@f_ylh@ﬁla teactheparixt ursdinum
t t hr ee-necke sk A i red into t
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e clear part 30 of the supernatant is

B e war el ahiscad Yl dgBaonsi ). 310 nl of
mmla@\{ﬁvgg@edﬁg 1 hey/medi nented precipitate and

the mixture js,stirred for 1° hour. The precipitate is

I 1P e Hent Yot HHOW 18 hours. The clear part
it i-en seiniad wint 5 Bha seper-eled oatiand2eli scarded
(400 mM). 400 M of nethanol are added to the
sedinented precipitate and the mxture is. stirred
EXAMBLEhzGur. The supernatant is separated out and
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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 1is
separated out and discarded {400 ml). 400 ml of
methanol are added to the sedimented precipitate and
the mixture is stirred for 1 hour. The supernatant is
separated out and discarded (300 ml). The precipitate

in suspension is then filtered through a No. 3 sintered
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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 regian p§ 4C. The supernatant is
then separated out and discarded (170 m). 170 ml of
FEiS@nolriay e cadddedot@ihbe sidi nﬂretredwashe'dpiwatle andice

xtuels stl re or 30, m :
PICaThr Lk & deendloly o 0h0 T ol Ty e Pl IS
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sedl mented preciprtate an the mxture’is stirred
¢ordsodapalyesrizng Bﬁ@emt are obkadpefensicorilis sabiqm

fait erpde t Provghoconed ssnteged 30 gl ass. The cake
obtained is then washed with twice 30 nml of nethanol.

The wet solid is drained and then dried under reduced

wpsxswjacat:.anten'perature in the region of 60C. After
rying, de ol ymerl 4 he odi

gal fg) a %?al ned Tﬁ)e tg‘yl eI38 abt aj n%%[ %& gtlle

Rpwlymarlmd h@pargn obbtaideddepoigmenidz &b Iirelpa:rﬁ r’water

z?;[b al pad. %&%Pve gnd 5 3528h Qi d'ﬂlérlrﬁéiré/@teﬁl%ﬁ 1 ml

ace 100 m 40 Erl enneyer flask. The m xture
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o o et B0 O Rred kit oA ngarne
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net hanol are then poured |n a tenperature In

3heuregien- oftineingnds $oeHt |S&'ﬁ>HP§q R prisughitsresion
29C anf sbi el rfedrt iy Mouhesut 63 &k of twmigwnalumss ein

tﬁgnr%%qul f?'ﬁq%ﬁd The supernatant 1is 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 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, 3.6 g of crude
depolymérized 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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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

di scarded (70 m). 70 m of nethanol are added to the
sedinented precipitate apqujhg m xture is stirred for
30 mnutes. The precipitate is left to resedi nent for
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;minutes. The suspension 1s then filtered through a

No. 3 sintered glass. The white cake obtained is then
washed with twice 30 ml of methancl. 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

anti-ITa activity: 3.2 IU/mg

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

EXAMPLE 10
Depolymerization and conversion to the sodium salt (0.8

- equivalent of base):

70 ml of 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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Erl enmeyer flask Ais poured over 1 minute 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
15 is left to settle for 1 pyour. The clear part of the
supernatant is separated out and discarded (190 m).
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added to the sedlmented precipitate and the mixture is
stirred for 30 minutes. The supernatant is separated
out and discarded (190 ml). The precipitate 1in
suspension is then filtered through a No. 3 sintered
glass. The cake obtained is then washed with 150 ml of
methanol. The pale yellow wet solid is drained and then

‘dried under reduced pressure (6 kPa) at a temperature

in the region of 40°C. After drying for 18 hours,
3.05 g of crude depolymerized heparin are obtained, as
the sodium salt. The yield obtained is 80%.

Saponification: 7
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 iinsed

with twice 6 ml of water. The filtrate obtained is

placed in a 150 ml Erlenmeyer flask. 0.6 ml (0.006 mol)




10

15

20

25

30

35

Stirring is then stopped and the suspension is left to
sedinment for 30 mnutes at a tenperature in the region
10 of 4C. The supernatant is then separated out and

di scarded (80 m). 80 m of nmethanol are added to the
sedi mented precipitate and fhe mxture is stirred for

5 mnutes. The precipitate 1s left to resedi nent for
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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 ml of distilled water are placed in a 50 ml
Erlenmeyer flask. The mixture is brought to 40°C with
magnetic stirring. The pH 1is brought: to 9.6 £ 0.1 by
addition of 1IN sodium hydroxide. The reaction medium is
filtered through a 0.45 pm membrane and 0.08 ml of
aqueous 30% hydrogen peroxide solution is added. After
stirring for about 2 hours at a temperature in the
region of 20°C, the mixture is neutralized by adding
1IN HCl, followed by addition of 2 g of sodium chloride.
The solution is then filtered through a 0.45 pm

- 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 nethanol are added to the sedi nented precipitate and
the m xture is stirred for 5 mnutes. The precipitate
is left to resedinment for about 30 m nutes. The
supernatant is separated out and discarded (50 nl).

The precipitate in suspensipn.is then filtered

through a 10 No. 3 sintered glass. The wet solid is
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tenperature gl on o 4 C and cool | n
Jeraarrﬁiéueatm%mrh 96 the°Fegifditest doging,5 230y 09f pure
J@ﬁ&lﬁﬁeﬁﬁiéd EHEJXL:&W nedsd{ @ sahitdi nodPhespBehaBe The
areq?dd ure is stirred at a tenperature in
®r 24 hours. During this tine, a

teﬁPerature

- Biod ubhamaoteﬁﬁzsgicef @ hytleo Use syt 2oet ahepart i600chus

hanol [ repared in a Erlenneyer flask B.
%ttaln Totar” i s O&?‘?on 10 g of Hyflo supercel

@ treo beeu bald etk tght ¢ h2480| dalbons The react i on
i ure 40y g nyErlfgu{reye g/hkask Ais poured over 1
ds

m nute 30 seco into t t hanol i c sodi um acet ate
aptintbh At ienpek of uﬂé/m% 44 the region of 4C,

A N- RN B S JdAt NI T §€Fivity ratio: 96.4

. 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%, benzethonium salt)
obtained as described in example A, are added slowly,
with stirring. After total dissclution 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
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
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'."s;t'irring for 5 mnutes, the suspension is left to

settle for 30 mnutes. The clear part of the
supernatant is separated out and discarded (400 m) 5
400 m of nethanol are added to the sedinented
precipitate and the mxturegis_stirred for 5 mnutes.
The precipitate is left to resedi nent for about 1 hour
2Re M pEgeSn THBE super nakdrh ima@ewlai eGibdriand After
d{ascarded 250 é:o'?‘ 250 m q£ hanol are addedlt& to
Thet 10" Sedt Hent 2 d™pPEeT i t at an%u?%ee TSR ure®i s ©
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| |t [ T
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2pt ampedtedhe Th@|dsu@@&&amaﬁtl81@9%Eepalated out and

f i on: 00 f o]
RERaT AT bLAZgI mEbet BP0 BbaPanTeAP e n A endt Bebe The
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I t th . NQ.
éllﬁ:t&g?edggl Zgislgaln ri n e vvlthe:g% t%\ﬁagggrllg %P f:)ls then
fibterredhetiroughat e2 obf@i ndd $EnREREd giasa 250he cake

Ert By e sf | asdn  {ahe0. t@ﬂtlﬁ'mzb()ofnl:%Q% makshing1500the
i's addeg&vvlth rran%h(i stir at a erature in
r

PHES 1 ¥GH dAWofSAC S Taodaged 1 HhRbure s uider
sédiced poesR2uhouns. th¢ a6l at |t@|n1p|es:a$ﬁhxfaaeum allez atkdiyon

di g 1N 1.an hl
g rrp gf met hanoqgr%r’%J ad‘gl gg(g do q&mggﬁze%?%e?ﬁarm
Moeeryst igatiany f sodismi aaies, amtm mbt@ﬂneldet hhel wreld

ed, - f0] L oxgd by stlrrlngfor 15 minutes. Stirring
?lggt en stopped and the suspension is 35 left to
sedi ment for 1 hour at a tenperature in the region of

oﬁhg,_@ya;eéﬂat ant is then separated out and
IR IO g el Feulanor e 2l o
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 1s placed
in a 250 ml Erlenmeyer flask. 1 ml (0.01 mol) of 30%

~caustic soda is added with magnetic stirring, at a

temperature in the region of 4°C. After addition, the
mixture 1is stirred for 2 hours. The solution is
neutralized by adding 1N HCl and 6 g of sodium chloride
are added. 42 ml of methanol are added to the reaction
medium. After stirriné for 15 minutes, 104 ml of
methanol are added, followed by stirring for 15
minutes. Stirring is then stopped and the suspension is
left to sediment for 1 hour at a temperature in the
region of 4°C. The supernatant is then separated out
and discarded (140 ml). 140 ml of methanol are added to
the sedimented precipitate and the mixture 1is stirred

for 5 minutes. The precipitate is left to resediment
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-for 5 mnutes. The precipitate is left to resedi nent

45 for about 45 m nutes. The supernatant is separated
out and discarded (160 m) . 160 m of nethanol are
added to the sedinented precipitate and the m xture

is stirred for 5 mnutes. gEhe precipitate in
suspension is then 5. filtered through a No. 3
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%‘?alﬂe'iﬂ 25 sMeydn disathkhed;wat efoar f1plfcefletRafo?0 Mhe

enneyer flask. The m xture is brought to 4OC wi t
wdlgnetdld &t der | Agairgd pepfs BhemgHiried . wder | yrpiuced
émw qfe iRay0dbem Ay et ulte rigacthen megiomn of

f|| ed t rou menbrane,and 0. 1 f
%gée‘éoo fiyd ggerf%prer o%nc}éo%%? ut i %ﬁt}l g a %ed crtide
apép@lymesnzafd npepariabolgo®itwusslal aan@npbtauueé i he

r | he m xture is neutralized b
%{&gl%g&%%q"%,ggg?%md by addition of 3 g of Sgdl um

chloride. The solution is then filtered through a

'@uﬂfxfpgggfb,penbrane and 21 m of nethanol are then

oured in, a nperature in the region of 10C.  The
gom.% ﬁ:gufiﬁeﬁeps.lwsﬁfw?e sgeazAl 9?%%1@&% ofe and
7% it eSof S4diktafl 1eaet hanelr arerd heplladddd, ifol IaOV\E:‘cD ml

%?%Jesrtgt%%e'eﬂgffi%&l et i it PR ShSTRR e

, Iirdn@nesl:mr gatiamtinigs Thenpdepis abedught aiw di-dcdr 8ed by

cglm_gn dP My 8641 0R! Hgﬂgb;ﬁﬁ@ agged 10 4hen medium is

nented precipitate e mxture is stirred for

'Elh’lim s. thmengy ed pidt-4fe iy smpwbrapg radedi feh? Rbr OF

u£030% Ny %ogglﬂe &im ned Bt ids SeparRied Quiter
ggﬁrgir?garf%?:d g%out 2 hours at a temperature in the
region of 20°C, the mixture is neutralized by adding
1N HCl, followed by addition of 3 g of sodium chloride.
The solution is 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 mi of
methanol are added to the sedimented: 'précipitate 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
pre01p1tate 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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_precipitate in suspension is then filtered through a

No. 3 sintered glass. The white cake obtained is then
washed with 50 m of nethanol. The wet solid is
drai ned and then dried under reduced pressure (6 kPa)
at a - 46 tenperature in the region of 40C. After
drying for 18 hours, 2.35 g of pure depol ynerized
e dt (5o digm t15§| tr)egaroel obEai 4l . Thuftyélrel d@rying for
]gpgﬁined [ 39@6 e chara ter%gtlcs of h dium
Whier i 2ed” hep&fi #YHus"® PoF hat aPEPAEPol PR
sma:n rent e cabh teer i vesd gHithe 24041 dlabthiomsnednts -9@GF activity:

o, bSOl B L e b0 b e

-qnﬂﬁﬂQﬁﬁwaﬁQuaQﬂfQﬂﬁPWﬁmverS|on to the sodlun1salt

d&@%ﬂ@éﬂar HH OZ b cid prom®t hane are placed in
Erl enmeyer | 15 flask. 20,g (0.019 nol) of benzyl

%ﬁﬁ%ﬂXQﬁaqﬁ&%&WYI %Qﬂxﬁwﬁp4ﬁgesterlflcatlon 75%
dﬁﬁﬁuﬂigﬁadﬁﬂéiﬂi) 1 obtEinegl as described in exanple

ad ed slo . ith stirrin 09
et i 1S TR afte 8.55% 1 om and
the mater content is brought to 20 0.05% mhlle

Mﬁiglzsl owmy for 48 h. The supernatant is

d under an_inert atnosphere to a Erlenneyer

- Depesiymerigation otand dieaisnsinn o fhe (Eqiiampisplt

gﬁ dk%fﬁgté&¥y|lnlno 2- dlethylanlno I, 3-
di met hyl per hyd 1,2, 3-di aza orine are_added. The
LA iokt lﬂ% F%CE'EPFP@% theng t%%?p EFEF i t fle Hiryer

fifasR0C20or g24(hodr $.mdLy i ref t hieshztilmeesaesol cmfi drepafrin

of aphydr pu od| n1acet g in
Gedhal $8 " BPEHR EECRTRET) 2nta ortistpcRiug  g220)
dhn&ﬂne@iasommﬂqmlbeﬂ){poéxampﬂe §Upeat@la@éﬁdtélﬂwiy,

-@dﬁgdséfré&(ghe guafoa AT (e%%qtairo%i@v@ W idudde to

nneyer ure over about 2 mnutes
the oregetion medlum and the water content is brought to

0.05%, while stirring 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 dinto 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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met hanol i ¢ sodi um acetate solution at a tenperature in
the region of 4C, with nmagnetic stirring. After
stirring for 15 mnutes, the suspension is left to 35
settle for 1 hour. The clear part of the supernatant

is separated out and discarded (420 nl). 420 nml of

nmet hanol are added to the sedinented precipitate and
tde spstrided sosti rdwd fdirsckrddduteso ﬁhw pr&sd pinflat e f
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s2alpo nirf |G:m]tmtam 1(15 R6 FHO. W8T aplgdiredd tie &oditum
salt of crude depol ymerized heparin in Celite (10 g)

obt ai ned above 15 and 50 nl of water are placed in a
Bponifdgatianer flask. The suspension is filtered

ghough a\Nmogd 7 sidiher e ghass afiiisedIw t brd crude
times 15 m of water. The filtrate obtalnedjs

ed
4%%%%6%%%@9& iy ) Gekite, d10mg) (0°kbt1"%12n‘?‘£l )a% &
a¥thPo sauURLI Sodatare Ak agdaded tin magnel il sErienhngyer

t te eraturelnthe I egi 4 After addlt n, 4
P il USRI i fonddred Tl el o 187 3

Ememérmd zgth by andi ngnseéN M@l:harﬂj tlazlmégs o5 soli g water.
fﬂgc%if%%g%g éﬂgsgne57%@|§¥§4£?Pﬂ9”9'1 bCm §dﬁQQeE%eyer

the reaction ne 55t|rr|ng m nut es,

2ok 8f OfdetBant? - @ é2ameel, oF o|3|5@me@a%§/tﬂs@|r8rqdfg are

dfed OPHR. mabhkkieg EltS_LﬂEﬂ"bﬁﬂg stopped @b id@ire in the
suspension i,s left to ?s%(glm,ent fo 1 hour at. a
g

q%ﬁﬁﬁﬂa@ﬁré En sk iptonc thge mixture is stirred

for 3 hours. The solution is neutrallzed by adding
1IN 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 1is left to sediment for 1
hour at a temperature in the region of 4°C. The
supernatant is then separated out and discarded
(240 ml}. 240 ml1 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 methanol. The wet éolid is drained

and then dried under reduced pressure (6 kPa) at a
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supernatant is then separated out and di scarded 30
(240 m). 240 m of nethanol are added to the

sedi nmented precipitate and the mxture is stirred for
10 m nutes. The precipitate is left to resedi nent for
about 30 mi nutes. The superfgwtant is separated out and
di scarded (225 m). 225 m of nethanol are added to

i e¥miSatd NeRt etllh@r etdquidrat efangb tde moHewr edi:§lng for

irred fo utes., The s nsion i.s _the
NG Chr ook aF KBTS SeRPAEE L eds Fopd IdnkFodium
ohitE) reeck icbttdiemedashies vieid @h\tatmécﬂ) s 93. "kt hanol .
The wet solid is drained and then dried under reduced
pressure (6 kPa) at a - 48 tenperature in the region
Rridjcatieny drying for 18 hours, 2.65 g of crude
zieaz?l Yed fz%@uﬁ%oa&éﬁoi/‘?ﬂgky%dséiéﬁaﬁrrﬁ Qﬁtéhﬂég aere
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poured in..at a eratu n the of 10 T
ihﬁLﬂl $FF§o?heﬁS Urght and£§ ged fbrq251?qﬂn

M aEss &hﬁrﬁlomlzofnmehhnoblaaeeth@ﬁna@@@¢edcﬂnmwﬁda
@%nep%fa{{df@ {07 ¢hd F@gion%w HigRg i Si'#qteh%rbl%ﬂwq_@%en

suspensi on 1's to sedi ment for 45 mnutes

brrgipeFRathtC | andt Heki Bksdr §06d outgHit e scaltded of
rﬁé‘tﬁlc‘m&l 46-d1 @fen NTRid@EW) S BSERY sy thecirring for

di ment ed, preci pi,t at and 25 th ture is stirr.ed

OQ?Tn$ﬁ%E§ln§héS ﬁaﬁ Iq%&&peg ané e suspen51on is
left to sediment for 45 minutes. The supernatant is
then separated out and discarded (46 ml). 46 ml of
methanol are added to the sedimented precipitate and
the mixture is stirred for 5 minutes. The precipitate

is left to resediment for about 30 minutes. The

supernatant is 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 ofrpure depolymerized heparin (sodium
salt) are obtained. The yield obtained is 89.1%.

The characteristics of the depolymerized heparin thus

obtained are as follows:

‘mean molecular weight: 2500 Daltons
‘anti-Xa activity: 192 IU/mg




~is left to resedinent for about 30 m nutes. The
supernatant is separated out and discarded (50 m) 50
m of methanol are added and the precipitate in
suspension is then filtered through a No. 4 sintered
30 glass. The white cake obf@ined is then washed with
2 portions of 10 mM of nethanol. The wet solid is
Shtted -nETh  aaneli ¢ hiey: dr i @diondgr reduced pressure (6 kPa)
at. a ,tenmperature in.t regi on. of Af dryi ng
?Q&l_%il%ﬁkﬁ§§g§?%%§lgf§? %%¢%9%€ o?%n%?iz%%éheparin
(sodium 35 salt) are obtained. The yield obtained is
89.1% The characteristics of the depol ynerized
heparin thus obtained are as follows: mean nol ecul ar
wei ght: 2500 Daltons  anti-Xa activity: 192 U ng - 49
- anti-lla activity: 1.3 U ng anti-Xa
activity/anti-Illa activity ratio: 148 WO 2004/ 033503 -
50 - PCT/ FR2003/ 002960 CLAIMS 1) A m xture of

sul fated ol i gosacchari des having the genera

structure of the constituent polysaccharides of 5
heparin and having the foll ow ng characteristics: -

t hey have a nean nol ecul ar wei ght of 1500 to 3000
daltons, an anti-Xa activity of 120 to 200 |Ung, an
anti-lla activity of less than 10 U ng and an

anti-Xa activity/anti-lla 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 acid 2-0-sulfate wunit at one
of their ends, 15 - contain the hexasaccharide
Alla-Its-1s of formulaz: Na Na Na OO 10O
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O=S p 0=5a0 C=S?0 Na 0 ONa O ONaO O OOGHOO,,.
oH0. oHOO,.. o0so? 110'.1. CHOO,,. HOH % OH NH OH
"ONHO. O0. ,NH --~O0OSS0=s 0NaOONaO Na

Al lts Is and are in the formof an alkali or

_vﬁ%dm dgh 20 netal g‘ 2) The Roxl/¥RS00%3/002960

i gosacchari des as cl aimed in claim 1, characterized
in that the alkali or alkaline-earth netal salt is

from sodi um potassium calcium 25 and
lumsalts. 3) The m xture of oligosaccharides as

clainmed in cIaim 1 or 2, characterized in that it

on ai 5 r f [ .

r epr eses}i [ ng f P(J)fmls;l%ﬂf % 2?910@%0%%)%{18%% o?avmg the
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r@naféaﬁin% IL-E1 Y &1%@@@5@&&&&@9&@ t

om8 to 15% of he hexasacchari d
AMhEY t h3Ee | nat h@erExadid@tiade ¥eiehtonobr tREC to

3UOUldéiﬂHn§”|Qﬂséﬁ@haKbd%%t15ﬁtﬁhaxﬁ1XEUFQOOEOO IU/mg,

oI| ac rlde s .cl ai ned cl a|
%%&h §’Czlé'c}m"n Pﬁgt 1??Sex%]|"%?ts L?;Iﬁ i %
aarm-\xayaﬁtmmmnﬂasomay regp taindi. 12200 ﬂajtllrtg ofb) g‘ﬂwter
¢ of oligosaccharides as clainmed in any one of
C a|rrB’1 to 5, characterized in that it has an 15
v icanst dotent tal ifodazhaiae s ol Hie dptkiwres

part it i0f2 &> 30 shedddie flidhe m xture of

oI | gosaccharides as clainmed in any ., one of cl ains éftate

chf et & i Zed |W%rqttedexmﬂé?”cl§ FAFish a4~
act I VirtiW & iorld aomcitiedd Yeridd i O greater

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

-0
0=§%
Na, O
0
BH O
OH
~Alla His is

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 aikaline—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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~ than 50 and in particular greater than 100. 8) The

m xture of oligosaccharides as clainmed in any one of
clains 1 to 7, characterized in that it has a 25 nean
nol ecul ar wei ght of between 2000 and 3000 Daltons and
in particular from 2400 to 2650 Da. 9) The m xture of

ol i gosaccharides as clained in any one of clains 1 to
Bexabacabhendzetdattikat tdpexdeibtirsg B8Po@n18ntdo X6% of

ivity of b 150 00 |1 U ng, -1
B5b. YL BB EERoLRLgRR 2y 1 e o 11

mol ecul ar wei ght of between 2400 and 2650 Da. 10) A
gt f
hed Mgg%ﬁé’aéf ”81 ?EH{&SﬁaQE?QE' %% éi%.u“ < h% de8im

as clalne al ns

Bhe caataethirariyz Eh@%aﬂﬁ(ﬁOQUﬁ¥Qﬁw§9¢m 83 kﬁ’ of
Bﬁ@arh@xé§aQ§HQ£YH@f'B%%bJIEéMMx9r9§P|Qh@Edhéﬂésé@cﬁﬁﬁlde
resence of a_ ,strong organi ¢c_hase with pKa greater

RARCH6T Cabhet Brrbude: At HétlgPﬁéCGPééﬁF@Sbase 52
used consists of the famly of phosphazenes, in

rt cular in.a di h ronetha e_sql ution, NS _a
ng%n age oPrmatéf or P 8ge rHan" e@@éu% i%%gﬁﬁg ixf any
neehod ad adhrssi tedq m,MQhananIdnmzqﬂeqnutm@ﬁ b x¢exihilgits
htgosacchasig chal/myl d_200 10/mg.
BhafhbPorR BNt N IER B, RePlaRe, Mon By anpl 200, Tu/ma
0.3% and preferably I ess than 0.2% 10 12) The nethod

gliq m}@aﬁ@ktgﬂea%ﬁ|@1 Qsh@c{ih@hﬂbéoaﬁf clélmedl tJ.n any
char ac zed i a at er nar nium sa of
CRE BndASEE of b :Er’e A T GEnyBt hBAFUAE has an
aatyHpyei diadtdnriary cedsf/l t kst hyremons umisakty. Emdl3)in
gggtgﬁaﬁgg 8% Br @raP I?z %Ialned in claim110 or

, hat e

aracterlze bases of the famly of
phosphazenes are those of formula: R3 R4 R2--N\

W"ﬁ% MiRPure of oligosaccharides as claimed in any
one of claims 1 to 6, characterized in that it exhibits
an anti-~Xa activity/anti-IIa 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.

i0) A method for preparing mixtures of oligo-

saccharides as claimed in any one of claims 1 to 9,

during which the gquaternary ammonium salt of the benzyl

ester of heparin is depolymerized in an organic medium

in the presence of a strong organic base with a pKa

greater than 20, characterized in that the organic base
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NR6 R7 20 in which the radicals RL to R7 are

identical or different and represent |linear or

branched al kyl radicals containing from1 to 6 carbon

atons. 25 14) The nethod of preparation as clained in

claim10 or 11, characterigged in that the strong

base/ester nol ratio is between 0.2 and 5, and

wEeder abhgllbegme@ﬁf Ot@edanﬁﬁll$0 45) Ansephadehes, in
repari ol.i gosac rides n_any

BB HELATE o 161 Ro S hdpan o [T e 2

popecahtans af evsiosr iefl bes whanr@ns@al i fication of

sodi um heparin by the action of benzethonium

chloride, 53 b) esterification of benzethoni um

hbbar‘ﬂh%\tlee@mﬁl aed chyime@ déti ohabn B@nz?‘l’rclﬂr&ﬂad”é-ng

ﬁ)bxﬁﬁ@@§a'df' 62&@9%9&5?%@@4{& QSlBmeRbt ahne@mm 1,
tai ni ng, of uat ernary anmoni um sal t dl

depprgherizedi R g?hitthetaﬁat"@‘i‘%? ycﬁﬁﬁﬁﬁturﬁ%a gsgs than

® hexbgnaybress b0y hepartmakyothe. met hod as defined

in claim10 or 11, e) conversion of the quaternary

ammonium salt to a sodiumsalt, 10 f) optionally

- B2apobhéi mathod of phephepaibn by theimgct ion cdfim Hdkseor

ffchc% Iaege%%h&df%ﬂ&fat gahgp&hgeet_»hg ue.moaaunorgalt

icualar an oxi I ng agent
eﬁch:lm h9dzwgerﬁmrbxp§e hapang) Tife *ﬁ)é@hcl;zﬁna"sethonlumr

griﬂlﬁl@mn&ﬂ5ce§§§f§§ﬁ§fh§fﬁhm6hlﬁﬁaéai@e
t| n of step a) is carried out by the action of

- benzet honium chl oride in excess, on sodium heparin,

B8) aThenpetBbUr ofi preparaegoan aef claltr@dza(ﬁ, clwiitth 10 or

371 tsnodim hepar 5, moLat natd opglobetyeethd 2R:397 of

phasphaeeneedara.those of formula

R3
re—N R4
\
R1~—N==P<”N"”R5
N—RGE
/
R7

in which the radicals R; to R; are identical or
different and represent linear or branched 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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“that the esterification of step b) is carried out in a

chl orinated organic sol vent such as chloroformor 25
nmet hyl ene chloride, at a tenperature of between 25 and
45C, preferably between 30 and 40C, and the ester in
the formof a sodiumsalt_isg; then recovered by
precipitation by neans of sodium acetate at 10% by
wﬁl@éﬁefﬁféh@i&@h@f syehzashBBthanohepar tnPropadtadmed
30 of 1 to 1.2 vol s of alc hol .per vol ume of
1 eddYih %W%oﬁg AL ngl %ﬁl% rclaimed in claim
)5 oraddalithesianser iofedtha thmizyhe edegreeclpfained and
est |flcat|o 0 3 e m sal t of
Ehepets e dRer g “Rud OFr AL AL HERRLER T80,
cb)nouwce?tm@biz/am:v\eeﬁ the aehtooopany angynipe gatkodt
as'€ﬂ%'ﬁ@92§f ghatm 43, héﬁa?ﬁnl%y tGRARGHI 28d dd¥ined
t hat .5 parts by weight of benzyl chloride
perin %Jaﬁ'%mb}yov@?gmr of benzethonium salt of heparin
rec@ﬁ@éirg\iézh o ff eatd Oﬂlhfalt@n\éﬂly‘?hamﬁomhfﬂ beabet ween a
10a& 20) The nmethod as clained in claiml15,
chaf¥ ‘é‘?l‘i%Jd in that the transalification of step c)

£ @gaitidneailbjzlt dypombiinsaviona cquit erlmar yhepamwimi urhy the

ChiEt e QB%s Nhsteranki 10 ByafRAnRyatoReAgRt hon um
chl BF" dO cet pyridinium c ¥

9:)et<yﬂ>tmmllnyl BmﬁhgmtéﬁhorMUePal?W%lhlaléqQEoG@enéﬁ‘i}rﬁn

at t e Ngs2B8Gdrdddn TPersRi Hed as

cl a?f@%@ﬁ&%&%%%n éﬁgﬁgrégct:gr%ed%in éJf15 E?hat t he

guat ernary ammoni um chl ori de/ sodium salt of the

DN zphe eséehoaf abeﬁaﬁhmefmllnr atliadm 9 Shetakmara X canidzed. in

2) Th t hod I 1 d
%ﬁgt 2% nge‘%ﬁtéf%%nfi sf’gﬁ!ppocaalsl?dl%?nrlga‘lg}trla%?“ef‘t“ B§C the
sl @ nafy banrethonisal tchdfortie benzy&xmser of SOdlum
flspolyirerized (RGRALER A ofh end Scegishedeout o 25°c,

realng tion mediumw th 0|c

- whithyt Bors @t s odPdiimad@raen aﬂ@lﬁFeﬁ@rt&lﬂ yohi PREYCEH9,3

Sehuiion of sodium

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 alcchol per volume of reaction

medium.

18) The method as claimed in <¢laim 15 or 17,

characterized in that the degree of esterification of

the gquaternary ammonium salt of the benzyl ester of

heparin is between 50 and 100%, and preferably betWeen
70 and 90%.
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25 acetate in nethanol (weight/volune), 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 30 neans of
an al kali netal hydroxide h as sodi um hydroxi de,

pot assi um hydroxi de or litHhium hydroxide, in an
rAueays "RdiHRY afsa deimiat une Betweem 9, anth 20% 1,
and preferably O and 10C. 35 24) The nethod as cjﬁgwed
shardghianized chlr ddtalt i fe@ i¥° that BA%S 5Py wpight of .
e vl ent srofiealdedd | 1 Mplait hydr edid@t astl peafzetabing um
1to 2 nq{ar e.U|vaIents<§f S%g|un1 hydr oxi de_are which
Sfd. O85 NeRYTHhe2hE s YL bd TEACELE m 1EC
weitldl ded esatzexkni o tdrat 3heh purification (step g) is
carried out by neans of hydrogen peroxide, in an
aqueous nedium at a tenperature of 10 to 50C and )
Zefhrabhstived weenceimpd 18 g4deimpdp, Asharpedicciment 1n
48 Ol YOBRLHBANE 88285 06! BFTRA N c)aNYs 0Bgr Piegl BLEE by
1to 9. 10 27) As a nedi canent having an :
BER1T b oEPRt AERARY { $IMOPRAMChpEAEEhapRde P aferably

) aif@shd n @ny pegzethehaums thiveife,28keth@pyridinium

di capents as claiped ip claim?26 or 27, for, 15.the
RS orhr eeat hErmebroyanthatufy &fterfhe, "°1h Can
dduenbosesiieert weitrerpeonthost e tprdaroidr yarehtdh 1&m
unst abl e angi na, myocardi al infarction, cardiac
i schem a, occlusive diseases of the peripheral )
2k Fhesnethed a3 alaingd| LRaciean £Re FROKRLELALIZ6R 1n
HaSMRAkh 202 FLSEA £y Colrrfon Alhetheseh8EP8baiaMd salt of
arteriosclerosis, _cancer by nodul atjng, angi ogenesi_s q
ey eearh eakesrof hep@rdihi) o2k Ky Hor BoBHERNag 2N
3j abetic retinopathies and nephropathies. 25 29) A
phar maceuti cal conposition containing at |east one
medi canment as defined in claim26 and one or nore

2artiee euttioadl| §si nkaimedcipi ededmod Svelwhelresteorized in
~that the conversion to a sodium salt of the quaternary

ammonium salt of the benzyl ester of depolymerized
heparin (step e) is 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) 1s 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 claim 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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“additives. 30 30) The pharnaceutical conposition as

clainmed in claim 29, characterized in that it
consists of solutions for injection by the

subcut aneous or.intravenous route. 31) The

phar maceutical conposition &S claimed in claim 35 29,
characterized in that it consists of a formulation

39y tnbahathes hat @mgmetiorlnt ke a0 war%gﬁa&@rﬁ,ﬁed in
32) The pharnmceuti cal nposition as "cl ai.med cl ai m

PRt chhpaPrEfifieatinmy hta‘?ttem FonsF sfardied P Yatf'Girs
bor ﬁﬁ@té@@ﬁra@@@kimﬁndﬁﬂ f@m tml@asm roedibum5 38) a

PHpaETEerS o Ml R RN Eheb pattar Y hlWedhorp Ynd
48°defined in claim15.

26) As a medicament, the oligosaccharides as c¢laimed in

any one of claims 1 to 9.

27) As a medicament having an antithrombotic activity,
the oligosaccharides as claimed in any one of claims 1
to 9.

28) The medicaments as claimed in claim 26 or 27, for
the prevention or treatment of venous and arterial

thromboses, deep vein thrombosis, pulmonary embolism,

unstable angina, myocardial infarction, cardiac

ischemia, occlusive diseases of the peripheral arteries

"and atrial fibrillation, the proliferation of smooth

‘muscle cells, atheriosclerosis and arteriosclerosis,

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

and nephropathies.

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

additives.

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

injection by the subcutaneous or .intravenous route.

31) The pharmaceutical composition as claimed in claim

29, characterized in that it consists of a formulation

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

29, characterized in that it consists of a formulation

for administration intended for the oral route.

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

as defined in claim 15.




