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been desc
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 /norg. 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 thé treatment of inflammation. Patent application WO-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.
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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 () :
A-B-SO;H (I)
wherein:

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

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

formula (I) wherein A represents NH, or SOsH.

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

20 chain.

Another embodiment of the present invention concerns strontium salts of the compounds
of formula () wherein B represents a substituted or unsubstituted linear Cs;-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) :
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- 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-SOsH (D),
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-SO:H (D),

wherein A and B are as defined hereinbefore,
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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 e 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.
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10 Elemental microanalysis:
%C %H %S %St
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

strontium 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
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96% et haBSAMEBLEfyeltrontigmds£bntinedisalphon is filtered off, rinsed
with 500 Ml of a 70/30 ethanol/water mxture and dried to yield the
expected product. EXAMPLE 6: Strontium 1, 2-benzenedi sul phonate 10 The

expest ed @rOAUEL off Ssttiamneklofie reashkydode odnddDPSt as$ i dfmiisodium 1 ,/4-butane-
1, 2- benzenedi sul phonate with strontium chloride hexahydrate

accor danc@swh?h%at%érepilﬁ@b@drlé 90 1k afiaier g AftestammgEoy }S{ufaohthf‘f@rﬁf 96%
bi s(2- hyd %‘19 is ad&sdu lT% Opr}g&&)[ate formed is filtered off, rinsed with 500 ml of a 70/30
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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.
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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,
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of cultivationhe comlpeuwaﬂlﬂxtampw 1 pth@tze!;dlﬁs ommnmgaxﬁﬂﬁteklate BRfrketeds hiye
Bi orad. For the groups treated with the conpound of Exanple 1, the
resul ts of thipsrqsategreplibitneoksr demadatigs qfhde m@w@@ntnaé@ Fahiass ©f dhe
of the de radat f teins in the cartilage of the wuntreated
contr ol g?oup &r%&e(gc?rl&lmﬁﬁp tity of glycosam noglgycans (GAGs), using
the col ori metahiahé @ehmitgus glyddsiniBERYIRNGAGYE utiblBhe cdlv@iimetric technique
paraneter, too, is expressed as a percentage inhibition of the

degradat i on ofwithh enetindeneeblar (BMR). | Fhat terasesiery (10, ff Gapreafedess 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 :
- asignificant (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 :



culturing for 21 days. Results The results of treatnent with the

compound of Exanple 1 are : - a significant (p< 0.001) and
dose-dependent inhibition of the salting out of CTX Hin the culture
medi um (1 C50=3.5 mMM); - protection against degradation of the

conponents of the cartilage starting £i6m a dose of1lnmM -10- |

=. T?ose. (mMV) Conponents 0.01 0:1 1 3 10 proteins 22% 41% 55 % x
GAGs / | 4% 8% 26% p<0.05; **:p<0.01 The treatment is noreover well
tolerated b | | h f LCi

enpl oyed : |
denonstr at ¢ | of Exanple 1 pr

protectio : ”fafioﬁﬂdf’the chhractpristic conponé%ts ,
of cartil aq 5t b tTomof——co ot ytrcT Vi ty. p
EXAMPLE 14 arnaceJtlca{ conposi tion Prep%?dglon fo%%d%a for%gﬁég
tabl et contal ggA@s a dose pf 500 ng ; Conpounglept Exanpd e, 1 26 % **

.................................. 24 mg Cellul ose Avicel PMLO2
......... The treatment 1s. moreover.well tolerated by the.cells for.the 21 days.of cultivation (toxicity

417 ny )
test employed : Alamar blue — negative whatever the dose).
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 1...cccuoiiiiiiiiiieieeece et 500 mg
S POVIAONE K30 ereoeerooeseoee oo seeeeee s eesseeseesee s seeeee e 24mg
Cellulose AVICEl PMIO0Z....coiiiiiiiiieeit ittt ettt 417 mg
Carboxymethyl starch Primojel .....cocoooiiiiiiii e 21 mg
MaGNESTUIML SEEATALE ....eeteeiiereriiereieice et eit et e et eeereteteearesaaesbe et e ebeeaaesae e be e een 6 mg



Car boxynet hyl starch Prinpjel

.................................................. 32 ng -11- CLAIMS
1. Strontiumsalts of the sul phonic acids of formula (1) A-B-SO3H
(1) wherein : 5 - Arepresents a gr6bpId ected from OH, NH2, SCBH
and CO2H, - B represents an arylene group or a |inear or branched

C -G 2al kyl ene chain optionally substituted by one or nore groups
sel ected from hydroxy, oxo, am no, SO3H and CO2H and in which one or
nore carbon atons is optionally replaced by an oxygen atom by a

ni t r ogen ht$imntinmseltanf $€2ulphouip acile offdrimuiai@ :excl usi on of strontium
bi s(am nonet hanesul phonate), stronti q%ﬂgih ne- di sul phonat e,
strontiun11,3-benzenedisu|phonate,pggf 6- sul phonat ohexanoat e,
strontiun1gm§iggphthalenedisulphonate, 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- disul phonate, strontium hydroxynet hanesul phonate, strontium

bi s( 8- ani noben EHECSEBISHABILIFATEI rem (QFhiNimSOsH and COH,
bi s(2- am no be;}% ?%ﬁ%g%%p %ﬂg%@%ﬁgﬁg&ﬂg L+ﬂ; H]Of?ﬁeﬁg 36ra aﬂ%ﬁn é?—@ﬁ%alkylene chain

sui phonat e) , nate and strontiu

3- am no- 3- ear hxiynhlty putpaineSby phobabere btoaps delectad Wloanydreky)pxo, amino,
understood to be phenyl ene, hi phenylyl ene or naphthyl ene, each of
those 20 grouYtbaihiOoltandriaMijchs oissen Botesdrasy aofas sy ontiopally replaced by

lontical o Sl Lkl YRS BRLRSISor L1361 Do, o branched

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-oxo-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;, SOs;H and CO,H.

2. Strontium salts according to claim 1, wherein A represents SOsH or NH,.

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

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



2. Strontiumsalts according to claim1l, wherein A represents SO3H or
NH2. 3. Strontiumsalts according to claim1l or 2, wherein B
represents an arylene group or a linear or branched Cl-d 2al kyl ene
chain optionally substituted by one or nore groups -12- selected from
hydr oxy, oxo, am no, SO3H and CO2H and 12r whi ch one or nore carbon
atons is optionally replaced by an oxygen atomor by an S02 group. 4.

Strontium s@|d-gqaRaRhYERy.l oS hRid, 80, MNBHEED,IBaAER] ®#BRAIRe @r id?€84rbon
Cl -C6al l cylene chain "5 optionally substituted by one or nore groups

sel ect ed f raombisdpoixyallymeplacaintyno ox§EaiHatoanat YERH @ugtoum whi ch one or
nore carbon atons is optionally replaced by an oxygen atomor by an
S2 group. 5. Strontiumsalts according to claim4, wherein B

repr esent I - hai.n..: i : 1St |

ome or it SRR AR Sy 3 Rl R BRECNA P T AR
and §n whi cdptionsllyogubBithRddar Berorab @8 rdups Gpletted &lohyhyd@ptgord, ByinaSO;H
oxygen atomor by an S02 group. 6. Strontiumsalts according to
clairn 5, va@ér%@zﬁl Ang épwb@g@mg 03 IS G beR RwEtsad opHenaliNmerlaas by SEBER
and B repre ubstituted |inear or branched C3-C6al kyl ene

. %c?ntos b3 gg)? ou . ;
chain. 7. StrYont rum @ragCordlng to claim1, selected from -

strontium 1, 3- propanedi sul phonate; - strontium bis(3-am no-1|-prop
anesul phonate); - strontium sul phonat oacetate; 20 - strontium )
bi s( 2- am RS tronguesads atgehdinateylaim 4, wherght B uenreseatspulinge Gs-$ublprionaehain
and - strontium.l, 2-ben edi sul phonate. 8. Process. for the .

o er at i or PSPPSR St T RE B i R EGER o DBy SSRPHRoGIOLT

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. Strontium 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 (D),

wherein A and B are as defined hereinbefore,

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



sul phonic acid of formula (I) : 25 A-B-SG3H (1), wherein A and B are
as defined hereinbefore, with strontium hydroxi de, followed by
isolation of the strontiumsalt so obtained. 13- 9. Process for the
preparation of a strontiumsalt according to claim1l by reaction of

t he sodiumor potassiumsalt of a sulphdnic acid of formula (1)
A-B-SQ8H (1), wherein A and B are as defined hereinbefore, 5 with
strontiumchloride, followed by isolation of the strontiumsalt so

obt ai ned. 10. Pharnmaceutical comnposition conprising as active

i ngr edi erft. Rrbeess forohe ipmpasdion offa sironsiuhpsadirdceomoigitooflaifrot fyl raaqtion of the

A- B- SGB3H ( wherein . represents sel ected from OH,
NH2, SOBH éﬁéllu@)%rl-ﬁ’o‘[ass@mr%roéAéﬁﬁ’ OBig aﬁ}dﬁfgﬁ‘g“‘g? p or a linear or
branched d - Cl2al kyl ene chain optignad.y $ bstltuted by one or nore
groups sel ected from hydroxy, oxo, am no, and CO2H and i n which

one or nore carbon atons is optlonally replaced by an oxygen atom
by a nitrogen atom or by an SQO2 9 , .15 in conbination with one or
nore phar maceutWesp f‘%@@%ﬁﬁéﬁﬂ@1ngh@?@nh@hﬁ%OX|c carriers, arylene
bei ng understood to be phenyl ene, bi phenylyl ene or naphthylene, each
of those groups being optionally substituted by one or nore

idengical afittditfdngiuendhl@ideyfsiosel egtiedatiohradmd stoaatmaalths abahied.
Cl - Ceal kyl, OH, NH2, SO3H and CO?H. 11. Use of the strontiumsalt of
a sul phonic acid of fornmula (1)

10. Pharmaceutical composition comprising as active ingredient the strontium salt of a
sulphonic acid of formula () :
A-B-SOsH (D)

wherein :

10 - A represents a group selected from OH, NH;, SOs;H and CO,H,
- B represents an arylene group or a linear or branched C;-Cijalkylene chain
optionally substituted by one or more groups selected from hydroxy, oxo, amino,
SOs;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-SOsH (D)

wherein :

- Arepresents a group selected from OH, NH,, SO3H and CO,H,



20 A-B-SG8H (1) wherein : - Arepresents a group selected from OH,
NH2, SO3H and CO2H, -14- B represents an arylene group or a linear or
branched Cl-Cl2al kyl ene chain optionally substituted by one or nore
groups sel ected from hydroxy, oxo, am no, SO3H and CO2H and in which
one or nore carbon atons is optionallylédeplaced by an oxygen atom
by a nitrogen atomor by an SO2 group, 5 in the manufacture of

nedi cament s_f af M§@sdnfs thealeaY efbi®broh NdeBAloFERtn@ed C;-Cpalkylene chain
osteoarthritis, arylene being understood to be phenyl ene,

bi phenyl yl ene optiomdjyhtuibylitated, byeaishofmotchgoeps grlenips fibm hglropt iognaithipo,
substituted by, o 0 e identical or different groups selecte

from i near oS GREwe el R Ereaa My orerdr M obeni i aR R+ 50 colcasy
of the strontiy sulRBenLe G Kfsd.o a (1) : A-B-SGH
(1) wherein 2 ?X?gégaetg%h?}é a group sei e teolS fzréorm , NI-12, SOBH and
CO2H, 15 - B represents an arylene group or a linear or branched

C - Cl2al kyl.ene chain_ optiognally substituted by one or pore groups
sel etted fribnbaymeBwctuEx @ Bedisamentsoiy Bifd CCPR BESHCHUPIWAT dfFagRentopt

nor e carboqméggﬂﬁgks optionally replaced by an oxygen atom by a
nitrogen atom or by’an SO2 group, in the manufacture of nedicanments

for use in the prevention or treatnent of 20 osteoporosis,
arylene being understood to be phenylene, biphenylylene or naphthylene, each of those
groups being optionally substituted by one or more 1dentical 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-SOsH (D

wherein :

- A represents a group selected from OH, NH,, SO;H and CO,H,
15 - B represents an arylene group or a linear or branched C;-Cijalkylene cham
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 Cy-Csalkyl, OH, NH,, SOsH and CO,H.



aryl ene bei ng understood to be phenyl ene, bi phenylyl ene or
napht hyl ene, each of those groups being optionally substituted by
one or nore identical or different groups selected fromlinear or
branched Cl -C6al kyl, OH NH2, SO3H and, CO2H. -15- 13. Strontiumsalts
according to claim1, substantlally as %ereln described with
reference to any exanple thereof 14. A process according to claim8
or 9, SUbSITSant al !ilén a%tshegoerldm Sim F subs\{\gntuall as he;e%? G&cri be% W ri“}/ref refies,
exanpl e t hef eot Shar nac f'cal” *eomposit on accordi Tig 5

10, substantlaébmyaﬁHMEHBMﬁoﬁdescribed with reference to any exanple
thereof. 16. A use according to claim 1l or 12, substantially as
herein described wth reference to any exanpl e thereof.

14. A process according to claim 8§ or 9, substantially as herein described with reference

to any example thereof.

1S. A pharmaceutical composition according to claim 10, substantially as herein

described with reference to any example thereof.

16. A use according to claim 11 or 12, substantially as herein described with reference to

any example thereof.



