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» POLYSACCHARI DES DERI VES D HEPARFNE, LEUR PREPARATI ON ET LES COWPCSI . pp.
TI ONS PHARMACEUTI QUES LES CONTENANT Abstract :- The-invention concerns

- heparin-derived pol ysaccharide m xtures, their preparation nethod and
"phar maceut i M ®GDMABIRAEI ti ons contai ning them  Abregecr/rronye288be

“.invention concerne des nel anges de pol ysaccharides derives d' hdparine, |eer
procdde de preparation et |ea conpositions pharmaceutiques |es contenanL.

HEPARIN-DERIVED POLYSACCHARIDE MIXTURES, PREPARATION

LMETHOD AND PHARMACEUTICAL COMPOSITIONS ?ONTAINING SAME
' The present invention relates to mirtures of
'5 polysaccharides derived from heparin;rtheir method of
preparatidn-and the pharmaceutical compositiéns,
containing them; |
Heparin is a mixturerof 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
7h1gh antlcoagulant act1V1ty (anti- IIa activity) can

15 cause- haemorrhages

Lowemolecular-weight heparins obtained by
basic depolymerization of heparin esters have beenr
._:_) - proposed (EP40144);rhpyeﬁér;rthese products'stilluhavé
a high anti-ITa activity. S
20 | - The invention relates to mixtures-of
| polysaccharides derived from heparin poésessing a more
selective activity towards acﬁivated factor X (factor .
Xa) and activated‘factor 11 kfaétcr IIa) than heparin.
The éubject of the presént invention is more
25 partlcularly the mixtures of sulphated polysaccharldes

prossessing the general structure of the constltuent




~basi c' depol yfer

20 January 2005 WO 02/ 08295 PCT/ FRO1/ 02332 HEPARIN—DERIMEQEBQE¥3A§&ﬁ§RIDE
M XTURES, PREPARATI ON METHOD AND PHARMACEUTI CAL COVPCSI Tl ONS Al NING
~-SAME The present invention relates to mxtures of 5 polysaccharides
derived from heparin, their nethod of preparation and the pharmaceutical
conpositions containing them Heparin is a mxture of sul phated nucopol y-
saccharides of animal origin which is u8ed in 10 particular for.its
anti coagul ant and antithronbotic properties. Heparin neverthel ess has
_disadvantages which limt the conditions for its use. In particular, its
“high anti Coa%#%ﬁc%‘? %y (arftsranin #ad wxhibiging tghe following
: cause-haennn&ﬂg&;;.' Low ol ecul ar-wei ght heparins obtai ned by
zﬁ??ﬁﬁ%ﬁc$Eparin esters have been proposed (EP40144);

however, t hese products still ;have. a high anti-lla activity. .20 The
“invention relates to ni %Hueryeglac‘)rfe ap&%ﬁ'@ﬁ‘&ﬁ”&@ H&LohEd ofr daPReparin

_ I NQ ' tiylty Lt ds .acti factor X (factor
Do) “and. aot | arop® AR B e RS 1 M o5 1T BB oub ect of 1 he

.Xa) and'actlvate factor (Tactof _ _
b PeEn 15D o T a9t BEMLORLY LA UoeSoflesulanaL e,
January 200%n2 1Py seeshatidancol rhgpactivapd xR bingeLlhe fol ! owi ng
- the'constituent'polysacchériées of the |
J - mixtures contain 2 to 26~$accharide-units and have a
10 4,5~unsaturated glucuronic acid 2-O-su1phaté unit at
one of theirrends; |
in the form of an alkali or-alkaline—earth metalrsélt;
.~ As alkali 6r alkaline-earth metal salt, the
sodium, potassium,‘calcium and magnesium salts are
15' preferréd. . |
Thé_mgan'molecular weight-is détermined by
'high-préssure'liquid chromatography using two célumns
)' | ~ in series, for exampie thosemarkeﬁed under the name
TSK G3000 XL and TSK 62000 XL. The detection is carried
20 out by refractometry. The éluent used ié lithium |
. nitrate and the flow rate is 0.6 ml)min.'The system is
calibrated with standérds ﬁrepared by fractionation of
enoxaparin'(AVENTiS) by chromatogfaphy on‘agardse-
polyacrylamide'gel (IBF). This preparation is carried
: 25 out according tb 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 o




.characteristics: they have a nean nol ecul ar wei ght of 1 0
daltons,an anti-Xa activity .of 100 to 5 150 IU ng, an 5%???FF§F20%@¥%ty of
0 to 10 IUng and an anti-Xa activity/anti-lla activity ratio greater than
10, the constituent pol ysaccharides of the .m xtures contain 2 to 26 '
saccharide units and have a 10 4,5-unsaturated glucuronic acid 2-0-sul phate
unit at one of their ends, in the foranof an alkali or alkaline-earth

netal salt. As alkali or alkaline-earth netal salt, the sodi.um

pot assium cal cium and magnesium salts are 15 preferred. The mean nol ecul ar
wei ght is dé@drm’8ed Bre meghlpsesser caligliadedhwinht eheagpysusi ng two
colums in series, for_ exanple those nmarketed under the name TSK G3000 XL
and TSK 2608tXpreTHRegkincEL®AT)s carried 20 out by refractometry. The
eluent used is lithium nitrate and the flowrate is 0.6 nmi/mn. The system
is calibrated with $P&n8BFYsXPraphietyyis rmeesoneti by the enoxaparin

(AVENTI S). by.chtopat ography on. agarose pol yacryl am de' gel (IBF). This
preparatioﬁxféoiﬁggFe e€§%¥ DUt 2 CTHEPIRPI® $Westrehai descised i bed by

ol CThronty Eek8h 4t Thor It Fitar i k931679 - 8577 he. resul 1o are
cal cul atedehl 4bes (BB &0 e ARG L BB dnay T2 B R0t vity 1s
léw-molec_ular weight hepérins;
| -The anti-IIa activity ié measured by thé
 technique described by Anderson L.0. et al., Thrémb.
‘Res;, 15, 531f541 (1979)., with, as,standard;'the first
‘international standard for low-molecular weight |
heparins. |
According to one aspect of the present invention, there is
provided mixtures of sulphated polysaccharides possessing‘the general
structure of the constituent polysaccharides of Theparin and
exhibiting the following 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-IIa activity
ratio greater than 10,
- the constituents polysaccharides of the mixtures
contain 2 to 26 saccharide units and have a 4, 5S-unsaturated

glucuronic acid 2-0-sulphate unit at one of their ends, in the form

of an akali or alkaline-earth metal salt.




am dol ytic nmethod on 'a chronopgeni c substrate describe al .
Thromb. Res., 10, 399-410 (1977), with, as standard, S0 PénlELe o 6s
international standard-for |ow nol ecul ar wei ght heparlns. The anti-lla
activity is neasured by the. techni que described by Anderson L.O et al.,
Thronb. Res., 15, 531-541 (1979),-wt as standard, the first

i nternational standard for |ow ol ecul a® wei ght heparins. According to one
aspect of the present invention, there is provided m xtures of sul phated
pol ysacchari des possessing the general structure of the constituent

pol ysaccharides of heparin and exhibiting the follow ng characteristics: -
they have a nmean nol Brefearabiky ghthemibiAd-ds 230 Qb Lt 1008 aBrant i - Xa
activity of 100 to 150 IU ng,- an anti-lla activity of 0 to 10 IU ng and an
anti - Xa ac?acborl@syi;aanuamta-:@a:tammty atfi begmestrer] Ashamdl0, - the

constituen pol ysacchari des of the mixtures contain 2 to 26 sacchari de
units and ef%/®g- 5--unsat ur at ed gl ucuronic acid 2-0-sul phate unit at one.
of their ‘ends, in the form of an akali or alkaline-earth netal salt. 20
January 2005 3a Pr ef’E?%FbIFSFr %lﬁ’-')@tyur é‘éleaﬁlléféslé?ﬁsb@@ dleseeibeghi bit an

antl-Xaa \C/}J ’&fbl ween t 150 111/ Most partlcularly, t he
m xtures as descr o f& éx biaf:téﬁléh't Pfxée&:f@ie% f¢0opnget ween 140 and

150 1U ny ﬁﬂfj I}fﬁ/\‘lﬁ %n@%g\;gol e&gg%r mWE ] agf wgg% f %ggvoveggd 3000

dal t ons.
2000 and 3000 daltons.
Preferably, the mixture.s accoi:ding to the

invention have an anti-ITa activity of 0 to 5 IU/mg.

Still more preferably, the mixtures have an

. anti-Xa»activity/anti-IIa"activity ratio greater

- than 25.

According to another aspect of the present invention,
there is provided a method of preparing the mixtures as defined in

the above aspect, a Jquaternary ammonium salt of the benzyl ester of

heparin is depolymerized in organic medium, by means of a strong

organic base



Preferably, the. m xtures acéording to the invention niY%a%ﬂa%htidds

| a
activity of pto 5 1Ung. Still nore preferably, the m xtures.have "an
anti-Xa activity/anti-lla activity ratio greater than 25. According to

anot her aspect of the present invention, there i.s provided a nethod of
preparing the m xtures as defined in the above aspect, a quaternary
ammoni um salt of the benzyl ester of “#eparin is depolymerized in organic

- medium by neans of a strong organic base 20 January 2005 with a pka
greater than 20 or of sodiumimdazolate, the quaternary ammoniumsalt of
the benzyl Wdttera gtk lgragdss! ywhar 280 drepdr isedisine cimista sl 4te2,a sodi um
salt, the ester is saponified and the product is optionally purified. The
quat ernary ammoni um sal t t6® etssmayy ammeondumisaigpar thes preferably the
benzet honium cetyl pyridiniumor cetyltrinethylammonium salt. The

depol yneri zedrizgn iestgeneralhy @apbipthAdled RCphAimNik NBEAVAGANItS SO! MRAtum
such as a-chlorinated solvent for exanple dichloronethane),

t et rahydr ofsawlan, thands@lre isabapor £1RAr ahdll theObrodQ6 115 4PCioAS1 B HRREfied.
organi ccshase with a pka greater .than.20, it is possible to use
1,5,7-triaza 15 bicyclo[4.4.0jdec--5-ene, 2-tent-butylim no-2-

eyl o1 5 G i Beeiicy B dotsthega plpsulg yag. e beseo of
fam |y areesg8rPbefRephlynt DOSErOkel2bTY! fhe benzethonium,
‘ 'cetylpyridiniuﬁ or cetyltfimethylammonium'sélt.
The depblymerizatioﬁ is'génerélly carried out
10 in an'inertrofgahic'solvent such as a chlorinated
sol&entrlfor éxample dichlorométhane), tetrahydrofuran,
anisole, at a temperature of -20°C to.405C.
As strong organic base with a pka greater
‘than 20, it is possible to use 1,5,7-triaza-
;5_5bicyc1o[4.4.Oldec-Sfene; 2—tert—butf1imino—2-
diethylamino~1,3—dimethylperhydr6-1,3,2—diaza-
phosphorine, the'baséé of the family of guanidine and
'phosphazgnés@ _
| |  The bases of the guanidine famil§ are

20 preferably those of formﬁla:

| "INI/F'“
s M n
Y
R4 R3
in whicthl‘is hydrogen or alkyl, Rs, Ri, Ra and Rs,
which are identical or difféfent, each represent an

25 alkyl radical. =~ . S | e




- ~R1 N R5 R2 N N. R4 R3 in mhlch RL is hydrogen or aJ%ylg B%k
y

*20- January 2005 . More particularly, R
- are nethyl radicals. The strong organi c bases-related to-the phosphazene

s P~ and

'R5r which are identical or different, each represent an radlca
RLis hydrogen and R2, R3, R4 and R5 -

famly are defined for exanple according to "5 R Schwesinger et al.

- Angew. Chem Int. Ed. Engl. 26, -1167-1369 (1987), R - Schwesi nger et m

“Angew. Chem 105, '1420 (1993). Anpng the bases of the phosphazene fan1|y,

"those of formula: 10 R3 R2-N" i R4 Ri -N=R---N-R5 NR6- R7 . 15 in
‘which the radical s Rl ¥er®pareicuanivwalRiods dividrogent aaddRs e(Resent al kyl

- radicals are_preferably used, In the preceding formulae,
“contain -l t§h6555f %?oﬁﬁ thyl i Frediaif of a strai ght

the al kyl radicals

The strong organlc.bases related to_the
| phosphazene family are defined for example acéording te‘
‘-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,

el . those of formula:
10
RZ-"*N/ R4
\
=3 ] —-N:P(“-N“‘—Rs
N—Rg8
R7

in which the radicals R; to Ry are'identical or
different and represent alkylrradicals are preferably
used.

. 15 -~ In the preceding formulae, the alkyl radicals

'Te) . 'contaln 1l to 6 carbon atoms in the form of a stralght

' or branched chain.
Advantageously, therstronQ organic base with
a pka greater than 20 or sodium 1m1dazolate/quaternary
20 ammonium salt of - the benzyl ester of heparin mol ratio
is between 0.2 and 5 and preferably between 1 and 4.
_Mere particularly, the degree of
esterification of the quaternary ammbniun;salt of the
benzyl ester of heparln is’ between 50 and 100% and

25 preferably between 70 and 90% This degree of




or branched chaj n. Advantageously, the strong organic ' ka
greater than 20 or sodiumim dazol ate/ quaternary 20 anﬁ%ﬁ?&ﬁ%éQYfﬂ% -the
*benzyl ester of heparin nol ratio is between 0.2 and 5.and preferably
between 1 and 4. More particularly, the degree .of - esterification of the
quat ernary ammoni um salt of thHe benzyl ester of heparin is between 50 and.
100% and 25 preferably between 70 and 96% This degree of 20 January 2005 6
- esterification corresponds to the nolar percentage of . esterification of
.the uronic acids of the heparin. The conversion of the quaternary ammoni um
salt of the B8ReFELESEEIOBT CoOrResRAY M | thel hebar iperdenmagodifim salt is
generally carrjed, _put treating the reaction mediumw th an al coholic

b
sol ution of $% W’aﬁ%’fh&é Shdhp dixanlst \aqids of e swipariion of sodi um

acetate in nmethanol (weight/volune), at a .tenperature of between 15 and
25C. The equi val ent b\;}ﬁl% %@WS% Setthte GHftfaImarpasmendry 3 tines

greater th e f __gquat ernar nium salt of, t he bénzyl ester of-
heparin useggéinpt%e %eEep%?f%Ly i zezftr]:i%o&regg’ﬁ Sepolymerd zashhepaainon s
general l'ys cardi t.. Dy, f an_glkal i _net hydr oxi de such as sodi um
15 hydr oxi de; ;i%%ads&sgiudfn ygroq% 'eer%lraﬁil?’hf: rljrf?r '&P‘?/td??' itk eagAndqueous

1001 to 5 A e aant FGE W, oAttt 0 GeRREAERIPE) be goneral ly.
used. Prefeb@diumiﬁaéﬁ%%QD%hﬁiE%EE@?aBﬁ&lw?%hcgrﬁbgdsolution of
sodium‘acetate in methanol (weight/volume), at a
'M),‘ | temperature oflbeﬁween 15 and 25°C. The eéui&alent by
10 weight of acetate added is preferably 3 times greater
than the'maés of quaternary ammonium salt of the benzyl
ester of heparin used in the dépolymeriéation réaction.
; The saponification is generally éérried out |
by means of an alkali meﬁal hydroxidé such as sodium
f15- 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
W) equivalents of alkali meta; hydroxide will be generally
used. Preferably, thé saponification will be carried
20 out in the presence of 2 to 3 molar equivalents of
- alkali metal hydroxide.
| ?he final product may be optionally purified
by any known method of purifying depolYmerized heparins
~and in particular according to the mefhod described in |
25 patent EP 0037319. Preferébly; the purification is
cariied out by means.of hydrogen peroxide, in an

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




20 out in the- presence of 2 to 3 nol ar equrvalents of

hydr oxi de. "“The final product nmay be optionally purrfre&ﬁJ%%ngﬁggknomn
*met hod of purifying depol yneri zed heparins and in particular according to
. the nethod described in 25-patent EP 0037319. Preferably, the purification
is carried out by nmeans of hydrogen peroxide, in an aquedus nedium at a-
.tenperature of 10 to 50C. 20 January 2005 7 Preferably, this operation is
carried out. between 20 and 40C. The quaternary amoni um salt of the benzyl
ester of hepari be. prepared according to the 5 follow ng reaction

.schene: a). ofthife oReFatien ist fertded outabetdieem 28/t by means

of “benzet honi_u 4Hy¢¥|de In"order to obtain benzethoni um heparinate, b)
esterificati of- ttre benzethonrun}salt 10 obtai ned above by neans of

',benzyI_ChIoride,and t nent with an al coholic_sol uti on of sodium acetate
in.order to. obtaint SHF%ﬁFQQFV GWmPﬁéuﬂeﬁﬁ}F e&t ehe benmeparin, c)

transalific f sodrunrs benzyl ester of heparrn to
AJeQy Qfr §

‘a quaternary arrm)nr um sarce TRd %Fe?ﬁFEﬁF?dt 80805@?112& R®nFRf .
,cetylpyrgdrquqb@&nﬁceggkkabﬂeggﬁ_"Jrunonrunrsalt The reaction of step a)

is carried out in ail aqueous nedruny by the action of benzethonrum

- chloride 20 in excessa)oeoﬂegggignrgftgﬁefﬂé& of a soqrjém%oszanlltdf

sodium salt by means of benzethonium chloride in order

to obtain benzethonium heparinate,
- b eeterificetion of.tﬁe behzethoniﬁm'salt
10 obtained above by means of benzyl chloride-and
- treatment wirh an alcoholic solution of sodium acetate
in order to obtain the sodium salt of the benzyllester'
of heparin, o
| c) transalification‘of the sodium-salt of the
15 -benzyl ester of hepariﬁ to a quaternary ammonium salt
and preferably to a benzethonlum, cetylpyrldlnlum or
cetyltrlmethylammonlum salt.
) : S 'ovThe reaetion of step'a)AiS-carried:out in an
aqueous medium,'by the action of benZethonium ohloride.
20 ‘in excess, on heparin 1n the form of a sodlum salt, at .
& temperature 1n the region of 15 to 25°C |
Advantageously, the benzethonlum chlorlde/heparin in
the form of a sodium salt molar ratio is between 2 and
-3 and more particularly 2.5.
25 _ The starting heparln in the form of a sodium
_salt used is preferably a plg heparln The latter may

be purified beforehand in: order to reduce its dermatan g S




a tenperature in the region of 15 to 25C. Advant ageousl 0Jthe be §}honium
chloride/ heparin in the formof a sodiumsalt nolar ra |oaP§aB%t_ éh 2 and
3 and nore particularly 2.5. 25 The starting heparin in the formof a -
sodiumsalt used is preferably .a pig heparin. The latter may be purified
bef orehand in order. to reduce its dermatan 20 January - 2005 sul phate | evel
‘according to the nethod described in pmatent FR2663639.. The esterification
of step b) is preferably carried out in a chlorinated organic solvent (for
5 exanpl e chlorof orm or methyl ene chloride), at a tenperature of between
25 and 45C swlphedieeratyie]l agecowdéng3@oantedfErhdedesteibed the form of a
sodium salt is then recovered by precipitation by neans of sodium

acet at e- at PIRKFBF WE2§68B6v8..ume in an al cohol .10 such as methanol- 1 to

1.2 volunes of alcohol are generally used per volune -of reaction nmedium

- The quantity of benzyRecrréfrdéigatieneofeateboh) tisepreferahplsted in

- order to obtain.a_degree of esterification of between 50 and 100% and
preferably G8EHReER PHtahB 25849 ipREedr apvgnio. solvent 5(ferts by wei ght of

benzyl - %hloride arepgsed for 1 part. by wei ght of benzethonium salt of

hepari n. Li?gﬁﬁgé?_ﬁ_ PEPEBFY PhemPEa¥lenm $hHRr19R)4 e detween 10 and 35
e SRR AL s A S R DR o B
chloride,  ‘ggtybayrsgi HhaMESE Oriyile oGty et iyl ammmonium, o
. ' salt is then recovered by‘precipitation_by means of .
s  sodium acetate -at 10%'by'ﬁeight/v¢1ﬁmgiin an alcohol
10 such as methénol. 1 to 1.2 volumes of alcohol afe
generally uséd per volume of feaction medium. The -
-Iquantity of‘benzyi chloride and the reaction time are
adjusted in order to obtain a degree of esterificatioh'-
A 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 fér 1 part by weight of benzethoniﬁm
— salt of heparin. Likewisg, preferably the reaction time
_) ' will be between 10 and 35 hours.
| . | Thert:ansalification step c¢) is carried out
20 by means of a quaternary ammonium chiofide and -
preferably by means of benzethonium chloride,
céEylpfridinium chioride or cetyltriﬁethylamﬁoniumr
chloride,;in an aqueous medium, at a témperétufe'of .
between 10 and 25°C. Advantageously,:the quaternary
25__aﬁmonium chloride/sodium sélt_of the benzyl ester of
| hepérin mol ratio is between 2 and 3. |
The m;xtures according to the invention, in

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




chloride,in an aquebus nediuhl'at a tenperature of bet egﬁhgaanqnﬁéc
Advant ageously, the quaternary 25 ammoni um chloride/so i am'satY “of "t he

- . benzyl ester of heparin nol ratio is between 2 and 3. The mixtures

‘according to the invention, in. the formof a sodiumsalt, may be converted
to anot her 20 January 2005 salt of an alkali or alkaline-earth netal salt.
"The passage fromone salt to another-gs optionally achieved wusing the
~met hod described in patent US4168377. The mi xtures according to the

- invention are not toxic and may thus be used as nedi canents. The m xtures
- of the presedt iofvemnt iadkaldy ore alkaddnasearicht Me®dolsad tagenks. I n
particular, they are wuseful for the prevention of venous thronboses,
arterial teassege fravciodentsslti hopanbithelad si epttientligaaenhebveyocar di al
infarction. They are al so useful in the prevention and treatnent of the
prol i f er at P§ANSF thehweshodt Hesgribedcéhl patangi U§4n€8B37..and as
neuroprotective agents for atherosclerosis and for arteriosclerosis.: 15
~According to yet anoTher mazpusesopcensdpngstnat thavénvenhiont aeee i s

provi ded pharmaceutical, conpositions containing, as active ingredient, a
mi xt ur e~asPHEf FREICaBBFemayote bRansee cusi Baficanpntsti ons are for

exdnpl e sol uti ons mh&ﬁh can_bhe iq%gcted by the subcutaneous or intravenous
route. They are al so-USePHFEUE§StPe Pt FRFs it obReentiPRIBAY d?8. _The

dosage nayuggéyagcggégkﬂgoégoéfg_g'gﬁts. In particular, they are
'useful'fox;the prevention;df‘venﬁus thromboses, '
_arteriai thfomboticraéciaents; in particular in the
107 case of myo;ardial infarction. They are also useful in
theuﬁrevention and treatmenf of'the!proliferation of
the smooth muscle cells, . angiogenesis, and as

- neuroprotective agents for atherosclerosis and for

| arteriosclerosis.
15
According to yet another aspect of the present invention,
there is provided pharmaceutical compositions containing, as active
ingredient, a mixture as defined above.
- éO _ “The pharmaceutical compositions are for

example solutions which can be injected by the
- subcﬁtaneous of,in;ravenous route., They are also.useful
| by the pulmonary route {inhalation)-
.The dosage may vary acéofding to the age,
25 weight and state of health of the patient. For an -
aduit, it ié in general between 20 and 100 mg per day

by the intramuscular or subcutaneous. route. - R




25 weight and state of health of the. patient,. For (f n har
-.general between 20 and 100 ng per day by the. |ntranuscu %d%cutaneous
*route. 20 January 2005 10 The foll owi ng exanpl es |IIustrate the i nvention.
EXAMPLE A: PREPARATI ON OF THE BENZETHONI UM SALT OF THE BENZYL ESTER OF
- HEPARI N'Benzet honi um heparinate A solution of 25 g of benzethoni um chl oride
in 125 M -of water is added to a solutil®n of 10 g of heparin in the form of
a sodiumsalt in 100 M of water- at a tenperature in the region of 20C o
The product is 10 filtered, washed wth-water and dried. Benzyl ester of .
- heparin (sodium salt).The® fﬁlmwmﬁ}danﬂasr iidd wstersagdaete 0 @ sol ution of
-20 g of benzethonluntheparlnate in 80 mM of nethylene chloride. The
solution is +E¥ﬁ At- a 15 tenperature of 30C for 12 hours: 108 ml of a 10%
sol uti on of acetate in _methanol are then added, the mxture i's
'fittered,me ARATHQN OF THE. BENGEGHONIGMn SALTcOF THBS hepari n
are thus d forntof a sodium salt whose degree of 20
~esterificati o@% '}'J’#'EEFB@ ﬁE Y heparin (benzethoniumsalt) 36 g
(0. 0549 _mol ) of benzy% est of. heparin sodiumsalt). and 540 m of
distilled water are ﬁFﬁg%é@g&anggpgrgn FEre Erlenneyer flask A. After 25

hormogeni zation at -a t%ﬁ%%&%&& 68 8k 3B0Y! o 205en 2 PRLS i um chloride

in 125 ml of water is added to a solution ef 10 g of
| | heparin in the form of a sodium salt in 100 ml of water
-/ a ~ at a teﬁperature 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 ehloride. The-solﬁtion is heated at a

15 temperatufe,of 30°C for 12 hoﬁrs. 108 ml of a 10%
solution of sodium acetate in methancl are then added,
the mixture is filtered,-washed with methanol and

4) - dried; 7.6 g of benzyl ester of heparin are thus
ebtaieed 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 heparln'
(sodlum salt) and 540 ml of dlstllled water are
introduced into a 2-litre Erlenmeyer flask A. Afteﬁ

25 homogenization at a temperature.df aboutt20°C;'a paie

,yeliow solﬁtion is obtained. A solution of 64.45 g
(0.1438 mol) of.benzethenium ehloride and 450 ml of.

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




s_yel | ow sol ution is obtained. A sol ution of 64.45 g (0. 4%8 rmlgj & <
~ benzethoni um chloride and 450 m. of water is prepared, “W¥f'AREgneti>
-stirring, in"a 1-litre' 20 January 2005 11 Erlenneyer flask B. The sol ution

in Erlennmeyer B is poured over- about 35 nminutes into the solution in
Erf enneyer A,. with stirring. The formation of an abundant white
precipitate is observed. The Erlenneyerid B.is rinsed with 200 m 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. The cEedenpeyer ofladk the Thpesohbiaidn iin Exiemues,and disscarded. 560
m of water are added to the 10. sedinented precipitate (slurry appearance)
~.and the . niReuredeveriabeut f3F mnwiesitioso Hie makitiidratim i s  al | oned to
‘resedi ment for about 30.m nutes. The supernatant is renoved and di scarded
(560 m). ThEsleppeye ifon withethiTrging + Theh prre6G.on off adi stilled 15
~water is repeated twice on the sedinmented precipitate. .In the |ast )
- washi ng- oper 2P¥RADY HE i AnaciRitate fsoabsaryesys FhesEnleameyer| t ered on
Si ntered g ss. 3._.The . cake is then washed with 4 tinmes 200. m of distilled
 vater. The WBLiSHEITERLMATY 0R Bnat SHetiHerdiFRERTI8nG a8 Weshced
~ pressure (2.7 ), at. . a_t erature in- the region of 60C. After drying for
- 12 hours, 8 .%tl%;a o lﬁ%ﬁfﬁ&fgf i tﬁ@pgfﬁﬁfm‘ggﬁfetn‘hoﬁpﬁnﬁ§é+’?}n%re
obt ai ned.. The wield ined - - Q% _EXAMPLE.1 25. Depolynerjzation and
conversion to a‘i sodisﬁzlr%b?ae?t :g'nds t%% Hiepenistonid a?l_owea LYTECLERS .
. . for 12 hours. The clear portion of the supernatant is -
'“) A removed and discarded. 560_ml of water are added to the
10 sedimented precipitate (slurry appearanc-e) and tlﬁe
‘mixture is stirred for 20 minutes. The precipitate is
allowed to resediment for about 30 minutes. The
éupernatant is removed and discarded (560 ml). This
| opération 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 redﬁced pressure (2.77kPa) 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

estér of heparin (degree of esterification: 77%,




+

v

28 m of'dichloronethane are {ntroduced intd asb0n r k A 4
g (0.00238 nol) of benzyl ester of heparin (degree ofgégﬁggﬁ%?ga%+%%: 17%
20 January 2005 benzeéet honium salt) obtained as described in Exanple A are

slowly loaded, with stirring. After conplete. dissolution, 1.32 g (0.00948

nol) of 1,5,7-triazabicyclo.[4.4.0]dec-5-ene are added. The 5 m xture is
stirred at a tenperature in the regioniaf - 20C for -3 hours and 30 m nutes-
During this time, a solution of 12 g of. sodium acetate is prepared at 4C
in an. Erl enmeyer flask B in 120 m of nethanol. The reaction mxture in
Erl enmeyer fhenpdethdrsiymwwedd )i mbcaifechasneldsandbed 40l @xamplef asodi um

- acetate, with nagnetic stirring. A practically translucent gelatinous

yel | ow precidia &levdppdasdedihaich stimging .t Anersroppdetand the
suspension is allowed to separate by . settling for one hour. The clear

‘portion of tHeEsFWdp@nndt-adt g J0r8R848dmeAd @fscarded (62 m). 50-mi of

met hanol ar%éﬁyqu t.o the sedinented _precipitate (yellow slurry
appear ance) “ard A& igzePdrycle [ér Ar PddectSrepe arpurddedThBherecipitate is

“all oned t gﬁgigdinent for ahout 30 m nutes. The sggernatant is 20 renoved
d

XSSP, S58TRFY R Bt HERBPT&FBTYCadB el T 8HECB c@f ment ed

and di scdr

. precipitate Q I xture is irred for 20 mnutes. The precipitate in
- 8 8 7 FhES B §

suspensi on “i's t SFEd2BA &P nPePibeer Jur AN THRIGOFHBSY 21 | ow cake
bt ai ned i s : d+wi £ h | . f.25. peth |._Th lid
gra?kgg akstﬁgﬁlggfgg a%%érOEr%éu%éﬁ %%%g%ﬁ?elgg?ﬁgﬁﬁks? %f @ﬁieﬁgelathfe

inthe in an Erlemmeyer 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
Tmagnetic Stirring; A practically translucent gelatinous
yellow precipitate appears. The stifring is then
stqpbed and the sgspension is allowed to’separate‘by'
- settling for one hour. The clear portion of.the -

‘15 supernatant is removed and_discarded (62 ml). 50-nd'qf
methanol are added to the sedimented precipitate |
(vellow slurry appearance) and the mixtute is stirred

”) . . for 20 minutes. Thé precipitate is allowed to
resediment‘for about 30 minutés. The supernatant is

20 removed and discarded (49lm1). 50 ml of methanol are

added to the sedimented precipiﬁate and the mixture is
stirred for 20 minutes. The precipitate in'suspensién
is then filtered on Sintered Glass 4. The golden yvellow
cake obtained is then washed with twice 25 ml of

25 methanol. The wet solid is drained and then dried under
iedﬁced préssure (2;7 kPa), at a temperature in the |

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




b

'fegibn ofj60Ch After drying-fbr'lz hours, 1.21 g of'Zo_ﬂ?QP%r 2( 5
‘depol ymeri zed heparin are obtained (benzyl ester, sodlunlgaﬁgfyggﬁg.yleld

obtained is 77.2% Saponification: 1.21 g (0.0018 nol) of the
depol yneri zed 5 heparin (benzyl. -ester, sodiumsalt) obtained above and 11

"'m of water are. introduced into.a 25 m Erl ennmeyer flask. 0.18 m (0.0018

"mol) of 30%caustic soda is introduced3 with magnetic stirring. After

‘addition, the  mxtureis cooled to 4C and stirred for 2 hours. 10 1.43:'g

of NaCl are added and the solution is neutralized by addition of HClL at 1

mol /1 (14 ‘m §epahanemi sadirteepas it st ebtadricd BV dstle@nmeyer fl ask a’nd

52 ml of nethanol are added. The formation of a yellow precipitate’is

> obt ai ned. Th¥P&ty% rsaild )i s Theevisalshpddaib®dans (e 28uspension is all owed-to

~sedinent. for_12 hours at a tenperature in the region of 20C. The

then dri ed under

super nat ant S3ROHEFAE AR ed and then discarded (44 m). 25 m of hethénoL
mxture is Stirred 20 Pt 920 Om09a8 8oL ThbEpFBe| Srpelimes attoned ta
ey Gor RO J0 ULES, The suBernglan, s, rgmoved and i soarced
o then- 11 id Bt 3F KR BheCraleodhain PTght “Fh mlpre L ene bt af ned | <
then dried Graer Deddchd 0. 0reCRbor 0y age ot he e iteacif e i n the
introduced, with magnetic stirring. After addition, the

o ' mixture_is cooled to 4°C and stirred for 2 hours.

10 1.43 g of NaCl are added and the solution is
neutralizéd by adaition of HC1l at 1 mol/l {14 ml). The
mixture is transferred to a 100 ml Erlenmever flask and
52 ml of methanol are added. The formation of a yéllow
Vprecipitate is obtained. The stirring is thgn stopped

.15 and the suspension is éllowédrto sediment for 12 hours
at a temperature in the region éf 20°C. The supernatant
is then removed and then discarded‘(44 mi). 25 ml of. |

) - '_3' methanél are{addéd to the sedimented precipitater..: |

(yvellow slurry appéarénce)'agd the mixture is étirred
20 for 20 @inutés. The precipitate is allowed to
fesediment for about 30 minutes. The supernatant is
removed and discarded (21 ml). 25 ml of methanol are
added to the sedimented pfecipitate and the mixturé is
' - stirred for 20 minutes. The precipitéte in suspension
25 1is then filtered on Sintered Glass 3. The light yeliow
| .caké obtaiﬁéd is then washed with twice 10 ml of
methanol. The wet solid iS‘dréined and then dried under @ ...

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




20 January 2005 14 regi on of- BOC After drying for thua of
crude depol ynerized heparin is obt ai ned' (sodlunlsalt) he-yri e f% 0 talned

-is 60% Purification: 0.66 g of crude depol ymerized heparin obtained
above and 5.9 m of distilled water are introduced into a 10 n Erl'enneyer

~flask. The mixture is heated to 40C, with .magnetic. stirring. The pHis

brought to-.between 9 and 10 by additi ®8"-of sodium 10 hydroxide at 0.1
viol/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 isegidad OfTIHd °@ .x dteri sryling fout 02l hbedsbyOaddl gien of HCl .at
0.1 mM/1. The solutionis then filtered and 15 transferred to a 25 ni
3 ErLenneyer'ﬁﬁﬂﬂ@ dgpodymerdzednbehandn asecpbainddi nsodiremfsabmyion of a
‘white preci |tate i_.s observed. The stirring is then stopped and the -
~ suspensi on F%- §%8dobsadsginéfit 60%F 12 hours at a tenperature in the
- region of 2 .,Ege sypernatant 20 is then renoved and then discarded (5.

m). 5m. £ ﬁﬁ Prare added to the sedlnented precipitate (slurry
m nutes. The precipitate is

" appearange) and the mjxture red for
. al | owed- gﬁ resedi ment gg gu?r§% ?RR%%mEQ?ﬁPQLEEP%E&%un i s renoved and
SR scardegbgg {I%Qi a.go ure t’s%’?fe%ﬂ%r aggzlgfj‘?ﬁ&ﬁ‘iﬁthe a‘sﬁ%gl g‘regtc?gl tate in

- precipitate an

S‘_JSpe_nS' on iﬁti’gﬁﬂce& iﬁeaegl i)@ ol %ﬂe%gne?'e%ssffas];rherhme’hlr&rgctcake obtained

7 is heated to 40°C, with magnetic stlrrlng The pH is
B ‘ brought to. between 9 and 10 by addition of sodium
10 hydroxide at 0.1 mol/1 and_33 microlitres of an aqueous
solution of hydrogen peroride at 30% are added..After
stirring for about 2 hours,AO 65 g of sodium chloride
is added. The mlxture is then neutrallzed 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
prec1p1tate is observed The: stlrrlng is then stopped
;) o | and the suSpen31on is allowed to sediment for 12 hours
at a temperature in the region of 20°C The supernatant
20 is 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 .
nﬁnutes. 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
7 sedimented'preoipitate andrthe mixture is-stirred for
.20 minutes. The precipitate in suspension is then

"filtered on Sintered Glass 3. The white cake obtained




f20 January 2005 15 is then washed with twice 5 m of ne&pgp L, et
solid is drained and then dried under reduced pressure e ﬁﬁ%) at a

~~tenperature in the region of.60C. After drying for 12 hours 0.51.g of a
~purified mxture of polysacchari-des (sodiumsalt)-is obtalned The yield _
~obtained is 77.2% The characteristics. of this mxture are the foll ow ng:

Mean nol ecul ar wei ght: 1600 daltons 10 ¥&nti--Xa activity: ‘94 |U ng- '

-~ Anti-lla activity: .< 0.1 IUng Anti-Xa act|V|ty/ant|-IIa activity ratio: >

7100 EXAMPLE, 2 Depolynerlzatlon and conversion to a sodiumsalt: 15 7Q n

" of dichl or ork® h’é‘F@é’F’%‘ihﬁﬁ idie daviian ¢ mil 1D methamodnnBher wittask A 10 g

'~(0 00595 rnﬁ%?i;. ben e ester-of heparin (degree of esterification: 77%
benzet honi'u §)igHzainad aadishen wedad ch wBégrpredncedapressonky | oaded,

Wi th Stlrrlrﬁh fﬁt r qﬁlete 20 dissolution, 1.7 nm. (0.005%$7-nol) of 2
—tert-butyl i no¥ )dl &hf STRETEATE 3t e &esyaroof, §09Cdi aza

phosphori ne e ad nis allomed to continue for about. 3
hour s and 3 rﬁ%ﬁué%y g%r gﬁpgpgfﬁre |ﬁltﬁéOFeslBHrbﬁlﬁélefﬁﬁ¥ﬁg this
time, a . of |un1a ate | met hanol is-
~ prepared at 1N anaQE%?RQ%E éfgﬁﬂggksg THE P e%?%§1n?§?u¥ee%ﬂ o
Erl ennmeyer %Hﬁ%ﬂ%&ﬁqg batg%the met hanolic sol ution of sodlunjaeetate

with magnetic _ ,
The characteristics of this mixture are the

 following:

‘J .
N

Meen moieculerrweight: 1660 daltons

~10 Anti-Xa aetivity: 94 IU/mg

Anti-IIa activity:‘< 0.1lIU/mg
__Anti-Xa activity/anti-IXa activity ratio: > 100
EXAMPLE 2

Depolymerization and conversion to a sodium ealt-

:15_ 70 ml of dichloromethane are 1ntroduced into
a 100 ml Erlenmeyer flask A 10 g (0. 00595 mol) of
benzyl ester-of heparln (degree of esterlflcat;on: 77%,

) B ' benzethonium salt} obtained asAdescribed iﬁ.Example A
~ are slowlylloaded, with stirring. After complete

20 dissolution, 1.7 ml (0.00587 mol) of 2-tert-butylimino-
‘-_2—diethy1amino~1,B—dimethylperhydro-i;B,2—diaza-
phosphorine are added. The reactioe is allowed to
continue for abéut 3 hours and'30 minutes at.a
temperature in the region of 20°C During this time, a |

- 25 solutlon of 30 g of sodium acetate in 300 ml of

l methanol is prepared at 4°C-1n an Erlenmeyer flask B.
The reaction mixture in Erlenmeyer A is poured into the ce -

methanolic solution of sodium acetate, with magnetic




"20 January 2005 16 stirring. ‘A practically translucent;gﬁbathggu§ay%llow :
- precipitate appears. The stirring is then stopped and nsion is
-allowed to separate by settling for, one hour. The clear portion of the
supernatant is renoved and di scarded (204 m ). 125 mM of meéthanol are
added to the sedinented precipitate (yellow slurry appearance) and the
“mxture is stirred for 20 mnutes. . Thagrecipitate is allowed to

resedi nent for about 30 minutes. The supernatant is then renoved and
discarded 10 (162 m). 125'm of nethanol. are added to the sedi nented

precipitate %@mriingJnhupnarUrcammywunhﬂsmUcéal|@eaumeaou§h9eggb@tlnous
- precipitate in suspension is then filtered on Sintered dass 3. The yellow

gel at'i nous RS iahi tE tre dripeattiso n Thes Isdd. xwiitdy s, phehi shsppBdohnB3 nl  of
met hanol . The gel atinous solid_is drained and then dried under reduced
pressure (2.th& F%BSPQﬂﬁkﬁn fenpdlawede tion separasgi by setedingAEber dryi ng
for 12 hours, g _of depolynerized heparin (benzyl ester, sodiumsalt)
are obtai ne&neni’r@%r -eTReosispreROFS 19y ofytheosupgonatanttisn: 1.67 g .of

depol yne zed he in (henz ster, sodium_salt) obtained above are .
sapon|f|§% <ﬂg§ lﬁﬁérgﬁgoﬁgpﬁcﬁﬂﬂonlﬁﬁtﬁédoééﬁﬁﬁhﬁéallﬂreExaane

depol ymor | 2858 pgghﬁh%iééﬁaw&ﬁgﬁ) PEREIB bRtV FFAGH| BHEEY 20 January
_ 2005 appearance) and the mixture is 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
' Sedihénted pfecipitate and the mixﬁure is stirred for
20 minutes The gelatlnous preczpltate 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 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 12
‘)_ E 'hours,-3.34 g of.depolymerized heparin (benzyl ester,
 sodium salt) are obtained. The yield obtained is 85.3%.
20 Saponlflcatlon | |
1.67 g of depolymerlzed heparln (benzyl
éster, sodlum salt) obta;ned above are saponified
according to the'saponificationrmethod described in
~ Example 1. 0.94 g §f a light yellow powder is. obtained
25 The yleld of crude depolymerized heparln (sodlum salt)
| is 61%

Purification: o ' C.




.17 0.94 g of crude depolynerized heparin.(sodium salt) 031 ai ned ve IS

~ purified according to the method of purification describ&d Far le 1.
-0.71 g- of a white powder is obtained. The yield.is 75.5% The purified

m xt ure of - pol ysacchari des (sodi.um salt) obtained.has the, follow ng

characteristics: Mean nol ecul ar wei ght: 2500 daltons Anti-Xa activity:

- 146.6 11U ng 10 Anti-lla activity: 2.1514U/ ng Anti-Xa activity/anti-Illa

. activity ratio: 68 EXAMPLE 3 Depol ynerization and conversion to a sodi um

salt: 28 .m of-dichloronethane are introduced into 15 a 50 m Erlenneyer
flask A 4- g (0.002380n4)godf benzadd degpatynadr dhesd haprHegr @ um :

. esterification; 77% benzethonium salt) obtained according to Exanple A

‘are slowy $@1a’élbd9bwi_'t1kﬁ%t¢b¢frmgis A ieshs et didics sl whieon and ‘cool i ng _' '

- to 2C, 0.333 g (0,.00239 moll 20 of 1,5.,7-triazabicyclo[4.4.0]dec-5-eneis -

added. The PRERRT It iRUE: Fisatiaqn desnnihesd fior Exsowtled thodr.§lagd 30

- mnutes at a tenperature in the region of 20C. During this tine, a '

sol ution of 92 § B RWHSK dsadbtaimetho The gt Bendl5-5%.prepared at 4C

in an 25 Erlenneyer fh@fk B':QE% reaction mxture in Erlenneyer Ais’

‘poured into the metharol§ &Ho _dbﬁuéF“§@dPﬁnPO&QEP&F@??%ﬂFﬁ‘nagnetic

She 0 Sannal S YA P SR ine P RRE R FBTa3ANG N9 0 then stopped and
characteristics: . ' '

' Mean molecular weight:-ﬁsob‘daltons
e ~ Anti-Xa activity: 146.6 IU/mg |
10 Anti-IIa 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-dichloromethéne are introduced'into'.
15 a 50 ml Erlenmeyer flask A. 4 g (0.00238 mol) of benzyl
ester of heparin (degree of estetification: 77%,;
benzethonium salt) obtéined 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-triézabicyclo[4.4.0}dec-5;enc is added. The .
reaction is allowed to continmue for about 3 hours and
30 minutes ét'a temperature in thelregicn of 205C. |
During this time, a solution'of 12 g of sodium acetace
“in 120 ml - of methancl is preparéd at 4°cC iﬁ an
25 Erlenmeyer flask B. The reaction mixtﬁ:erin'Erlénmeyér
7 A is poured into the.methanolic solution of sodium
: acetate, with magnetic scirring. A yellow precipitéte_ .

appears. The stirring is then stopped and the




18 suspension is allowed to separate by settling for o our. The cl ear

portiog of the supernatant is renoved and di scarded (QSRhP%Fugﬁy éf
--met hanol are added to the sedinented precipitate (yellow slurry E
appearance) and the mxture is stirred for 20 m nutes. The precipitate is
al l owed .to resedi nent for about 30 m nutes. The supernatant is renoved and
“di scarded (61 m). 50 nl of nethanol arl® added to the sedi nented
,precipitate and the mixture is stirred for 20 minutes. 10 The precipitate
.in suspension is then filtered on Sintered G ass 4. The cake obtained is
‘then washed TWIPFRSIREDRMowd ki waRATatEhdywestetgdling ifordoaened and

then dried under reduced ressure (2.7 kPa), at a tenperature in-the region
of 60C. Aft:ei?o%ﬁyi'ﬁbef e%,porlté%l?rfs,thf. PUDGTEE tdado lignwemewddhepar i n _

(benzyl -est sadjum t).-are  obtained. The solid is dark yellow. The

yi el d obtai%gﬁiis%#gﬁéﬁa %%ﬁ&ﬁﬁfigitﬁgnpf rethagods ageparidedr teed heparin
(benzyl. est SYolo P ' sal t)._obtai ned ove are saponified according to
e Hﬁ?ﬁ%%'éreéapﬁgg%ﬁnqﬁfi FeS+RXgy78Pgegrangel i ght yel | ow:

~ the saponification e ~descy _ _ :
povt 1% ot sl Shyeeule R MRS Bggen 0 (o0 s )
descl i bed 1 B g R B P RS TRl The yield i s
72.5% 1,9 minutes. The supernatant is removed and discarded
‘ | (61 ml). 50 ml of methanbljgré,édded to the sedimented
. | B ‘precipitaﬁe and the mixture is stirred for 20 minutes..,
710' The precipitate in.suspensi#n is then filtered on
' sintered Glass 4. The cake obtained is tﬁen washed with
twice 25 ml of methanol. The wet solid is drainéd 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 depolymeriied heparin (benzyl ester,
"sodium salt) are obtained. The.solid is dark yello&.
The yield'pbtained‘is 75.9%.
_ )‘ T | Saponificatioh:
1.19 g of depolymerized hebarin {(benzyl ester, sodium
'ZQ salt) obtaingd'above aré Saponified according t§ the
~ saponification method described in Example 1. 6;78 g of"
a light_yellbw powder is obtained. The yield of ciudé '
depolymerized heparin (sodium salt) is 71.5%, |
" Ppurification: .
25  ‘ 0.78 g_of‘crude depolymerized héparin (sodiﬁm
salﬁ) obtained ébove is'purified according to ther‘
method of purification described in Example 1. 0.58 g- .

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




The purified m xture-of polysaccharides. (sodium salt)_obtained ve -the
following characteristics: Mean nol ecul ar wei ght: 2700 “daPPBRSY A - Xa
-activity: 100.1 IUnmg Anti-lla activity: 3.3 U ng Anti-Xa o Lo
activity/anti-lla activity ratio: 27.3 EXAMPLE 4.Depol ynerization and
conversion to a sodiumsalt: 10 28 m of dichloronethane are introduced
into a 50 nl Erlennmeyer flask A 4 g (X8 00238 nol) of -benzyl  ester of
heparin (degree of esterification: 77% benzethoniumsalt) obtained as
described in Exanple A are slowy |oaded, with stirring. After conplete 15
di ssol ution-and at 2C, Tige eounifiedoRR2eume Jobfpdisadcharides .
‘butylimno-tris(dinethylanm no)phosphorane is added. The reaction is -
al | owed. to'&%‘?fﬂ%esﬁg?) Mraimehdee o R0 Iuwimges. at a tenperature

Ln;the.regioqﬁgf OC. During this tine., a solution of 12 g of sodium. :
acetate 20 THEPOCHALIILGHEt hanol is prepared at 4C in an Erlenneyer flask:

B. The reactyon rﬁggljr%_in Er,| nne&er flask Ais poured into the -
met hanol i ¢ SOTU i B ViAo HFHAECe 20 S@ltengagnetic stirring. A

L v L P S O SO L PR St by
drscarded (198 MY BEUAVLSY mar AaRGY "6t e added to L he Gedimented 20
| January 200§n%Q-Xa activity/anti-IIa activity ratio: 27.3 |
. EXAMPLE 4 N |
v ' Depolymefization and con#ersion_to arsodium salt:
10 ' 28 ml of dichioromethaﬁe are introduced into
a 50 ml Erlenmeyer flask A. 4 g (0.00238 mol) of benzyl
ester of ﬁeparin (degree of esterificatién: 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-.t.ert-
butylimino-tris(dimethylamino)phosphorané is adde&. The
reaction is allowed to continue‘for about 3 hours ané
“) . 30 minutes at a temperature in the region of Q°C.
| Du;ing-this time, a soiution 6f‘12 g of sodium acetate
20. in 120 ml of methanol is prepared at 4°C in an -
Erlenmeyer flask B. The reaction mi#ture in-Erlénmeyer
flask A is poured.into the methanolic solution of
sodium acetate, with magnetic stirring. A practically
fraﬁslucent gelatinous yellow pPrecipitate aﬁpears. The
25 stirring is then stopped and'the suspension is allowéd
to éeparaté by settling for one hour. The clear portion
of the supernatant is removed-and.discardéd f108 ml). Ce .

50 ml of methanol are added to the sedimented




'precipitafe (yel Il ow sh slurry:appearahce) and the mixture is stirred for.
20 minutes. The precipitate is allowed to resedinment 3t JABBaEY 3¢P 4 nut es.

The :supernatant is renoved and di scarded (60 m). 50 ml of nethanol are
added to the sedinmented precipitate and the mxture is stirred for 20
m nutes. The yellow sh white precipitate in suspension is then filtered on
Sintered dass 4. The cake obtained is Zthen washed with twice 25 ml. O -
‘nmet hanol. The-solid is drained and then 10 dried under reduced pressure
(2:7 kPa), at a tenperature in the region of 60C. After drying for 12 -
-hours, 1.22PFCeiPHepet yiel ot ste mninry Bopedrastedr andadieum salt) are
obtained. The,yield obtained is 77..8% Saponification: 15 1.22 g of.
depol yrer i zeBREHES i ¥ (PehiAAd dairer20 Rguiassalfe cresipdtatbois are
saponified ording to the saponification protocal described in Exanple
=Lt 1 gires

1. 0.69 g of 19 JiftS SRy ﬁ&ﬁ@%?@bﬂé—ﬁ#@@ﬁ_fm@eﬁ el d of crude
Cenel it AR (AR S SR L o 09
56 whitn pidindt e SRR O BHe BedteSE o d Brecit FaFrr #28 i xt ure of
Dol saconar 8 mibae! Teo2klikrBH' 8680 A2ablEs" Orh@" O oG 20 F St o
| white precipitate in suspension is then filtered on
| | Sintered Glass'4. The cake obtéined 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 7
_temperaturerin the region of 60°C. After dr?iné for 12
,hours, 1.22 g of depolymerized heparih (benzyl esterf
sodium salt) are obtained. The yield obtained is 77.8%.
'Saponification:' | |
15 . | ‘ 1.22-g of depolymerizedlhebarin {(benzyl
ester,.sodium salt) obtained above a:e'ééponified-
| according to the saponification protocol describéd in
) ) Example:l. 0.69 g of a very light yellow powder is
| ‘ob;ained;-Thé yield of crude depolymérizéd heparin
- 20 :(SOQium salt) is 61.6%. | |
Purification: |
| 0.69 g of crude depolymerized heparin (sodium
éélt) obtained above is purified.according to the. '
'purificatioﬁ protocol described in-Example 1. 0.67 g of
25 a white powder is obtained. The vield isﬁQ?.i%.
| | The purified mixture:of polysaccharides
(sodium salt) obtained has the fdllowing |

characteristics:




21 Mean ol ecul ar wei ght: 2900 daltons Anti-Xa act|V|t 145, ng?
Anti-17:a activity: 4.5 U nmg Anti-Xa act|V|ty/ant|-II éPP9FF¥ 7419 o:

- 32.6 5 EXAMPLE 5 Depol yneri zation and conversion to a sodiumsalt: 28 nm of

"~ di chl oronethane are introduced into a 50 m round-bottoned flask A -4 g

(0.00238 nol) of benzyl heparinate (degree of esterification: 77% 10

benzet honium salt) are slowy |oaded, @With stirring. After conplete

di ssolution and at 40C, 0.95 g (0.00949 nol) of sodiumim dazolate is

'~ added. The .reaction is allowed to continue for about 4 hours at the ref
1ux tenperat¥ean grolpenlar oretdhine 2 00 idedltidriss 15 tinme, a solution of 12 g
- -of sodi.umacetate in 120 m of nethanol is prepared at- 4C in an

Erl enneyer A&k aqkeviescti4hn 2ild/me in Erl enmeyer flask A s poured

~into the nethanolic solution of . sodiumacetate, with nagnetic stirring-

A-practical IFPYr G RVl atd - ﬁpéy'gg'yeIIOM/preC|p|tate appears. The

stirring |S#L§He2ﬁ§to ed an the suspenS|on is allowed to separate by

settling fo YA Joft ASh i8R tyh&agifigé2 - €ol our ed '
super nat agit d and discarded (88 m). 50 nl of nmethanol are added
to the sednmente precipitate (orange-col oured slurry appearance) and the

| owed to

‘pgéégtﬁehf ?ﬁ#kh%ﬂbﬁﬁr %F%L de%?ﬁgggggégfhgtéﬁ%gﬁéaWeﬁﬁ Ed and dlsearded
.:'(51 nt). 50 ”1 Of 20 é%nﬂﬁr¥fzggéhloromethane are introduced into
a 50 ml rqund—bqt;omednflask A. 4 g (0.00238 mol) of
- benzyl heparinate (degree of esterification: 77%,
1O benzethonium salt) are slowly loaded, with etirring.
| After complete dissolution and at 40°C, 0.95 g
(0.00949 mol) of sodium imidazolate is added. The
reaetion 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_prepafed_at 4°C;in an Erlenmeyer flask Bl
The reaction mixture in Erlenmeyer flask A is ponred
_} ~ into the methanolic solution of sodium acetate, with
magnetic stirring. A—praetically translucent gelatinous
20 yellow precipitate appears. The stinring is then
 ‘stopped_and_the suspension is allowed to separate by
settling'fof 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 prec1p1tate (orange—coloured slurry. appearance) and the
mlxture is stirred for 20 mlnutes The precipitate is"’
allowed to resediment for about 30 minutes. The

supernatant is removed and discarded (51 ml). 50 ml of




C2"2 net hanol are added to the sedinmented precipitate an?- t he nixéﬁrg i's
stirred for 20 ninutes. The. -orange Col oured preci pitaf® 140%agpeston is
-then filtered on Sintered Gass 4. The cake obtained i.s then washed with 5

twce 25 m of nethanol. .The solid is drained.and then dried under
- reduced pressure (2.7 kPa), at a tenperature in the region of 60CC. After
drying for 12. hours, 1.34 g of depol W®erized heparin (benzyl ester,:
sodiumsalt) are obtained. The yield obtained is 76.6% 10 Saponification:
1.2 g of depolgnerized heparin (benzyl ester, sodiumsalt) - obtained above
are saponi f | BghaRet @¥R added Heo Sdpomiedioramitord poaiqrilt ades anidbed i n
Exanple 1. 0.63 g.of a beige powder is obtained- The yield of 15 crude
depol yneri zeth'® TS SRl S ead fars 26 remuteryr iThec ariange-0. 63. g of
_crude depo1ygexized'he arin (sodium salt) obtained above is purified
according t CTHEEH BTSSR R R AR SusPensisay s, theangidtered. a2 g of a _
- 20 bei ge-whigde powder..J s obtaiped. The yield is 66.7% The purified mxture -
~of pol ysacchéélrl}%e%eclf(%]&ﬁ %ré . g&ﬂet )c‘%&t SPhed eSS ish&besl wawhag with |
charact erd sti.es... M lecul ar i ght: 2250Q .daltqns, 25 Anti-Xa activity:
134.5 | U/%rg ﬂ"ﬁ‘?ﬁ“? I\%a g“lgléf?\%‘%ett?:an\ﬁﬁs '%Fnﬁ"iﬁ?i }iag-;ét‘LPx?gt srdnEhen| a ,
activity ra%u%eéﬂhﬁéer'@éﬁ%@%ﬁ‘8r%9s&§2“?5¥72Q9§),'at a
temperature in the region of 60°C. After drying for 12 . N
hours, 1.34 grof depolymerized'heparin (benzyl ester,
< ~ sodium salt) are obtained. The yield obtained is 76.6%.
10 - Saponification:
1.2 g of depolyherized heparin (benzyl ester,
sodium salt) obtained above are saponified according to
the saponification'prétocol described in Examﬁle 1. |
0.63 g of a beige powder is obtéiﬁed. The yield of
15 crude depolymerized heparin (sodium salt) is 52.5%.
Purification: .
0.63 g of crude depolymerized heparin {sodium
D salt}'ob;aiﬁéd above is purified according to the
_ pu:ification.method described in Example 1. 0.42 g of a
20 beige-white powder is obtained. The yield is 66.7%.
- The purified mixture of polysaccharides
(sodium salt) obtained has the following A
characteristics:
:Mean molecular Weight:'2250 daltons
25 Anti-Xa activity: 134.5 IU/mg
Anti-ITa activity: 1.5 IU/mg
Anﬁi-Xa activity/anti-IIa éctivity ratio: 980.5° . i ...

EXAMPLE 6




" 23 Depol yrreri zati.on and conversion to a sodi um sal t : 2 0
“di chl oromet hane are introduced into a 50 ni: Erl enmeyer (}IJMaKY % %5

. (0.00238. ol ) of benzyl ester of heparin (degree of esterification: 77% 5
benzet honi um salt) obtained as described in Exanple A are slowy | oaded,

- wWith stirring. After conplete dissolution, 1.33 g (0.00956 nol) of

1,5, 7-triazabi cyclof 4. 4. 0] dec- 5-ene aréjadded. The m xture is stirred at a
tenperature in the region of 10 20C for 3 hours and.30 minutes. During this

time, a. solution of 12 g of sodiumacetate is prepared at 4C in an

_Erl enneyer  fPeRRiMneRizaion aofd wemvensiomie a eadtiuen seilxt:ure in

Erl enmeyer flask Ais poured into the methanolic solution of sodium

acetate, with ..15 ma tm&:Qﬁuquhagrquﬁﬂnxma<ama jintredskedenntgel ati nous

~yel |l ow preci ists te a ears. The stirring is then stopped and the suspension
“is all owed- t% EB}}“eY%ttl legé Por doe (Ro@023Bhmod) eaf beneidn of the

60 m of 20 nethanol are

| ~ super nat ant i re and discarded (56 m).

~added to the&SeEh r%%&‘eed’a;ﬁlé’c (Gegzes o y@lsit@vl?/-"-#ﬁﬁl‘:gl‘oapp@a%ance) and the
mxture i irr f.or_ 20 _m.nu r ci pi t, s allowed to '
resedi men f 1?% %(C)ch AR Fati e Eg?‘ﬁgeguﬁg SESRt pg ipcRHeERl A di scar ded

70 m 50 dto th di t t at d
the mxiure ¢ AeBrcdeaed SR THETE- Ry’ SRR TaRRLPRE uopins, on 1

then fil tereg_sgblgltgb req Ghass n. y¥ellow cake obtained is then
~washed with twice 50 %I %Oa\léﬁugggggo éﬂ? ot 7

\ 1,5,7- tr1azab1cyclo[4 4.0}dec-5- -ene are added The
S ‘mixture is stirred at a temperature in the region of
. o 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 aniErlenmeyer flask B.in 120 ml of methanol. The
reactien mixture in Erlenmeyer;flask A is poured intor
the_methanolic solution of sodium acetate, with
-15 magnetic stirring. A practically translucent gelatinous
yellow precipitaterappears. The stirring is then
| . stopped and the suspeﬁsion is allowed to separate by
7) o settiing fo; one hour. The clear portion of the |
supernatant is removed and discarded (56 ml). 60 ml of
20 methanol areradded to the sedimented precipitate
(yellow slurry appearance) and the mixture is stirred
- for 20 minutes. The preciéitate 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 sedimeneediprecipitate and ﬁhe mixture is
| 'stifred for 15 minutes Tﬁe-precipitate in sﬁspension
is then filtered on Sintered Glass 4. The golden yellow ' l-..

cake obtained is then washed with twice 50 ml of




24 met hanol .. The wet solid is drained and then dried under__reduce
pressure (2.7 kPa), at a tenperature in the region of gngaﬁﬂ%ﬁgrsg?iing
for 12 hours, 0.92 g of depol ynmerized heparin are obtained (benzyl ester,
"5 sodiumsalt). The yield obtained is 64% Saponification: 0.92 g (0.0014
mol ) of the depol yneri zed heparin (benzyl ester, sodium salt). obtained '
above and 17.5 m . of water are introdug#d.: into a-25 nml Erlennmeyer 10
flask. 0.38 m (0.00379 nol) of 30% caustic soda is introduced, with _
~magnetic stirring. After addition, the mxture is kept at a tenperature in
the region, ethgeolanghgt vefedoldd Eshdurined gng ohemadried cumdieted and the
solution is neutralized by addition of concentrated 15 HC-1 (final volune
of the sol uEFEHCEHoRTeE8URe) (2 ThekRrkt Lke Rsterepsrerredin othe 100 m

| Erl enneyer flask and 4 of ‘nethanpl are added. The formation of a yellom/
'precipitafer99188582vég?g;h%ég??r?¥¥&P?s theh? stpRd 0=t 9 1RE suspension

is allowed di:ment r 12 hours 2Q at.a tepperature in the region of.
200C. The sﬁ%@?ggFgﬁ%?eéﬁﬁe??ﬁﬁPr%ﬁ%vékF%&RF$r1 e%ﬁ%&iﬁ%%$F152|n1). 25 n
~of nethano e a 1 S 'r@%ed ecipijate (yellow slurry

appear ange) gg%&tnhgg?ng;d Slr‘ﬁeé]&l_e?ﬁhrreailq%g :'2":(;]) %ﬁut es. The preci pi taée i'sd
al lowed to gdgoh ff@%{gﬁngor'about 1 hour. The supernatant is renoved an
~di scarded (275315.-25 of methanol are added to the sedinented =~
precipitate and the r@xggjgge (5. cild @Ay T @g)tgep%lwriz'g@e precipitate
~in suspension is then 20 January 2005 B
- heparin (benzyl ester, §od;ﬁm salt) obtained above and S

Vo

- - 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
iﬁtroéuced, with magnetic stirring. After addition, the
‘mixture is kept at a témperature in the region of 20°C
and stirred for 5 hours. 1.8 g of NaCl are added and
the solutiﬁn is neutralized by addiﬁion of concentrated
15 HCl (final volume of the solution about 18 mli. The
mixture is tiansfer;ed to a 100 ml Erlenmeyer flask and
46 ml of méthanoi'are addedﬁ The formatioﬁ.bfla-yellow
7) - preéipitate is observed. The stirring is then stopped
'énd_the suspension is allowed to sediment for 12 hours
20 at a témperatﬁ:e‘in the region of .20°C. Thé supernatant
is ;heniremoved and then discardéd (52 ml). 25 ml of
methanol éré added to the sedimented precipitate
(yellow slurry appearance) ahd the‘mixture is stirred
- for 20 minﬁtes. The preéipitaté is allowéd,to '
25 resediment for about 1 hour. The supernatant is-:emoved
andvdiscarded (27 ml). 25 ml of hethanol are added to
the sedimented precipitafe and the mixtuxe is-stirred ..

for about 1 hour. The precipitate in suspension is then -




"2.5 filtered on Sintered A ass 4. The cake obtained is %Qen mashgg wth

twice 10 m of nethanol. The wet solid is drained and thelf dfréd Uhter

- . reduced pressure-(2.7 kPa), at a tenperature in the region of 60C. After.5
drying for 3 hours, -0.42 g of crude depol ynerized. heparin is obtained

(sodiumsalt). The yield obtained is 45.6% Purification: 0.42 g of crude -

depol yneri zed heparin 10 obtained aboa% and 3.8 m of distilled water are

introduced into a 10 M Erl enneyer flask. The mixture is heated to 38C,

-~ with magnetic stirring. The pH.is brought to between 9 and 10 by addition

- of sodi um hy8tbx¢red on Sintwi¢d GlesL R .niThelddkeohfaimeddeeatsn 15

- solution of hydrogen peroxide-at 30% are added. After stirring for about 2

hours 30 ni nt@eded Wity Hfiesdilimic wifometdareladMin: whte soilituis is then

-neutraliieddg¥ .addition of . HJ,at 0.1 nol./l. The solution is then -

filtered and%3hRY @b dher driedungere mespsed passsuze 12.3 m of -

. met hanol ar oured in.. The formation of a white precipitate is observed.
The.stirfinSF§%91fﬁﬁ1asﬁ%ﬂﬂﬁﬁ§§%ﬁﬁ Re thgs peAdPon ofs 68°ConRites sedi nent - f or

12 hours at %g@g%gatgg in th rggion of 2QC. -The_ supernatant i's then

‘renoved and TREA i SEardd® S . Lo4s /i PE sThAe fepplimABizedre added to the

stirred for

1 i mut oo, TSR GE SrehielY (@BRERRABETE) St ki Ok, ShEetRed hour o The

15 m.nutes. e precipi
super nat ant jigs 420 gganuary 2005 _

Purification: :
0.42 g of crude depolymerized hébarin
10 obtained above and 3.8 ml of distilled water are
introdnced into a 10 ml Erlenmeyer fléSk. The mixture
is heated to 38°C, with'magnetic étirring. The pH is
brought to between 9 and 10 by addition of sodium
hydroxide at 0.1 mol/1 and 25 microlitres of an agueous
15 solution of hydrogen peroxide.at 30% are added. After
stirring fbr ébout 2 hours 30 minutes, 0.5 g of sodium
chloride is added. The mixture is then neutralized by
U) - addition OffHC;ﬁat 0.1 mbl/l; Tﬁe solution iéfthen
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 stirriﬁg is then
stopped apd the suspension is allowedrto sediment for
12_hours at a témperature in the region of 20°C. The
'supernétant is then removed and then discarded |
25 (9.8 ml). 5 ml of methanol. are added to the sedimented
| _preéipitaté (siurry éppearance) and the mixture is
stirred fdr 15 minutes. The precipitate is allowed to

. 'resediment for about 3 hours. The supernatant is




26 renoved and discarded (6.2'nl). 5 m of nmethanol are, added to 6£e
sedi mented precipitate and the mxture is stirred for 20 1HYGEEs? S he
precipitate in suspension is then filtered on Sintered Gass 3. The white
"cake 5 obtained is then washed with twice 5 rd .of .nethanol. The wet solid
is drained and then dried under reduced pressure (2.7 kPa), at'.a
tenperature in the region of 60C. Aftexé6drying for about 2 hours
20-mnutes, 0.3-9 g of pure depolynerized heparin.(sodiumsalt) is 1.0
- obtained. The yield obtained is 92.8% The characteristics of the
~ depol yrer i ze@empEgdr andt duscabded néd. 2rml t hes fml | ofi mgthddsin awd ecul ar
weight: 1950 daltons Anti--Xa activity:- 115.6 U ng, 15 Anti-lla: :
activity: < 29flefingo slke. sedimented yprenipitatectndi the matitrre> i57  EXAMPLE
.7 Depolynerization_ and conversion to a sodiumsalt: 140 m of ' _ '
di chl or onet hSherEPe T r 60 BEautes o Th® Preig tAte el twrspensiong (0. 0119
nol ) of benzyl arin (degree of esterification: 77%

benzet honi u Ssgﬁ%lgr ' %?’ﬁh%g W Gk FliassedamThe ahitte sebal y | oaded,
et 5 S Epmlat s Sagelupon, e el e coniant or
h (ZJPE ?iept(:afjbiutsy |éﬁ$<%1%€;€eg(}fieq ﬁiﬁs_c{gai(h%do %%%rtr_?xle% %fried under reduced | o
IR L SR ) ol A0S 1 LigReA%ES TP
60°C. After drying for about 2 hours 20 minutes, 0.39'g
A 7_ofrpure depolymerized:heparin-(sodium salt) is
10 obtained. The yield‘bbtained is 92.8%. |
The characteristics of the depolymerized
heparin thus obtained are the following:
'Mean molecular weight: 1950 daltons
Anti~Xa-activiﬁy:-115.6 IU/mg .
15-7Anti—IIa activity: < 2 IU/mg o
Anti-Xa activity/anti-ITa activity ratio: > 57
EXAMPLE 7 |
_:) i ,_':H Depolymerizgtion and éonversion to a sodium salt:
o o 140 ml of dichloromethane are intfoduced into
20 a 400 ml reactor A. 20 g (0;0119 mol) of benzyl ester
of heparin (degree of esterification:'77%, benzethonium
salt) obtained'és described in example A are slowly
'1oaded, with stirring. After complete dissolution, the
' wafer content of the reaction medium is measured by the
25 Karl Fisher method. Tﬁg value obtainédris;o.l%‘water.'
3.57ml (0.0121 mol) of 2-:ert-bﬁtyliminc-2—diethy1~
amino-1~3-dimethylperhydro-l;3,2—diazaphosphorine are L.

. then added. The reaction is allowed to proceed for




27 .about 24 hours at a tenperature in the region of 25 During_this:-
time, a solution of 30 g of sodiumacetate is preparedg%ka@aFﬁ §h05

- Erlenneyer flask Bin 300 nl of nethanol. Half of the reaction mixture of
reactor A i.s poured into the nethanolic soluti-on-of sodiumacetate, wth
magnetic-stirring. -A practically translucent gelatinous yellow precipitate
appears. The stirring is naintained fd7 one hour and the suspension. is
allowed to separate by settling for about 12 hours 10 at 4C. The cl ear
porti-on.of the supernatant is renoved and discarded (220 m). 220 m of

et hanol ar e2B8HEd2¢ howhe aed rsmreratruns pin athe (yegiowad @50¢. - -
appearance) _and the mxture is stirred for 50 m nutes. The precipitate is.
al | owed to rBYEHRFeHELls oritdot SS9 Ml & ITief sgdinmeaetaice r enoved
~and di scarded d$204 m). 20¢int of methanol are added to the sedinented
‘preci pi tate ARFITRETES AN #1G 1Qt 1347 &F femmevay flasted inTR@Ogwlat i nous
Iltered on Sintered d ass 3. The yellow .

precipitate ip s ensj on. i t f

20 gel ati noud%f_]cné?g%%dﬁ i ﬁ?(}sq 9){1%&? WESITEG O FHXEYE6r CifoReacsPz1B0 nl - of
met hanol .« T | sqQkid_is.drai.ned nd .t hen dri.ed under reduced
pressure th}s %‘%éc{]ag Lh;to %@&gﬁipﬁpglﬂﬁ lsﬁgurtéﬁ?‘oﬁfoﬁoée@‘ After drying

for about el s, & 0|, ri.zed heparin.(benzyl 25 ester,

sodiumsalt) are Q'tgﬁﬁgﬁ.__ Sgggeféggﬁ%ﬁﬁneg 5§a?5?é§§?¥alpulated on the
basi s of haldralsltentedelaeinolB YT bir°BEEH) s PARENLELEREL Oy, 8O JanUArY

. stirring is maintained for one hour and the suspension: -

Y .

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 méthanol are added to

the sedimented precipitate (yellowlslurry appearance)

and the mixture is stirred for 50 minutes. The

-precipitate is allowed to fesedimenf 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 ndputest ?he gelaﬁinous brecipitate in Suspension is
.then filﬁered on Sin;ered-élass 3. The vellow
20 gelatinous céke obtained is then washed with é poftions
of 100 ml of methanol. The gelatinous solié is drained
and then d:ied_under reduced pressure (2.7 kﬁa), at a
temperature in the region'of 60°C. After drying for
about 12 houré, 2.6 g of depolymerized heparin (benzyl
25 ester, sodium salt) are obtained. The vield obtained is
70.6% (calculated on the basis of half of the reaction
medium treated). | _ | N o P

Saponification:



28 2.6 g of depolynerized heparin (benzyl ester, sodiu lar ogbgéned
above are saponified accarding to the saponi fication ne cirbed in
Exanple 1. 1.48 g of a light yel | ow powder are obtai ned. _The y!eld 5 of
crude .depol yneri zed heparin (sodiumsalt) is 62.9% Purifi.cation: 1.48 ¢
of crude depol ymerized heparin obtained above and 15 m of distilled water
-are introduced into a 50 m Erlenneyeﬁsflask The m xture 10 is heated
. 10.401C, with magnetic stirring. The pHis: brought to between 9 and 10 by

addi ti on of sodium hydroxide at 1 nolt 1. The solution is filtered on a
“filter nmenbrane haV| n é) W‘@r@rﬁed?@%aé’rl@— (Hemzerd estar30%

aqueous hydr 1 de solutl n.are 15 then added. After stirring for
| agout 2, hgurégg%“ QﬁﬁiﬂH9¥% &éeaﬁéR&&%aﬁedTﬁécﬁWﬁ@GGet¢s t hen

. neutrallzed of .HC1 a solutlon |§_f|Itered on .a
filter rrenbrane %g c%ﬂnlgﬂaca&d'lp&ﬂe&h&dn%e@fﬁs H-PbS:F‘ dﬁ’a;f?g; 2{ :arflo&rge:js
i n. The fornat t recipitate is serv
t hen stoppegﬁaingdrq F]B;f sazug'p Asi gﬁle %&55 f5e s@gtﬁéﬂ‘fagfo? he YReld at a

“tenperatuge RIS Vi P t ant .hen ved and then
di ggardettjg(???ﬂqnﬁtr;&%er 37 %r%QQ a%% aﬁ?}ei g gﬁu{ﬂo ?ﬁ*é' p?‘ﬁc%%r ¥te and the
25 m xture imrStHilds@d ohQr 45 mnutes. The preC|p|tate IS allomed.to

resedi nent for about 45 minutes. The supernatant is renoved and di scarded

| (34 m) 34 nm of nethaagl gabe agded agpéﬁfméggiggnﬁégapigcipitate and 20
January 2005 _ ' _
obtained above and 15 ml of distilled water are .
mj_ L introduced'into a 50 ml Erlenmeyer flask. The mixture
10 is heated to 40°C, with magnetib stirring. The pH ié
brought to bétween 9 and 10 by additipn of sodium
hydroxide at 1 mol/l. The solution is filtered on a
'_fiiter membrane haviﬁé a porosit} of 1 um. 76 micro-
litres of'a 30% aqueous hydrogen peroxideAsolution 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 HC1 at 1 moi/l The solurion
Y - _1s flltered on a filter membrane having a por051ty of
1 um. 38 ml of methanol are poured in. The formatlon of
20 a white prec1p1tat§ is observed.-The stirring is then
. stopped and the suspension is aliowed to sediment for 1
hour at a temperature in the region of 2d°c.‘The-
supernataﬁt is then removed and'ﬁhen discarded (37 ml).
37 ml of methanol are added to the précipitate and the’
25 mixture is stirred for 45 minutes. The precipitate is
allowed to resedlment for about 45 minutes. The
supernatant is removed and discarded (34 ml). 34 ml of ..

methanol are added to the sedimented precipitate and




29 the mxture is stirred for"15 mnutes. The precipitate _in suspension is
then filtered on Sintered Aass 3. The' white cake obtal tEdUREYt At washed
with twice 25 m of methanol. The wet solid is. drained and then dried
under. 5 reduced pressure (2.7 kPa), at a tenperature in the region of
60C. After drying for 12 hours, 1.29 g of pure depol ynerized: heparin
(sodiumsalt) are obtained. .The yieldoobtained is 87.2% The purified
- depol yneri zed heparin (sodi.um 10 salt) obtained has the follow ng
characteristics: Man. nol ecul ar weight: 2250 daltons Anti-Xa activity:
©149.6 | U ng thnmistterecis \Sttigrred Eod5 15UnEpuARls .- Xheaplrievipytanki -1 1 a
~activity ratjo: 176 20 January 2005 WO 02/08295' 30 CLAI M5 PCT/ FRO1/ 02332
. M xtures ¥ Supsngian jo yWwocHdlitdeed pasSdatienrgd Beagengr athst ructure
of the constituent polysaccharides -of heparin and exhibiting the follow ng
char act eri stWiide Rke ipREaingdndsn tiehewashedwight teficé506 ml 008000 _
~daltons, an anti-Xa activity of 100 to 150 U ng, an anti-lla activity of O
“to 10 1 U ny anel -afiie wetasolirt jFafrpingd- andi ¢thep daied yndeter than
- 10,.. the onst'tugﬂtxpol saccharides of the mnmxtures contain 2-to 26

-ul vy '

sacchar i F§ re (2.7 kPa), at a& temperature in the
R - region of 60°C. After drying for 12 hours, 1.29 g of

pure depolymerized heparin (sodium salt) are_obtained(

| The yield obtained is 87.23.
' The_bﬁrified depolymerized heparin-(sodium

1077$alt) obtained has the following characteristics:

Meaﬁ_moleduiar weight: 2250 daltons |

Anti-Xa aétivity: 149}6 IU/mg .

Anti-IIa activity: < 0.85 IU/mg

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




4,5-unsaturated glucuronic acid 2-0-sul phate unit at one of their ends, in .
the formof an alkali or alkaline-earth netal salt. 2.2%MJ@W&y 38osrding
-to Caim1l, characterized in that the anti-Xa activity is between 125 and
- 150 U ng. 3. Mxtures according to Claim1 or 2,  characterized in.that -
the anti-Xa activity is between 140 and 150 | U ng and the nean nol ecul ar

wei ght is beowe2no2298 and 3000 dal tongg- 4. M xtures g&gantdgls3-ANY one
of Cains-1to 3, inthe. formof the sodium potassium, calcium or
magnesi um salt. 20 January 2'005 3-1 5. Mxtures according to any one of

~Claims 1 to 4, having an anti 1la acigpsitiyg of 0 to. 5 11U nmg: 6. Mxtures
according to any one of Clains 1'to 5 having an anti-Xa activity/anti-Illa.

activity ratio greaterlthamnMP2EurkeidfoGulipHIRRB NG dhe i ddses of Caim -
1, characterized in that a quaternary ammonium sSalt of the benzyl ester of

heparin i s - dessigaming dthe rgergradr garue tied WP BhaRIDS ek uanst rong organic
base wth a pka greater than 20 or of sodiumim dazoiate, the quaternary
~ammoni um salRelarsagrhaites ofs hepasfint haddephlipiesingedheeal l bwisgconvert ed
to a sodiumsalt, the ester is saponified and the.product is optionally
* puri fi ed. characteristics: ' . ' S ' | '
' - 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 .
ar;ti—xé _activi.ty'lantiéI_Ia-activity' ratio greater than
10, ..
- the constituent 'porlysacch_arides of the
mixtures contain 2 to 26 sac.charide- unif.s and have a
4,5‘-unsaturated glucuronic acid 2—O—su1phate unit at'
one 6fA;heir ends, | -
in the form of an alkali or alkaline—earth metal salt.
2. Mixtures acco;ding to Claim 1,
| characterized in that the anti-Xa- activity is between
) 125 and 150 IU/mg. o | |
3. Mixtures according to Claim 1 ';:ar 2,
'_characterized in that the anti-Xa activity.is between
‘ 140 and 150 IU/mg and the mean molecular weigiit 1s
between 2000 and 3000 daltons.
| | 4. Mixtures according to any one of
'Claims 1 to 3, in the form of the sodium, potaséium,

calcium or magnesium salt.




-8. Method according to Caim?7, for which the quaternary ammoni um salt of
the benzyl ester of heparin.is the.benzethoniunm . cety¥pylarg@svus?or
- cetyltrinmethyl ammoniumsalt. 9. Method according to Caim?7, for mhlch t he
- strong organic base with a pka greater than 20 is. chosen fron1-

1,5, 7-triazabicycl o] 4. 4. 0] dec- 5-ene; 2-

tert- but yl i m no- 2-di et hyl am no-1, 3- mlﬁﬂﬁylperhydro- _ .
-1, 3, 2-di azaphosphori ne, the bases of the famly of guanidine and .
phosphazenes. 10. Method according to daim9, for which the bases of the
guani di ne famly are those Mixtmemlaccébﬂdﬁ@lm Yardp e8RS in which R2

i s hydrogen or alkyl, R2, R3, R4 and R5, which are. identical or

di fferent, eﬁ%ﬁlﬂﬂ%plet@n% AravERK\An ranicatTa tdetatiey ofld aad s having 1 to
“ 6 carbon atons in the formof a: stralght or branched chain. 11. Method -
“according to® GF&MY10, for which R3 is hydrogen and R2, R3, R4 and R5 are
‘met hyl radicals. 12. Method according to Claim9, for mhlch t he bases of
~the phosphazene fan1lysare NigRwrest agesmdiing ton ami omet of radicals RL to
R7-are identj aJ or |£éerent and represent al kyl radicals containing 1 to
6 carbon at oMt the RAViR% A BEHE &2 Behidtdy/aawair-dIal3. Met hod
:cgﬁgdlng to é§¥%f%y ré%fgséééé %h for %hlch the strong organlc base mﬁth_.

7A Method of preparing the mixtures of

Claim 1, characterized in that a quaternary ammonium

s

salt of the benzyl ester of heparin is depolymerized in
‘an organlc medlum.by means of a strong organic base
with a pka greater than 20 or of sodlum imidazolate,
the quaternary ammonium salt of the benzyl ester of .the
depolymerized héparin is converted-to'a_sédium salt, |
| the ester is saponifiedland thé_product is optiohally
- purified. |
8. Method accordlng to Claim 7, for whlch
the quaternary ammonlum salt of the benzyl ester of
,V)- 7 ,‘hepar1n is the benzethonlum, cetylpyrldlnlum or
.cetyltrlmethylammon;um salt. |
—9; Method'according to Claim 7, for which
the'strong organic base with a pka7greater than 20 is
‘chosen from 1,5,7-triazabicyclo[4.4.0]dec-5-ene, 2-
| tert—butylimiﬁo-z-diethylémino-l,3—dimethy1perhYdro-
- 1,3,2-diazaphosphorine, the bases of the family of
-guanidine and phosphaienes. 7
| 10. Method according to Claim 9, for whichl

the bases of the guanidine family are those of formﬁla: -l




.greater than 20 or sodiuminidazol ate/ quaternary 20 January 2005 33

. ammonium salt of the benzyl ester of heparin mot ratio 2§ J3¥eFEer’® 2 and

- 5. 14.. Method according to one of Clainms 7 to 13, for which the quaternary

. amonium salt . of the “benzyl. ester- of heparin. has_a degree of _ N
~esterification of between 50 and 100% 15. Method according to one of
Claims 7 to 14, for which the conversizm of the quaternary amoni um salt
of the benzyl ester of the depolynerized heparin to.a sodiumsalt is
carried out by treating the reaction nmediumw th an al coholic solution of
sodi um acetate. 16. Method according to one of- Clainms 7 to 15, for which
the saponification is carried out by neangiof an al kali netal hydroxide.
17.- ‘Method according.to one of Clainms Rto 16, for which the purification
-is carried out.by neans of hydrogen pefpxide. 18. M xtures as defined in
any one of Cainms 1 to 6, as ne@bgane . 19r2M xtures as defined in any
one of "Clains 1 to 6, as antithro [ I caments. 2Q Pharnmaceutica

~ conposi tions conprising as active ]ngred]ent, a m xture according. to one
-of Clainms 1 to 6. . R4 R3 '

in which R, is hydrogen or alkyl, R;, Ry, R; and Rs,
which are.identical'or different, each represent an

alkyl radical, the alkyl radiéals having 1 to 6 carbon

‘\-—f-'..

atoms in the fo;m of a straight or branched chain.
11. Method accdrding to Claim 10, for which
Ry is hydrogen and R;, R;, R; and Rs are methylrradicals,
12. Method according to Claim 9, for which

the bases of the pEOSPhazene family are those of

formula:
" R3
re—N B4
N \
R1_N;.‘P\—-N“—HS
© N—R5
/

.in which thé radicals R; to Ry are idéntical or
different and represent alkyl radicals containingrl to
6 carbon atoms in the form of a straight or branched
chain. | |

13. Method according to one pf-CIaihs 7 to
.12,;for which the st:ong organic_base with a pka |

greater than 20 or sodium imidazolate/quaternary
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ammonium salt of the benzyl'ester of heparin mol ratio

is between 0.2 and 5. |
14. Method aeeording to one of Claims 7 to.

| 13, for which .the Quaternarylammonium salt'ot the
{benzylrester of heperin has ardegreejof 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 depolymerlzed heparln

to . a sodium salt is carried out by treating the

reaction medium with an alcoholic sélution of sodium
acetate; |

| 16. Method eeéording to one of Claims 7 to
15, for which the saponlflcatlon is carrled out by

[

means of an alkali metal hydroxlde. '

17.. Method accordlng 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

. é;aims 1 to é, as medicaments; | |

19. Mixtures as defined inrany one of
Ciaims 1 to.6, as antithrombotic.medicaments.-

20. Pharmaceutical compositions comprising,
R - as aetive ingredient, a mixture according . to ohe'of

Claims 1 to 6.






