-1- The present invention relates to new strontium salts of sul phonic acids,
to a process for their preparation and to pharnaceutical conpositions
containing them A |large nunber of mneral and organic salts of strontium
are already known fromthe |literature. Anongst the conmpounds of sul phonic
acid, strontium bi s(am nonet hane- 5 sul phonate), and the use thereof in
phot ogr aphi ¢ papers, have al ready beenldescribed in US patent 4,419, 433.
Stronti um et hanedi sul phonat e has been ‘described in the publication Recuetl
: Journal of the Royal Netherlands Chem cal Society 1981, 100(12), 449-452.
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1, 5- napht al enedi sul phonat e has been described in the publicaion Acta Cryst.
2001, 57(4), 520-530. Strontium 1, 6-napht hal enedi sul phonate has been
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have been scrl Int I cation em

Stronti um9$3267et33m:3391| SttinpbenesephastdieemotRsns bbadddstritdden tipuhlblie@idnon
Kristallo Kristallgeom Kristallchen. 1913, 51, 502. Strontium 3-am no- 3-

car Bbxy- IBgebltC@i? 18945 63.pHdReAte Stnbin oS -Hephty eradisulnhonats das been frscpbasi incat i on
bnor g. G?ﬁ@bubl?c%%% Agf (Clrj)'/;t’ 2§ yj?%r 5%] % S§trc()) ftm% rl%nli;apﬂp afenechsulphonate

t her apeut’i c*purpose e subject’
has been descnbed in the pubhcatlon Helv. Chzm. Acta 1923, 6(1), 1133-1146. Strontium

bis(6-hydroxy-2-naphthalenesulphonate) has been described in the publication Helv. Chim.
Acta 1925, 8(1), 229-241. Strontium 2-oxo-1,3-propanedisulphonate has been described in
15 Therm. Anal. 1980, 6th, Vol 2, 425-430. Strontium hydroxymethanesulphonate has been
described in the patent specification JP 37006516. Strontium bis(4-aminobenzene-
sulphonate) has been described in the publications J. Applied Polymer Sc. 2000, 77(11),
2363-69 and J. Prakt. Chem. 1934, 245-253. Strontium bis(2-aminobenzenesulphonate)
and strontium bis(3-aminobenzenesulphonate) have been described in the publication
20 J. Prakt. Chem. 1935, 6-10. Strontium 1,2-ethanedisulphonate has been described in the
publication Kristallogr. Kristallgeom. Kristallchem. 1913, 51, 502. Strontium 3-amino-3-
carboxy-1-propanesulphonate chloride has been described in the publication Inorg. Chem.

2005, 44(11), 3890-95.

The use of strontium salts for therapeutic purposes has already formed the subject of
25 publications and patents. For example, US patent 4,152,431 describes alkali metal salts that
can be used in the treatment of inflammation. Patent application W0-94/09798 presents
sulphate complexes of various metals which are active in the treatment of skin disorders.
The works of Olle Svensson et al (Acta Path. Microbiol. Immunol. Scand., Sect. A, 1985,

93, 115-120) demonstrate that strontium plays a part in some rickets cases.



25 publications and patents. For exanple, US patent 4,152,431 describes

al kali metal salts that can be used in the treatnent of inflannnation.

Pat ent application WO 94/ 09798 presents sul phate conpl exes of various
metal s which are active in the treatnment of skin disorders. The works of
Ol e Svensson et al (Acta Path. M crobiol. bnnanol. Scand., Sect. A, 1985,
93, 115-120) denonstrate that strontium plays a part in sone rickets cases.
-2- Strontiumranelate and its use inthe treatnent of osteoporosis have
been described in patent specification EP O 415 850. The present invention

relates to new strontiumsalts derived from sul phonic acid, and to the use
thereof i the treatnent, of osteoarthritis and osteoporosjs. teoporosis is
L Geer et a i m, Oy 4Fs L8 ettmenh ol BRI RovebSd (R

tissue, bang:icIuRi&Ftpb18 88Nt i nual destruction-reconstruction process
bone renodelling: It 1s characterised first of all by a phase of resorption

of the old bone matrix by osteoclasts, followed by a phase of reparation by

the formation of the protein natrix by osteobl asts, ich will then be
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affects articular cartilage in nore than 50% of the popul ati on above the
age of 65. It is characterised always by a degradation of the cartil agi nous
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ti ssue, because in such cases they secrete netalloproteases, which degrade
type |1 doitrndaresiaeglagtsofdioyied dans phasseofraparptioncbnnionnationel Betaetest i ¢ of

cartil A9 hatrix by osteoblasts, which will then be mineralised. In a young person, the bone

equilibrium is balanced but, with age, an imbalance occurs between bone resorption and

bone formation to the detriment of the latter.

Osteoarthritis is a degenerative pathology that affects articular cartilage in more than 50%
of the population above the age of 65. It is characterised always by a degradation of the
cartilaginous matrix surrounding the chondrocytes. In non-pathological conditions, those
cells ensure the homeostasis of cartilage. On the other hand, under the effect of a certain
number of factors (biomechanical and/or biochemical), chondrocytes are at the origin of the
degradation of that surrounding tissue, because in such cases they secrete metalloproteases,

which degrade type II collagen and proteoglycans, the matrix components characteristic of

cartilage.
5 More especially, the present invention relates to strontium salts of the sulphonic acids of
formula (1) :
A-B-SOsH (D
wherein:

- Arepresents a group selected from OH, NH,, SO3;H and CO,H,



5 .Mre especially, the present invention relates to strontiumsalts of the
sul phonic acids of fornmula (I) A-B-SG8H (1) wherein: - A represents a
group selected fromOH, N -h, S@BII and COZH, -3- B represents an ayl ene
group or a linear or branched Cl-C 2al kyl ene chain optionally substituted
by one or nore groups selected from hydroxy, oxo, am no, SCO3H and CO2H and
in which one or nore carbon atons is O%tl onally replaced by an oxygen atom
by a nitrogen atomor by an SO2 group, -5 with the exclusion of strontium

bi s(ar ni nomet hanesu. | phonate), strontium nethane- disul phonate, strontium
1,3-b et hanedi%md:mhs@nat en zyleontgroup 61 sajllifnh@mat @m@whﬂba@le(iualkyhmmtdhaﬁm

1, 5- napht hal ened| p ate, .strontium1, I honat e,.
strontium his?® I@]ﬂ S&Bé}ltﬁteﬂ%kﬁrﬁaqréﬂ%@lﬁ%%n eé;le% ’§ gﬁ’a 0x0, aniino,
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strontiumbis am nobenhzene to sul phonate), strontium

bi s( 2- anui obenzergsul gdrosiat e)ifrogdr domion ty b SCB-gastipnobenzene- sul phonat e)

strontium 1, 2- et hanedi sul phonate and stronti um 3-am no- 3- car boxy-1 -
propanesul phonate chloride. Arylene is understood to be pbenyl ene,

bi phenyl yl gﬂg ‘i’ﬁe %Q&G&BM '&”?ﬂ ATk bf&(antu gﬁ]gpxgl&‘d gr%?ps ﬁﬁlhoﬁ'l i

substl tute nt| ca fen ecte om 15

| i near or biﬁ@lﬂ}ﬁhﬁﬁterﬁﬁﬁk’ﬂhﬁyl 3-tehkenblitigulpkéatit, astebnGCRH6- ﬂ;ﬂmﬁﬂﬁ)b@laﬁ&aﬂé of the
present invention concerns strontiumsalts of the conpounds of formula (1)

wherei n A rEppagent 4.5NMphiwlegetsplphgigtener sterign melhe-naphthHencdisspbagate,
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disulphonate, strontium hydroxymethanesulphonate, strontium bis(4-aminobenzene-

10 sulphonate), strontium bis(2-aminobenzenesulphonate), strontium bis(3-aminobenzene-

sulphonate), strontium 1,2-ethanedisulphonate and strontium 3-amino-3-carboxy-1-

propanesulphonate chloride.

Arylene is understood to be phenylene, biphenylylene or naphthylene, each of those groups
being optionally substituted by one or more identical or different groups selected from

15 linear or branched C,-Csalkyl, OH, NH,, SOsH and CO,H.

One embodiment of the present invention concerns strontium salts of the compounds of

formula (I) wherein A represents NH; or SO;H.

Another embodiment of the present invention concerns strontium salts of the compounds
of formula (I) wherein B represents a substituted or unsubstituted linear C;-Cealkylene

20 chain.

Another embodiment of the present invention concerns strontium salts of the compounds
of formula (I) wherein B represents a substituted or unsubstituted linear C;-Csalkylene
chain.

25
Another embodiment of the present invention concerns strontium salts of the sulphonic

acids of formula (Ia), a particular case of the sulphonic acids of formula (I) :



20 chai n. Anot her enbodi ment of the present invention concerns strontium
salts of the conpounds of fornmula (1) wherein B represents a substituted or
unsubstituted |inear C3-C6al kyl ene chain. 25 Another enbodi nent of the
present invention concerns strontiumsalts of the sul phonic acids of
formula (la), a particular case of the sul phonic acids of formula (1) : -4-
A-B-SQGB8H (la), wherein : - A represents a group selected fromN -12 and
SO3H, 5 - B represents an unsubstituted-linear or branched C3- Coal | cyl ene
chain. Another enbodi nent of the present invention concerns the follow ng
strontiumsalts - strontium 1, 3-propanedi sul phonate; - strontium

bi s(3-am no-1I - propanesul phonate); , - st n&iunlsulphonatoacetate; 10 -
strontiun1bis(2-anino-I-ethanesuI6ﬁ%ﬁ§%g§ﬂzoz strontium

1, 4- but angdisyl phonate; and - strontium 1, 2-benzenedi sul phonate. The
invention relates also to a first process for the preparation of the
strontiumsalts according to the invention by reaction of a sul phonic acid
of formula (1) 15 A-B- SGBH (I%, wherein A and B are as defined

her ei nbef ore, AePFesgits & grauprelesiad dertit ped POWEd by isol ation of the
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for the prepara 0 rontium sa

Another embodiment of the present invention concerns the following strontium salts :

- strontium 1,3-propanedisulphonate;
- strontium bis(3-amino-1-propanesulphonate);
- strontium sulphonatoacetate;

10 - strontium bis(2-amino-1-ethanesulphonate);
- strontium 1,4-butanedisulphonate; and

- strontium 1,2-benzenedisulphonate.

The invention relates also to a first process for the preparation of the strontium salts

according to the invention by reaction of a sulphonic acid of formula (I) :
15 A-B-SO;H (1),
wherein A and B are as defined hereinbefore,
with strontium hydroxide, followed by isolation of the strontium salt so obtained.
The invention relates also to a second process for the preparation of the strontium salts
according to the invention by reaction of the sodium or potassium salt of a sulphonic acid
20 of formula (I) :

A-B-SOsH (D),

wherein A and B are as defined hereinbefore,



according to the invention by reaction of the sodiumor potassiumsalt of a
sul phonic acid 20 of formula (1) : A-B-SGBH (1), wherein A and B are as
defined herei nbefore, -5- with strontiumchloride, followed by isolation of
the strontiumsalt so obtained. The invention relates also to pharmaceuti cal
conpositions conprising as active ingredient a strontiumsalt according to
the invention with one or nore appropriate inert, non-toxic excipients,
such as diluents, lubricants, binders;“disintegrating agents, absorbers,
colorants, 5 sweetening agents etc.. By way of exanple and w thout inplying
any limtation there may be nmentioned: for the diluents : |actose,

aor | canta RRtn AR (OliayEhyisoon SElhy hagRe PR e ci um sal (5

t hereof, polyethylene glycol, for the binders : alumniumsilicate,
nagnesiun1si|icate starch, gelatin tragacanth, nethyl cellul ose, sodium
car boxy nghbyvestidrutetres, alwato phaynmetitydal sdrapasitican dompoiyy knydtivy mgndadlehi ne, 15
for the disintegrating agents ; agar, alginic acid and its sodiumsalt,
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sui tabl e ora enter I nt’raveno cutaneous hasa
adnhmistgﬁeﬂaﬁnca@ﬂhﬁﬁﬁ.or dragees, sublingual tablets, gelatin capsules,

| ozenges, suppositories, creanms, ointnents, dennal gels, injectable
preparations, drinkable suspensions. The useful dosage varies according to

the sex, B@gﬁaya&%xmbﬁrﬁld gJith%n‘?in%-hg Qﬁy liltnﬂgtion there may be mentioned:

o for the diluents : lactose, dextrose, sucrose, mannitol, sorbitol, cellulose, glycerol,

10 e for the lubricants : silica, talc, stearic acid and magnesium and calcium salts thereof,
polyethylene glycol,

e for the binders : aluminium silicate, magnesium silicate, starch, gelatin, tragacanth,
methyl cellulose, sodium carboxymethylcellulose, carboxymethyl starch and
polyvinylpyrrolidone,

15 o for the disintegrating agents : agar, alginic acid and its sodium salt, effervescent

mixtures.

Among the pharmaceutical compositions according to the invention there may be

mentioned, more especially, those which are suitable for oral, parenteral (intravenous or
20 subcutaneous) and nasal administration, tablets or dragées, sublingual tablets, gelatin

capsules, lozenges, suppositories, creams, ointments, dermal gels, injectable preparations,

drinkable suspensions.
The useful dosage varies according to the sex, age and weight of the patient, the
25 administration route, the nature of the disorder and of associated treatments, if any, and

ranges from 5 mg to 3 g per 24 hours, for example from 100 mg to 2 g per 24 hours.

The following Examples illustrate the invention.



25 adm nistration route, the nature of the disorder and of associ ated
treatnents, if any, and ranges fromb5 ng to 3 g per 24 hours, for exanple
from100 ng to 2 g per 24 hours. The follow ng Exanples illustrate the
invention. -6- EXAMPLE 1 : Strontium 1, 3- propanedi sul phonate A m xture of
222 g of 70% 1, 3- propanedi sul phonic acid in water (0.76 nol) and 200.4 g of
stronti um hydr oxi de octahydrate (0.75 nol) in 200 M of water is heated at
reflux for 3 hours. The reaction nixt®e is filtered hot and then cooled to
4C. The precipitate formed 5 is renoved by filtration and 500 nil of 96%

et hanol Z2AMII1t Stitdndiuim I Srmpanddislphaecitpi tate is filtered off, rinsed
with 250 mMl of a 70/30 ethanol/water m xture and dried to obtain 139 g of a
white crystalline product of 1,3-prop anedisul phonic acid strontium salt

(yield @?"@i floh %;g, $00 9 %S
¥sr Cal cu a)% 12. 4% &zkoﬁ(g)g{; %’S}? gdlﬁélghFou%Htug %&??ﬁlﬁ%@vﬁg 884%0@4
EXAMPLE  2tro@iumo ritytd o dei Sc(tamlmtacw I5 pholp iark@suhplod raite) 1s'ﬂfa:eteéxa:neeﬂ@d fgar oduct
i's obtained by reaction of 3-anino-l|-propanesul phonic acid w strontium

hydr oxi dé ft?é‘fsaﬁ%l FeReBon mixpreds é&ﬁr@é ! thepconletiodiife The p@@#ﬁqee‘oqne
EXAMPLE I db
Fentt ron oS R BT IRLRRR Sk b Enenae bR b e,

accor danlciﬁ f‘\mtelteb dfﬂanﬁé@@ﬁduﬂﬁ) efl danpse eﬂlanwwateﬂgnmtmtmd dsted Q{:othinerrent al
m cr oanal ysi s:
1%9 g of a white crystalline product of 1,3-propanedisulphonic acid strontium salt (yield

63%).
Melting point : >250°C
10 Elemental microanalysis:
%C %H %S YoSt
Calculated 12.43 2.09 22.13 30.23
Found 12.56 3.44 22.76 26.88

15 EXAMPLE 2 : Strontium bis(3-amino-1-propanesulphonate)

The expected product is obtained by reaction of 3-amino-1-propanesulphonic acid with

stronttum hydroxide octahydrate in accordance with the procedure of Example 1.

EXAMPLE 3 : Strontium sulphonatoacetate

The expected product is obtained by reaction of sulphoacetic acid with strontium hydroxide
20 octahydrate in accordance with the procedure of Example 1.

Melting point : >270°C

Elemental microanalysis:
%C %H %S
25 Calculated 10.64 0.89 14.21
Found 9.77 1.20 14.18




%C %1 %6 25 Calculated 10.64 0.89 14.21 Found 9.77 1.20 14.18 -7- EXAMPLE
4. Strontiumbis (2-am no-1l-eth a nesul phon ate) The expected product is
obt ai ned by reaction of 2-am no-I|-ethanesul phonic acid with strontium

hydr oxi de octahydrate in accordance with the procedure of Exanple 1.
EXAMPLE 5 : Strontium 1, 4- but anedi sul phonate 5 0.75 nol of strontium

chl ori de hexahydrate and 0.75 nol of disodium 1, 4-butane- disul phonate are
di ssolved in 600 mM of water. After st'i7r‘ring for 1 hour, 1 litre of 96%
ethanol is added. The precipitate formed is filtered off, rinsed with 500 m
of a 70/ EXAMPhdhG ! Swanénmmbisuareirmattethraneshlpbonsdte) d t he expected product.
EXAMPLE 6 : Strontium 1, 2-b enzenedi sul phonate 10 The expected product is
obt ai ned by reacti on of di potassium 1, 2-benzeedi sul phonate with strontium

chlori deT*B@fﬁ@{E % 1'3t %%B%ﬂ%@ I ‘Ff)\%]t'sﬁoﬁ he ZP QRRIUL G a éulgﬁ@ﬁfp | i withEXAMPLE

7: Strontiu roxyet anes onat e) e expecte roduct i1 s obtained
by react isg@ontfn Bpﬁbuﬁb Betagtiras yiehdvardaned thltl&t;&owdmi‘e ofdixmomid Lm chl ori de
hexahydrate in accordance with the procedure of Exanple 6. 15 EXAMPLE 8 :

Di strontium 2, 2-bi s(sul phonat onet hyl ) -1, 3- pr opanedi sul phonat e The expect ed

product i d c - bj ul phonet hyl) -1, 3-
propanedi—@%&gﬁ:@nﬁé SP% ﬁ%} %,4%{]1}%{1] %JWPQ(%/%(‘%M de oct ahydrate i n accordance
with the procedure of Exanple 1. EXAMPLE 9: Strontium

1, 5- pent anedi sul phonate 20 The expected product is obtained by reaction of

di sodi umO01/355nieénefa AEertEun mhéi?mieehwaﬂlﬁdla?t eehtQ- Umedl| ef idiredRex Andrariane in

accor dan%lsuWhtoQatte Ql(rae 81850 T 686 mFIXo%'rWater After stirring for 1 hour, 1 litre of 96%

ethanol is added.- The precipitate formed is filtered off, rinsed with 500 ml of a 70/30

ethanol/water mixture and dried to yield the expected product.
EXAMPLE 6 : Strontium 1,2-benzenedisulphonate

10 The expected product is obtained by reaction of dipotassium 1,2-benzenedisulphonate with

strontium chloride hexahydrate in accordance with the procedure of Example 6.
EXAMPLE 7 : Strontium bis(2-hydroxyethanesulphonate)

The expected product is obtained by reaction of sodium 2-hydroxyethanesulphonate with

strontium chloride hexahydrate in accordance with the procedure of Example 6.

15 EXAMPLE 8 : Distrontium 2,2-bis(sulphonatomethyl)-1,3-propanedisulphonate

The expected product is obtained by reaction of 2,2-bis(sulphomethyl)-1,3-
propanedisulphonic acid with strontium hydroxide octahydrate in accordance with the

procedure of Example 1.
EXAMPLE 9 : Strontium 1,5-pentanedisulphonate

20 The expected product is obtained by reaction of disodium 1,5-pentanedisulphonate with

strontium chloride hexahydrate in accordance with the procedure of Example 6.



-8- EXAMPLE 10: Strontium 1, 6- hexanedi sul phouate The expected product is

obt ai ned by reaction of disodium 1, 6-hexanedi sul phonate with strontium

chl ori de hexahydrate in accordance with the procedure of Exanple 6. EXAMPLE
11 : Strontium bi s(4-am no-I|-butanesul phonate) 5 The expected product is

obt ai ned by reaction of 4-am no-I-butanesul phonic acid with strontium

hydr oxi de octahydrate in accordance with the procedure of Exanple 1.

EXAMPLE 12 : Strontium bi s(1-am no-2- bénzenesnl phonat e) The expected product
i s obtained by reaction of 1-am no-2-benzenesul phonic acid with strontium
hydr oxi de octahydrate in accordance with the procedure of Exanple 1. 10
PHARMACOLOG CAL _STUDY EXAMPLE 13 @ In vitro study of the inhibition of

bovi ne cM&é&&t%@ngwh@h@eW& of Exanple 1. 15 Protocol The
study was carried out on fragnments of bovine cartilage in culture nmedium
(96-wel|l plate), the degradation of which is stinulated by adding TNFa and
oncost at iThe Mx{)&ﬁéﬁibicﬁ]ﬂct 1sSobta1h|€ch IbykrSﬁijnKmf ditdaidgh- KerdlexamedisulPhonaBondtar gaar d,
B.C., Sumer Tanko .,. Karsdal, MA In vitro, ex vivo,
and in vﬁv@mﬂ?@tP@%@%@qx@bydf&ﬁ%ﬂé%@mcﬁﬂﬁhw@PW@@EW&@M| c targets of
ost eoporosi s and degenerative joint diseases: how biomarkers can assist ?
Assay. Drug Dev. Technol. 3, 553-580 (2005). The duration of the cultivation
period i £324AVEa¥S11 €StrolfifmBididuamibanpetinevpioratedays) . A group not
treated with TNF-Fa and oncostatin Mconstitutes the control group. Five lots
of stinulated cartilage fragments were treated wth the conmpound of Exanple
1,

5 The expected product is obtained by reaction of 4-amino-1-butanesulphonic acid with

strontium hydroxide octahydrate in accordance with the procedure of Example 1.

EXAMPLE 12 : Strontium bis(1-amino-2-benzenesulphonate)

The expected product is obtained by reaction of 1-amino-2-benzenesulphonic acid with
strontium hydroxide octahydrate in accordance with the procedure of Example 1.
10
PHARMACOLOGICAL STUDY

EXAMPLE 13 : In vitro study of the inhibition of bovine cartilage catabolism by the

compound of Example 1.
15
Protocol
The study was carried out on fragments of bovine cartilage in culture medium (96-well
plate), the degradation of which is stimulated by adding TNFa and oncostatin M (Schaller,
S., Henriksen, K., Hoegh-Andersen, P., Sondergaard, B.C., Sumer, E.U., Tanko, L.B.,
Quist, P., Karsdal, M.A. In vitro, ex vivo, and in vivo methodological approaches for
20 studying therapeutic targets of osteoporosis and degenerative joint diseases: how

biomarkers can assist ? Assay. Drug Dev. Technol. 3, 553-580 (2005).

The duration of the cultivation period is 21 days (culture medium changed every 2 days).
A group not treated with TNFa and oncostatin M constitutes the control group.

Five lots of stimulated cartilage fragments were treated with the compound of Example 1,



-9- each at a different dose : 0.01; 0.1; 1; 3 and 10 mM 5 replications
were carried out for each dose. On D19, the concentration of CTX I
(fragnent of type Il collagen resulting fromthe degradation of that
col l agen by netall oproteases) in the culture nediumis measured using an
ELI SA techni que. That paranmeter is expressed in ng/m/ng of cartilage. On
D21, the follow ng are neasured in the cartilage renmaining at the end of
cultivation: - the quantity of proteingf using the kit marketed by Bi orad.
For the groups treated with the conpound of Exanple 1, the results of this
par anet eeachrag aeixfferessiode a&01;Hel; lp8randriag™. b ndylbatiorsrweare carhied deigpaekahi on of
the proteins in the cartilage of the wuntreated control group; - and the
quantitydﬁﬁ-glycosaninoglycans (GAGs), using the colorinmetric techni que

w th net hyl I . ] i : cent age
Mohibici OF SF% (e onbiiElion PR TR ARG d0Bpe 18 GSIEFRERMAD L EBLPAL D! 20

after cudédriddtiog of aliat 23114key Sy nikesildprsteasthen teselitde afediuheatmentredukingt he
conpound of Exanple 1 are : - a significant (P< 0.001) and dose- dependent
i nhi bi ti 8AESA frshuigpe.iThgt pavemeter EEXpIepsedan ng/d/mag pf ¢ardlagedi um (1 C50=3. 5
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- the quantity of proteins, using the kit marketed by Biorad. For the groups treated with
the compound of Example 1, the results of this parameter are expressed as the
percentage inhibition of the degradation of the proteins in the cartilage of the
untreated control group;

- and the quantity of glycosaminoglycans (GAGs), using the colorimetric technique
with methylene blue (DMB). That parameter, too, is expressed as a percentage
inhibition of the degradation of the GAGs evaluated in the control group after
culturing for 21 days.

Results
The results of treatment with the compound of Example 1 are :
- a significant (p< 0.001) and dose-dependent inhibition of the salting out of CTX II in
the culture medium (ICs=3.5 mM);
- protection against degradation of the components of the cartilage starting from a dose

of ImM :



proteins / /| 22% 41%55 %M GAGs / /| 4%8 %26 % P< 0.05 ; tt : p<0.01 The
treatnent is noreover well tolerated by the cells for the 21 days of
cultivation (toxicity test enployed : Al amar blue - negative whatever the
dose). Those results denonstrate that the conmpound of Exanple 1 provides
significant protection against the degradation of the characteristic
conponents of cartilage by way of inhibition of collagenolytic activity.
EXAVMPLE 14 : Pharmaceutical conpositiolf Preparation fornula for a 1 g tabl et
cont ai ning a dose of 500 ng : Cbnpound of Exanple 1
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sal ts of Tha&ecaylephisanereans: d‘§116P16¥9é¢4ﬁM e eil)ls fOAﬂB Habws pheultiypdiogi(ioxicity - A

represenrte%tgmglr?égp ﬁﬂlﬁ%ﬁg f %A%I%?e g%%%l and CO?H, - B represents an

aryl ene group a Tinear Fan yl ene chain optionally
substituted by one or nore gr oups sel ected from hydr oxy, oxo, aniino, SO3H
and CO2H and in which one or nore carbon atons is optionally replaced by

Those results demonstrate that the compound of Example 1 provides significant protection
against the degradation of the characteristic components of cartilage by way of inhibition of

collagenolytic activity.

EXAMPLE 14 : Pharmaceutical composition

Preparation formula for a 1 g tablet containing a dose of 500 mg :

Compound of EXample ©....coeeiiiiiienieeeeiencc et 500 mg
5 PovIdone K30 ..ottt ettt 24 mg
Cellulose AVICEL PIMI02......ccimiiiiiiiiiiete ettt enie sttt st sr e neeenaes 417 mg
Carboxymethyl starch Primojel ..ottt 21 mg
MAGNESIUIM STEATALE ....vveeerieeieeieeieeectee e et et e eseaesae et e e e e s b e e sb e e b e sbessseesasnns 6 mg

AL ettt ettt ettt et e e st e e nsne e e e ee e e e neaeesaaeraaeenreeans 32 mg



an oxygen atom by a nitrogen atomor by an SO2 group, 10 with the exclusion
of strontium bi s(al ni nonet hanesul phonate), strontium nethane- di sul phonate,
strontium 1, 3- benzenedi sul phonat e, strontium 6-sul phonat ohexanoat e,
strontium 1, 5- napht hal enedi sul phonate, strontium

1, 6- napht hal enedi sul phonate, strontium :
bi s( 6- hydr oxy- 2- napht hal enesul phonate), strontium 2-oxo-1, 3- propane-

di sul phonate, strontium hydroxymnet haneslut phonate, strontium

bi s(4- am nobenzene 15 sul phonate), strontium bi s(2-am nobenzenesul phonat e),
strontium bi s(3-ani nobenzene- sul phonate), strontium 1, 2-et hanedi sul phonat e
and strontium 3-am no- 3-car boxy-| - ogmgsul phonate chl ori de, aryl ene being
understood to be phenyl ene, bi phenyr@l‘ or napht hyl ene, each of those 20
groups being optionally substituted by one or nore identical or different
groups selected fromlinear or branched d -Cbhal kyl, OH NH2, SO3H and CO2H.
2. Strontiumsalts according to claim1, wherein A represents SC3H or NH2.

3. Strontiumsalts according to claiml1 or 2, wherein B represents an

aryl ene dr Stpnsm galts offaasulphonis agidsffomletdal kyl ene chai n optional Iy
substituted by one or nore groups zRgosgl E@t ed from hydroxy, oxo, am no,
SBH and CO, H and in which one or ‘nore ¢arbon atons is optionally repl aced
by an oxygemeatiiom or by an SO2 group. 4. Strontiumsalts according to claim
3, wherein B represents a |linear Cl-C6al kyl ene chain 5 optionally
substituted by one or nore groups selected from hydroxy, oxo, am no, SO3H

and H and iAnre\él%isgn S o%mgrsefé&%gg%ar@gglﬁﬁzgg@gg%gebi 1ginal |y replaced by an

oxygen at om oOr an roup. m s-aécording to claim a4,

wherein B reppesgitent b Nedlend Iréfalokyd emearc baittanchéd aptCoaiayleye ssubist i t ut ed
by one or nore groups selected from hydroxy, oxo, am no, SG3H and CO2H and

in which one eptienslly suhstibied dyoms qrsmeist srewrs jojcciadplirers dyydmxyaax ayies,
SO;H and CO,H and in which one or more carbon atoms is optionally replaced by

an oxygen atom, by a nitrogen atom or by an SO, group,

10 with the exclusion of strontium bis(aminomethanesulphonate), strontium methane-
disulphonate, strontium 1,3-benzenedisulphonate, strontium 6-sulphonatohexanoate,
strontium  1,5-naphthalenedisulphonate, strontium  1,6-naphthalenedisulphonate,
- strontium  bis(6-hydroxy-2-naphthalenesulphonate), strontium 2-o0xo0-1,3-propane-
disulphonate, strontium hydroxymethanesulphonate, strontium bis(4-aminobenzene-

15 sulphonate), strontium bis(2-aminobenzenesulphonate), strontium bis(3-aminobenzene-
sulphonate), strontium 1,2-ethanedisulphonate and strontium 3-amino-3-carboxy-1-

propanesulphonate chloride,

arylene being understood to be phenylene, biphenylylene or naphthylene, each of those
20 groups being optionally substituted by one or more identical or different groups selected

from linear or branched C;-Csalkyl, OH, NH,, SOsH and CO;H.

2. Strontium salts according to claim 1, wherein A represents SOs;H or NH,.

3. Strontium salts according to claim 1 or 2, wherein B represents an arylene group or a

linear or branched C;-Cijalkylene chain optionally substituted by one or more groups



atomor by an 502 group. 6. Strontiumsalts according to claim5, wherein A
represents a group selected fromNH2 15 and SO3H and B represents an
unsubstituted |inear or branched C3-C6allcylene chain. 7. Strontium salt
according to claiml1, selected from - strontium 1, 3-propanedi sul phonate; -
stronti um bi s(3-anmmmo- | - propanesul phonate); - strontium sul phonat oacet ate;
20 - strontium bi s(2-am no-I -ethanesul phonate); - strontium

1, 4- but anedi sul phonate; and - stronti U]%I "1, 2- benzenedi sul phonate. 8. Process
for the preparation of a strontiumsalt accordi ng to claim1 by reactlon of
a sul phonsaecaai Gomfhytfloxyubdw, (aml)i11<2§O§HBn@CQ®hI@ lapd in whiohedng oA m20ig c@bake as
defi ned herei nbefore, ontium h r oxi,de %@I | owed by isolation of the

s
stronti um ¥9m8 1%‘89%96‘?%??@&“‘% a@?’xﬁeﬁ S5O 5 4 Bd2 BPBar ati on of a

strontiumsalt according to claim1l by reaction of the sodiumor potassium
salt of a sulphonic acid of formula (1) A-B-SO8H (1), wherein A and B are
as def i nedSheitinnbefsaceordmgnb tehrimit Y, oviterainrBakpiesdntes lihedr I((Gvigdlkylene shdiat i on of

the strontiumsalt so obtai ned. 10. Pharnaceuti cal .c osition. co sing as
actisve i ngPpigmafly selwiituded BnpRe PR Bare gl@\ﬂll‘iaﬁef t?ﬂ;f%%ﬂlbfgfggy P*8f a%’PngBaﬁ( | )g

A-B- SCBH (| 1)1d Cﬁhﬁra%d M Which one or more carbon atoms is optionally replaced by an oxygen

atom or by an SO, group.

5. Strontium salts according to claim 4, wherein B represents a linear C3-Cgalkylene chain
10 optionally substituted by one or more groups selected from hydroxy, oxo, amino, SOsH
and CO,H and in which one or more carbon atoms is optionally replaced by an oxygen

atom or by an SO, group.

6. Strontium salts according to claim 5, wherein A represents a group selected from NH;

15 and SO;H and B represents an unsubstituted linear or branched Cs-Cgalkylene chain.

7. Strontjum salt according to claim 1, selected from:
- strontium 1,3-propanedisulphonate;
- strontium bis(3-amino-1-propanesulphonate);
- strontium sulphonatoacetate;
20 - strontium bis(2-amino-1-ethanesulphonate);
- strontium 1,4-butanedisulphonate; and

- strontium 1,2-benzenedisulphonate.
8. Process for the preparation of a strontium salt according to claim 1 by reaction of a
sulphonic acid of formula (I) :
25 A-B-SOsH (1),

wherein A and B are as defined hereinbefore,

with strontium hydroxide, followed by isolation of the strontium salt so obtained.



10 - A represents a group selected fromOH, NH2, SO3H and CO2H, - B
represents an arylene group or a |inear or branched Cl-Cl2all cyl ene chain
optionally substituted by one or nore groups selected from hydroxy, oxo,
am no, SO3H and CO2H and in which one or nore carbon atons is optionally
repl aced by an oxygen atom by a nitrogen atomor by an SO2 group, 15 in
conbi nation with one or nore pharnacqq%Lcally acceptabl e, inert non-toxic
carriers, arylene being understood to be phenyl ene, biphenylylene or
napht hyl ene, each of those groups being optionally substituted by one or
nore identical or different groups selected fromlinear or branched

C - Coéal kyl,, OH N SC3H and : ‘ T ORty t ed

sul phoni %f(??%fg g?rl-%% e aéat%% 0@%{ %&téﬁxs%ﬁ?c(c %dn]i e?éliﬁgm:ﬂ}{%hAéfr&elporfggent s a
group sel egfiamh bf foGim MiPof aSBiloafiched@Hormilld{(D)<= B represents an aryl ene
group or a linear or branched Cr-Cl2al kyl ene chain optionally substituted by
one or nore groups selected fron1ﬁy@ﬁ5%é; ®xo, amino, SOBH and CO2H and in
whi ch one or nore carbon atons is optionally replaced by an oxygen atom by
a nitrogen atomor by an SOQ2 group, 5 in the manufacture of nedicaments for

use in the preyentioN .04 BlAER IRkl Bbreindsioggarthritis, aryl ene being
understood to be phenyl ene, biphenylyl ene or napht hyl ene, each of those

groups being optionally substituted by one or nore identical or different
#BH and CO2H

groups selected fromli.near. or hranched - Coal kyl
10 2. Useveh Stheiiet FORTRarp ey B 2O PHER Ftéolg%:(ﬁl%sagj’ofoc@r%n%‘? a (1)
10. Pharmaceutical composition comprising as active ingredient the strontium salt of a
sulphonic acid of formula (I) :
A-B-SOsH ()

wherein :

10 - Arepresents a group selected from OH, NHo, SO;H and CO;H,
- B represents an arylene group or a linear or branched C1-Cialkylene chain
optionally substituted by one or more groups selected from hydroxy, oxo, amino,
SO;H and CO,H and in which one or more carbon atoms is optionally replaced by

an oxygen atom, by a nitrogen atom or by an SO, group,
15 in combination with one or more pharmaceutically acceptable, inert non-toxic carriers,

arylene being understood to be phenylene, biphenylylene or naphthylene, each of those
groups being optionally substituted by one or more identical or different groups selected

from linear or branched C;-Cgalkyl, OH, NH;, SOsH and CO,H.

11. Use of the strontium salt of a sulphonic acid of formula (I) :

20 A-B-SO:H (I

wherein :

- Arepresents a group selected from OH, NH,, SOs;H and CO,H,



A-B-SG8H (1) wherein : - Arepresents a group selected fromOH, NH2, SO3H
and CO2H, 15 - B represents an arylene group or a |inear or brahched1

Cl- Cl2al kyl ene chain optionally substituted by one or nore groups selected
from hydroxy, oxo, amno, SOH and CO2H and in which one or nore carbon

atons is optionally replaced by an oxygen atom by a nitrogen atomor by an
S2 group, in the manufacture of nedigaments for use in the prevention or
treatment of 20 osteoporosis, arylene being understood to be phenyl ene,

bi phenyl yl ene_or naphthyl ene, each of t u n na

substituted Uy SHESHHS #8r YIHENTPRR| OTof ?efuf é el?f?gcg]rﬁg %b%ééﬁ(&ﬁ% J;ﬂanr om

linear or br s 1ogglycgu'bg§ﬁlltéﬁylgy ot or Nd% gé@ébsﬁ@&ecp@gﬁ{ hydroxy, oxo, amino,
SO,;H and CO,H and in which one or more carbon atoms is optionally replaced by

an oxygen atom, by a nitrogen atom or by an SO, group,

5 in the manufacture of medicaments for use in the prevention or treatment of

osteoarthritis,

arylene being understood to be phenylene, biphenylylene or naphthylene, each of those
groups being optionally substituted by one or more identical or different groups selected
from linear or branched C;-Cgalkyl, OH, NH,, SOsH and CO,H.

10

12. Use of the strontium salt of a sulphonic acid of formula () :
A-B-SO:H (I

wherein :

- Arepresents a group selected from OH, NH,, SO3;H and CO,H,
15 - B represents an arylene group or a linear or branched C;-Cypalkylene chain
optionally substituted by one or more groups selected from hydroxy, oxo, amino,
SO;H and CO,H and in which one or more carbon atoms is optionally replaced by

an oxygen atom, by a nitrogen atom or by an SO, group,

in the manufacture of medicaments for use in the prevention or treatment of

20 osteoporosis,

arylene being understood to be phenylene, biphenylylene or naphthylene, each of those
groups being optionally substituted by one or more identical or different groups selected

from linear or branched C;-Cgalkyl, OH, NH,, SOsH and CO,H.



