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PREPARATI ON METHOD AND PHARMACEUTI CAL COVPCSI TI ONS CCNWﬁNMﬂmmmmmmm The
present invention relates to m xtures of 5 polysacchari “ uuron1
heparin, their nethod of preparation and the'phahnaceutical,gggpositgons f
containing t kN is a mxture of, sul phated nuc | V= rides o
ani mal or?giﬂsaEFZ§g?ébused in 10 partic%lar for its a ?&K?&Séﬁﬁﬁgﬁénd
antithronbotic properties. Heparin neverthel ess has di sadvant ages whi ch
limt the conditions for its use. In particular, its high anticoagul ant

activity (anti-lla activity) can 15 cause haenorrhages.
Low ol ecul ar - yeb gt DSPRYVRS AL W | | yBBE | of .
heparin estersﬁﬁﬂve ﬁeen prupd@%gé§§§§%%£2??ﬁ%§ag§§$: .ggéﬁ%?ggﬂcts stil

have a high aation | AnBChNRiNcEEPIIRE EAMBASEHPRORS! @éﬁﬁigxﬁa’;%&&ﬁs of
pol ysacchari des deriv _ ctivity
towards activated factoheXptéaeher in¥aht a8 aelbvakedof a¢kehrkl Lkactor
I1a) than heparin. The subject of the present invention is nore 25

particul abl ypohesateharedesf deul pbat edopohysaechar tHesr pessgasbHAY the
general structure of the constituent

preparation and the pharmaceutical compositions

containing them.

Heparin is a mixture of sulphated mucopoly-
saccharides of animal origin which is used in

10 particular for its anticoagulant and antithrombotic
properties.

Heparin nevertheless has disadvantages which
limit the conditions for its use. In particular, its
high anticoagulant activity (anti-IIa activity) can

15 cause haemorrhages.

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

20 The invention relates to mixtures of
polysaccharides derived from heparin possessing a more
selective activity towards activated factor X (factor
Xa) and activated factor II (factor IIa) than heparin.

The subject of the present invention is more

25 particularly the mixtures of sulphated polysaccharides

possessing the general structure of the constituent
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2 pol ysaccharides of heparin and exhibiting the followng characteristics:
- they have a nean nol ecul ar weight of 1500 to 3000 daltons, an anti-Xa
activity of 100 to 5 150 IUng, an anti-lla activity of 0 to 10 11U ng and
an anti-Xa activity/anti-lla activity ratio greater than 10, - the
constituent polysaccharides of the mxtures contain 2 to 26 saccharide
units and have a 10 4, 5-unsaturated gl ucuronic acid 2-0-sul phate unit at
one of their ends, in the formof an alkali or alkaline-earth netal salt.

As al kali or PRz gaRL t Lt e I pot assi c¢al ci um and
magnesi um sa ?g§§%geﬁg§gre e??egkpéﬁehnggﬁ ﬁ%ﬁggﬁﬁgbgmgﬁgh?o#gBH%Pgrnined
by hi gh-presgHy8ctbgiidielromat ography using two colums in series, for
exanpl e those nmarketed under the name TSK G3000 XL and TSK &000 XL. The

detection is carried 20 eHbybyatef hagbaRehbYectgrelidenheusgdisgol i t hi um
nitrate and the flowrate is 0.6 m/mn. The systemis calibrated with

standar ds prepaBedobsiattanti oaat anaioka asexepayi Bf( AVENELS) by
chromat ogr aphy on agarose pol yacrylam de gel (IBF). This preparation is
carried 25 dbf aU¢owgdi ag antih&Iteahnigieydescoi bed1byIu/mg and an
anti-Xa activity/anti-IIa activity ratio greater than
10,

- the constituent polysaccharides of the

mixtures contain 2 to 26 saccharide units and have a
10 4,5-unsaturated glucuronic acid 2-0O-sulphate unit at

one of their ends,

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

As alkali or alkaline-earth metal salt, the
sodium, potassium, calcium and magnesium salts are

15 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 G3000 XL and TSK G2000 XL. The detection is carried

20 out by refractometry. The eluent used is lithium
nitrate and the flow rate is 0.6 ml/min. The system is
calibrated with standards prepared by fractionation of
enoxaparin (AVENTIS) by chromatography on agarose-
polyacrylamide gel (IBF). This preparation is carried

25 out according to the technique described by

Barrowcliffe et al., Thromb. Res., 12, 27-36 (1977-78)

or D.A. Lane et al., Thromb. Res., 12, 257-271



Barrowliffe et al., Thronb. Res., 12, 27-36 (1977-78) or D. A Lane et

al., Thronb. Res., 12, 257-271 3 (1977-78). The results are calculated with
the GPC6 software (Perkin Elmer). The anti-Xa activity is neasured by the
am dol ytic nethod on a chronopgenic substrate described 5 by Teien et al.,
Thromb. Res., 10, 399-410 (1977), with, as standard, the first

i nternational standard for |ow nolecular weight heparins. The anti-lla
activity is neasured by the technique described by Anderson L.O et al.,

Thr onb. 10 R§§77 15 5§Eé5ﬂésﬁl%gghrewbhﬂcu@ét%haQQthth%hng%rSt

i nt ernati onal standard for | ow nol ecul ar weight heparins eferably, the
m xtures as gesewhbed (aboken exhibit an anti-Xa activity of between 125 and
15 150 U ng. 20 25 Mbst particularly, the m xtures as described above
exhibit an anti-Xa act et ynefi-kat weenvid) aBdmedBArkl By and have a mean
nmol ecul ar wei ght of between 2000 and 3000 daltons. Preferably, the
m xt ures accemddogytoct methbdvent aonhbameganiantiubkkaaaet destyibbd0 to 5
I|Umg. Still nore preferably, the m xtures have an anti- Xa
activity/antbyl Taieot evi &y . afhoogbeaRes., 10, 399-410 (1977),
with, as standard, the first international standard for
low-molecular weight heparins.
The anti-IIa activity is measured by the
technique described by Anderson L.O. et al., Thromb.
10 Res., 15, 531-541 (1979), with, as standard, the first
international standard for low-molecular weight
heparins.
Preferably, the mixtures as described above
exhibit an anti-Xa activity of between 125 and
15 150 IU/mg.
Most particularly, the mixtures as described
above exhibit an anti-Xa activity of between 140 and
150 IU/mg and have a mean molecular weight of between
2000 and 3000 daltons.
20 Preferably, the mixtures according to the
invention have an anti-IIa activity of 0 to 5 IU/mg.
Still more preferably, the mixtures have an
anti-Xa activity/anti-IIa activity ratio greater
than 25.
25 The mixtures of oligosaccharides according to
the invention may be prepared by depolymerization of a

quaternary ammonium salt of the benzyl ester of heparin

in organic medium, by means of a strong organic base



than 25. The m xtures of oligosaccharides according to the invention may
be prepared by depolynerization of a quaternary amoniumsalt of the
benzyl ester of heparin in organic medium by neans of a strong organic
base 4 with a pka greater than 20 or of sodiumim dazolate, conversion of
the quaternary ammonium salt of the bengyl ester of the depol ynerized
heparin to a sodium salt, saponification of the ester and optionally 5
purification. The quaternary amonium salt of the benzyl ester of heparin

| s preferabl yitheabpRackbaakum cnas! YoPyel AWM GeluLLGIRENY! ammoni um
salt. The depolynerization is generally carried out I'n"an 1Tnert organic

sol vent suchcaavarghbar bfatsd oaak¥enkr(f ammexahl eadi-chl-orgaet hane),
tetrahydrofuran, anisole, at a tenperature of -20C to 40C. As strong

or gani c basebenthlaepkargogatae dbbamyagrlhbdlﬁegaiihbke hOsHE@um
1,5,7-triaza 15 bicyclo[4.4.0]dec-5-ene, 2-tert-butylimno-2-
diethylaninosal37dsapbhyfmeahydnoof,Bhé-ébaéa-aﬁho&ph@bhﬁ@lythe bases of
the famly of guanidine and phosphazenes. The bases of the guanidine
fam |y aré pOrpfeferabhy those of fornmula: in which RL is hydrogen or
alkyl, R2, R3, R4 and R5, which are identical or different, each represent
an The quaternary ammonium salt of the benzyl
ester of heparin is preferably the benzethonium,
cetylpyridinium or cetyltrimethylammonium salt.
The depolymerization is generally carried out
10 in an inert organic solvent such as a chlorinated
solvent (for example dichloromethane), tetrahydrofuran,
anisole, at a temperature of -20°C to 40°cC.
As strong organic base with a pka greater
than 20, it is possible to use 1,5,7-triaza-
15 bicyclo[4.4.0)dec-5-ene, 2-tert-butylimino-2-
diethylamino-1, 3-dimethylperhydro-1,3,2-diaza-
phosphorine, the bases of the family of guanidine and
phosphazenes.

The bases of the guanidine family are

20 preferably those of formula:

N{,R1
R5 //L\ R2
\N N/
R4 A3
in which Ry is hydrogen or alkyl, R;, Ri, Ry and Rs,

which are identical or different, each represent an

25 alkyl radical.



25 alkyl radical. 5 More particularly, Rl is hydrogen and R2, R3, R4 and
R5 are nethyl radicals. The strong organic bases related to the .
phosphazene fanily are defined for exanple according to 5 R Schwesinger
et al., Angew. Chem Int. Ed. Engl. 26 1167- 1169 (1987), R Schwesi nger et
al ., Angew. Chem 105, 1420 (1993). g the bases of the phosphazene
famly, those of fornula: 10 in mhlch e radicals RL to R7 are identical
or different and represent al kyl radlcals are preferably used. 15 In tEe
receding formulae, th |kl cont al carhop atonms in the
Forn1of g straight or O?Sn%ﬁggagﬁggkﬁ Ad% ? g?%gnt%%gsg?b ‘organi c

base with a Rkasg4enl &rd ML RA Fapdiwm im dazol ate/ quaternary 20
ammoni um salt of the benzyl ester of heparin nol ratio is between 0.2 and 5

and preferably betweenTheagdréng BB@an@@rbh%@%a&biatbﬁet@eﬂh%e of
esterification of the quaternary ammonium salt of the benzyl ester of

heparin i s bghosphaZénandah@0¥ apd Asrphetierakl kxbepreencéerandg90% This
degree of 6
5 R. Schwesinger et al., Angew. Chem. Int. Ed. Engl. 26,
1167-1169 (1987), R. Schwesinger et al., Angew. Chem.
105, 1420 (1993).
Among the bases of the phosphazene family,

those of formula:

10
R3
/ R4
Rz2—N
R1 —N:P\——N—'HS
N—RB
R7
in which the radicals R; to R; are identical or
different and represent alkyl radicals are preferably
used.
15 In the preceding formulae, the alkyl radicals

contain 1 to 6 carbon atoms in the form of a straight
or branched chain.

Advantageously, the strong organic base with
a pka greater than 20 or sodium imidazolate/quaternary

20 ammonium salt of the benzyl ester of heparin mol ratio

is between 0.2 and 5 and preferably between 1 and 4.

More particularly, the degree of
esterification of the quaternary ammonium salt of the
benzyl ester of heparin is between 50 and 100% and

25 preferably between 70 and 90%. This degree of



esterification corresponds to the nolar percentage of esterification of
t.he uronic acids of the heparin. The conversion of the quaternary amoni um
salt of the benzyl ester of the depolynerized heparin 5 to a sodiumsalt
is generally carried out by treating the reaction nediumw th an al coholic
solution of sodium acetate and preferably with a 10% sol ution of sodium
acetate in nmethanol (weight/volune), at t enperature of between 15 and
25C. The equival ent by 10 wei ght of acetate added is preferably 3 tines

o T Lseq e eE i ERRa OIS AR ATIRNMD SR O heklieieleY o 3o f

. n
heparin used Int epol'ymeri zatron reaction. IS

general |y caekiggi®ykatB¥nmBansnel waanrakkali; | hydroxide such as sodium
15 hydr oxi de, potéssi&nlhydroxide gr ifhiS&F%§ ?of?%é%g%ﬁgggﬁ aqueous

medium at a tenperat urgeotohebweednl odNéne? Ga%%4n8E§f%&ﬁBquBFt“een 0 and
10C. 1 to 5 nolar equivalents of alkali netal hydroxide wll be generally

used. Preferahlly, ofhehsapenizi/ilcakicer wifl Eh@edﬁgbn&%rzgea%e%@r&ﬂe presence
of 2 to 3 nolar equivalents of alkali nmetal hydroxide. The final product

may be op6i onal hyspdiisfii edltbysapgnkradnymenhedeal opyr biyicraadepgl yneri zed
heparins and in particular according to the nmethod described in 25 patent
EP 0037319. Phef epabkyent hedpumi fviicht eonailsobaliicedodutiby BEans of
hydr ogen peroxi de, in an aqueous nmedium at a tenperature of 10 to 50C. 7
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
10 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.
The saponification is generally carried out
by means of an alkali metal hydroxide such as sodium
15 hydroxide, potassium hydroxide or lithium hydroxide, in
an aqueous medium, at a temperature of between 0 and
20°C and preferably between 0 and 10°C. 1 to 5 molar.
equivalents of alkali metal hydroxide will be generally
used. Preferably, the saponification will be carried
20 out in the presence of 2 to 3 molar equivalents of
alkali metal hydroxide.
The final product may be optionally purified
by any known method of purifying depolymerized heparins
and in particular according to the method described in
25 patent EP 0037319. Preferably, the purification is

carried out by means of hydrogen peroxide, in an

aqueous medium, at a temperature of 10 to 50°C.



Preferably, this operation is carried out between 20 and 40C. The
quaternary amoni um salt of the benzyl ester of heparin may be prepared
according to the 5 followi ng reaction schenme: a) conversion of the heparin
inthe formof a sodiumsalt by nmeans of benzethonium chloride in order

to obtain benzethoni um heparinate, b) egterification of the benzet honium
salt 10 obtai ned above by neans of benzyl chloride and treatnment with an
al coholic solution of sodiumacetate in order to obtain the sodiumsalt of

Lhe benzyl episterobiferei obd Lipgsal LTLgation ol Lhgesgduzysalt of the

15 benzyl ester o arin uat ernary anmodni um sa eferably to
a benzethoniamy g£eéy! pyridiniumor cetyltrimethylanmoniumsalt. The
reaction of step a) is carried out in an aqueous nedium by the action of

benzet honi um chl ori de TR e €X£LSSy AMmbEPERI Salh bhechorgenf,# sodium
salt, at a tenperature in the region of 15 to 25C. Advantageously, the

benzet honi unestéoroé fichdepain nmay bé herépsrmeef aécspdingn sal ¢thaolar ratio is
between 2 and 3 and nore particularly 2.5. 25 The starting heparin in the
form of a5sothllewsadtresedions pclkedeeably a pig heparin. The latter may be
purified beforehand in order to reduce its dermatan 8
a) conversion of the heparin in the form of a
sodium salt by means of benzethonium chloride in order
to obtain benzethonium heparinate,
b) esterification of the benzethonium salt
10 obtained above by means of benzyl chloride and
treatment with an alcoholic solution of sodium acetate
in order to obtain the sodium salt of the benzyl ester
of heparin,
c) transalification of the sodium salt of the
15 benzyl ester of heparin to a quaternary ammonium salt
and preferably to a benzethonium, cetylpyridinium or
cetyltrimethylammonium salt.
The reaction of step a) is carried out in an
aqueous medium, by the action of benzethonium chloride
20 1in excess, on heparin in the form of a sodium salt, at
a temperature in the region of 15 to 25°C.
Advantageously, the benzethonium chloride/heparin in
Ehe form of a sodium salt molar ratio is between 2 and
3 and more particularly 2.5.
25 The starting heparin in the form of a sodium

salt used is preferably a pig heparin. The latter may

be purified beforehand in order to reduce its dermatan



sul phate | evel according to the nethod described in patent FR2663639. The
esterification of step b) is preferably <carried out in a chlorinated
organic solvent (for 5 exanple chloroformor nethylene chloride), at a
tenperature of between 25 and 45C and preferably between 30 and 40C. The
ester in the formof a sodium salt is then recovered by precipitation by
means of sodium acetate at 10% by wei ght/volume in an al cohol 10 such as
met hanol. 1 to 1.2 volunes of alcohol are generally used per vol une of

react i on neduTbnkbe 16481 bokcdliBEnty i kRl Jeaglon Lime are

adjusted in order to obtain a degreé of esterification etween 50 and
100% and pr epatabky Frekweens/0 and 15 90% Preferably, 0.5 to 1.5 parts by
wei ght of benzyl <chloride are used for 1 part by weight of benzethoni um

salt of heparin. Likewrhe, eptefrgfabhy ibhe ofeatleon)t ii¥e prWirlh-apabet ween 10
and 35 hours. The transalification step c) is carried out 20 by nmeans of a
quat ernary armpmied ohkoinde ahdorpnetedablryabycmeansyeat heazet honium .
chloride, cetylpyridiniumchloride or cetyltrinethylammonium chloride, in
an aqueou$ nedhumlearhdorefpemabur methylbeeweriot@dand 25Ca Advant ageously,
the quaternary 25 anmoni um chl oride/ sodium salt of the benzyl ester of
heparin nol F&MPErpsulet aeherwarnd 25 Fhd AbRCurmed acededibdyvt o t he

invention, ipn the formof a sodiumsalt, may be converted to another
between 30 and 40°C. The ester in the form of a sodium

salt is then recovered by precipitation by means of
sodium acetate at 10% by weight/volume in an alcohol
10 such as methanol. 1 to 1.2 volumes of alcohol are
generally used per volume of reaction medium. The
quantity of benzyl chloride and the reaction time are
adjusted in order to obtain a degree of esterification
of between 50 and 100% and preferably between 70 and
15 90%. Preferably, 0.5 to 1.5 parts by weight of benzyl
chloride are used for 1 part by weight of benzethonium
salt of heparin. Likewise, preferably the reaction time
will be between 10 and 35 hours.
The transalification step c¢) is carried out
20 by means of a quaternary ammonium chloride and
preferably by means of benzethonium chloride,
cetylpyridinium chloride or cetyltrimethylammonium
chloride, in an agueous medium, at a temperature of
between 10 and 25°C. Advantageously, the quaternary
25 ammonium chloride/sodium salt of the benzyl ester of
heparin mol ratio is between 2 and 3.
The mixtures according to the invention, in

the form of a sodium salt, may be converted to another



9 salt of an alkali or alkaline-earth netal salt. The passage from one
salt to another is optionally achieved using the nethod described in .
patent US4168377. The mixtures according to the invention are 5 not toxic
and may thus be used as nedi canments. The m xtures of the present invention
may be used as antithronbotic agents. I particular, they are useful for
t he prevention of venous thronboses, arterial thronbotic accidents, in
particular in the 10 case of nyocardlal infarction. They are al so useful in

Lhe prevent] ag1gndel paabedt ;0bxt s, gnobbleratkoncat, Lig smaLh misc e

cells, angi ogenesis, and neur opr ot ecti ve agen rcat Heroscl erosi s and

for arterl0§§b§é§é'%roﬁ5oﬁaesaﬂ%s%6tahﬁ%ﬁ@E'9@ %b§905%h3&e§c59e5@%
phar maceut i cal conposli tions containi ng, as active I ngredl ent a mxture of

pol ysacchari desngcenedineghba deberiBeanthopatepki OBahlyshn conbination with
one or nore inert excipients. 20 The pharmaceutical conpositions are for

exanpl e sol uti ons whi citheanikeureseatedrbyngheo sHbcuh®BEOUSNOR Nt ravenous
route. They are al so useful by the pulnonary route (inhalation). The
dosage map vaey &eosdrdand meyt hbuagbe ugBdwesghedandmehase of health of the
patient. For an adult, it is in general between 20 and 100 ng per day by
the intranuscul ar or slibeumastouesrofit ehe present invention may be

used as antithrombotic agents. In particular, they are
useful for the prevention of venous thromboses,
arterial thrombotic accidents, in particular in the

10 case of myocardial infarction. They are also useful in
the prevention and treatment of the proliferation of
the smooth muscle cells, angiogenesis, and as
neuroprotective agents for atherosclerosis and for
arteriosclerosis.

15 The present invention also relates to the
pharmaceutical compositions containing, as active
ingredient, a mixture of polysaccharides according to
the invention, optionally in combination with one or
more inert excipients.

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

The dosage may vary according to the age,

25 weight and state of health of the patient. For an

adult, it is in general between 20 and 100 mg per day

by the intramuscular or subcutaneous route.



10 The follow ng exanples illustrate the invention. EXAVMPLE A: PREPARATI ON
OF THE BENZETHONI UM SALT OF THE BENZYL ESTER OF HEPARI N 5 Benzet honi um
heparinate A solution of 25 g of benzethoniumchloride in 125 m of water
is added to a solution of 10 g of heparin in the formof a sodiumsalt in
100 M of water at a tenperature in thgoregion of 20C. The product is 10
filtered, washed with water and dried. Benzyl ester of heparin (sodi um
salt) 16 m of benzyl chloride are added to a solution of 20 g of

benzet honi um hepari nat LN ¢89 181,18 n ide. . The solution is
heated at a 15 tenperature o? g%& %Osggggﬁggrg}iggggﬁggoFgg 10% sol ution
of sodi um acehatgtriBnnmet hanol are then added, the mxture is filtered,

washed with nmethanol and dried. 7.6 g of benzyl ester of heparin are thus

obt ai ned in tReMPoERef PREPACAPTONAbE WhHesBrfearaeneinv 2R1esber irfizcation is
77% Benzyl ester of heparin (benzethoniumsalt) 36 g (0.0549 nol) of

benzyl esterBBRZWBpRETAR OBOHEBAREHIt) and 540 ml of distilled water are
introduced into a 2-litre Erlenneyer flask A After 25 honpgeni zation at a
t enper at ube of about 2Bénzetpahéumybkpawisatation is obtained. A solution
of 64.45 g (0.1438 nol) of benzethoniumchloride and 450 m of
A solution of 25 g of benzethonium chloride
in 125 ml of water is added to a solution of 10 g of
heparin in the form of a sodium salt in 100 ml of water
at a temperature in the region of 20°C. The product is
10 filtered, washed with water and dried.
Benzyl ester of heparin (sodium salt)
16 ml of benzyl chloride are added to a
solution of 20 g of benzethonium heparinate in 80 ml of
methylene chloride. The solution is heated at a
15 temperature of 30°C for 12 hours. 108 ml of a 10%
solution of sodium acetate in methanol are then added,
the mixture is filtered, washed with methanol and
dried. 7.6 g of benzyl ester of heparin are thus
obtained in the form of a sodium salt whose degree of
20 esterification is 77%.
Benzyl ester of heparin (benzethonium salt)
36 g (0.0549 mol) of benzyl ester of heparin
(sodium salt) and 540 ml of distilled water are
introduced into a 2-litre Erlenmeyer flask A. After
25 homogenization at a temperature of about 20°C, a pale
yellow solution is obtained. A solution of 64.45 g

(0.1438 mol) of benzethonium chloride and 450 ml of

water is prepared, with magnetic stirring, in a 1l-litre



water is prepared, with magnetic stirring, in a 1-litre 11 Erl enneyer flask
B. The solution in Erlenneyer B is poured over about 35 mnutes into the
solution in Erlenmeyer A with stirring. The formati on of an abundant
white precipitate is observed. The Erlenneyer 5 Bis rinsed with 200 m of
distilled water and the wash water is Egtroduced into the Erl ennmeyer A
The stirring is then stopped and the suspension is allowed to settle for
12 hours. The clear portion of the supernatant is renoved and di scarded.

560 m of wakenoAkg,Rededatg Herhl sedirgnled PredlAldgke GLUTY.

appear ance) m xture is stirre “mihuates. Y The precipitate is

al I owed to rggel%aeabe&oab@mutz53911M@seant15h%he8%%mq Al s remved and
di scarded (560 . This operation of washing wth about 0 m of

distilled 15Ewabamey&rrﬁpeaheﬂ beiceing .t MaeSediiRRIGA BFegHPi tate. In the
| ast washing operation, the precipitate is left 1in suspension and filtered

on Sintered Gbandsadt Whetecpkecipither wasbedewhd .4 Thiees 1286 e Of
distilled water. The wet white solid is drained and then dried 20 under

reduced pbessuie ¢2ngekPa)tat 2a0t edpefatiseiilded hateegbad ehebQEshAft er
drying for 12 hours, 87.5 g of benzyl ester of heparin, benzethoniumsalt,
are obt ai newatFheiygi ehdrobugedednics 8HheO¥Wr IEXANPEE A .2FhBepaliymenigzati on
and conversion to a sodiumsalt: 28 m of dichloronethane are introduced
into _ is then stopped and the suspension is allowed to settle
for 12 hours. The clear portion of the supernatant is
removed and discarded. 560 ml of water are added to the
10 sedimented precipitate (slurry appearance) and the
mixture is stirred for 20 minutes. The precipitate is
allowed to resediment for about 30 minutes. The
supernatant is removed and discarded (560 ml). This
operation of washing with about 560 ml of distilled
15 water is repeated twice on the sedimented precipitate.
In the last washing operation, the precipitate is left
in suspension and filtered on Sintered Glass 3. The
cake is then washed with 4 times 200 ml of distilled
water. The wet white solid is drained and then dried
20 under reduced pressure (2.7 kPa) at a temperature in
the region of 60°C. After drying for 12 hours, 87.5 g
of benzyl ester of heparin, benzethonium salt, are
obtained. The yield obtained is 94.9%.
EXAMPLE 1
25 Depolymerization and conversion to a sodium salt:
28 ml of dichloromethane are introduced into

a 50 ml Erlenmeyer flask A. 4 g (0.00238 mol) of benzyl

ester of heparin (degree of esterification: 77%,



a 50 m Erlenneyer flask A 4 g (0.00238 nol) of benzyl ester of heparin
(degree of esterification: 77% 12 benzethonium salt) obtai ned as descri bed
in Exanple A are slowy loaded, with stirring. After conplete

di ssolution, 1.32 g (0.00948 nol) of 1,5,7-triazabicyclo[4.4.0]dec-5-ene
are added. The 5 mixture is stirred at atemperature in the region of 20C
for 3 hours and 30 minutes. During this %IHE, a solution of 12 g of sodium
acetate is prepared at 4C in an Erlenneyer flask Bin 120 m of nethanol.

The reacti oBeALXtHER; LA EahﬁvﬁsxeslﬁgasEsAdb§c995éad hnbga$g1%h§

met hanol i ¢ solution of sodium acetate, wt magnetic stirr

practically éfén§h§ﬁ§9t1888éaln99§h gehkemhgreﬁf@b&ahems@@%érs The
stirring is then stopped and the suspension is allowed to separate by

settling fordossohauionThe.gbegr (poobban Ab1yhgrl5 supernatant is renoved
and discarded (62 m). 50 mM of nethanol are added to the sedi nented

precipitate 1(yevtowiskabiyyappedranoefieand-ehe arst Ha@eds sherred for 20
m nutes. The precipitate is allowed to resedinent for about 30 m nutes.
The super hatahktuse20sr ehbveddaad di sempdedt (48 rh) th60retiofi o€t hanol are
added to the sedinented precipitate and the mxture is stirred for 20

m nutes. The2BP€cfprt atBoinssangedli ohnurest henringt héd bhmsi naered G ass
4. The gol den yell ow cake obtained is then washed with twice 25 ml of 25
met hanol . ThéOKEFleﬁlPé 4 drafn8@dins ¢RER2BP| &8 DRERAred at 4°C

in an Erlenmeyer flask B in 120 ml of methanol. The
reaction mixture in Erlenmeyer flask A is poured into

10 the methanolic solution of sodium acetate, with
magnetic stirring. A practically translucent gelatinous
vyellow precipitate appears. The stirring is then
stopped and the suspension is allowed to separate by
settling for one hour. The clear portion of the

15 supernatant is removed and discarded (62 ml). 50 ml of
methanol are added to the sedimented precipitate
{vellow slurry appearance) and the mixture is stirrea
for 20 minutes. The precipitate is allowed to
resediment for about 30 minutes. The supernatant is

20 removed and discarded (49 ml). 50 ml of methanol are
added to the sedimented precipitate and the mixture is
stirred for 20 minutes. The precipitate in suspension
is then filtered on Sintered Glass 4. The golden yellow
cake obtained is then washed with twice 25 ml of

25 methanol. The wet solid is drained and then dried under
reduced pressure (2.7 kPa), at a temperature in the

region of 60°C. After drying for 12 hours, 1.21 g of



reduced pressure (2.7 kPa), at a tenperature in the region of 60C After
drying for 12 hours, 1.21 g of 13 depol ynerized heparin are obtained
(benzyl ester, sodiumsalt). The yield obtained is 77.2% Saponi ficati on:
1.21 g (0.0018 nol) of the depol ynmerized 5 heparin (benzyl ester, sodium
salt) obtained above and 11 ml of wategjare introduced into a 25 m

Erl enneyer flask. 0.18 m (0.0018 nol) of 30% caustic soda is introduced,
with magnetic stirring. After addition, the mxture is cooled to 4C and

stirred for aeﬂgmyﬁerlgeé-ﬂé gdr9h RNag OBEQ%%%QﬁS$@B% gh%singtiO” i's

neutralized by addition of 1 at 1 nol/1 m xture

is.transferreddiomasd00)nm Thel gneeyerpthaskgand 75228l of nethanol are
added. The formation of a yellow precipitate is obtained. The stirring is

t hen stoppedsapoanditheistispension is allowed to sedinent for 12 hours at
a tenperature in the region of 20C. The supernatant 1is then renoved and
then di scarded (44 m)1.25% gl (6f 00mBt hahdl ofir ehaddegol omthezsadi nent ed
precipitate (yellow slurry appearance) and the m xture is stirred 20 for
20 minute8. WApapincibenayvé estekrl omeditm sadsedbbeatnkdr ahbost a8 mi nutes.
The supernatant is renoved and discarded (21 m). 25 m of methanol are
added to theldeBinthteatpreerpi tatsodndedhenhtpxaukf g Esienmedefor 20

m nutes. The _precipitate in susgension 25 is then filtered on Sintered
d ass 3. Thefﬁ?éht 9e@§0m; (0.0018 mol) of 30% caustic soda is

introduced, with magnetic stirring. After addition, the
mixture is cooled to 4°C and stirred for 2 hours.

10 1.43 g of NaCl are added and the solution is
neutralized by addition of HCl at 1 mol/l (14 ml). The
mixture is transferred to a 100 ml Erlenmeyer flask and
52 ml of methanol are added. The formation of a yellow
precipitate is obtained. The stirring is then stopped

15 and the suspension is allowed to sediment for 12 hours
at a temperature in the region of 20°C. The supernatant
is then removed and then discarded (44 ml). 25 ml of
methanol are added to the sedimented precipitate
(yellow slurry appearance) and the mixture is stirred

20 for 20 minutes. The precipitate is allowed to
resediment for about 30 minutes. The supernatant is
removed and discarded (21 ml). 25 ml of methanol are
édded to the sedimented precipitate and the mixture is
stirred for 20 minutes. The precipitate in suspension

25 1is then filtered on Sintered Glass 3. The light yellow
cake obtained is then washed with twice 10 ml of
methanol. The wet solid is drained and then dried under

reduced pressure (2.7 kPa), at a temperature in the



cake obtained is then washed with twce 10 mMl of nethanol. The wet solid
is drained and then dried under reduced pressure (2.7 kPa), at a
tenperature in the 14 region of 60C. After drying for 12 hours, 0.66 g of
crude depol yneri zed heparin is obtained (sodiumsalt). The yield obtained
is 60% Purification: 5 0.66 g of crudg,depol ynerized heparin obtained
above and 5.9 ml of distilled water are” introduced into a 10 m Erl enneyer
flask. The m xture is heated to 40C, with nagnetic stirring. The pHis

brought to betyesh §rapdod0 Ryraddili @AyOk-s0dbumifhydrgxide at 0.1 mol /|
and 33 nicroli%?es of an aqueous so%ut?onoof %yg?oggn per ox de“at 30% are

added. Aftercrsdéraépglinerabedt hdpPuhSisOobbainel $9dhYinchLieride s
added. The m xture is then neutralized by addition of HCl1 at 0.1 m /1. The

solution is Thenyfeldeskbtabnddlbst6assferred to a 25 ml Erl enneyer fl ask.
23.3 mM of nethanol are poured in. The formation of a white precipitate

i s observed. PThefstatiomg is then stopped and the suspension is allowed to
sedinment for 12 hours at a tenperature in the region of 20C. The
super nat abt 20 is thenOrehoyedf apvudaededotymedededShaparis m of  net hanol
are added to the sedinented precipitate (slurry appearance) and the
mxture is stPrrE@edrbove andut el. mThef pdeetpliedewasenl doeed to

resedi ment for about 30 m nutes. The supernatant is renoved and
introduced into a 10 ml Erlenmeyer flask. The mixture

is heated to 40°C, with magnetic stirring. The pH is
brought to between 9 and 10 by addition of sodium

10 hydroxide at 0.1 mol/l and 33 microlitres of an aqueous
solution of hydrogen peroxide at 30% are added. After
stirring for about 2 hours, 0.65 g of sodium chloride
is added. The mixture is then neutralized by addition
of HC1 at 0.1 ml/1. The solution is then filtered and

15 transferred to a 25 ml Erlenmeyer flask. 23.3 ml of
methanol are poured in. The formation of a white
precipitate is observed. The stirring is then stopped
and the suspension is allowed to sediment for 12 hours
at a temperature in the region of 20°C. The supernatant

20 1is then removed and then discarded (5 ml). 5 ml of
methanol 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

25 discarded (5 ml). 5 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
20 minutes. The precipitate in suspension is then

filtered on Sintered Glass 3. The white cake obtained



25 discarded (5 m). 5 m of nethanol are added to the sedinented
precipitate and the mxture is stirred for 20 mnutes. The precipitate in
suspension is then filtered on Sintered dass 3. The white cake obtai ned
15 is then washed with twice 5 ml of nethanol. The wet solid is drained
and then dried under reduced pressure (2.7 kPa), at a tenperature in the
region of 60C. After drying for 12 hours, 0.51 g of a purified mxture 5
of pol ysaccharides (sodiumsalt) is obtained. The yield obtained is 77.2%

The charactefiksthes @hshBESwiItK! B/8care hmeoEOhEeﬂhﬂal Maan,ae! ecul ar
wei ght: 1600 daltons 10 Anti-Xa activity: 94 |1 U ng Ant|-||a activity: <

0.1 U ng Angbixa agtayaiuéenahdltaeacaryeayuhaéroreauée@ pEééNEkE 2
Depol yneri zati on and conversion to a sodiumsalt: 15 70

di chl or onet hake7akBa) nt abdacedmparatuael®n sheErkgnoryeE Bbask A 10 g
(0.00595 nol) of benzyl ester of heparin (degree of esterification: 77%
benzet honi unhftét) dopirgnédras2dbsursbed.bh &xafphephrift edshowtyrkoaded,
with stirring. After conplete 20 dissolution, 1.7 m (0.00587 nol) of
2-tert-bubyl Phi polygadrbenydiani heodigmdsatthyipeohydined, 3TRedyazad
phosphorine are added. The reaction is allowed to continue for about 3
hours and 30°RtaLRed & &7-2%.

The characteristics of this mixture are the
following:
Mean molecular weight: 1600 daltons

10 Anti-Xa activity: 94 IU/mg
Anti-ITIa activity: < 0.1 IU/mg
Anti-Xa activity/anti-IIa activity ratio: > 100
EXAMPLE 2
Depolymerization and conversion to a sodium salt:

15 70 ml of dichloromethane are introduced into
a 100 ml Erlenmeyer flask A. 10 g (0.00595 mol) of
benzyl ester of heparin (degree of esterification: 77%,
benzethonium salt) obtained as described in Example A
are slowly loaded, with stirring. After complete

20 dissolution, 1.7 ml (0.00587 mol) of 2-tert-butylimino-
2-diethylamino-1, 3-dimethylperhydro-1,3,2-diaza-
phosphorine are added. The reaction is allowed to
continue for about 3 hours and 30 minutes at a
temperature in the region of 20°C. During this time, a

25 solution of 30 g of sodium acetate in 300 ml of
methanol is prepared at 4°C in an Erlenmeyer flask B.
The reaction mixture in Erlenmeyer A is poured into the

methanolic solution of sodium acetate, with magnetic



tenperature in the region of 20C. During this tine, a 25 solution of 30 g
of sodiumacetate in 300 M of nethanol is prepared at 4C in an Erl enneyer
flask B. The reaction mxture in Erlenneyer Ais poured into the

met hanol i ¢ solution of sodium acetate, with magnetic 16 stirring. A
practically translucent gelatinous yellgg/ preci pitate appears. The
stirring is then stopped and the suspension is allowed to separate by
settling for one hour. The clear portion of the supernatant is 5 renoved

and di scarded;( 204,4) o &%écq&cgﬁlgﬁgggﬂgggatgﬁg addad;hg,Lhgcsqd) ment ed

precipitate (yellow slurry appear xture is stirred for 20

monutes. Thgrpeegkphtat 8ppsadkl oned 591&§§ﬁ§iﬁ%nkhéﬁrsﬂgggéd39nd”‘nutes-
The supernatant is then renoved and discarded 10 (162 m ). 125 m of

met hanol ar ethddsdspenthen sedamesied pobegephiate Bpdsthe1Ahyt vpe is
stirred for 20 mnutes. The gel atinous precipitate in suspension is then
filtered on Ghatboed.ArhsscleaFfhpoyelibawofgehat snpesnaakatobtai ned i s then
washed with 2 portions 15 of 63 m of nmethanol. The gelatinous solid is
drai ned andremewedrard dndeardeduc@d4pmidssules(RAl70kPagthahod akenperature
in the region of 60C. After drying for 12 hours, 3.34 g of depolynerized
heparin (benagfiedster thespddimestbd) paceipbtatredyeThewysdhdrgbt ai ned is
85.3% 20 Saponification: 1.67 g of depol ymerized heparin (benzyl ester,
sodi um sal t ) 2BBearaBaeAbBVE Bhe Bapburei éd stirred for 20 minutes.

The precipitate is allowed to resediment for about 30
minutes. The supernatant is then removed and discarded
10 (162 ml). 125 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
20 minutes. The gelatinous precipitate in suspension is
then filtered on Sintered Glass 3. The yellow
gelatinous cake obtained is then washed with 2 portions
15 of 63 ml of methanocl. The gelatinous solid is drained
and then dried under reduced pressure (2.7 kPa), at a
temperature in the region of 60°C. After drying for 12
hours, 3.34 g of depolymerized heparin (benzyl ester,
sodium salt) are obtained. The yield obtained is 85.3%.
20 Saponification:

1.67 g of depolymerized heparin (benzyl
ester, sodium salt) obtained above are saponified
according to the saponification method described in
Example 1. 0.94 g of a light yellow powder is obtained.

25 The yield of crude depolymerized heparin (sodium salt)
is 61%.

Purification:



according to the saponification nethod described in Exanple 1. 0.94 g of a
| ight yell ow powder is obtained. 25 The yield of crude depolynerized
heparin (sodiumsalt) is 61% Purification: 17 0.94 g of crude

depol yneri zed heparin (sodium salt) obtained above is purified according
to the nethod of purification described,in Exanple 1. 0.71 g of a white
powder is obtained. The yield is 75.5% g The purified m xture of

pol ysaccharides (sodiumsalt) obtained has the following characteristics:

Mean nol ecul ar meight:OzgqogdgktQQ%deA@gkﬁﬁzﬁ%E?ﬂ&§¥$a%§Qnﬁ(kgﬁq% 10

Anti-lla activity: 2.15 U ng Anti-Xa ac nti - activity rati o: 68

EXAVPLE 3 Depghyyebbzatined aBdveonLensirQFitd acsoFMsSaldt 18 m of
di chl oronet hane are introduced into 15 a 50 nl Erl enfreyer ask A 4 g

(0.00238 ol jegholdeBZy bure$t ek t@bnheRatri bediedheexainpast ar.i i gat ipon: 77%
benzet honium salt) obtained according to Exanple A are slowy |oaded, with
stirring. Afbéracehlet powdiessadlubbeaiard.cabki pgeia 26, 76..8333 g (0. 00239
nol) 20 of 1,5,7-triazabicyclo[4.4.0]dec-5-ene is added. The reaction is
al l owed t& continue fofhebpurifikdumsxande 8@ poAwsescabradesnperature in
the regi on of 20C.
(sodium salt) obtained has the following
characteristics:
Mean molecular weight: 2500 daltons
Anti-Xa activity: 146.6 IU/mg
10 Anti-ITIa activity: 2.15 IU/mg
Anti-Xa activity/anti-IIa activity ratio: 68
EXAMPLE 3
Depolymerization and conversion to a sodium salt:
28 ml of dichloromethane are introduced into
15 a 50 ml Erlenmeyer flask A. 4 g (0.00238 mol) of benzyl
ester of heparin (degree of esterification: 77%,
benzethonium salt) obtained according to Example A are
slowly loaded, with stirring. After complete
dissolution and cooling to 2°C, 0.333 g (0.00239 mol)
20 of 1,5,7-triazabicyclo[4.4.0]dec-5-ene is added. The
reaction is allowed to continue for about 3 hours and
30 minutes at a temperature in the region of 20°cC.
During this time, a solution of 12 g of sodium acetate
in 120 ml of methanol is prepared at 4°C in an
25 Erlenmeyer flask B. The reaction mixture in Erlenmeyer
A is poured into the methanolic solution of sodium

acetate, with magnetic stirring. A yellow precipitate

appears. The stirring is then stopped and the



During this tinme, a solution of 12 g of sodiumacetate in 120 m of

met hanol is prepared at 4C in an 25 Erlenneyer flask B. The reaction

m xture in Erlenmeyer A is poured into the nethanolic solution of sodium
acetate, with magnetic stirring. A yellow precipitate appears. The
stirring is then stopped and the 18 susggnsion is allowed to separate by
settling for one hour. The clear portion of the supernatant is renoved
and discarded (90 m). 50 mM of nethanol are added to the sedi nented

precipitate QﬁgbéﬂﬁﬁéhuEEYaQ@Pﬁ%&ZSBeEePQrQEQ Bﬂfsg%{ﬁgggu?%§s%kgred for 20

m nutes. The precipitate is a to resedine r-a 0~ "'m nut es.

The super nat aBhri SThemBYedrapdrdi spabdedntbluBbinap@ndl ;af MRLhapol are
added to the sedinented pregigitate and theu%FxFSrenislstfrr%gggor 20

mnutes. 10adbedpsesirpefaleoi Mm1$USPENRIOBE methgRofi hi-er gdqan Shnt ered
d ass 4. The cake obtained is then washed with twice 25 nl of nethanol.

The wet solitdhessddainardedngrethpbtdebedyundew ksedueedappesshnee(2.7 kPa),
at a tenperature in the region of 60C. After drying for 12 15 hours, 1.19
g of depobynenfizedehmpatiune( bensylirestiefpr 80dmimisakt) Thee obtai ned. The
solid is dark yellow. The yield obtained is 75.9% Saponification: 1.19 g
of depol ynerP¥edinéparenigbehgvedster resedinant20osabbpuobBai ned above are

saponi fied according to the saponification nethod described in Exanple 1.
0.78 g of minutes. The supernatant is removed and discarded

(61 ml). 50 ml of methanol are added to the sedimented
precipitate and the mixture is stirred for 20 minutes.
10 The precipitate in suspension is then filtered on
Sintered Glass 4. The cake obtained is then washed with
twice 25 ml of methanol. The wet solid is drained and
then dried under reduced pressure (2.7 kPa), at a
temperature in the region of 60°C. After drying for 12
15 hours, 1.19 g of depolymerized heparin (benzyl ester,
sodium salt) are obtained. The solid is dark yellow.
The yield obtained is 75.9%.
Saponification:
1.19 g of depolymerized heparin (benzyl ester, sodium
20 salt) obtained above are saponified according to the
saponification method described in Example 1. 0.78 g of
a light yellow powder is obtained. The yield of crude
depolymerized heparin (sodium salt) is 71.5%.
Purification:
25 0.78 g of crude depolymerized heparin (sodium
salt) obtained above is purified according to the
method of purification described in Example 1. 0.58 g

of a white powder is obtained. The yield is 72.5%.



a light yellow powder is obtained. The yield of crude depolynerized
heparin (sodiumsalt) is 71.5% Purification: 25 0.78 g of crude .
depol yneri zed heparin (sodium salt) obtained above is purified according
to the nethod of purification described in Exanple 1. 0.58 g of a white
powder is obtained. The yield is 72.5% ,49 The purified m xture of

pol ysacchari des (sodium salt) obtai ned have the follow ng . o
characteristics: Mean nol ecul ar weight: 2700 daltons 5 Anti-Xa activity:

1001 1Uimg Anti-11a ekl ¥y es dadmi QBB 543, agtLuLLYLgRti - 112

activity ratio: 27.3 EXAMPLE 4 Depolyneri zati conversion to a sodi um

sal t: 10 28 mhoaiufli shhefosBthanedanaventhedesedoi,ahg a S0 m Erlenmeyer
flask A 4 g (0.00238 nol) of benzyl ester of heparin (degree of

esterificati epardé¥%ribenzethonium salt) obtained as described in Exanple A
are slowy |loaded, with stirring. After conplete 15 dissolution and at 2C
0.6 mM (0.0022&nmnb)eohl@rteeighbut gD aaitens(di net hyl am no) phosphor ane
is added. The reaction is allowed to continue for about 3 hours and 30
mnutes ab ahArbhpdrasorévinythelPedi du/my OC. During this time, a solution
of 12 g of sodiumacetate 20 in 120 ml of nethanol is prepared at 4C in an
Anti-ITa activity: 3.3 IU/mg
Anti-Xa activity/anti-IIa activity ratio: 27.3
EXAMPLE 4
Depolymerization and conversion to a sodium salt:
10 28 ml of dichloromethane are introduced into
a 50 ml Erlenmeyer flask A. 4 g (0.00238 mol) of benzyl
ester of heparin (degree of esterification: 77%,
benzethonium salt) obtained as described in Example A
are slowly loaded, with stirring. After complete
15 dissolution and at 2°C, 0.6 ml (0.00222 mol) of 2-tert-
butylimino-tris(dimethylamino)phosphorane is added. The
reaction is allowed to continue for about 3 hours and
30 minutes at a temperature in the region of 0°cC.
During this time, a solution of 12 g of sodium acetate
20 in 120 ml of methanol is prepared at 4°C in an
Erlenmeyer flask B. The reaction mixture in Erlenmeyer
flask A is poured into the methanolic solution of
éodium acetate, with magnetic stirring. A practically
translucent gelatinous yellow precipitate appears. The
25 stirring is then stopped and the suspension is allowed
to separate by settling for one hour. The clear portion

of the supernatant is removed and discarded (108 ml).

50 ml of methanol are added to the sedimented



Erl enmeyer flask B. The reaction m xture in Erlennmeyer flask Ais poured
into the nmethanolic solution of sodiumacetate, with nmagnetic stirring. A
practically translucent gel atinous yell ow precipitate appears. The 25
stirring is then stopped and the suspension is allowed to separate by
settling for one hour. The clear portioQ0 of the supernatant is renoved and
di scarded (108 m). 50 m of nethanol are added to the sedinented 20
precipitate (yellow sh slurry appearance) and the mxture is stirred for

20 m nutes. PécpﬁﬁEEQEt@§@1hégighlQTE ggo?gggﬁg%gggg %850?9 ut 30 m nutes.

The supernatant 1Ts renoved an I scar met hanol are

added to themsgehpent 8dspy ekl k8ke28NdintihesM ¥hUr L8 8t kLEEd; for 20
m nutes. The yel | owi sh svvhite precipita%g inssuspgngfgﬁlégt%ﬁgnl%iItered on

Sintered G as3ldwedheoCakee@bhahbedolsabbBeh washeduwekh tiuice 25 m  of
met hanol . The solid is drained and then 10 dried under reduced pressure

(2.7 kPa), asuperhanpetalsreeinovéliean@gioBcatdbQC A ey . dsying Ler 12
hours, 1.22 g of depolynerized heparin (benzyl ester, sodiumsalt) are
obt ai ned. 5Theeyyhahdl obtai addedstF7tB&0 seSapent édcpteonpiistd. 2249 of
depol yneri zed heparin (benzyl ester, sodiumsalt) obtained above are
saponi fied Bleeortkhgreolshetsapedi fora2ponipuoescorhdegellbetlshn Exanpl e
1. 0.69 g of a very light yell ow powder is obtained. The yield of crude
depolyneriZéﬂhh%%a?¥ﬂClpltate in suspension is then filtered on
Sintered Glass 4. The cake obtained is then washed with
twice 25 ml of methanol. The solid is drained and then
10 dried under reduced pressure (2.7 kPa), at a
temperature in the region of 60°C. After drying for 12
hours, 1.22 g of depolymerized heparin (benzyl ester,
sodium salt) are obtained. The yield obtained is 77.8%.
Saponification:
15 1.22 g of depolymerized heparin (benzyl
ester, sodium salt) obtained above are saponified
according to the saponification protocol described in
Example 1. 0.69 g of a very light vellow powder is
obtained. The yield of crude depolymerized heparin
20 (sodium salt) is 61.6%.
Purification:

0.69 g of crude depolymerized heparin (sodium
salt) obtained above is purified according to the
purification protocol described in Example 1. 0.67 g of

25 a white powder is obtained. The yield is 97.1%.

The purified mixture of polysaccharides

(sodium salt) obtained has the following

characteristics:



20 (sodiumsalt) is 61.6% Purification: 0.69 g of crude depol ynerized
heparin (sodium salt) obtained above is purified according to the
purification protocol described in Exanple 1. 0.67 g of 25 a white powder
is obtained. The yield is 97.1% The purified m xture of polysacchari des
(sodium salt) obtained has the follow ng, characteristics: 21 Mean

mol ecul ar wei ght: 2900 daltons Anti-Xa activity: 145.2 IUng Anti-lla
activity: 4.5 1Ung Anti-Xa activity/anti-lla activity ratio: 32.6 5

EXAVPLE 5 Deplyimaiizatiian %qgmnvezwooraatﬁo%ssod' umsalt: 28 m of
di chl oronet hane are introduced into a 50 m round-bottomed flask A. 4 g

(0.00238 nol pnefi -xherazyhk WParqutQ (#ogicee of esterification: 77% 10
benzet honium salt) are slowy | oaded, mnth stirring. After conplete

di ssol uti on andiattI40EctAv3%yg 4(.6. Q@Qﬁ@-nnl) of sodium i m dazolate is
added. The reaction is allowed to continue for about 4 hours at the ref
| ux tenper at dngieKadachioiayetnaie I IBuUkichd viliys rd% itti:ms2.& sol ution of 12 g
of sodium acetate in 120 ml of nethanol is prepared at 4C in an Erl enneyer
flask B. SThEXPAMEEE 6n mixture in Erlennmeyer flask Ais poured into the
met hanol i ¢ solution of sodium acetate, with
Depolymerization and conversion to a sodium salt:
28 ml of dichloromethane are introduced into
a 50 ml round-bottomed flask A. 4 g (0.00238 mol) of
benzyl heparinate (degree of esterification: 77%,
10 benzethonium salt) are slowly loaded, with stirring.
After complete dissolution and at 40°C, 0.95 g
(0.00949 mol) of sodium imidazolate is added. The
reaction is allowed to continue for about 4 hours at
the reflux temperature of dichloromethane. During this
15 time, a solution of 12 g of sodium acetate in 120 ml of
methanol is prepared at 4°C in an Erlenmeyer flask B.
The reaction mixture in Erlenmeyer flask A is poured
into the methanolic solution of sodium acetate, with
magnetic stirring. A practically translucent gelatinous
20 vyellow precipitate appears. The stirring is then
stopped and the suspension is allowed to separate by
settling for one hour. The clear portion of the orange-
coloured supernatant is removed and discarded (88 ml).
50 ml of methanol are added to the sedimented
25 precipitate (orange-coloured 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 (51 ml). 50 ml of



magnetic stirring. A practically translucent gelatinous 20 yell ow
precipitate appears. The stirring is then stopped and the suspension is
allowed to separate by settling for one hour. The clear portion of the
orange- col oured supernatant is renoved and discarded (88 m.). 50 m of
met hanol are added to the sedi nented 25, recipitate (orange-coloured slurry
appearance) and the mxture is stirred for 20 mnutes. The precipitate is
all owed to resedi nent for about 30 m nutes. The supernatant is renoved and

di scarded (S5he¥hhno?0ae @liged Rt _Q%%Ol?e?gr e%%%%d r?tr%ctltfoq..i:%gz% oy ed

precipitate and the mxture is stirre utes: orange-

col oured preghpi rakeurd SSReATHRR ifSrt PONfinkiesed @R Spgered dass 4.
The cake obtained is then washed with 5 twice 25 nml of ne?hanol. The solid

is drained ardlbheed gtieedpiftdee LRIYCRBPEESRULE tReh ¥RAerdd 2n
tenperature in the region of 60C. After drying for 12 hours, 1.34 g of
depol yneri zeSih¢paednGlheszyl. ehkerakeSobitdingd )y a&henokhaheadwithe yield
obtained is 76.6% 10 Saponification: 1.2 g of depol ynerized heparin
(benzyl estetwiceodbumlsealft nechbacied Takowe late isapgeaiihiced andc eheihng t o
the saponification protocol described in Exanple 1. 0.63 g of a beige
powder is obfiigedunghs yiedngedf presspredd 2d@psPaer bzed heparin (sodi um

salt) is 52.5% Purification: 0.63 g of crude depolynerized heparin
(sodi um temperature in the region of 60°C. After drying for 12

hours, 1.34 g of depolymerized heparin (benzyl ester,
sodium salt) are obtained. The yield obtained is 76.6%.
10 Saponification:

1.2 g of depolymerized heparin (benzyl ester,
sodium salt) obtained above are saponified according to
the saponification protocol described in Example 1.
0.63 g of a beige powder is obtained. The yield of

15 crude depolymerized heparin (sodium salt) is 52.5%.
Purification:

0.63 g of crude depolymerized heparin (sodium
salt) obtained above is purified according to the
purification method described in Example 1. 0.42 g of a

20 Dbeige-white powder is obtained. The yield is 66.7%.

The purified mixture of polysaccharides
(sodium salt) obtained has the following
characteriétics:

Mean molecular weight: 2250 daltons
25 Anti-Xa activity: 134.5 IU/mg
Anti-ITa activity: 1.5 IU/mg
Anti-Xa activity/anti-IIa activity ratio: 90.5

EXAMPLE 6



salt) obtained above is purified according to the purification nethod
described in Exanple 1. 0.42 g of a 20 beige-white powder is obtained. The
yield is 66.7% The purified mxture of polysaccharides (sodiumsalt)
obtained has the following characteristics: Mean nol ecul ar wei ght: 2250
daltons 25 Anti-Xa activity: 134.5 IUpgg Anti-lla activity: 1.5 U ng
Anti-Xa activity/anti-lla activity ratio” 90.5 EXAMPLE 6 23

Depol yneri zati on and conversion to a sodiumsalt: 28 mi of dichl oronethane

are introducgdpbMRerdzalikh gﬁheggﬁ¥$EsEB SKoAy éo@}&&;9g§§§ mol) of

i .
benzyl ester of heparin (degree of esterification: bénzet honi um

salt) obtained as descpgbgd bR gléﬂpbﬁoﬁetﬁéﬁeSEQ@A%nk?@gﬁgedmﬁkgoStirring'
After conplete dissolution, 1.33 g (0.00956 nol) o

1,5, 7-tri azahi sgchd| BrdehhdgerSfeaskane adgedo.3be3smnXtyrgfi sestiired at a
tenperature in the region of 10 20C for 3 hours and 30 mnutes. During this
time, a solesten of A@pgrih $adpvervacetaseersfpeepabad ays4C in an
Erlenneyer flask B in 120 ml of nethanol. The reaction mxture in

Erl enmeyep fbeskephpsipousadti nobtaihedneshdastitbedl uhi BRagblsodi um
acetate, with 15 magnetic stirring. A practically translucent gelatinous
yel | ow preci preattodppetpadedhewsthr sthyringt hafiter complete

dissolution, 1.33 g (0.00956 mol) of
1,5,7-triazabicyclo[4.4.0]dec-5-ene are added. The
mixture is stirred at a temperature in the region of
10 20°C for 3 hours and 30 minutes. During this time, a
solution of 12 g of sodium acetate is prepared at 4°C
in an Erlenmeyer flask B in 120 ml of methanol. The
reaction mixture in Erlenmeyer flask A is poured into
the methanolic solution of sodium acetate, with
15 magnetic stirring. A practically translucent gelatinous
yellow precipitate appears. The stirring is then
stopped and the suspension is allowed to separate by
settling for one hour. The clear portion of the
supernatant is removed and discarded (56 ml). 60 ml of
20 methanol are added to the sedimented precipitate
(vyellow 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 (70 ml). 50 ml of methanol are
25 added to the sedimented precipitate and the mixture is
stirred for 15 minutes. The precipitate in suspension
is then filtered on Sintered Glass 4. The golden vellow

cake obtained is then washed with twice 50 ml of



stopped and the suspension is allowed to separate by settling for one
hour. The clear portion of the supernatant is renoved and di scarded (56
m). 60 m of 20 methanol are added to the sedinmented precipitate (yellow
slurry appearance) and the m xture is stirred for 20 mnutes. The
precipitate is allowed to resedlnent L?Q about 30 m nutes. The supernat ant
is renmoved and discarded (70 m). of nethanol are 25 added to the
sedi mented precipitate and the nixture is stirred for 15 mnutes. The

d h | d
el low cake SHar e Toc HER RASRad i PFCTAERe 280 Tobr S53oRotRARGI . The |

yell ow cake obtained is en was The

wet solid lsreaabeadpaegshben drvedpynder . Ledug ?grg%§§%uﬁﬁ éﬁ / kPa) at a
tenperature in the Tregion of 60C. After drying ours, g of

depol yneri zedehepar b aoecobkﬁtaeddEPQHQYEogsiﬁrho§r§0dbU§bS@|Ek The yield
obtained is 64% Saponification: 0.92 g (0.0014 nol) of the depol ynerized
heparin (bendgbogmer;zeadhepasaht arebbBtaedeaborvenand ed¥ed, nl of water

are introduced into a 25 m Erlennmeyer 10 flask. 0.38 m (0. 00379 nol ) of
30% caust bc sodauinssalnt r ofibeedjeldt bbrafnetii tssb4sring. After addition,
the mxture is kept at a tenperature in the region of 20C and stirred for
5 hours. 1.8Sgrepifhchtaew:added and the solution is neutralized by
addition of concentrated 15 HC1 (final volune of the solution about 18 m).
The 0.92 g (0.0014 mol) of the depolymerized
heparin (benzyl ester, sodium salt) obtained above and
17.5 ml of water are introduced into a 25 ml Erlenmeyer
10 flask. 0.38 ml (0.00379 mol) of 30% caustic soda is
introduced, with magnetic stirring. After addition, the
mixture is kept at a temperature in the region of 20°C
and stirred for 5 hours. 1.8 g of NaCl are added and
the solution is neutralized by addition of concentrated
15 HC1l (final volume of the solution about 18 ml). The
mixture is transferred to a 100 ml Erlenmeyer flask and
46 ml of methanol are added. The formation of a yellow
precipitate is observed. The stirring is then stopped
and the suspension is allowed to sediment for 12 hours
20 at a temperature in the region of 20°C. The supernatant
is then removed and then discarded (52 ml). 25 ml of
methanol are added to the sedimented precipitate
(yellow slurry appearance) and the mixture is stirred
for 20 minutes. The precipitate is allowed to
25 resediment for about 1 hour. The supernatant is removed
and discarded (27 ml). 25 ml of methanol are added to

the sedimented precipitate and the mixture is stirred

for about 1 hour. The precipitate in suspension is then



m xture is transferred to a 100 ml Erlenneyer flask and 46 m of nethanol
are added. The formation of a yellow precipitate is observed. The stirring
is then stopped and the suspension is allowed to sedinment for 12 hours 20
at a tenperature in the region of 20C. The supernatant is then renoved and
then discarded (52 m). 25 m of nethaggel are added to the sedi nented
precipitate (yellow slurry appearance)“and the mxture is stirred for 20
m nutes. The precipitate is allowed to 25 resedi nent for about 1 hour. The

supernatant ir§1kgrR¥edn 830 %&%%QEQ%QS(%7 Pl égiéﬂoﬂyélg%%P%nO| ane added

to the sedinented precipitate and the m xture i's stirre or a

hour. The prggipiebiaie thn ts4eREND AN b3 En'a.-%ﬂa%%lf' %%r b0 o9i; 1t §1 ed G' ass
4. The cake obtained is then washed with tw ce m of nethanol The wet

solid is drairagdeandnthenedr a&dedndaae&e%@a@ear ?ﬁ%lérs%r@ 6. 7kPa), at a
tenperature in the region of 60C. After 5 drying for 3 hours, 0.42 g of
crude depol ykeri)zedt hepamberbSu@btahneﬂe(sedﬁuﬁl&&l%bocThﬁfibQ|d obt ai ned
is 45.6% Purification: 0.42 g of crude depol ynerized heparin 10 obtai ned
above and>53. 8rylingf fdirsBi hbedswabed 2age oifntradec @dponymezit@dm Erl enneyer
flask. The mxture is heated to 38C, with nagnetic stirring. The pHis
brought to bé?mééHHQlanQbIle?dadépﬁngm eblsodi Uhre hypdidxbteadhed. 1 nol /1

and 25 mcrolitres of an aqueous
is 45.6%

Purification:
0.42 g of crude depolymerized heparin

10 obtained above and 3.8 ml of distilled water are
introduced into a 10 ml Erlenmeyer flask. The mixture
is heated to 38°C, with magnetic stirring. The pH is
brought to between 9 and 10 by addition of sodium
hydroxide at 0.1 mol/l and 25 microlitres of an aqueous

15 solution of hydrogen peroxide at 30% are added. After
stirring for about 2 hours 30 minutes, 0.5 g of sodium
chloride is added. The mixture is then neutralized by
addition of HCl at 0.1 mol/l. The solution is then
filtered and transferred to a 25 ml Erlenmeyer flask.

20 11.3 ml of methanol are poured in. The formation of a
white precipitate is observed. The stirring is then
stopped and the suspension is allowed to sediment for
12 hours at a temperature in the region of 20°C. The
supernatant is then removed and then discarded

25 (9.8 ml). 5 ml of methanol are added to the sedimented
precipitate (slurry appearance) and the mixture is
stirred for 15 minutes. The precipitate is allowed to

resediment for about 3 hours. The supernatant is



15 sol ution of hydrogen peroxide at 30% are added. After stirring for
about 2 hours 30 mnutes, 0.5 g of sodium chloride is added. The m xture
is then neutralized by addition of HClL at 0.1 nol/l. The solution is then
filtered and transferred to a 25 m Erlenneyer flask. 20 11.3 m of

net hanol are poured in. The formation of,.a white precipitate is observed.
The stirring is then stopped and the sispension is allowed to sedinent for
12 hours at a tenperature in the region of 20C. The supernatant is then

removed and EQﬁBv@BSﬁﬁﬁd%qlsggrﬁ%dB (8. b m51> soh1TRENAAGh-B1E dgded to the

sedimented precipitate (slurry appearance) the mxtureis stirred for
15 minutes. ZB@eRr el Ehbabadhﬁeﬁkbaw@éekqpﬂc(%%%d' H@;‘EhfeO%1§(Q?1¥ k 3ghours.

The supernatant is 26 renoved and di scarded mef hanol are

added to thessedirganted poeiputake and bh@c&b&a&% 9 sSisbenhedohor 20
mnutes. The precipitate in suspension Is then filtered on Sintered G ass

3. The whiteicakbeb 6bhiaerned ba thenewashedawit B .t wheewhifk ebkeet hanol .
The wet solid is drained and then dried under reduced pressure (2.7 kPa),
at a tenpérapbrainadt he rbghowashed6@CrhAtwéredbymigotomeahanbl2 hours 20
m nutes, 0.39 g of pure depolynerized heparin (sodiumsalt) is 10
obt ai ned. Th&hgi wp8l &pLafnéd Fsadredymndhshehadadedr istlers reflutkd
depol ynmeri zed heparin_thus obtained are the follow ng: Mean nol ecul ar
wei ght 1950PY8FEBRe (2.7 kPa), at a temperature in the region of
60°C. After drying for about 2 hours 20 minutes, 0.39 g
of pure depolymerized heparin (sodium salt) is
10 obtained. The yield obtained is 92.8%.
The characteristics of the depolymerized
heparin thus obtained are the following:
Mean molecular weight: 1950 daltons
Anti-Xa activity: 115.6 IU/mg
15 Anti-ITa activity: < 2 IU/mg
Anti-Xa activity/anti-IIa activity ratio: > 57
EXAMPLE 7
Depolymerization and conversion to a sodium salt:
140 ml of dichloromethane are introduced into
20 a 400 ml reactor A. 20 g (0.0119 mol) of benzyl ester
of heparin (degree of esterification: 77%, benzethonium
salt) obtained as described in example A are slowly
loaded, with stirring. After complete dissolution, the
water content of the reaction medium is measured by the
25 Karl Fisher method. The value obtained is 0.1% water.
3.5 ml (0.0121 mol) of 2-tert-butylimino-2-diethyl-

amino-1-3-dimethylperhydro-1, 3,2-diazaphosphorine are

then added. The reaction is allowed to proceed for



Anti-Xa activity: 115.6 U ng 15 Anti-Illa activity: < 2 U ng Anti-Xa
activity/anti-lla activity ratio: > 57 EXAMPLE 7 Depol ynerization and
conversion to a sodiumsalt: 140 m of dichloromethane are introduced into
20 a 400 M reactor A 20 g (0.0119 nol) of benzyl ester of heparin
(degree of esterification: 77% benzeth?giun1 salt) obtained as descri bed
in exanple A are slowy loaded, with sfirring. After conplete dissolution,
the water content of the reaction mediumis neasured by the 25 Karl Fisher

met hod. The wabue 9Qtﬁb“ﬁ§|?% @ 1Rt eure3in Tnel FQi2h @ bk

2-tert-butylimno-2-diet

ami no- 1- 3- di paihngpenixdtomd, 3a2sdazapRosrNani Be & &odian sadded, The
reaction is allowed to proceed for 27 about 24 hours at a tenperature in

the regi on ofis2pCepabeti 8§ %RkCS ihi BB, E&1eakhelieen ok sROB0 iof 390dijum acet at e
is prepared at 4C in an Erlenneyer flask B in 300 mM of nethanol. Half of
t he reacti onofii xethenofl .r #adfoofAthe reapeubedmiktrehefmekhareki @ sol ution
of sodium acetate, with magnetic stirring. A practically translucent

gel ati nou$ yeék| peupedciptratbeappchnsolihke soducivnngfi sodaunt ai ned for one
hour and the suspension is allowed to separate by settling for about 12
hours 10 at 3€etyke.cwéhh papnpbmcobtihzisgpePnatranticslignoved and

di scarded (220 n1i. 220 nl _of nethanol are added to the sedinented
precipitate FyePrFPOW SR Gr P§lappearanye)low precipitate appears. The

stirring is maintained for one hour and the suspension
is allowed to separate by settling for about 12 hours

10 at 4°C. The clear portion of the supernatant is removed
and discarded (220 ml). 220 ml of methanol are added to
the sedimented precipitate (yellow slurry appearance)
and the mixture is stirred for 50 minutes. The
precipitate is allowed to resediment for about 40

15 minutes. The supernatant is removed and discarded
(204 ml). 204 ml of methanol are added to the
sedimented precipitate and the mixture is stirred for
40 minutes. The gelatinous precipitate in suspension is
then filtered on Sintered Glass 3. The yellow

20 gelatinous cake obtained is then washed with 2 portions
of 100 ml of methanol. The gelatinous solid is drained
and then dried under reduced pressure (2.7 kPa), at a
temperature in the region of 60°C. After drying for
about 12 hours, 2.6 g of depolymerized heparin (benzyl

25 ester, sodium salt) are obtained. The yield obtained is
70.6% (calculated on the basis of half of the reaction
medium treated).

Saponification:



and the mxture is stirred for 50 mnutes. The precipitate is allowed to
resedi ment for about 40 15 m nutes. The supernatant is renoved and

di scarded (204 m). 204 m of methanol are added to the sedinented
precipitate and the mxture is stirred for 40 m nutes. The gel ati nous
precipitate in suspension is then filtﬁged on Sintered dass 3. The yell ow
20 gel ati nous cake obtained is then washed with 2 portions of 100 nl of

met hanol . The gel atinous solid is drained and then dried under reduced

ressure (2.7 kPa), atjag Legpe b Lon_of AlLter. drying
Por about 12 hours, 2?66gbogﬁdg§%P3§§F?%%§ehg%%??%n(65%5§V12§E§§Fér,

sodi um sal t) saagubbal B¢dobthenkiekdo0bt ai-Bedabsni £Q8%nteal-auhat gd on the
basis of half of the reaction nediumtreated). Saponification: 28 2.6 g of

depol yneri zedhbepaponifheazybnestehod gedicuibeal th ekhapnediabove are
saponified according to the saponification nmethod described in Exanple 1.
1.48 g of a Lightgyefl enlpoideyediowopbatiredar&hebyaehdd. 5Tk ¢huda

depol yneri zed heparin (sodiumsalt) is 62.9% Purification: 1.48 g of
crude depbl yatr fredehdprpilymesbeafinbdpabone (andith shlof destRlbed wat er
are introduced into a 50 m Erlenneyer flask. The m xture 10 is heated to
40C, with maBHRELfec8EiPPing. The pHis brought to between 9 and 10 by

addi ti on of sodium
1.48 g of crude depolymerized heparin

obtained above and 15 ml of distilled water are
introduced into a 50 ml Erlenmeyer flask. The mixture
10 is heated to 40°C, with magnetic stirring. The pH is
brought to between 9 and 10 by addition of sodium
hydroxide at 1 mol/l. The solution is filtered on a
filter membrane having a porosity of 1 um. 76 micro-
litres of a 30% aqueous hydrogen peroxide solution are
15 then added. After stirring for about 2 hours, 1.5 g of
sodium chloride are added. The mixture is then
neutralized by addition of HCl at 1 mol/l. The solution
is filtered on a filter membrane having a porosity of
1 um. 38 ml of methanol are poured in. The formation of
20 a white precipitate is observed. The stirring is then
stopped and the suspension is allowed to sediment for 1
hour at a temperature in the region of 20°C. The
supernatant is then removed and then discarded (37 ml).
37 ml of methanol are added to the precipitate and the
25 mixture is stirred for 45 minutes. The precipitate is
allowed to resediment for about 45 minutes. The
supernatant is removed and discarded (34 ml). 34 ml of

methanol are added to the sedimented precipitate and



hydroxide at 1 nol/l. The solution is filtered on a filter nmenbrane having
a. porosity of 1 m 76 mcro- litres of a 30% aqueous hydrogen peroxi de
solution are 15 then added. After stirring for about 2 hours, 1.5 g of
sodi um chl oride are added. The mi xture is then neutralized by addition of
HC1 at 1 nol/l. The solution is filter on a filter nmenbrane having a
porosity of 1 gm 38 m of methanol are“poured in. The formation of 20 a
white precipitate is observed. The stirring is then stopped and the
suspensi on i $hal nawed 0 isedicieMad @51l 1 I i_n_the
regi on of 20C. The supernatant ig ?ﬁgn1Pe%%&ggkgﬁdHﬁﬁgﬁrg%g%gf'g& (37 m).
37 m of nethaneuspeasadaed st @hlehe fRneeirald ahe sand driag 43 JHXBUT §ipieS
stirred for 45 mnutes. The precipitate is allowed to resedi ment for about
45 ninutes. Thetescp&enabaatnesl nenbvesd aaghdicseanded (i34 nlk) m134en  of

met hanol are added to the sedinented precipitate and 29 the m xture is
stirred for m&thinofles ThEheepr eoilfidt dse dradnseds pedsithen sirtlban uhigeter ed on
Sintered dass 3. The white cake obtained is then washed with tw ce 25 ni
of net hakol refheedeprreskiugei d2di7akRed , and théemperadureden ther educed
pressure (2.7 kPa), at a tenperature in the region of 60C. After drying for
12 hours, 1.789¢08f ofpaP8Cdepdlemefirrédohépar iR hovdisumlsaPt 3 afe obt ai ned.
The yield obtaineg is.87.2% The purified depolynerized hegar[n (sodium 10
sal t) obt ai nBY*RagePREYIEFIERAnGePRE:Bct 8PAdMc§alt) are obtained.

The yield obtained is 87.2%.
The purified depolymerized heparin (sodium
10 salt) obtained has the following characteristics:
Mean molecular weight: 2250 daltons
Anti-Xa activity: 149.6 IU/mg
Anti-IIa activity: < 0.85 IU/mg

Anti-Xa activity/anti-IIa activity ratio: 176



Mean nol ecul ar weight: 2250 daltons Anti-Xa activity: 149.6 IUng Anti-lla
activity: <0.85 U ng Anti-Xa activity/anti-lla activity ratio: 176 WD
02/ 08295 30 PCT/FRO1/02332 CLAIM5 1. Mxtures of sul phated polysaccharides
possessing the general structure of the constituent polysaccharides of

heparin and ﬁ%hbgypb?ggthe foll ow ng c@&;acteristics:é%¥ﬁlﬁaq£} v%f%bnfgn

mol ecul ar wei ght 0 0 to 3000 daltons, an anti-Xa .

150 U ng, an anti-lla activity of 0 to 10 IU ng and an anti-Xa
activity/anti-lla activity ratio greaEEAIggan 10, - the constituent

pol ysaccharides of the mxtures contain to 26 saccharide units and have

a 4,5-unsaturated 9'“quonﬁﬁxﬂgkgszbg'§UEBR§E%FUg§ﬁ¥%%cE%%ei%%stheir ends,

in the formof an alkali or al kaline-earth neta Xt ares

accordi ng topekakBElng €har geherhiedciicthat bheraRt ioXaaghiwity is
between 125 and 150 U ng. 3. Mxtures according to CTaim1 or 2,

charact eri zegollfshbahatkheeanbif- Kapaet hviahy E%hQBEW@ﬁg 140 rand o384 U Ny
and the nean nol ecul ar weight is between 2000 and 3000 dal tons.
characteristics:

- they have a mean molecular weight of 1500
to 3000 daltons, an anti-Xa activity of 100 to
150 IU/mg, an anti-IIa activity of 0 to 10 IU/mg and an
anti-Xa activity/anti-ITIa activity ratio greater than
10,

- the constituent polysaccharides of the
mixtures contain 2 to 26 saccharide units and have a
4,5-unsaturated glucuronic acid 2-0O-sulphate unit at
one of their ends,
in the form of an alkali or alkaline-earth metal salt.

2. Mixtures according to Claim 1,
characterized in that the anti-Xa activity is betweeﬁ
125 and 150 IU/mg.

3. Mixtures according to Claim 1 or 2,
characterized in that the anti-Xa activity is between
140 and 150 IU/mg and the mean molecular weight is
between 2000 and 3000 daltons.

4. Mixtures according to any one of
Claims 1 to 3, in the form of the sodium, potassium,

calcium or magnesium salt.



4. M xtures according to any one of Cains 1 to 3, in the formof the
sodi um potassium calciumor magnesiumsalt. 31 5. Mxtures according to

any one of Clains 1 to 4, having an anti-lla activity of 0 to 5 IUng. 6.
M xtures according to any one of Cainms 1 to 5, having an anti-Xa
activity/anti-lla activity ratio greatgn than 25. 7. Method of preparing

the mixtures of Caim1, characterized™n that a quaternary anmoni um salt
of the benzyl ester of heparin is depolynerized in an organic medi um by

means of a strong orgamic bag | - ter 20 or of sodium
Sioue o RPN IS

i m dazol ate, the quaternary ammonium salt ester of the
depol yneri zed1Bap@r in tioS 4COMKRA R a0 43 tIQH TAMg@l1t1 of R %Sfj;%f IS
ac

saponified and the product is optionally purified. 8  Metho cording to
Claim 7, forswiughg.the quaternary ammoni um salt of the benzyl ester of
heparin is the benzethonium cetyl pyridiniumor cetyltrinmethylanmoni um
salt. 9. Method accordieng t oiiGtaires’ acicorddhicCito W PnfcORE Or gani ¢ base
with a pka greater than 20 is chosen from
1,5, 7-tri azabileyoisofl4ts. 6], dbevBngnen 2nti-Xa activity/anti-IIa
tert-butylimno-2-diethyl am no-1, 3-di net hyl per hydr o-
1, 3, 2- di azaph&spNartyn&atike gygessrofthahe 2Bam |y of
7. Method of preparing the mixtures of
Claim 1, characterized in that a quaternary ammonium
salt of the benzyl ester of heparin is depolymerized in
an organic medium by means of a strong organic base
with a pka greater than 20 or of sodium imidazolate,
the quaternary ammonium salt of the benzyl ester of the
depolymerized heparin is converted to a sodium salt,
the ester is saponified and the product is optionally
purified.
8. Method according to Claim 7, for which
the quaternary ammonium salt of the benzyl ester of
heparin is the benzethonium, cetylpyridinium or
cetyltrimethylammonium salt.
9. Method according to Claim 7, for which
the strong organic base with a pka greater than 20 is
chosen from 1,5,7-triazabicyclo[4.4.0]dec-5-ene, 2-
tert-butylimino-2-diethylamino-1, 3-dimethylperhydro-
1,3,2-diazaphosphorine, the bases of the family of
guanidine and phosphazenes.

10. Method according to Claim 9, for which

the bases of the guanidine family are those of formula:



guani di ne and phosphazenes. 10. Method according to daim9, for which the
bases of the guanidine famly are those of fornula: 32 in which RL is
hydrogen or alkyl, R2, R3, R4 and R5, which are identical or different,
each represent an alkyl radical, the alkyl radicals having 1 to 6 carbon
atons in the formof a straight or brang%gd chain. 11. Method according to
Claim10, for which Rl is hydrogen and , R3, R4 and R5 are nethyl
radicals. 12. Method according to Claim9, for which the bases of the
phosphazene famly are those of forrmula: R3 R2- \ / 4 RI--NP\ N-R5
N-R6 R7 in which the radicals RL to R7 ar§1identical or different and
represent alkyl radicals containing 1 toy~6 carbon atons in the formof a
straight or branched chain. 13. Method @ccording to one of Clains 7 to
12, for which the strong organic Rgse ﬁif&\a phg greater than 20 or sodium
en

i m dazol at e/ quaternary 33 annnniun1§qh o} Nhé zyl ester of heparin nol

ratio is between 0.2 and 5. ] ,
R4 R3

in which R; is hydrogen or alkyl, R,, R3, Ry and Rs,
which are identical or different, each represent an
alkyl radical, the alkyl radicals having 1 to 6 carbon
atoms in the form of a straight or branched chain.

11. Method according to Claim 10, for which
R; is hydrogen and R,, R3, R4 and R: are methyl radicals.

12. Method according to Claim 9, for which
the bases of the phosphazene family are those of

formula:
R3

/
R2—N R4
R{—N=— P\—-N--Rs
N~—R6
/
R7

in which the radicals R; to R; are identical or
different and represent alkyl radicals containing 1 to
6 carbon atoms in the form of a straight or branched
chain.

13. Method according to one of Claims 7 to
12, for which the strong organic base with a pka

greater than 20 or sodium imidazolate/quaternary



14. Method according to one of Clains 7 to 13, for which the quaternary
ammoni um salt of the benzyl ester of heparin has a degree of
esterification of between 50 and 100% 15. Method according to one of
Claims 7 to 14, for which the conversion of the quaternary ammonium salt
of the benzyl ester of the depolynerizedsheparin to a sodiumsalt is
carried out by treating the reaction médiumw th an al coholic sol uti on of
sodium acetate. 16. Method according to one of Clains 7 to 15, for which

the saponi fi akdod urs <G iad (Bl oz RS Of i TRiAly dr oxi de.
17. Neltohod accordi rlllg to one of d ai rnszy;ieto 16,@5@%|1&$%1er lr}lz?’/lﬁl cation

is carried odls BetiRams 0.0f afadmogen peroxide. 18. Mxtures as defined in
any one of Clains 1 to 6, as nedicanents. 19. Mxtures as defined in any

one of Clainms 1 to 6, 1das amMdthorkeordimeditcame Hf 20.4iRikaHmaceut i cal
conpositions conprising, as active ingredient, a mxture according to one
of Cdains 1180 8or which the quaternary ammonium salt of the
benzyl ester of heparin has a degree of esterification
of between 50 and 100%.
15. Method according to one of Claims 7 to
14, for which the conversion of the quaternary ammonium
salt of the benzyl ester of the depolymerized heparin
to a sodium salt is carried out by treating the
reaction medium with an alcoholic solution of sodium
acetate.
16. Method according to one of Claims 7 to
15, for which the saponification is carried out by
means of an alkali metal hydroxide.
17. Method according to one of Claims 7 to
16, for which the purification is carried out by means
of hydrogen peroxide.
18. Mixtures as defined in any one of
Claims 1 to 6, as medicaments.
19. Mixtures as defined in any one of
Claims 1 to 6, as antithrombotic medicaments.
20. Pharmaceutical compositions comprising,
as active ingredient, a mixture according to one of

Claims 1 to 6.



