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NOVEL OLIGOSACCHARIDES, THEIR PREPARATION AND

PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

The present invention relates to

oligosaccharides of formula:

5
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or mixtures thereof, to diastereoisomers thereof, to a
process for their preparation and to pharmaceutical
10 compositions containing them.

Disaccharide sulfates containing a
1,6-anhydro structure at the reducing end have been
described by H.P. Wessel, J. Carbohydrate Chemistry,
11(8), 1039-1052 (1992); no pharmacological activity is

15 mentioned for these products.

Trisaccharide sulfates comprising a
1,6-anhydro unit have also been described in patent
EP 84999 and by Y. Ichikawa et al., Carbohyd. Res, 141,
273-282 (1985) as intermediates for preparing higher

20 oligosaccharides. These trisaccharides have low anti-Xa
activity.

In formula (I) n is an integer from 0 to 25,

Ri, R3;, Ry and Rs, which may be identical or different,

WA

*G00002*



D saccharide sulfates containing a 1, 6-anhydro structure at the reducing
’end have been described by H P. Wessel, J. Carbohydrate Chem stry, 11(8),
1039- 1052 (:1992); no pharmacol ogical activity is 15 nmentioned for these
products. Trisaccharide sulfates conprising a 1, 6-anhydro unit have al so
‘been described in patent EP 84999 and Y. Ichikawa et al., Carbohyd. Res,
141, 273-282 (1985) as internedi ates for preparing higher 20

ol i gosacchari des. These trisaccharides have |low anti-Xa activity. In
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which may be identical or different, represent a
hydrogen atom or a radical SOsM or COCH; and M is
sodium, calcium, magnesium or potassium.

5 These oligosaccharides thus comprise an even
number of saccharides.
In formula (I), Ry is preferably a hydrogen
atom.
Preferably, n is an integer from 0 to 10 and
10 in particular from 0 to 6 and even more particularly
from 1 to 6.
The oligosaccharides of formula (I) can be

prepared by the action of an alkali metal or quaternary

ammonium hydroxide on oligosaccharides of formula:

15
COOM SO,Na
ol Jaq 0
H O,_{oH OH
R
> NHR,

in which n is an integer from 0 to 25, R;, Ri, Ry and Rs,
which may be identical or different, represent a

20 hydrogen atom or a radical SO3M, R, and Rs, which may be
identical or different, represent a hydrogen atom or a
radical SOsM or COCH; and M is sodium, calcium,
magnesium or potassium, or a mixture thereof.

This reaction is carried out in aqueous



represent a hydrogen atomor a radical SOGB3M R2 and R6, which may be
‘identical or different, represent a hydrogen atomor a radical SO3M or
COCH3 .and Mis sodium cal cium rmagnesi um or potassium These

ol i gosaccharides thus conprise an even nunber of saccharides. In formla
1), R4 is preferably a hydrogen atom Preferably, nis an integer fromO
to 10 and 10 in particular fromO to 6 and even nore particularly from1l to
6. The oligosaccharides of forrmula (I) can be prepared by the action of an

. i um hydr.oxi d || hari des of
Formul a - 1aneaiufly RE A CenRETRRLET B e e b e Rt Sihep s, whi ch

may be identjigcal 1gr.di fkerent, represent a 20 hydrogen atom or a radical
SBM R2 angfég,lgthh&%éy be identical or different, represent a hydrogen

atom or a radi cal SOBM051 PORKG:aR M3 8adidum A Wl TRENERLAIM Of

potassium or a mxture thereof. This actioni1s carrie n agueous
mention may be made of sodium hydroxide, potassium

5 hydroxide, lithium hydroxide and cesium hydroxide.

As a quaternary ammonium hydroxide which may
be used, mention may be made of tetrabutylammonium
hydroxide.

The amount of alkali metal or quaternary

10 ammonium hydroxide must be sufficient for the pH of the
reaction medium to remain stable throughout the
reaction. It is thus necessary to add the alkali metal
or quaternary ammonium hydroxide continuously
throughout the reaction.

15 Preferably, the alkali metal or quaternary
ammonium hydroxide is in the form of an aqueous 1 to 5%
solution.

Preferably, the reaction is carried out at a
temperature of from 60 to 70°C.

20 Advantageously, the reaction pH is from 11 to
12.5.

The reaction is stopped by acidifying the
reaction medium, for example by addition of acidic
resin such as Amberlite IR120%® resin (Fluka).

25 The oligosaccharides of formula (I) may
optionally be purified by gel permeation chromatography
of polyacrylamide-agarose type, such as that sold under

the brand name Ultrogel aca202® (Biosepra) according to



3 nmedium at a tenperature of from40 to 80C, at a pH of from10 to 13. As
al kal i metal hydroxides which can be used, mention nay be made of sodium
hydr oxi de, 'potassium 5 hydroxide, |ithium hydroxide and cesi um hydroxi de.
As a quaternary ammoni um hydroxi de which nay be used, nention may be nade
of tetrabutyl anmoni um hydroxide. The anount of alkali metal or quaternary
10 ammoni um hydr oxi de nmust be sufficie for the pH of the reaction nedium
to remai n stable throughout the reaction. It is thus necessary to add the
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reaction is carried out at a tenperature o rom to C.
oligosaccharides of formula (I) for which n is 0 or 1
may also optionally be purified on a column of alumina
5 with a water-ethanol mixture as eluent.
The intermediate oligosaccharides of formula
(IT) and mixtures thereof can be obtained by
chromatographic separation on gel of a mixture of
oligosaccharides (III) obtained by enzymatic
10 depolymerization of heparin or basic depolymerization
of the benzyl ester of heparin or of a benzyl ester of
semi-synthetic heparin.
This chromatography is carried out on columns
filled with gel of polyacrylamide-agarose type such as
15 the gel sold under the brand name Ultrogel ACA202°®
(Biosepra). Preferably, an array of polyacrylamide
agarose gel columns 1s used. The number of columns used
is adapted as a function of the volume, of the gel and
of the oligosaccharides to be separated. The mixture is
20 eluted with a solution containing a phosphate buffer
and sodium chloride. Preferably, the phosphate buffer
is a solution containing 0.02 mol/l of NaH;PO,/Na;HPO,
(PH 7) containing 0.1 mol/l of sodium chloride. The
detection of the various fractions is carried out by UV
25 spectrometry (254 nm) and ionic spectrometry (IBF). The
fractions thus obtained can then be optionally
purified, for example by SAX (strong anion exchange)

chromatography according to the methods known to those



Advant ageously, the reaction pHis from1l to 12.5. The reaction is stopped
by acidifying the reaction nmedium for exanple by addition of acidic resin
such as Anmberlite I R120(r) resin (Fluka). The oligosaccharides of fornula
(I') may optionally be purified by gel perneation chronmatography of

ol yacryl am de- agarose type, such as that sold under the brand nane

U trogel ACA202(r) (Biosepra) according to 4 the protocol described bel ow
for the separation of the internediate oligosaccharides of formula (I1).
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m xture of @Afﬁgﬁﬁ&ﬁéééiﬂ@§e££&h)19©§a?m§ﬁg§§eqaé%@atiC 10 depol yneri zati on

of heparin or basic depolynerization o _ nzyl  ester of heparin or of a
benzyl estex, ofa&@dasy Nt Seii cubRBaAI BndTHI, 8 . ChsemRLRGRAPNY is carried out

on colums filled wth gel of polyacryl am de-agarosé type such as 15 the
gel sol 8 untterbéinedbaeadregsRrehl r2gel, ACABO2((NP95) and in patent
WO 90/01501 (Example 2). The fractions are then freeze-
dried, after which they are desalified on a column
filled with gel such as a column of Sephadex G10% gel
(Pharmacia Biochemicals).

10 When the purification is not carried out by
SAX chromatography, the lyophilizates can be optionally
purified by simple or fractional precipitation
according to the methods known to those skilled in the
art and in particular according to the method described

15 in patent FR 2 548 672. In general, the process is
performed according to the following procedufe:

The lyophilized fraction to be purified is
dissolved at 25°C in about ten volumes of distilled
water. On adding methanol or ethanol, the desired

20 oligosaccharide is precipitated, while monitoring its
enrichment by HPLC chromatography (high performance
ligquid chromatography). The addition of methanol or
ethanol is determined as a function of the desired
yield and purity of the said oligosaccharide.

25 Similarly, this operation can be carried out in several
successive steps starting with the initial solution of
lyophilizate. For this, more of the insolubilizing

agent (methanol or ethanol) is added portionwise and



(Biosepra). Preferably, an array of polyacrylam de agarose gel colums is
used. The nunber of colums used is adapted as a function of the volune, of
the gel and of the oligosaccharides to be separated. The m xture is 20
eluted with a solution containing a phosphate buffer and sodi um chl ori de.
Preferably, the phosphate buffer is a solution containing 0.02 nol/1 of
NaH2P04/ Na2HPOg (pH 7) containing 0.1 | /1 of sodiumchloride. The
detection of the various fractions is carried out by W25 spectronetry (254
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and in pat enid \WR290015He (ﬁ%ﬂf%ﬁezfragﬁﬁoﬁéaéf'Bi‘éc@%@thlﬂgnaﬁréeezed” ed,

after which they are desalified on a colum fil such as a
colum Bf Septimidesd . G10(r) gel (Pharnacia Bi ochemical s). 10 When t he
purification is not carried out by SAX chromatography, the |yophilizates
can be optionally purBdx ethéyistemhedvatés acti doahupae¢ip)t &biron accor di ng
to the methods known to those skilled in the art and in particul ar

accordi ng mhitgie met Hbd dezerld betk 15s iprefieeabl ERE 548r67@ithnageneral ,

the process is perforned according to the follow ng procedure: The
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volumes of distilled water, On addi ng net hanol or ethanol, the desired
This depolymerization is carried out by means

10 of heparinase .I (EC 4.2.2.7), in a pH 7 phosphate
buffer solution, in the presence of sodium chloride and
BSA (bovine serum albumin), at a temperature of between
10 and 18°C, and preferably 15°C, for 8 to 10 days, and
preferably 9 days. The depolymerization is stopped, for
15 example, by heating the reaction medium at 100°C for
2 minutes, and the mixture is recovered by
lyophilization. It is preferable to use 7 IU of
heparinase I per 25 g of heparin. The phosphate buffer
solution generally comprises 0.05 mol/l of
20 NaH;P0O4/NaHPO; (pH 7) in the presence of 0.1 mol/l of
sodium chloride. The BSA concentration is generally 2%.
For the intermediates of formula (II) for
which n = 0, 1, 2, 3 or 4, it is preferable to start
with a mixture (IITI) obtained by depolymerizing a
25 Dbenzyl ester of heparin.
The benzyl ester of heparin can be prepared
according to the methods described in patents

US 5 389 618, EP 40 144 and FR 2 548 672. The degree of



20 oligosaccharide is precipitated, while nonitoring its enrichnment by HPLC
‘chr omat ogr aphy (hi gh performance |iquid chromatography). The addition of

nmet hanol or. ethanol is determned as a function of the desired yield and
purity of the said oligosaccharide. 25 Simlarly, this operation can be
carried out in several successive steps starting with the initial solution
of lyophilizate. For this, nore of the'%nsolubilizing agent (et hanol or

et hanol) is added portionwise and 6 the precipitate obtained after each
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carried out by neans pari1 nase I'n a pH 7 phosphate
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al bumn), at "a tenperature of between 10 and 18C, an y 15C, for 8

to 10 days, (p6d gxehgrablytfidaysydFbaidenolaymBring @bt iaest opped, for 15
exanpl e, by heating the reaction nmediumat 100C for 2 mnutes, and the

mxture is petayeied hydryeplel bzateeiun hydyoxiefer Y &ff @ use 7 11U of
heparinase | per 25 g of heparin. The phosphate buffer solution generally
conpri ses OQ@staphatyofdmdOnNa2ZROdirba? HB04 fopHeRanpld he presence of 0.1
nol /1 of sodium chloride. The BSA concentration is generally 2~ For the
i nt er medi at estvabutyhamopinn hpdrafide)n preferaldy Htora 4oliarity
preferable to start with a mxture (I11) obtained by depol ynerizing a
of between 0.1 and 0.2 mol/l, at a temperature of
10 Dbetween 40 and 80°C, for 5 to 120 minutes. In one
preferred mode, the process is performed for 5 to 15
minutes, at a temperature of between 60 and 70°C, with
a 0.15 mol/l sodium hydroxide solution. The
depolymerization reaction is stopped by neutralization
15 by addition of an acid such as acetic acid. After
addition of 10% by weight per volume of sodium acetate,
the oligosaccharide mixture is precipitated by adding
methanol, preferably 2 volumes per 1 volume of reaction
medium, and filtered.
20 According to one preferred aspect of the
invention, the oligosaccharide mixture obtained after
chemical depolymerization, in the form of an aqueous
solution, is enriched by ultrafiltration through
membranes with a suitable nominal cutoff threshold (of
25 the Pellicon type made with regenerated cellullose,
sold by Millipore); the type of membrane being adapted

as a function of the type of enriched oligosaccharides

to be recovered. For the oligosaccharides (II) for



25 benzyl ester of heparin. The benzyl ester of heparin can be prepared
'accordi%g to the nethgds described in patents US 5 389 618, EP 40 144 and
FR 2 548 672. The degree of 7 esterification will preferably be between 50
and 100. Preferentially, it will be between 70 and 90%. The _
depol ynerization is carried out in aquegus nedium by neans of an al kal
metal hydroxide 5 (for exanple Iithium hydroxide, sodium hydroxide,

pot assi um hydr oxi de or cesi um hydroxi de) or of a quaternary ammoni um

hydroxi de (e cowamal @ t ot nabutydampninin hydpaxi el Bref epably at a
s f “16°BePnlen 40

nol arity of between 0.1 and 0.2 nol/1, at a tenperature _
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performed for 5 to 15 mnutes, at a tenperature of t ween d 70C, with

a 0.15 nol / Eogodidrbhyd=0xXi de solusd @ Thepslanskypehszat i enpEeaction is
stopped by neutralization 15 by addition of an acid such as acetic acid.

After additusedof £o@~ the wdiighissuathamidee of 1 pogbymyacehahe= pheg
ol igosaccharide mxture is precipitated by adding methanol, preferably 2
vol unes per 31kPel mesbafanceadtlilorberediady anil fottehed. 20 According to one
preferred aspect of the invention, the oligosaccharide m xture obtained
after cheni €arogspsichradidas i [d¥) ifion hehifach m of Zinongdigoaiss skbat i on, is
enriched by ultrafiltration through nenbranes with a suitable nom nal
cutoff threlf aap@fw1ll be used. During this operation, the
permeate is recovered and the retentate is discarded.
Thus, the fraction of enriched product can represent
10 from 50 to 10% of the initial oligésaccharide mixture
while at the same time conserving at least 80% of the
desired oligosaccharide.
For the intermediates of formula (II) for
which n = 0 to 25, it is preferable to start with a
15 mixture (III) obtained by depolymerizing a benzyl ester
or semi-synthetic polysaccharide sulfate. The benzyl
ester of semi-synthetic polysaccharide sulfate is
prepared from semi-synthetic polysaccharide sulfates
obtained from polysaccharide K5 and according to the
20 methods described in the patents WO 94/29352 and
WO 96/14425. The esterification, depolymerization and
recovery conditions are the same as those described
above for the benzyl ester of heparin.
In all the preceding processes, the initial
25  Theparin can be of porcine, ovine, caprine or bovine
origin and can be obtained from the mucus, lungs or

hides of the animals. Preferably, a heparin from

porcine or ovine mucus or from bovine lung is used, and



25 the Pellicon type made with regenerated cellullose, sold by MIIlipore);
the type of menbrane being adapted as a function of the type of enriched

ol i gosaccharides to be recovered. For the oligosaccharides (I1) for 8
which n = 0, a nenbrane with a nom nal cutoff threshold of 1 kDa will be
used, for the oligosaccharides (11) for, which n =1, a 1 kDa or 3 kDa
menbrane wll be used, for the oligosaé%harides (Ir)y for whichn =2, a5 3
kDa nmenbrane will be used, and for the oligosaccharides (1l1) for which n =

3 or 4, a Qﬂhg?d“?ﬁ%r?%%%%%%%lyefgégd-ODU“ing this operation, the perneate

is recovered an e i sTa'sRarqagc ?Hﬁ??'the fraction of enriched

product can representmlQ 519§%§QCEHa}Qae§fg?h?ggg%hbgulﬁii Qﬁgccharide

m xture while at the sane ti conservin e desired
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25, it is preferable to star a 15 mxture I talne

depol yner i zirgyén beRg Ybr €684t DhgS@Nka8¥BENaELE BRI LIRGRAA i4e sul fate. The
benzyl ester of sem -synthetic polysaccharide sulfate is prepared from

semi - syBt hein £1 gmhysece horbdes sul habeeiabt ahvegrbao@tndy wacchari de K5 and
according to the 20 nmethods described in the patents WD 94/ 29352 and WO

96/ 14425. Thetesteidfscastancesepotinesi adtrogeanthohesd\d y(Nogndi tions are
the sane as those described above for the benzyl ester of heparin. In al
the precediwitpge obedsetblehfoimi LsakekBahedainnpeat ibelafr fyr ci ne, ovi ne,
caprine or bovine origin and can be obtained fromthe micus, lungs or hides
of the ani m8wtrplils 0rynacarephbagea vhem pbecilaster oiiorateueusl or from

bovine lung is used, and |, , ) , , )
are activated in a tissue. The migration, activation

10 and adhesion of neutrophils takes place in ischemic
tissue regions following an occlusion or spasm of an
artery vascularizing this tissue. These ischemias can
arise either in the brain (cerebrovascular accident) or
in the myocardium (myocardial infarction) or in the

15 lower limbs (so-called peripheral ischemias). The
oligosaccharides of formula (I) can thus be used for
the prevention and/or treatment of neurodegenerative
diseases for which the cerebral inflammation plays a
deleterious role which can lead to death, among which

20 mention may be made of cerebral ischemias, cardiac
ischemias (myocardial infarction), peripheral
ischemias, traumas of the central nervous system and in
particular cranial, spinal and craniospinal traumas,
multiple sclerosis, neuropathic pain and peripheral

25 neuropathies, motor neuron diseases including
amyotrophic lateral sclerosis, neuro-AIDS, Alzheimer'’'s
disease, Parkinson’s disease and Huntington’s chorea

and certain forms of osteocarthritis, in particular of



9 even nore preferably from porcine nmucus. The oligosaccharides of fornula
(1) have anti-inflammtory properties and can thus be used for preventing
or treating. di seases associated with an 5 inflammatory process invol ving

t he production of cytotoxic substances such as nitrogen nonoxi de (NO whose
t nduci ble formis released in particulﬁb by neutrophils or nmacrophages when
the latter mgrate and are activated in“a tissue. The mgration, activation
10 and adhesi on of neutrophils takes place in ischem c tissue regions

fol | ow ng a§r995ﬁ9§f0f0951§932§bﬂf an artery vascularizing this tissue.
These ischem as can arise eifher in the brain (cerebrovascul ar accident) or

These a o . (ce | rac
in the nyocardium (nyegargdhal hHE@%ﬁ%ﬂbggkyo%c'tﬁﬂ:lgdjo% Ot?l e | Mbs

(so-cal |l ed peripheral ischem as). ol 1 gosaccharides mula (1) can

thus be usegkré@ictiei orevashberadd/ 9h Hodt TBNtHef ey Qfegenerative
di seases for which the cerebral inflammtion plays a del eterious role which

can | ead topredhdtianneg MOkCin20rirest hall MRY rBe BdeRfcE R PR

i schem as, cardiac ischem as (nmyocardial infarction), periphéral ischem as,
t raunmas 5of lheopehysatcher vdas (BpS) esbaadnied Eabi Ul @o1Gr ani al , spinal and
crani ospinal traumas, nultiple sclerosis, neuropathic pain and peripheral
25 neur opatddesrdimy ofo nelue oprdieecad edeknehbeidntpyamy otviaaphibd daateds al
sclerosis, neuro-AIDS, Al zheiner's disease, Parkinson's disease and
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10 .
Shellito et al., Am. J. Respir. Cell Mol. Biol., 13, 1,

45-53 (1995).

10 0.5 mg/kg of the oligosaccharide are injected
into male CD1 mice (Charles River, 25-35 g) at TO via
intravenous bolus, and 1 or 2 mg/kg of the
oligosaccharide are injected subcutaneously at T+15
minutes. At T+30 minutes, 100 mg/kg of

15 lipopolysaccharide (LPS) obtained from E. coli (Sigma
L3129, serotype 0127:B8). A further 1 or 2 mg/kg of the
oligosaccharide are injected subcutaneously at T+3
hours. At T+5 hours 30 minutes, a blood sample is
collected by ocular puncture and the concentrations of

20 NOx (nitrite and nitrate) in the plasma are determined
by the Griess colorimetric method after reduction of
the nitrate to nitrite with nitrate reductase in the
following way: 12 pl of the plasma sample are mixed
with 88 Pl of deionized water and incubated in the dark

25 for 1 hour at room temperature with 40 pul of phosphate
buffer (0.31 M, pH 7.5), 20 pnl of B-NADPH (reduced
nicotinamide adenine dinucleotide phosphate) (0.86 mM) ,

20 pl of FDA (flavin adenine dinucleotide) (0.11 mM)



articular localization. The anti-inflammatory activity of these products is
denonstrated in vivo in the test of production of NOx (nitrite and nitrate)
i nduced by a 5 |lipopol ysaccharide (LPS) obtained fromE. coli according to
t he protocol described by M Yamashita et al., Eur. J. Pharnmacol, 338, 2,

151-158 (1997) or J.E. Shellito et al. 1Am J. Respir. Cell MI. Biol., 13,
1, 45-53 (1995). 10 0.5 ng/kg of the ojrl gosaccharide are injected into nale
CD1L mice (Charles River, 25-35 g) at TOvia intravenous bolus, and 1 or 2

mg/ kg of t%@lj@q@%ﬁﬁ%%gr%a&g%?g ggbﬁy;ﬁlzqugﬁ; at T+15 m nutes.

At T+30 m nutes, 100 I popol ysacchari *68t%i ned from E.
coli (S gmMvdrdddimBSerod Wee S8 2/ndS) - (1 Lé{ﬁé‘ec{dr%%&rtg Iggég?pgégﬁﬁgurs 20

ol i gosaccharide are injected subcutaneously at hour

mnutes, atgleoqskceame dsd codFest edi ByngCULBE BHRGHWLE s3d the
concentrations of 20 NOx (nitrite and nitrate) in the plasnma are determ ned
by the Gri esstcolfugedtat c20p0dOdk af t £6x r ®duLhieBs0f FiRE1MWL T 8beyho nitrite
with nitrate reductase in the followng way: 12 | of the plasnma sanple are
m xed whbt h 88 thefsulstiom zau: vat er imacubatedbsbedlDnmihatdar kt2%obar 1 hour
at roomtenperature with 40 | of phosphate buffer (0.31 M pH 7.5), 20 | of
Q NADPH (r Ry atiwes iwiah de0 @dehi ok dhauettessdeepbeaphdtd) (0.86 m\V), 20
| of FDA (flavin adenine dinucleotide) (0.11 MM 11 and 20 | of nitrate
reduct ase (RWJFRIlageiarimgerrheseer by . agbdy0ell$zZnSO4 (1M are added to
precipitate the proteins and, after mxing, the sanples are centrifuged at
20, 000 X gqaé?q‘ %%ﬁ'ﬂéjse.nﬁ?%ﬁo{ﬂ% mpxture oint geieppapdawaserar e i ncubat ed
for 10 mnuéﬁeﬁ”ﬁt r omtetir;?er tyure with 100 | of the Giess re,agent (1%

sul fanil anid€ i'n a ’%h%s% T LTHFBEUSS APt R§PEt Yl eAQdrBnAE nAXt ure in

dei oni 260 YA AU M )spdNEr SR C3he ISP LLER BLERECRY; L 540 Nmwith a
determined twice. KNO; and NaNO, are used as standards
for the colorimetric method.

In this test, the oligosaccharides according
to the invention inhibit the formation of NOx by more

15 than 50%.

Among the oligosaccharides of formula (I)
which are preferred, mention may be made in particular
of the oligosaccharides for which:

- n is equal to 0, R; and Rs represent an SO;Na radical
20 and M is sodium, and the mixture of its
diastereoisomers
- n is equal to 1, Ry, Rz, R3, Rs and Rg represent an
SOsNa radical, Ry represents a hydrogen atom and M is
sodium, and the mixture of its diastereoisomers
25 - n is equal to 2, Ry, Ry, R3y, Rs and Rg¢ represent an
SOsNa radical, Rys represents a hydrogen atom and M is
sodium, and the mixture of its diastereoisomers

- n is equal to 2, Ri, Ry, R; and Rg represent an SO;Na



10 mcropl ate spectrophotoneter; each point being determ ned tw ce.

and NaNO2 are used as standards for the colorinmetric nethod. In thi
t he ol i gosacchari des according to the invention inhibit the fornmation of

NOx by nore 15 than 50-~. (
are preferred, nention nay be made in
for which:

- nis equal to 0, RL and Rggrepresent an SCBNa radi cal

KNGS
s test,

Anong the oligosaccharides of formula (1) which
rticular of the oligosaccharides

20 and M

is sodium and the m xture of its diastereoi sonmers - s equal to 1, R1,

RZ’ R3 ! %sa@fgaﬁ

atomand MTs sodiu

dical, R4 hyd
R B el PO ot ShCBIEEEE 3, e

equal to 2, 4] &%, r %ﬁ%ﬁn angﬁ¥ﬁ§g§%nagt§&85ﬁdrﬁd gag R4 represents

a hydrogen atom and is’so

xture o

nis equal a@a2th81m1&ur830en@tBGdaserceee%s%rhe'i@'\lél 6-arh 1

represents a hydrogen atom or an SO3Na radical, Rq represents a hydrogen
atom and MABsspghiny asditrhAeigbxture of its drastereorsoners (1, 6-anhydro

G s-1s-11s derivative).

the preparation of thehel égasptebawhdesn @blfiewmird (Hoprardmiadiise
i nt er nedi at es.

10

15

20

25

of the preparation of the oligosaccharides of formula
(I) and of the intermediates.

In these examples, the abbreviations have the
following meanings:
AIs: (4-deoxy-2-0-sulfo-o-L-threo-hex-
enopyranosyluronic acid)-(1—4)-2-deoxy-2-sulfoamino-6-
O-sulfo-o-D-glucopyranose, tetrasodium salt, or AUApP2S-
(1—4) -0-D-G1lcNp2S6S
Is: (2-sulfo-0-L-idopyranosyluronic acid)-(1—4)-2-
deoxy-2-sulfoamino-6-0-sulfo-a-D-glucopyranose,
tetrasodium salt, or o-L-IdoAp2S-(1—4)-0-D-GlcNp2S6S
ITs: (o-L-idopyranosyluronic acid)-(1—4)-2-deoxy-2-
sulfoamino-6-0-sulfo-0a-D-glucopyranose, trisodium salt,
or 0-IdoAp-(1-—4)-0-D-GlcNp2S6S
ITIIs: (2-sulfo-a-L-idopyranosyluronic acid)-(1—4)-2-
deoxy-2-sulfoamino-0a-D-glucopyranose, trisodium salt,
or O-L-IdoAp2S-(1-—4)-0-D-GlcNp2S
IdoAp: idopyranosyluronic acid
GlcNp: 2-deoxy-2-aminoglucopyranose
AUap: 4-deoxy-0-L-threo-hex-enopyranosyluronic acid

S: sulfate

EXAMPLES OF PREPARATION OF THE MIXTURES OF FORMULA (II)

I'ts |as re0|soners -

5 The exanpl es which follow are representative of



In these exanpl es, the abbreviations have the follow ng neanings: 10 Dis:
(4- deoxy-2- O sul fo-a-L-threo-hexenopyranosyl uronic .
aci d) - (1- - ~4) - 2- deoxy- 2- sul f oam no- 60- sul f 0- a- D- gl ucopyranose, tetrasodi um
salt, or DUAp2S(1--~4)-a-D GLcNp2S6S Is: (2-sul fo-a-L-idopyranosyluronic
acid)-(1--~4)-215 deoxy- 2-sul f oam no- 6-9 sul f o- a- D- gl ucopyr anose,
tetrasodiumsalt, or a-L-1doAp2S-(1-~4)-a-D GLcNp2S6S |1 s:
(a-L-idopyranosyl uronic _ _
acid)-(1-~4)-2-deoxy-2sul f oam no- 6- O sul f 0- a- D- gl ucopyranose, trisodi um
salt, or a-1doAp-(1~4)-a-D GLcNp2S6S 20 Il1s:

(2'3U|f0'aihﬁhﬂﬁﬁﬁfﬁnpsyféﬁgféﬁion of the oligggaccharid )

aci d) - (1~4) - 2deoxy- 2- sul f oam no- a- D- gl ucopyranose, triso |uﬁ§%ﬂt, or

a- L- | doAp2FdAmud - ar Dy GA6NDRSL LHOAD= bJORY BAROSY byt QRiS5mdkisd GLCNp:

2- deoxy- 2- am nogl ucopyr anose 25 ~Uap:

4- deoxy- a- ladps Baméexz £0DPY r &N@Sybpaeateoaci d S: sul fate EXAVPLES OF
PREPARATI ON OF THE M XTURES OF FORMULA (I1) 13 EXAMPLE A - preparation of
the oli§osaccharides 23gfof nhepatih)ater dnbksehved=19, 250ard 2y enzymatic
depol yneri zati on and separation 5 25g of heparin are dissolved in 250 m of
a phosphat eehngpatedbut fen sohvhionngoft@snimb/ 0.66 hiai?R04/MNaZzHP04 (pH =
7), 0.2 nol/1 of sodiumchloride and 2~ of BSA (bovine serumal bumin). 7 IU
of hepari ndSHAPQRER24POQ. (DH)= dhle ihiZ okl ohtsodirem chloride

and 2% of BSA (bovine serum albumin). 7 IU of
heparinase I (EC 4.2.2.2.7) are introduced into the

10 mixture and the solution obtained is cooled to 15°C and
then kept at this temperature throughout the
depolymerization reaction. The reaction progress is
monitored by taking aliquot samples at intervals, which
are analyzed by gel permeation chromatography. After 9

15 days, the enzymatic reaction is stopped by heating the
reaction medium at 100°C for 2 minutes. The cooled
mixture is then lyophilized. An oligosaccharide mixture
(ITII) is thus obtained.

The oligosaccharide mixture (III) obtained is

20 then chromatographed according to the following method:
the chromatography is carried out on columns filled
with polyacrylamide-agarose gel known under the name
Ultrogel ACA 202 and the mixture is eluted with a
solution containing a phosphate buffer (0.02 ml/1l

25 NaH;P0O4/NazHPOs) pH = 7 and 0.1 mol/l of sodium chloride.
The detection is performed by UV spectrometry (254 nm)
and ionic spectrometry (IBF). The products can be

optionally purified by SAX (strong anion exchange)




10 m xture and the solution obtained is cooled to 15C and then kept at this
t enperature throughout the depol ynerization reaction. The reaction progress
is nonitored by taking aliquot sanples at intervals, which are analyzed by
gel permeation chromatography. After 9 15 days, the enzymatic reaction is
st opped by heating the reaction nedium,gt 100C for 2 m nutes. The cool ed

m xture is then |lyophilized. An oligosaccharide mxture (Il1) is thus
obt ai ned. The ol igosaccharide m xture (I11) obtained is 20 then

chr omat ogr aghednaceatdihy Lo Whe dhaldaung Eidod:: {he: ShrorRs ograpny is

carried out on colums filled with polyacry agarose ge under

the name U tooghk AGAhIA2 Jake ik Wa-d t j t tion
cont ai ni ng a phosphate buffer 60.021h1#i 2§§N§E55§25%%H§ﬁ%t;ﬂ*ng = 7 and

0. 1 nmol / frattiodsumtchiroriude .reméi@@cetﬂ@mg&prpﬂﬂ‘%&r%@ytwn
spectronmetry (254 nm and ionic spectronetry (I1BF). The products can be

optional |y gasaliédellyoSAX esflumng fanilem exidiangshadd o gfragopr aphy or by
fractional precipitation according to the nmethod described in patent FR 2
548 672.5 ThéPhauwardasBobcpeodaailsiecovered are | yophilized and then
desalified on a colum filled with Sephadex GLO(r) gel 5 (Pharnacia

Bi ocheni cal s). By thi Bynshhsdmeghgdof 3digs adfc ihrsaderHasriated Tid Qfhdrg of a
hexasaccharigg m xt ure tﬁpically containing 55~ of Dis-Is-Is derivative,
35~ of Dis-+s9P189aRE 2obespsprshpside migdningitivied caldyl0 obt ai ned. The

| atter nixturetcan.be gg%ifie according to the nethods known to those
skilled in YRB“AHT*1H ePft I§é5§F§§eé§ﬁﬁY%ﬁ¢Wﬁu&iﬁﬁnﬁﬂtuents t her ef r om

oo e AE- Hl LB S0, BETHE 0 SOMPRANAA L 1 6 e
10 obtained. The latter mixture can be purified according
to the methods known to those skilled in the art in
order to separate each of the constituents therefrom,
or can be used in its current state for conversion into
the 1, 6-anhydro derivatives of formula (I). It should
15 Dbe noted that, during this conversion, the

hexasaccharide AIs-Is-IIIs cannot lead to the formation

of compounds of formula (I).

EXAMPLE B - preparation of the oligosaccharides of
20 formula (II) for which n =0, 1, 2, 3 or 4 by
depolymerization of the benzyl ester of heparin and
separation
a - Preparation of the benzyl ester of heparin
The benzyl ester of heparin is prepared
25 according to Example 3 of US patent 5 389 618.
b - Depolymerization
100 g of benzyl ester of heparin are

dissolved in 1.9 1 of demineralized water. The mixture



15 be noted that, during this conversion, the hexasaccharide Dis-Is-111ls
cannot lead to the formation of conpounds of fornmula (1). EXAMPLE B -
preparation of the oligosaccharides of 20 formula (1) for which n =0, 1,
2, 3 or 4 by depolynerization of the benzyl ester of heparin and separation
a - Preparation of the benzyl ester of_ heparin The benzyl ester of heparin
I's prepared 25 according to Exanple 3 P US patent 5 389 618. b -

Depol yneri zation 100 g of benzyl ester of heparin are dissolved in 1.9 1 of
dem neralized water.. The mxture .15 i s brought. to 60C with stirring. After
obtainingtﬁﬁe?ﬁﬁﬁgﬂ%egﬂsgéoéuW?Bh,SEBBEPn§5 A tSE £PERIndgE Fhehydr oxi de
sol ution ane_ | d_] . si.ngl rtion., After .reactiqn for 10 m nutes,
Phe sobut § Gt EREEE b T8 3h 1AL EaRD T A0 S B 288 Rocmy

e R

acetate is a I's solutlon. ure 1s

preci pi t at edr dyy a6t Bg: 8R0Ebr 21 ¥OhyARE Q! FRENABALL; The jRY @Gidy tate is

isolated by filtration, 10 washed twice wth nmethanol and then dried under
reducedspr essel €d ddn&0keuti 581 z88YWNeh 8- 1908 adh aQJr@esSarahan e nixture

(I'l') is obtained.
N acetic acid solution. 10% by weight/volume of sodium
acetate is added to this solution. The oligosaccharide
mixture is precipitated by adding about 2 wvolumes of
methanol. The precipitate is isolated by filtration,
10 washed twice with methanol and then dried under reduced
pressure at 50°C. After drying, 73.8 g of an
oligosaccharide mixture (II) is obtained.
c¢- Enrichment with oligosaccharide for which n = 1
30g of the oligosaccharide mixture obtained
15 above are dissolved in about 35 volumes of water. This
solution is ultrafiltered through a 3 kDa membrane
(Pellicon). When 600 ml of permeate have been drawn,
the retentate is diluted with 500 ml of water. The
operation is continued until an additional 450 ml of
20 permeate have been drawn. The two fractions of permeate
are combined and then concentrated to dryness under
reduced pressure. 6.1 g of a yellowish-white solid are
obtained. Analysis of the solid by gel permeation
chromatography indicates that it contains about 30% of
25 oligosaccharide of formula (II) for which n = 1.
d - Fractionation of the ultrafiltered oligosaccharide

mixtures

The enriched mixture is fractionated on




c- Enrichment with oligosaccharide for which n = 1 30g of the

‘ol i gosaccharide mi xture obtai ned 15 above are dissolved in about 35 vol unes
of water. This solution is ultrafiltered through a 3 kDa nmenbrane
(Pellicon). When 600 m of perneate have been drawn, the retentate is
diluted with 500 mM of water. The operation is continued until an
additional 450 m of 20 perneate have been drawn. The two fractions of
perneate are conbi ned and then concentrated to dryness under reduced

. 6. f a I i sh- whij id, bt ai ned. _Anal ysi f th
ol d by gio TP TR Lo R B ki reP L v BT Gor RS CelodaciPne. about 630;
f 25 oli i f I I f i,ch = 1. .d - Fractiagnation o
the Ul ?@?ﬁft?%?%ﬁ%%’?%&?ﬁ%ﬁ%ﬁ%@%ﬁ nééeuﬁééﬁhécaﬁmﬁeanms;fass iol?k
f i : r e-aqar e nown
uaggilfﬂgtﬁgﬁgﬂii%$6§§|é@Q§P§B£é§§t%%$§n§§ %%gsé%ggg'op gi&%:%g% 10_cn1and
length 50 M -aerdise&hicred B Lber Sc 884! ﬁ%dd%s%'l%%; 'fln”a“ on are

EXiy .
dissolved in 5 25 mMl of water” and tﬁ%n efute wth a sodi um

chloridg samitDroftwac At n@f tBefl MiPed2R1eh Erachi a3 /ar eceahiect ed at
the bottom of the colum. The products are detected by UV spectronetry (254

nm and i onilcl spiedd roseit Yo | BE)a Fheef bacti angmeh.predugt 10 for which n =
1 are recovered, lyophilized and then desalified on a colum filled with
Sephadex Glfraystiond tere | yobhettedt abnthé hootomebifasheckalivege .t ypical ly
containing 70~ of AGs-1s derivative of formula Il (Rl, RZ, R3, R5 and R6
= SBNa ; Rhe preduchs aia Jetested by UV spectrometry (254 nm)
and ionic spectrometry (IBF). The fractions of product
10 for which n = 1 are recovered, lyophilized and then
desalified on a column filled with Sephadex G10 gel.
After lyophilization, 1 g of tetrasaccharide typically
containing 70% of AIs-Is derivative of formula II (R,
Rz, Ri3, Rs and Rg = SOsNa; R4 = H and M = Na) is
15 obtained. The AIs-Is derivative can be optionally
purified by SAX (strong anion exchange) chromatography
or, according to a preferred aspect, by fractional
precipitation according to the method described in
patent FR 2 548 672.
20 EXAMPLE 1
5 ml of a 0.0063 mol/l sodium hydroxide
solution are introduced into a reactor maintained at
66°C. The pH of the solution is then measured and taken
as the target value (pH = 11.35). 30 mg of the
25 oligosaccharide of formula (II) for which n is equal to
0, Ry and Rg represent an SOs;Na radical and M is sodium

are added in a single portion, with stirring. The pH is

then adjusted and maintained at pH 11.35 by continuous



15 obtained. The Dis-Is derivative can be optionally purified by SAX

(strong ani on exchange) chronmat ography or, according to a preferre

by fractional precipitation according to the nethod described in p

2 548 672. 20 EXAMPLE 1 5 m of a 0.0063 nol/1 sodi um hydroxi de sol ution

are introduced into a reactor naintaingg at 66C. The pH of the sol
I

then neasured and taken as the target

ue (pH = 11.35). 30 ng of

ol i gosaccharide of forrmula (I1) for which nis equal to 0, Rl and

r epr esent
with stirrin

Cont | nUOUS e A0 1h9B, 81 n) éga@u 2°B% Wy %g;dg»%,ﬁe ity on.

hour s,

t he addition of sodi um hy

roxide 1s stop

is cool ed tor@hed THEdPELES rbheL $8hUKI QRS §RERRY t YRRD 6 and 7
5 by addition of Anberlite leZO resin. % he n1xt8?é2#§Q%1ﬁ?%red rough a

What man GF/g3 nefrbtle@es ande § b8Ni §0BEEA babBghtO tar lb@%%elfﬁcberaﬂ&d#ced

pressure (2.7 kPa) at a tenperature in the region of

d aspect,
atent FR

ution is
t he 25
R6

S50 £ 2 AU ER AUIRE A AR 5 o0

After. 10

reactlon m xt ure

25C. The product is

taken up i rby.&ddltbéndbst Ahbedl weeerrand +8skihenTheophiddged.; L9 nmy of a
m xture of diastereoisoners of the oligosaccharide of fornmula (1) for which
nis equal folter&d wmdolwghrapiestemanadFfBBNembadheakbnanddrd s sodi um are

t hus obtai ned [ (4-deoxy-20 sul fo-a-L-threo-hex-4-enopyranosyl uronic acid
(1--~4) 15 ICHermyxired- deotyyress| tndarnuef8cBdnpmresguranose, tri
prot?n spectrun1|n D20, 400 MHz,

salt):

10

15

20

25

kPa) at a temperature in the region of 25°C. The
product is taken up in 0.5 ml of distilled water and
then lyophilized. 29 mg of a mixture of
diastereoisomers of the oligosaccharide of formula (I)
for which n is equal to 0, R; and Rg represent an SO;Na
radical and M is sodium are thus obtained [ (4-deoxy-2-
O-sulfo-a-L-threo-hex-4-enopyranosyluronic acid (1—4)-
1, 6-anhydro-2-~deoxy-2-sulfoamino-f-D-mannopyranose,
trisodium salt): proton spectrum in D,0, 400 MHz,
T = 298 K, 8 in ppm: 3.15 (1H, s, H2), 3.75 (2H, m, H6
and H3), 3.88 (1H, m, H4), 4.20 (1H, 4, J = 8 Hz, H6),
4.22 (1H, t, J = 5 Hz, H3'), 4.58 (1H, m, H2'), 4.75
(1H, m, H5), 5.53 (1H, s, Hl), 5.60 (1H, dd, J = 6 and
1 Hz, H1"), 6.03 (1H, d, J = 5Hz, H4'); (4-deoxy-2-0-
sulfo-o-L-threo-hex-4-enopyranosyluronic acid- (1—4)-
1, 6-anhydro-2-deoxy-2-sulfoamino-B-D-glucopyranose,
trisodium salt): proton spectrum in D,0, 400 MHz,
T = 298 K, 8 in ppm: 3.34 (1H, dd, J = 7 and 2 Hz, H2),
3.72 (1H, t, J = 8 Hz, H6), 3.90 (1H, m, H3), 4.03 (1H,
s, H4), 4.20 (1H, 4, J = 8 Hz, H6), 4.23 (1H, t,
J

5 Hz, H3'), 4.58 (1H, m, H2'), 4.78 (1H, m, HS),

sodi um




T =298 K, Sinppm 3.15 (1H, s, H2), 3.75 (2H, m H6 and H3), 3.88 (1H,
m H4), 4.20 (1H, d, J = 8 Hz, H6), 4.22 (1H, t, J =5 Hz, H3'), 4.58 (1H,
m H2'x, 4.¥5 20 (1H m H5), 5.53 (1H, s, Hl), 5.60 (1H, dd, J =6 and 1
Hz, H1'), 6.03 (1H, d, J = 5Hz, H4');
(4-deoxy-2-CEuIfo-a-L-threo-hex-4-enogé%?nosyluronic _ _
aci d-(1-~4) 1, 6- anhydr o- 2- deoxy- 2- sul f 1 no- ~3- D- gl ucopyranose, trisodi um
salt): proton spectrumin D20, 400 MHz, 25 T = 298 K, Sin ppm 3.34 (1H,

dd, J =7 an rdy (2= (A4, Jig 8:Hz, cH .90 (&b, . m H3), 4.03
(1H s, mﬂ%'f%oi.(%"(ﬁ, de" 'J%z'%&r&i,ﬂmﬁwj %, 23%%" ?’%zi)j?;)%b I(-L;:H) N
4.58 (1H, ' 78 (1 / 18 5.50 , S, , 5. , :
J = 6(and 1@3212 %ﬁ’),ﬁd’e%s EngI?Q'dfﬁ% Uy Hz, H4') ] . EXAMPLE 2 5 33.3 ni
of a 0.0063 nol/1 sodi um hydroxi de solution are introduced into a reactor
mai nt ai ned at 62C. The pH of the solution is then nmeasured and taken as the
target val mxapde 211.15). 200 ng of the oligosaccharide of forrmula (I11)
for which nis equal to 10 1, Rl, Rz, R3, R5 and R6 represent an SOBNa

radi cal5 R4 represent33 &8 hydrefjen &io06RNboM 1sseadimnhgaeondded in a
single portion, with stirring. The pHis then adjusted and maintained at pH
11. 15 by ceE®tlivhicus aatkliintorodiced Gliktood / tesodbumabaydtaihdd asel uti on. 15
After 12 hours, the addition of sodium hydroxide is stopped and the
reaction ni%&%6r-e The @dblal the 258 utthen pie ofhehemeaburednand thernbr ought
to between 6 and 7 by addition of Amberlite 1R120 resin. The m xture is
filtered t Rfoddi® FaNsatharlre B(BRmrbhel 2hd 20@nmg of the

oligosaccharide of formula (II) for which n is equal to

10 1, Ri, Rz, R3, Rs and R represent an SO3Na radical, Ry
represents a hydrogen atom and M is sodium are added in
a single portion, with stirring. The pH is then
adjusted and maintained at pH 11.15 by continuous
addition of a 0.5 mol/l1 sodium h?droxide solution.

15 After 12 hours, the addition of sodium hydroxide is
stopped and the reaction mixture is cooled to 25°C. The
pH of the solution is then brought to between 6 and 7
by addition of Amberlite IR120 resin. The mixture is
filtered through a Whatman GF/B membrane and then

20 concentrated to dryness under reduced pressure
(2.7 kPa) at a temperature in the region of 25°C. The
product is taken up in 3 ml of distilled water and then
lyophilized. 230 mg of the oligosaccharide of formula
(I) for which n is equal to 1, R;, Rz, Ri, Rs and Rg

25 represent an SO3;Na radical, Ry represents a hydrogen
atom and M is sodium are thus obtained in the form of a
mixture of diastereoisomers [(4-deoxy-2-O-sulfo-0-L-

threo-hex-4-enopyranosyluronic acid- (1—4)-2-deoxy-2-



20 concentrated to dryness under reduced pressure (2.7 kPa) at a
tenperature in the region of 25C. The product is taken up in 3 m of
distilled water and then |yophilized. 230 ng of the oligosaccharide of
formula (1) for which nis equal to 1, Rl, Rz, R3, R5 and R6 25 represent
an SCBNa radical, R4 represents a hydrg en aton1and Mis sodium are thus
obtained in the fornlof a mxture of diastereoisoners

[ (4- deoxy- 2-0-sul f o- oc- Lt hr eo- hex- 4- enopyr anosyl uroni c

aci d- (1--~4d; Pr Je0¥ys 26 9s§9k£0a”b”81§c8p§% E%S§1D-ngggp§r6nosyl (1--~4)

2- Osul f o- a- L I dopyr anosyl ur oni

aci d- (1-- ~4s)uitf<§-@nﬂyﬂagpggsﬁesgyzu%hflea%%r ((?1—?4 srﬂﬁ!n@l@&hﬂs}a%%a-z-

hept asodi um salt): proton spectrumin D2Q = 298°K, Sin 5 ppm
3.15 (1H, sdedid)~23s2bféddhinst bB"%anﬁo@?rﬁﬁHse”‘h EhsoQﬁhm@e” 3.70 and
4.70 (14H, broad peak, H3/H4/ H2' /H3" /T H4' | H5' "/ H5"/H6", H2"'/H3"'),

4.75 (1H, rgalb); pevweenspelOramdih. H00( 24ho nuukll' Taad2obig" k, §. 48 (1H
H1"'), 5.56 (1H, m H1), 5.94 (1H, d, J=5 Hz, 10 H4);

(4- deox$- 2-ersul 3 01 8- (XHhr ep-H2X; 48n0PYHAHQSY, UHRMI)G acieh (1H, m,

-(1--~4)-2-deoxy- 2- sul f oam no- 60 sul f 0- a- D- gl ucopyranosyl - (1-~4)-2- 0O sul fo-

a- Lidopyraﬂﬁkylurbmtweania 70 and 4.70 (14H, broad peak, H3/H4/HS6,
-(1--~4)-1, 6-anhydr o- 2- deoxy- 2sul f oani no- ~3- D-glucopyranose hept asodi um

salt): protid’ /1%3'5&@”@5” i nH‘D?d'I54056|VHzH2T =£H298)K 4875n @Fm 8. 25 (1H,

m H2"), 3.42 (1H, dd, J=4 and 1 Hz, H2£ & H3"), between 3.70

and 4.70 (¥ d?%%‘tﬂ%%a& 2@13?119;/ Pig 20! FHsnlelﬂ /H@nd ﬁal"’/)H55/+463

E245 ?8 (ll-I(ﬁr[r17 1;;5} "L, Eg)%ﬁ ?iﬁfeﬂﬁ’ﬁ&gﬁqe% E]I( ZELS @H%#M?]nd E;L(A?\/PLE
3 10 H4); (4-deoxy-2-0-sulfo-0-L-threo-hex-4-
enopyranosyluronic acid, -(1—4)-2-deoxy-2-sulfoamino-6-
O-sulfo-o-D-glucopyranosyl- (1—4)-2-0-sulfo-o~L-
idopyranosyluronic acid -(1—4)-1,6-anhydro-2-deoxy-2-~
sulfoamino-B-D-glucopyranose, heptasodium salt): proton
15 spectrum in D0, 400 MHz, T = 298 K, § in ppm: 3.25 (1H,
m, H2"), 3.42 (1H, dd, J=4 and 1 Hz, H2), 3.60 (1H, m,
H3"), between 3.70 and 4.70 (1l4H, broad peak, H3/H4/H6,
H2'/H3'/H4'/H5', H4"/H5"/H6", H2"'/H3"'), 4.75 (1H, m,
H5), between 5.20 and 5.40 (2H, m, H1’' and H1”), 5.45
20 (1H, m, H1”'), 5.52 (1H, m, Hl), 5.94 (1H, 4, J=5 Hz,
H4)].

EXAMPLE 3
16.7 ml of a 0.0063 mol/1l sodium hydroxide
25 solution are introduced into a reactor maintained at
62°C. The pH of the solution is then measured and taken
as the target value (pH = 11.7). 100 mg of the

oligosaccharide of formula (II) for which n is equal to



16.7 nm of a 0.0063 nol/1 sodium hydroxide 25 solution are introduced into
a reactor nmaintained at 62C. The pH of the solution is then neasured and
taken @s the target value (pH = 11.7). 100 ng of the oligosaccharide of
formula (11) for which nis equal to 20 2, Rlr R2, R3, R5 and R6 represent
an SBNa radical, R4 represents a hydhggen atomand Mis sodium are added
in a single portion, with stirring. T pH is then adjusted and nai nt ai ned
at pH 11.7 by continuous 5 addition of a 0.5 nol/l sodiun1hydroxide

| uti t 1Q h th iti f d t d d
The reacti o die e He” BT seatebentoan BBl S5citadn e then
b ht t d nb Lit.e. | RL20 . .Th
n{gggre ig%ﬁ? ereggqﬁg%ﬁg%gg %Lbﬁa?gé ﬁ %erd raﬁgeargﬁfﬁe n ©

T w k
concentr at g éfh Sy 858 y&a@er {eﬂugeérpiﬁgsuw (By LekBabpal a temperature

in the region of 25 he product Ts ta distilled water

and then Imﬁuéﬁé&%né%mwinéaeaelpﬁOﬁC@hB&' é%anmuBﬁf”U' a 15 (1) for
which nis equal to 2, Rl, R2, R3, and R6 represent an SGBNa radical, R4

represeBt s aidiyicgast ai oo sngoM 1 5s§@ﬂmunh9aeokhaé abtiakrea.in the form of
a mxture of diastereoi soners. The sugars constituting the hexasacchari des

are noted fxfrerA 1® Houws betlng 48@1i20od, 6fasbydlun hedirdsedandgF being the

unsaturated uronic acid residue.

[ (4- deoxy- B®prad grad Lthdreeadekedendpynaaosyl uooded to 25°C. The

aci d- (1~4) - 2- deoxy- 2- sul f oam no- 6- Osul f o- a- D- gl ucopyr anosyl - (1- ~4) -
2-O-sul fo- avthfoptyr%rmlﬂmmwsmhen rought Rodbexyeenshl Rodni/no-6 25

O sul f 0- a- D-glucopyran (1--~4)-2-0-sul fo-a-Lidopyranosyl uronic acid
“(1--~4)-1.% o&@b?§hH ®aFR kol (BepirmnEbpyRaKsyEe d/decasodi um

sal t: RBOt C)fn:i.ls eer(':eté trplroua'%o 6Ogtrr|\1g_g Gg'r/Pj I%ganrKang l’i?ldp?:ITenB 15 (1K

concentrated to dryness under reduced pressure
(2.7 kPa) at a temperature in the region of 25°C. The
product is taken up in 3 ml of distilled water and then
lyophilized. 108 mg of the oligosaccharide of formula
15 (I) for which n is equal to 2, R;, Rz, Ri3, Rs and Rg
represent an SO3;Na radical, R, represents a hydrogen
atom and M is sodium are thus obtained in the form of a
mixture of diastereoisomers. The sugars constituting
the hexasaccharides are noted from A to F, A being the
20 1,6-anhydro residue and F being the unsaturated uronic
acid residue. [(4-deoxy-2-0O-sulfo-o-L-threo-hex-4-
enopyranosyluronic acid- (1l—4)-2-deoxy-~-2-sulfoamino-6-0-
sulfo-a-D-glucopyranosyl-(1-—4)- 2-0O-sulfo-0-L-
idopyranosyluronic acid -(1—4)- 2-deoxy-2-sulfoamino-6-
25 O-sulfo-0-D-glucopyranosyl-(1l—4)-2-0O-sulfo-a-L-
idopyranosyluronic acid -(1—4)-1, 6-anhydro-2-deoxy-2-
sulfoamino-B-D-mannopyranose, undecasodium salt: proton

spectrum in D,0, 600 MHz, T = 298 K, § in ppm: 3.15 (1H,



21 s, H2(A), 3.25 (2H m H2 (C+E)), 3.60 (2H, m H3(C+E)), between 3.65
and 4.50 (19H, broad peak,

H2( B+D)/ H3( A+B+D+F) / HA( A+B+C+D+E) / H5( C+E) / HB( A+C+E) ), 4.60 (1H, s, H2(F)),
4.80 (3H, m H5(A+B+D), 5.18 (1H, 5's, HI(D)), 5.30 (1H, s, H1(B)), 5,34
(1H d, HI(C)), 5.36 (1H d, HL(E)), 5,46 (1H s, HL(F)), 5.57 (1H s,
H1(A)), 5.95 (1H, d, J=5 Hz, H4(F)); . .
(4-deoxy-2-CBuIfo-a-L-threﬁ%hex-4-egopyranosylU{o?lcﬁfcag-(1-~4)-
2deoxy-2-sul f i 6- Q- ra-D g Lanosyl~( 1+
2-C)sﬁ|fo-g%L??gggggéngéé ur(gﬁl'cR 2988 310V ed Y2k, T

acid-(1~4)123Q§ggy;2$yé£@ggﬁo3§6§>gﬂhfg:gg-Qighgc%gggaugagkflr4)-2-C}sulfo

a- L-i dopyr anosyl uroni c

aci d- (1- ~4)Hd(S+anhysl( +B+gepxyRa $ul-BeagDae) (sRedsyooRyarass,)
undecgsodiLn1salt): proTon spectrumin Dchjgooqugg T é 298 ) Sin ppm

15 3.25 (2H.60 HH(GEP) N2 (8) #2 £1B0 RuRHA) b5 (%+@Eln()2,"',5 g H34,C+E) ),
bet ween 3.65 and 4.50 (19H, broad peak,

H2 ( B+D) AH3(s\v+ BYDHF) ) HAS A3@+CaiDr By HE( CBF) /, HB( A2CXEY),, &4 68 (b, s, H2(F)),

4.80 (3H, m H5(A+B+D), 5.18 (1H, s, H1(D)), 5.31 (1H, s, HI(B)), 5.34 (1H,

d, HI(O)), 2036&. B (1¢4 Ml (BIL{E)5,46. 46H(1H, H1(F)0F) .55 52AH,1H, s,

HL(A)), 5.95 le, d, J=5 Hz, H4(F))]. EXAMPLE 4 4 ml of a 0. 0316 nnl/l

sodi um hydribkiae) 250 s¥P ut1Bn Ar eTEht Hedub4dFi it o (4 -deaxtyer2-0&i nt ai ned at

62C. The pH of the solution is then neasured_and taken as the target val ue

(pH = 11. 8)5uhfR & hgthreanherr fosneprarnasyhixonie ocilor(dubd) ¢1 Ry for

which nis deoxy—z—sulfoamino—G—O—sulfo—a-D—glucopyranosyl—(1—94)-

10 2-0O-sulfo-oa-L-idopyranosyluronic acid- (1-4)-2-deoxy-2-
sulfamino-6-0-sulfo-a-D-glucopyranosyl- (1—4)-2-0-sulfo-
o-L-idopyranosyluronic acid-(1-»4)-1, 6-anhydro-2-deoxy-
2-sulfoamino-B-D-glucopyranose, undecasodium salt) :
proton spectrum in D;0, 600 MHz, T = 298 K, § in ppm:

15 3.25 (2H, m, H2(C+E)), 3.42 (1H, m, H2(A)), 3.60 (2H,
m, H3(C+E)), between 3.65 and 4.50 (19H, broad peak,
H2(B+D)/H3(A+B+D+F)/H4(A+B+C+D+E)/H5(C+E)/H6(A+C+E)),
4.60 (1H, s, H2(F)), 4.80 (3H, m, H5(A+B+D), 5.18 (1H,
s, H1(D)), 5.31 (1H, s, H1(B)), 5.34 (1H, d, H1(Q)),

20 5.36 (1H, d, HI(E)), 5.46 (1H, s, HIL(F)), 5.52 (1lH, s,

H1(A)), 5.95 (1H, 4, J=5 Hz, H4(F))].

EXAMPLE 4
4 ml of a 0.0316 mol/l sodium hydroxide
25 solution are introduced into a reactor maintained at
62°C. The pH of the solution is then measured and taken
as the target value (pH = 11.8). 100.8 mg of an

oligosaccharide mixture of formula (II) for which n is



22 equal to 2, conprising 55~ of Dis-ls-Is derivative (Rl, R2, R3, R5 and
R6 represent an SO3Na radical, R4 represents a hydrogen atomand Mis

sodi umk, 35~ of Dis-Is-Ils (RL, R2, R3 and R6 represent an SO3Na radical, 5
R5 represents either an SO3Na radical or a hydrogen atom R4 represents a
hydrogen atom and Mis sodiun) and 10~ 2f Dis-Is-Ills (Rl, Rz, R3, R5 and
R6 represent an SO3Na radical, Ry repr@ ents a hydrogen atomand Mis

sodi um the function SO3M of carbon C6 being replaced 10 with a hydrogen}

are added i i ngl ¢ parti i jrrd The pH is then, adjusted to and
mai nt ai ned %{.{@%a ?% g’b?/o%:n%%?is\%l us?%tégdé)lft iQ%EnS o?s af%. %Y?tll%%dr%‘m

hydr oxi de sl utg.ong ALtgr pl1l he._addi.tLl O di gm hydroxide is

st opped andﬁ%'he%r'egét fé%% %}ngggélégn 538()%%%&'[%"“3{5&39%%4 pH of the

sol ution i srépeasbresght h&;@ﬂé%@fe%&o% d i By additien ﬁ%s#@f” ite I R120

resin. The mxture is filtered through a What man G-/ B nenbrane and t hen

concentrat efIs0TgryuesRuNdRy, redueed Ry QéEHégeh%- ankid@hNat ragt egperature
in the region of 20 25C. The product is taken up in 1.5 m of distilled

wat er arkd tRenrdyopbéntzeditidd apg ob:M wddpeshcshasi Heambybdre of formul a
(1) for which nis equal to 2, in particular containing the 1, 6-anhydro

Dl s-1s-1s detpPmat Ryver¢fRies@tsR3, hi8ragdnRétompaeseNt ian s2@iSdNanddi cal ,
R4 represents a hydrogen atomand Mis sodiun) and the 1, 6-anhydro
Dis-1s-11s #8fi oht A¥e-IRtIIR®r (R3, aRd H&.r &ar esdnRs aneSf8iantadncal , R5
represents either an SO3Na radical or a hydrogen atom R4 23 represents a
hydr ogen at 8fhdradi @ sodRurfenresamtis ®hedreeen HRLan(anghMpéasf or mance
liquid chroma%oa‘r@aphé) Snal ¥si S in jion-pair node nmakes it possible to

nmoni tor t heSRBhVEr sFOR FHEGTdER vRelives eprPerntifaPering keblisicess case, the

HPLC as%py SHeHS. 1086 00850048 $ld $-AN d Yol iSidss ! s and

s derirvatirves.
stirring. The pH is then adjusted to and maintained at
pPH 11.8 by continuous addition of a 0.5 mol/l sodium
hydroxide solution. After 11 hours, the addition of
sodium hydroxide is stopped and the reaction mixture is

15 cooled to 25°C. The pH of the solution is then brought

to between 6 and 7 by addition of Amberlite IR120
resin. The mixture is filtered through a Whatman GF/B
membrane and then concentrated to dryness under reduced
pressure (2.7 kPa) at a temperature in the region of

20 25°C. The product is taken up in 1.5 ml of distilled

water and then lyophilized. 110 mg of an
oligosaccharide mixture of formula (I) for which n is
equal to 2, in particular containing the 1, 6-anhydro
AIs-Is-Is derivative (R;, Rz, R3, Rs and R¢ represent an

25 SO3Na radical, Ry represents a hydrogen atom and M is

sodium) and the 1, 6-anhydro AIs-Is-IIs derivative (R;,

Rz, R3 and R¢ represent an SO;Na radical, Rs represents

either an SO;Na radical or a hydrogen atom, Ry




EXAMPLE 5 8.6 Ml of a 0.025 nol/1 lithium hydroxi de 10 solution are pl aced
in a reactor maintained at 66C. The pH of the solution is then nmeasured and
taken as the target value (pH = 11.68). 50 ng of the oligosaccharide of
formula (1) for which nis equal to O, RL and R6 represent an SO3Na
fadical and Mis sodium 15 are then agged in a single portion with
stirring. The pHis then adjusted and itai ntained at pH 11. 68 by continuous
addition of 0.466 nol/1 lithium hydroxide solution. After 8 hours, the

dditi of &1 bi r Q¥ I p and .t he, r iqn. mxture is cool ed
go ;olggc.:ﬂ %?%E#S%y%eg g?%ﬁ%§e§E?§U?gdC@$5%EE%6ﬁg%hyfn§%a s in

i on- pai noghe i S 3 i t i j ivative
of 7 brmul (TS ae S ERe] $hil berRbhhRleg) 1 SO R b b AR YN

radi cal andadhigss9divmen-bhiki #Bdel Rakbiss 1€2$Rsdie HRLL x&ti‘?\?@y. shows
that the conversion achieved is 100. The yield by external calibration is

81.2. e 24tExXAMPhtebsBoR Whtof dar@vBe8FeaplEl methias um)hy drpXiyie sol ution
are placed in a reactor maintained at 66C. The pH of the solution is then
neasur ed ancksekephasHPLC assay shows that the conversion is

achieved for the AIs-Is-Is and AIs-Is-IIs derivatives.

EXAMPLE 5
8.6 ml of a 0.025 mol/l lithium hydroxide

10 solution are placed in a reactor maintained at 66°C.
The pH of the solution is then measured and taken as
the target value (pH = 11.68). 50 mg of the
oligosaccharide of formula (II) for which n is equal to
0, Ry and R¢ represent an SO;Na radical and M is sodium,

15 are then added in a single portion with stirring. The
PH is then adjusted and maintained at pH 11.68 by
continuous addition of 0.466 mol/l lithium hydroxide
solution. After 8 hours, the addition of lithium
hydroxide is stopped and the reaction mixture is cooled

20 to 25°C. HPLC (High Performance Liquid Chromatography)
analysis in ion-pair mode makes it possible to monitor
the conversion into derivative of formula (I) for which
n is equal to 0, R; and R¢ represent an SO;Na radical
and M is sodium or lithium. In this case, the HPLC

25 assay shows that the conversion achieved is 100%. The

yield by external calibration is 81.2%.



» the target value (pH = 11.1). 50 ng of the oligosaccharide of formula
(1) for which nis equal to 0, Rl and R6 represent an SGBNa radical and M
i s sodieum are then added in a single portion with stirring. The pHis then
adj usted and maintained at pH 11.1 by 10 continuous addition of 0.515 nol/1
pot assi um hydroxi de solution. After ours, the addition of potassium
hydr oxi de i s stopped and the reactlon ﬁlxture is cooled to 25C. HPLC (Hi gh
Performance Liquid Chromatography) analysis in ion-pair node nekes it
possi bl e toppRRbiRrgl. 5 the conversion into derivative of formula (1) for
which n is equal to 0, Rl and R6 represent an SGBNa radical and M |s sodi um

or potassium In thisg C§S§1 blre sHBL G083S g 1510 gﬂgglggqgggg%s

achieved is 100. The yield by external calibration 1s NPLE 7
8.3 M of 25610008nkeIpeastus By dr 9¥hde ROkl Macggbdn a reactor

mai ntai ned at 66C. The pH of the solution is then neasured and taken as 25
the target viaeusH(PE €hdOsddhtid8 HB ehehhecRlhARIPGERAM LHearwfad ormula (11)

for which nis equal to O, RL and R6 represent an SC3Na radical and Mis
sodi um 5ar ethéevangddedvabua $pHgEE 1pQMYi. 0B OWigh oft ithd ng. The J 25

oligosaccharide of formula (II) for which n is equal to
0, Ry and R¢ represent an SO;Na radical and M is sodium,
are then added in a single portion with stirring. The
pH is then adjusted and maintained at pH 11.1 by

10 continuous addition of 0.515 mol/l potassium hydroxide
solution. After 24 hours, the addition of potassium
hydroxide is stopped and the reaction mixture is cooled
to 25°C. HPLC (High Performance Liquid Chromatography)
analysis in ion-pair mode makes it possible to monitor

15 the conversion into derivative of formula (I) for which
n is equal to 0, R; and R¢ represent an SO;Na radical
and M is sodium or potassium. In this case, the HPLC
assay shows that the conversion achieved is 100%. The
yield by external calibration is 75.6%.

20
EXAMPLE 7

8.3 ml of a 0.0063 mol/l cesium hydroxide

solution are placed in a reactor maintained at 66°C.
The pH of the solution is then measured and taken as

25 the target value (pH = 10.75). 50 mg of the
oligosaccharide of formula (II) for which n is equal to
0, Ry and Rg represent an SO;Na radical and M is sodium,

are then added in a single portion with stirring. The




pH is then adjusted and maintained at pH 10.75 by continuous addition of
0.476 nol /1 cesi um hydroxide solution. After 20 hours, the addition of

cesi umchydrexi de is stopped and the reaction mxture is cooled 5 to 25C
HPLC (H gh Performance Liquid Chromatography) analysis in ion-pair node
frekes it possible to nonitor the conversion into derivative of formula (1)
for which nis equal to O, RL and R6 r@%resent an SOB8Na radical and Mis
sodiumor cesium In this case, the HPLC assay 10 shows that the conversion

achi eved is,8043. +Fhg Wi lu% t%g extennal, ¢ I r%t';(ol%é i% ,(3;? EXAMPLE 8 8.3

m of a 0.0063 nmol/1 tet anmoni um ]@ﬁare pl aced in

a reactor W&bﬁt@hﬁ%ﬁsa%d@@.@lo-ﬁh%fmd g)mt %gns/‘l Wd ik % ”%asured and

taken as the target val ue cthari de of

formula (11}olaeivhi, cnmenrs 2@qt}'1%luﬂ30 Qhemadmdu%% ré‘é& an SCBNa

radical and Mis sodium 20 are then added in a single portion with

stirring. Thedpbikidet hen sadjppside dnan ¢ HRITEI8Hh %updizl]@ £ @cy ci‘t' nuous
u

addition of 0.521 nol/1 tetrabutyl ammoni um hydroxi de sol uti on. er 16
hours, the BddRBPOn BPLCesHighhpdirdoirdence stiepaed c&ﬁ%rﬁatt%gfa?@{l;pn m xt ure
is 25 cooled to 25C. HPLC (H gh Performance Liquid Chromatography) analysis
in ion-pairaRddEsiakés i nppesirbime deo madeist dit tduss sCdsIcertsd Qo ey
derivative of formula (1) for which nis equal to O, RlL and R6 26
represent ahl'SCBREVEHELER 1nGe Weirdvesdivemodr ftoeumdtwt(yli)arﬁmlvmmﬂn this
case, the HPLC assay_shows that the conversion achieved is 96.7. The yield
by external Rchfi B%gﬂ'oﬁol 8,68+ and Rg represent an SO;Na radical
and M is sodium or cesium. In this case, the HPLC assay
10 shows that the conversion achieved is 90.3%. The yield

by external calibration is 73%.

EXAMPLE 8
8.3 ml of a 0.0063 mol/l tetrabutylammonium
15 hydroxide solution are placed in a reactor maintained
at 66°C. The pH of the solution is then measured and
taken as the target value (pH = 10.95). 50 mg of the
oligosaccharide of formula (II) for which n is equal to
0, R1 and Rg represent an SOs;Na radical and M is sodium,
20 are then added in a single portion with stirring. The
PH is then adjusted and maintained at PH 10.95 by
continuous addition of 0.521 mol/l tetrabutylammonium
hydroxide solution. After 16 hours, the addition of
cesium hydroxide is stopped and the reaction mixture is
25 cooled to 25°C. HPLC (High Performance Ligquid
Chromatography) analysis in ion-pair mode makes it
possible to monitor the conversion into derivative of

formula (I) for which n is equal to 0, R; and Re



> The nedi ci nal products according to the invention conprise, as active

principle, at |east one oligosaccharide of fornmula (I)
ol i gosaccharide m xture of formula (1), in the form of

or an
a conposition in

which it is conbined with any other pharmaceutically 10 conpati bl e product,

whi ch can be inert or physiologically Sgtive. The nedi
according to the invention can be used
oral, rectal, topical or pulrmonary (inhalation) route.

ci nal products

ia the intravenous, subcutaneous,

15 The sterile

CommoSL L onib £t il BESBIR She b 084S BOTLBL Ry 8] on ore veneral |y

aqueous solutlons hese I ons can

particul ar y@fam&f%%émwn' ¢ht ¥ynagentse e%&%ﬁﬁ

stabilizers. The 20 sterilization can bé carried out 1
exanpl e by aseptile fédhvatsodn QMthG%FiPQEab%ng%St%e'
conposition or by irradiation. They can al so be prepar
sterile soléxtenm@bsédl Unsawvbbfihisagshe di ssol ved, at

In

spgrsants and
??ISSSCeé era Ov\’/ﬁays for

éé] nts into the
I'n the form of

25 the time of use,

in sterile water or any other injectable sterile medi um  Sol i d conposi tions

for orab adnini stratimine whédhctaalbprudedtar actabliehs;

t ldhke powders

(gelatin 27 capsules or cachets) or granules. In these conpositions, the
active pringipirtien tomeprivseéh aseaotinerprineiplei,| a@ntlsasticthals starch,

cel | ul ose, sucrose | actose or silica, under a stream

of argon. 5 These

conposi ti oral %Sﬁﬁ%ﬁ@%ﬁ%@@%r¢§ef@nmsﬂanéé$ orhen bhagosiclcedriridd or exanpl e

one or nore ] ubricants_such_as nagnesium stearate or t

alc, an agent for

promoting JFEFCHR @bt feMuadyE) . aiBokhenorar afeesyompogition in

which it is combined with any other pharmaceutically

10 compatible product, which can be inert or

physiologically active. The medicinal products

according to the invention can be used via

the

intravenous, subcutaneous, oral, rectal, topical or

pulmonary (inhalation) route.

15 The sterile compositions for intravenous or

subcutaneous administration are generally aqueous

solutions. These compositions can also contain

adjuvants, in particular wetting agents, tonicity

agents, emulsifiers, dispersants and stabilizers. The

20 sterilization can be carried out in several ways, for

example by aseptic filtration, by incorporating

sterilizing agents into the composition or by

irradiation. They can also be prepared in the form of

sterile solid compositions which can be dissolved, at

25 the time of use, in sterile water or any other

injectable sterile medium.

Solid compositions for oral administration

which can be used are tablets, pills, powders (gelatin



varni sh. 10 Liquid conpositions for oral admnistration which can be used
are pharnmaceutically acceptabl e solutions, suspensions, enulsions, syrups
and el i-xirs»containing inert diluents such as water, ethanol, glycerol,
plant oils or liquid paraffin. These 15 conpositions can conprise
substances ot her than diluents, for ggple wetting products, sweeteners,
t hi ckeners, flavourings or stablllzers The conpositions for rectal

adm nistration are supp05|tor|es or rectal capsul es which contain, 20

besi des the, QﬁghFESpEQd%%Eh QJen euanE%a I}qgﬁa butter, sem -synthetic
oSl

gl ycerides or yet hyl ene g ols. “MiE'eo %% or toplcal

adm ni strat Lgf, gggtggnsf o&h@(%@y&hegﬁg,@lpdlé)tﬂé)qrslxeecysﬂgélgpgn throat 25

r
sprays, nasal drops or aerosols epend "upon esiTedef f ect,

the duratiomogé thertr eatlmeattsanedaw AOWe adé@ﬂéié@é' on used; they
are generally between 0.5 ng 28 and 10 ng per kg per day subcutaneously,

i.e. 3 to 68uspoper daytbee @r6@ikd RdUhinddr HeN&Fédm dheaHQsh0r Wil |
determ ne the appropriate dosage as a function of the age and wei ght 5 and
al | the 5ot htheper sonabstiadionss ceh tdled rdinpgrdual dubdeatdent Seher

than diluents, for example one or more lubricants such

as magnesium stearate or talc, an agent for promoting

oral absorption, a dye, a coating (dragees) or a

varnish.

10 Liquid compositions for oral administration
which can be used are pharmaceutically acceptable
solutions, suspensions, emulsions, syrups and elixirs
containing inert diluents such as water, ethanol,
glycerol, plant oils or liquid paraffin. These

15 compositions can comprise substances other than
diluents, for example wetting products, sweeteners,
thickeners, flavourings or stabilizers.

The compositions for rectal administration
are suppositories or rectal capsules which contain,

20 Dbesides the active product, excipients such as cocoa
butter, semi-synthetic glycerides or polyethylene
glycols.

The compositions for topical administration
can be, for example, creams, lotions, eye drops, throat

25 sprays, nasal drops or aerosols.

The doses depend upon the desired effect, the
duration of the treatment and the route of

administration used; they are generally between 0.5 mg



The invention also relates to the nethod for preventing or treating

di seases associated with an inflammatory process involving the production
of 10 cytotexic substances such as nitrite oxide (NO. The oligosaccharides
of formula (1) can thus be used for preventing and/or treating

meur odegener ative diseases for which cerebral inflammation plays a

del eterious role which can lead to dea#®, anong which nmention nay 15 be
made of ischemi as of the central nervous system cerﬁbral i?cherriazl_,I
ischem as of _the.retina and the cochlea, cardiac jschem as (nyocardi a

i nfarction)?? eippﬁgrgﬁri €hefFa ?ytﬁggﬁﬁ§4ﬂeqqﬁixxﬁﬁf%ﬂ hetf¥ous system

and in partiggul ar apgial - spinal, and 20 .crani ospinal traunas, traumas of
the retina gﬁdkgoE%FegéynEPfiSlgosgﬁéF 'ﬁ;' neur opat hi ¢ pai ns and

peri pher al neurOpathi§ﬁ’9%F%gglnegh%nd®é§§P?%Jimééﬁ%#ﬁ%ﬁ%?gﬁrOphic

| ateral sclerosis, neuro- Al Zhei ner's di'sease, FKI"S Of % diseasF and
25 Hunti ngt 98nso6h9Rea AR GEr Lai % ; fn%ﬁﬁgﬂgw tisy in particular
of articular oc%lization. ﬁvmqgl%z_%ég%i% CLA | f%ﬁﬁﬁ?dﬁ%@gl . An
ol i gosagchaghdea®i EREMYtBerSpelsWAREN fAdts AN Jtgrer: Adinfde 25 R,
R3, R4 and R5, which may be identical or different, represent a hydrogen
atomor a riadi cabat8M R2 and R6, which may be identical or different,
represent a hydrogen atomor a radical SGBMor COCH3 and Mis sodium
cal cium 10 nagnesi unThe patassiovm adsBl Xelhe @f ddhaese elddasacedhari des and
di ast ereoi soners thereof.
preventing or treating diseases associated with an
inflammatory process involving the production of
10 cytotoxic substances such as nitrite oxide (NO). The
oligosaccharides of formula (I) can thus be used for
preventing and/or treating neurodegenerative diseases
for which cerebral inflammation plays a deleterious
role which can lead to death, among which mention may
15 be made of ischemias of the central nervous system,
cerebral ischemias, ischemias of the retina and the
cochlea, cardiac ischemias (myocardial infarction),
peripheral ischemias, traumas of the central nervous
system and in particular cranial, spinal and
20 craniospinal traumas, traumas of the retina and
cochlea, multiple sclerosis, neuropathic pains and
peripheral neuropathies, motor neuron diseases
including amyotrophic lateral sclerosis, neuro-AIDS,
Alzheimer’s disease, Parkinson’s disease and
25 Huntington'’s chorea and certain forms of

osteoarthritis, in particular of articular

localization.



2. The oligosaccharide of fornmula (1) as clained in claim1l, for which R4
represents a hydrogen atom a m xture of these oligosaccharides and 15

di ast ereoirseners thereof. 3. The oligosaccharide of forrmula (I) as clained
in either of clains 1 and 2, for which nis an integer fromO to 10, a

m xture of these oligosaccharides and di astereoi soners thereof. 20 4. The
oligosaccharide of formula (1) as clained in either of claims 1 and 2, for
which nis 4R 5&(@8@55fr0n10 to 6, a m%&ure of th%§3/539669888ﬁar|des and
di astereoi soners thereof. 30 5 10 5. The oligosaccharide of formula (1) as
claimed in either of clains 1 and 2, for which nis an integer from1l to 6,
a mxture of these oligosaccharides gﬂgﬂﬁi stereoisoners thereof. 6. A
process for preparing the oligosacch of fornmula (1) as clainmed in
claim1l1, characterized in tha ydr oxi e or quaternary
anmoni um hydr oxi de |sqreac€€H vmréég %?%%Egg%%é?$ <Hof ?brnula in which n
is an integer fromO to 25, R, R3, R4 and R5, mhlch may be identical or
different, represent a hydrogen atomor a radikcal SOBM R2 and R6, which

may be OOM OR, COOM
Q o 0 ()
N R, H O H
| NHR, Ry

—In NHR,

5 in which n is an integer from 0 to 25, Ry, Rg) Rs and Rs,
which may be identical or different, represent a
hydrogen atom or a radical SOs;M, R; and Rgs, which may be
identical or different, represent a hydrogen atom or a
radical SO3:M or COCH; and M is sodium, calcium,

10 magnesium or potassium, a mixture of these
oligosaccharides énd diastereoisomers thereof.

2. The oligosaccharide of formula (I) as
claimed in claim 1, for which R, represents a hydrogen
atom, a mixture of these oligosaccharides and

15 diastereoisomers thereof.

3. The oligosaccharide of formula (I) as
claimed in either of claims 1 and 2, for which n is an
integer from 0 to 10, a mixture of these
oligosaccharides and diastereoisomers thereof.

20 4. The oligosaccharide of formula (I) as
claimed in either of claims 1 and 2, for which n is an
integer from 0 to 6, a mixture of these

oligosaccharides and diastereoisomers thereof.



15 identical or different, represent a hydrogen atomor a radical SOBM or
COCH3 and Mis sodium cal ci um nmagnesi um or potassium or a mxture

t hereof,, and the oligosaccharides or mxtures thereof are isolated. 7. The
process as claimed in claim®6, 20 characterized in that the reaction is
carried out in aqueous nedium at a tenperature of from40 to 80C and at a
pH of from 10 to 13. 8. The process as Xl ainmed in either of clains 6 and 7,

characterized in that an aqueous

5. The oligosaccharide of formula (I) as
claimed in either of claims 1 and 2, for which n is an
integer from 1 to 6, a mixture of these
oligosaccharides and diastereoisomers thereof.

5 6. A process for preparing the
oligosaccharide of formula (I) as claimed in claim 1,
characterized in that an alkali metal hydroxide or
qQuaternary ammonium hydroxide is reacted with

oligosaccharides of formula:

10
COOM SO;Na
0 \ 0o (n
OH 0 H OH
OR,
_In NHR,

in which n is an integer from 0 to 25, R;, Rs, Ry and Rs,
which may be identical or different, represent a
hydrogen atom or a radical SOsM, R, and Rg, which may be
15 identical or different, represent a hydrogen atom or a
radical SOsM or COCH; and M is sodium, calcium,
magnesium or potassium, or a mixture thereof, and the
oligosaccharides or mixtures thereof are isolated.
7. The process as claimed in claim 6,
20 characterized in that the reaction is carried out in
aqueous medium, at a temperature of from 40 to 80°C and
at a pH of from 10 to 13.
8. The process as claimed in either of

claims 6 and 7, characterized in that an agueous
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solution of from 1 to 5% alkali metal hydroxide or
quaternary ammonium hydroxide is used.

9. The process as claimed in one of claims
6 to 8, characterized in that the reaction is carried
out at a temperature of from 60 to 70°C.

10. The process as claimed in one of claims
6 to 9, characterized in that the reaction PH is from
11 to 12.5.

11. The process as claimed in claims 6 to
10, characterized in that the alkali metal hydroxide or
quaternary ammonium hydroxide is sodium hydroxide,
potassium hydroxide, lithium hydroxide, cesium
hydroxide or tetrabutylammonium hydroxide.

12. A pharmaceutical composition containing,
as active principle, at least one oligosaccharide as
claimed in claim 1.

13. A pharmaceutical composition containing,
as active principle, at least one oligosaccharide as
claimed in one of claims 1 to 5.

14. The use of the oligosaccharide of
formula (I) as claimed in one of claims 1 to 5, for the
preparation of a medicinal product which is useful for
preventing or treating diseases associated with an
inflammatory process involving the production of
nitrite oxide (NO).

15. The use of the oligosaccharide of
formula (I) as claimed in claim 14 for the Preparation

of medicinal products which are useful for preventing
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and treating cerebral, cardiac or peripheral vascular
ischemias, osteoarthritis, traumas of the central
nervous system, cranial, spinal or craniospinal
traumas, multiple sclerosis, neuropathic pains and
peripheral neuropathies, motor neuron diseases,
amyotrophic lateral sclerosis, neuro-AIDS, Alzheimer’s

disease, Parkinson’s disease and Huntington’s chorea.



