0 1 FED 2005 I NEW PROCESS FOR THE | NDUSTRI AL SYNTHESI S OF STRONTI UM
RANELATE AND | TS HYDRATES he present invention relates to a process for
the industrial synthesis of strontiumranelate of fornulaU(})FﬁBZZ@@&+ m
(the distrontiumsalt of 1

5-[ bi s(car boxynet hyl ) am no] - 3- car boxynet hyl - 4- eyano- 2- t hi ophenecar boxylic
acid), and its hydrates. Strontiumranel ate has very val uabl e

phar macol DEWPROCERSF@ R EHEPEBSTBIAN OPEHES S OF STREPEEMAANELYTErSHEed

anti - ost eOpBROIET properties, nmaking this compound useful in the treatnent
of bone diseases. Strontiumranelate, its preparation and its_thera?eutic
use have Thscigsedsé deventiemr rlates toea popess feihie mdustrial spEasisi of strophupmpagylay 5
850. Ho i strial production of a conpound such as strontium

ranel ate requires’detailed study of all the reaction steps and of the

sel ection of starting materials, reagents and solvents in order to obtain
opti mumyields. The Applicant has devel oped a synthesis process for
strontiumranelate of fornmula (1) in which such conditions have been
conbined, resulting in the use of whol e group of especially valuable

met hods and procedure >CThe\ Pat e peci fication EP 0 415 850 descri bes the
synthesis of strontiumranel starting from RISe**et hyl tetraester of

formula (Ila) : 0 1 FEB 200 -
N> 1)

R

Co,

(the distrontium salt of 5-[bis(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2-
thiophenecarboxylic acid), and its hydrates.

Strontium ranelate has very valuable pharmmacological and therapeutic properties,
especially pronounced anti-osteoporotic properties, making this compound useful in the

treatment of bone diseases.

Strontium ranelate, its preparation and its therapeutic use have .been deseribed in the

European Patent Specification EP 0 415 850. -

However, industrial production of a compound such as strontium ranelate requires detailed
study of all the reaction steps and of the selection of starting materials, reagents and

solvents in order to obtain optimum yields.

The Applicant has developed a synthesis process for strontium ranelate of formula (I) in
which such conditions have been combined, resulting in the use of a whole group of '

especially valuable methods and procedures.

The Patent Specification EP 0 415 850 describes the synthesis of strontium ranelate
starting from the ethy] tetraester of formula (I1a) :



2 H5C202C ('. 1~COlla) H2 25 OC ~N "52 2 c CRCZH5 which is
itself obtainable starting fromthe ethyl diester of formula (Illa) : (m).
Synthesis of the internediate of fornula (Il11a) has been described in the

publication Bull. Soc. Chim France 1975, pp. 1786-1792 [}ar‘idgg‘@ t?@t
publication J. Chem Tech. Biotechnol. 1990, 47 pp. 39-46, eactl on
bet ween di et hyl 3-oxoglutarate, malononizrile and sul phur in ethanol, in

t he presence of norpholine or diethylamne. That process has the advant age

of using readily acc i bl e starti n%}?‘aterials and of being sinple to put
into practi ce; howevgf&l&té ed to the scale of several hundred

npound of forrmula (ll1la) to be obtained

rder si se st tiumranel at e of
gl 'C /ﬁggééﬁgjég—gl oped aﬁfag’f fective
s allewi ng the internediate of
CO,C,H,

kil ograns, it does not allow thg
in ayield greater than 70% n
formula (1) industrialyo

i ndustrial synthesis pPo%

which is itself obtainable starting from the ethyl diester of formula (IIla) :

H,C,0,C N

/ \ e

H,C,0,C g~ TNH,

Synthesis of the intermediate of formula (Ila) has been described in the publication Bull.
Soc. Chim. France 1975, pp. 1786-1792 and in the publication J. Chem. Tech. Biotechnol.
1990, 47, pp. 39-46, by reaction between diethyl 3-oxoglutarate, malononitrile and sulphur

in ethanol, in the presence of morpholine or diethylamine.

That process has the advantage of usmg readlly accesmble startmg matenals and of bemg

s1mp1e to put mto practlce however, when transferred to the scale of several hundred

kilograms, it does not allow the compound of formula (IIIa) to be obtained in a. yield
L greater than 70 %. |

In order to synthesise strontium ranelate of fonnula(I) industrially, the- Applicant has
develeped an effective industrdal synthesis process allowing the intermediate -of

formula (III) :

RO.C ' —CN

7\ (),

RO,C™ g~ TNH,

wherein R represents a linear or branched (C;-Cs)alkyl group,



formula (111) : wherein Rrepresents a |inear or branched (Cl-C6)al kyl
group, 0 1 [ [3 2005 3 to be obtained with a purity greater than 97 % and
inayield of 77 % which is reproducible on an industrial scale. Mre
specifically, the industrial synthesis of the theater of oan;J;I:@ ?ﬂgg)
_ which has been devel oped by the Applicant for the industfrial® syn i s of
strontiumranel ate of formula (1) uses,;as starting material, the conpound
of formula (I1V) : RRC'" X -CO2R O wherein Ris as defined hereinbefore,
which is reacted with malononitrile of formula (V) NCCN (M in nethanol,
in the presence of norpholine in an anount greater than 0.95 nol per nol of

d of, f I I t-o yield f : 0
NG A O +B° B SR R 4 ity el st P aRBRR S S MR g paoddile )
Wi t h sul plyrnimh@fiaaesat greater than 0.95 nol per nol of

More specifically, the industrial synthesis of the diester of formula (II) which has been
developed by the Applicant for the industrial synthesis of strontium ranelate of formula (I)
uses, as starting material, the compound of formula (IV) :

ROZC/\H/\COZR @,

( o)

wherein R is as defined hereinbefore,

which is reacted with malononitrile of formula (V) :

NG eN )

in methanol,
in the presence of morpholine in dn amount’ greater tha;n 0.95 mol'per ol of compound of
formula (IV),

( to yield the compound of formula (VI) :

H\Q VAR VD,
BN 0
_/ |

NC CN

wherein R is as defined hereinbefore,
which is then reacted with sulphur in an amount greater than 0.95 mol per mol of
compound of formula (IV);

the reaction mixture is then heated at reflux;



-conpound of formula (1V); the reaction m xture is then heated at reflux; O
.1 FFR 2005 4 and the conmpound of formula (Il1) thereby obtained is isol ated
by precipitation in the presence of water, followed by filtration. The
process, accordingly inproved by the use of these very sp8c1ftﬁgc2095tions,
.and especially by the internediate formation of the conpound of fornula
(VI'), which can, if desired, be isolated, allows the conpound of fornula
(M to be obtained with excellent purity and in a yield of at least 77 %
which is reproduci ble on the scale of several hundred kil ograms, which

represents d 18P somparnd iof foyapla GIH thersby obtained i drjeted naigepiigion m the
Stront'U”‘@%%%@E6?%%9€Hgﬁ&mdﬁg%ﬂﬁgﬁﬂpt of methanol is preferably from1 to
nd of ornu

3 m per gram of conpou a (V). The tenperature of reaction
bet ween the conpounds of formulae (1V) and (V) is preferably |ess than

50C. The rﬁﬁgtion time at. ref]ux after addition of the sulphur is
pr ef er abl y “ff ofHCeSFrofFeordnely; inuaraved: by she\ges of these EY FRECIEE ¢pnslifops eand

¢ ; . i 5. of . 41
process f oesddafiiyMAUSE thRmSHRE 55 Ao orshd 9&%@;@%@%@6%%é )

devel oped by the Applicant conprises converti
(111) intodeswesdc berpiated, ofllofvsrthelcampdind of REAMaQNIAO2ER obtained with excellent

purity and in a yield of at least 77 % which is reproducible on the scale of several hundred
kilograms, which represents a major gain in yield in view of the large tonnages of

strontium ranelate produced.

The amount of methanol is preferably from 1 to 3 ml per gram of compound of

. formula (IV).

The temperature of reaction between the compounds of formulae (IV) and (V) is preferably
less than 50°C.

The reaction time at reflux after addition of the sulphur is preferably from 1 hour

30 minutes to 3 hours.

The second step in the process for the industrial synthesis of strontium ranelate of
formula (I) developed by the Applicant comprises converting the compound of
formula (III) into the compound of formula (1)

wherein R is as defined hereinbefore and R’ represents a linear or branched (C;-Cg)alkyl
, group. '



CO2R wherein R is as defined hereinbefore and R represents a |linear or
branched (Cl-C6)al kyl group. P 1 FEB 2005 5 The journal Bull. Soc. Chim
France 1975, pp. 1786-1792, describes obtaining the comﬁmg& 5 rmul a
(I'ta), a particular case of the conpounds of formula (11)t dnllE R =
ethyl), by reacting 5-am no-3-(carboxynethyl)-4-cyano- 2-t hi ophenecar boxylic
acid wth ethyl bronpacetate, in the presence of potassi um car bonat e,
followed by isolation in a highly dilute aqueous-organi c nmedi um However,
the low yield of that reaction (65 %, the [arge anount of aqueous saline
wast e geffaeajoachabyBulhaSoe.e8hitofrand, 19960 \pp. dI7B6-1792 descxibdsoabtaidag tthen

| ndust r1 aPOREaYEl of FrgR Bl RIE S SRT HER R ShOraEE ) PerRa (1)

i ndustri akhy, ' &ﬁ:{cé't NARno-dqUEhORBSh R 15! 4 chbirb &ylich@sd s
process \thﬂichegﬁg ’oﬁmtehe o?rpoun%lgg}flﬁ#)or rrultgylj(;%tl%?ﬁot %ﬂggﬁ%bt ained in_a very
good yi el withvithyl tromomsitaterialihe/pretmmet of potesaiim carbonate fellmvedihorisplenen hdr i t y

and in whjch. the aqueous saline waste is conpletely avoided. Mre
speci fi cahg?‘%y@ﬁ@eg%ﬁ?é"?'ﬁ%m%?lﬁ%ﬁ@si s of the tetraester of formula (I1)
whi ch has been devel oped by the Applicant for the synthesis of strontium

ranel ate of fornula (1) uses, as starting material, the conpound of
formul a (Howgever, irclosi pieRl obfhabmadion @5%hdbe lasge anemnd néaqqeepse@anawte

group. WoLehudkg PRk $datloh e, SRIROURAT R VL7 BHPrchltd) time B days) have

completely precluded the use of that reaction on an industrial scale.

In order to synthesise strontium ranelate of formula (I) industrally, the Applicant has
. developed a simple industrial synthesis process which allows the compound of formula (II)
to be obtained in a very good yield, with a considerably shorter reaction time and excellent

purity and in which the aqueous saline waste is completely avoided.

More specifically, the industrial synthesis of the tetraester of formula (IT) which has been
developed by the Applicant for the synthesis of strontium ranelate of formula (D) uses, as
starting material, the compound of formula (I) :

LEN

RO,C N

) 7\ (),
RO,C S NH,

wherein R represents a linear or branched (C;-Cg)alkyl group,

which is reacted with a compound of formula (VII) :

OR!
Br/\(f v,

O

wherem R' represents a linear or branched (C;-Ce)alkyl group,



Br® NO (VIl), wherein R represents a linear or branched (Cl-C6)al kyl
_group, 0 1 FEB 2005 6 in the presence of a catalytic anmount of a
Cg-Cl O type quaternary ammoni um conpound, and in the presence of potassium

carbonate, at the reflux of an organic solvent; the reactQOfJﬂfthD@ IS
. subsequently filtered; the mxture is then concentrated by' ditsti 5i on;

a co-solvent is then added, and the reaction mxture is cooled and filtered
to yield, after drying of the powder the?eby obt ai ned, the conpound of
formula (11). A C8-Cl0-type quaternary ammoni um conpound i s understood to

be a conpaunik piserce pfimtaalfidy amouat ofi xCHER-tpfe quatguouy dsimehitfo compendd)
RIRZR3R4- N+ . X ((A) wherein Rl represents a (Cl-C6)al kyl group, R2, R3 and
R4, whi ch 23fldn thecpreschee ohpoassivm; eaponate s ch represent a (C8-Cl0)allcyl

group, angiJdBRLLSEM SredniPalRegn atom C8- Cl0-type quaternary ammoni um
conpounds to which pref §r ence s given are the catalysts Adogen 464(r) and

Al i quat 336K repctiGumptinsiingibyequently filtteeedyise of a C8- C10-type quaternary
anmoni um oynd al.l ows the mpoungd .of forrmula (1) to be obtained both
with a gr i@?%%&é&&a CPE%BF?‘@&%M quﬂaﬂw th

a co-solvent is then added, -

and the reaction mixture is cooled and filtered

to yield, after drying of the powder thereby obtained, the compound of formula (II).

( A Cs-Co-type quaternary ammonium compound is understood to be a compound of

formula (A) or a mixture of compounds of formula (A) :
RiRyR3 RN ¥ "X (A)

wherein R; represents a (C1-Cs)alkyl group, Ry, R3 and Ry, which are the same or different,
each represent a (Cs-Cjg)alkyl group, and X represents a halogen atom.

Cs-Cro-type quaternary ammonium compounds to which preference is given are the

. catalysts Adogen 464°® and Aliquat 336°.

Surprisingly, only the use of a Cg-Cjo-type quaternary ammonium compound allows the
compound of formula (I) to be obtained both with a greatly reduced reaction time and with
very good selectivity, in contrast to other types of quaternary ammonium compounds, as

the following Table shows :



very good selectivity, in contrast to other types of quaternary anmoni um
~conpounds, as the following Table shows : n 7 FEB 2005 Content of reaction
Cat al yst Durati on of reaction m xture Tetrabutyl ammoni um hydrogen sul phate
12 hours92% ( TBAHS) N, N-bi s(2- hydr oxyet hyl ) -N-nmet hyl 18 houfi sBA%H

.1- dodecanam ni um brom de Adogen 464(r)5 hours. 96% Al i quat 336(r)4 hours95%
Furthernore, the somewhat sinplified isolation (the precipitation step
followed by filtration has been replaceg by sinple filtration of the
reaction mxture) allows, by virtue of the particular conditions

devel oped, the conpound of formula (11) to be obtalned not onIy I n navery

d yiel kf89—%&—bu%—a%sa—mr%h—exee++eﬂ¢ trty—(great than—5
whilst  ay +0N t he envi r%gﬁ@fto yg\gza aﬁ%%ﬁgogrﬁ?‘ﬁ?@

whi | st ayoiding the bE
wast e repfresented. - unt of potasisi um car ORate s prefhatai y from2

to 3 nol per nol of Cormound of formula (111). - The amount of conmpound of
formul a (VEetratutylpmefoaraphydbgensphate 3 |nol per. nol  of
12 hours 92 %
(TBAHS)
N,N-bis(2-hydroxyethyl)-N-methyl
. . ) d 18 hours 832 %
1-dodecanaminium bromide
Adogen 464% ‘ 5 hours ' 96 %
. Aliquat 336® 4 hours - 95 %

Furthermore, the somewhat simplified isolation (the precipitation step followed by
filtration has been replaced by simple filtration of the reaction mixture) allows, by virtue of
the particular conditions developed, the compound of formula (If) to be obtained not only
in a very good yield (89 %) but also with excellent purity (greater than 98 %), whilst

avoiding the burden on the environment that the aqueous saline waste represented.

- The amount of potassium carbonate is preferably from 2 to 3 mol per.mol.of compeund .. . ..

of formula (I1I).

- The amount of compound of formula (VII) is preferably from 2 to 3 mol per mol of

compound of formula (I1I).

- The initial volume of organic solvent is preferably from 6 to 12ml per gram of -

compound of formula (III).
- The organic solvents that are preferred for the reaction are acetone and acetonitrile.

- The co-solvent that is preferred for isolation is methanol.



conmpound of forrmula (M. - The initial volune of organic solvent is

_preferably from6 to 12 ml per gramof conpound of formula (Il1). - The
organi c solvents that are preferred for the reaction are acetone and
acetonitrile. - The co-solvent that is preferred for isolafipffp anol

.0 1 FED 2005 8 The third and final step in the process for the i ndustri al
synthesis of strontiumranel ate of fornuka (1) devel oped by the Applicant
conprises converting the tetraester of formula (11) into the distrontium

salt of thfﬁgonrespondin tetraacid. The Patent Specification EP 0 415 850
descri bes 1 Bértdrandnidend sfeprinttheiprosessvier tiedndustrind syathstsiolgtropHuamynHaligof
descri bed, guhi C i i A

par 1 cul ar CeAss (Or@FRIpEE by 70RO Bt ltng BE BB b borpiia @,
medi um  wiihte ths distrohtivim Ay @ thel Derespaidingh@rnadidst i | | i ng of f the et hanol and
i sol ating the conpound of forrmula (1) by precipitation, has the advantage
of being extrenely sinple to perform However, whilst operating under the
condi ti onspylepgribest . | ' h t Al
strontiun1rane?§%e oﬁpg%F%H2ﬁ§§gP%g% %%ngﬁﬁggﬁFéﬁggi%ﬁ?ﬁ?yag?ggggb?ﬁgn

vi ew of t Hkird af thet inathodd desotibednwiachedatstises hedtiglthbt@npoundnstiosotle ls)sa its

subsequent urification is extrenely | aboriqus. Such a t hod has )
thereforepﬁgg?ﬂﬁ_ Fresm4LDb FRmpFs of Syt a%g%&awwﬂ%ﬁ%ﬂ%@ .o with
phar maceutsteatind ohydtSxit &l O5ROMER Laisifl & B BEWHAS] Ind Woldtdhe B ERGloubf@fF OF
equal to 98 % The Applicant has devel oped an industrial Synthesi's process

al | owi ng demade () biyrmaemipitations s theadybutagnetbeiog exsranyelykitpletoqedfonmt
chem cal purity so that it does not require further
(

However, whilst operating under the conditions described for that third method, the
Applicant has obtained strontium ranelate only in a yield of 80 % and with a purity of
87 %.

In view of the fact that strontium ranelate is insoluble in most solvents, its subsequent
purification is extremely laborious. Such a method has therefore been incompatible with
use of the strontium ranelate as a pharmaceutical active ingredient, which requires a purity

greater than or equal to 98 %.

The Applicant has developed an industrial synthesis process allowing strontiuim ranelate to
be obtained not only with excellent chemical purity so that it does not require further
treatment before being used as a pharmaceutical active ingredient but also in an excellent

yield.

More specifically, the final step in the process for the industrial synthesis of strontium
ranelate of formula (I) developed by the Applicant uses the compound of formula (II) :

RO,C CN
/ \ ]
ROZC}Si NC COR (I,

COR’



treatment before being used as a pharnmaceutical active ingredient but also
in an excellent yield. Mre specifically, the final step in the process

for the industrial synthesis of strontium ranelate of for iitééiﬁ -
devel oped by the Applicant uses the conpound of formula (1Q)t & @QJ\ CN
-(M 0 1 FEB 2005 9 wherein R and R, which are the sane or different, each
represent a |inear or branched (Cl-CB)ahyyl group, R preferably
representing a nethyl group and R preferably representing a nethyl or
ethyl group, which is reacted with strontium hydroxide in an anount greater

than or eqtfdereid R aphR',pehich i thef sacempo diftérent, dach merresept B )linear on braneked| ux
of water, 0 east 5 ours: .the precipitate gbtained is, then filtered
of f whil st (?bF?)%%egﬁ‘é%e ) itk Rt PeeBhes & Bete, FoRy ot & PRI,
after dryi rgpraéntidies pedebr &her gbyp obt ai ned, the conpound of fornmula (1)
and its hydrates. - Surprisingly, replacenment of the ethanol/water m xture

by water alone dramatically inproves not only the purity of the strontium
ranel ate o e ; t%t '%gdﬂ - . Moregver,, dispensin it F

Gt hanol i SpitpIE it Pt Syt bt i) RLERY Rl st BRE O b2 hiPes

wat er in tﬂmloﬁmmmwﬂmdﬁfﬁhumﬁagg,preferably greater than or equal to 8 ni
per gram of_ conpound of fornula (I1).

at the reflux of water,

for at least 5 hours;

the precipitate obtained is then filtered off whilst hot;

the cake obtained is washed with boiling water

to yield, after drying of the powder thereby obtained, the compound of formula (I) and its

. hydrates.

- Surprisingly, replacement of the ethanol/water mixture by water alone dramatically
improves not only the purity of the strontium ranelate obtained but also the yield.

- Moreover, dispensing with the ethanol distillation step further simplifies the process.

.The amount of water in the reaction mixture is preferably greater than or equal to 8 ml per .

gram of compound of formula (II).

The amount of strontium hydroxide is preferably from 2 to 2.5 mol per mol of compound
of formula (II).

The Examples hereinbelow illustrate the invention but do not limit'it in any way.
Examples 1A and 1B illustrate the first step in the Applicant's process for the industrial

synthesis of strontium ranelate; Examples 2A, 2B, 2C and 2D illustrate the second step in
that process; finally, Example 3 illustrates the third and last step in that process.



The amobunt of strontium hydroxide is preferably from2 to 2.5 nol per nol
~of conpound of formula (I1). The Exanples hereinbelowillustrate the
invention but do not limt"' it in any way. Exanples IA and 1B illustrate
the first step in the Applicant's process for the industfiBIFFByaphesis of
.strontiumranel ate; Exanples 2A, 2B, 2C and 2D illustrate the second step
in that process; finally, Exanple 3 illuystrates the third and last step in
that process. P 1 F:B 2005 10 EXAMPLE 1A% Met hyl

5- am no- 4- cyano- 3- ( 2- net hoxy- 2- oxoet hyl ) - 2-t hi ophene- car boxyl ate

| nt r oduce EXAMBIFebA t AethGDSaginbd-4etyamb By (2-Bretioagl2udxaetiyd)-2-iki8pkenes

mal ononitrile and 560 litres of nethanol and then, whilst maintaining the
tenperature of the r eaPFRFYARt ure  bel ow 40C, 199. 6 kg of norpholine.
Then i ntroduce 73.6 kg of sul phur and subsequently bring the m xture to
reflux. After reacting for 2 hours, stop refluxing and add water until

preci pi t atinbndewcintes a rfactdre4000kd of tHineethylekbpodlatmte it 8ikgeof mulesdnitrile and dry

it. Methyl.5--anm na-4-cyan- 3- (2- met.hoxy- 2-.oxoet hyl ) - 2-t hi gphenecar boxyl at e
is ther ebf"%o%eéi"ﬁé‘bﬁﬁ%(’gaﬂﬂ filF’& %‘?lps*i a%f%lﬁﬂl&/ﬁl? %ﬂzfeﬁar‘i‘éfmog efﬁa“r(i} 88 %
EXAVPLE 1B elovab4Y 199648 $Yn HrpRYAR0- 3- (2- met hoxy- 2- oxoet hyl ) - 2-t hi ophene-
car boxyl at e Introduce into a reactor 400 kg of dinethyl. 3-oxoglutarate,
158. kg of malononitrile and 560 litres of nethanol and then, whil st

mai nt ai ni Nheh rﬁ?trcg(ﬁlgg 95 .%tkl“goef sgfphﬁhgndrs%%gg(fugrﬁlyn‘li)r)i(ﬁgu’rﬁlee mixture to reflux.

( After reacting for 2 hours, stop refluxing and add water until precipitation occurs. Filter off

the precipitate obtained, wash it and dry it.

" Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate is thereby
obtained in a yield of 77 % and with a chemical purity of 98 %.

EXAMPLE 1B : Methyl 5-amina-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophene-
carboxylate

~~~~~

560 litres of methanol and then, whilst maintaining the temperature of the reaction mixture

below 40°C, 199.6 kg of morpholine.

The compound of formula (VI) thereby obtained, or the addition salt of methyl 3-
(dicyanomethylene)-5-hydroxy-5-methoxy-4-pentenoate with morpholine, is isolated by
filtration after cooling of the mixture and is then reacted with 73.6 kg of sulphur in

methanol.
The mixture is then brought to reflux.

Afler reacting for 2 hours, stop refluxing and add water until precipitation occurs. Filter off

the precipitate obtained, wash it and dry it.



bel ow 40C, 199.6 kg of norpholine. The conpound of forrmula (VI) thereby
obt ai ned, or the addition salt of nethyl 3-

(dlcyanonethylene) 5- hydr oxy- 5- net hoxy- 4- pent enoate with nDrphollne
isolated by filtration after cooling of the m xture and TE E ﬁtqﬁgﬁted
with 73.6 kg of sul phur in nethanol. The m xture is then o

reflux. After reacting for 2 hours, stop,qefluxing and add water until
precipitation occurs. Filter off the precipitate obtained, wash it and dry
it. D; FEB 2005 11 th

5- [ bi s( 2- EXReMPTH 2A éYIy Rthry) rfbis6)-metharyriomectipl)aminelxd-cyane-3-(2-methoxy-
2- oxoet hyl ) - 2-t hi opheu t trod nto a reactor 400 kg of
5-anino-3-(carboxyneth;fg&gagéggtgﬁmﬁ %%bqé%gi %arboxyllc acid, 478 kg of
pot assi um car bonate, 2810 litres of acetone, 16 kg of Adogen 464(r) and

529.6 kg : th |. bronpacetate. Bring the terrperature to 60C. After
refl uxi ng ehé‘EFPsa Egs6tor t #Q0 ke aeft PowniapRt(@itbosaeethylidreyrpp-2dhiophene-

e e

5-[ bi 5( 2- mﬁmgsmﬁmﬂm&ﬁmrmbae@fman 3- (2- et hoxy 2- oxoet hyl ) - 2-
t hi ophenecar boxyl ate is thereby obtained in a yield greater than 85 % and
with a chemcal purity greater than 98 % EXAMPLE 2B : Met hyl

5- [ bi s(2- rmh%w@méx%wydb@d@%& AYARE ot { BOXMie reacti ture and
2- oxoet hylméq t hi op enecar boxyl at eerégt%g g 0} }%u?? Crrg{( gxr;?z-m -ogxncl)lx ©an

et hyl ) ami nﬁhwhmer(@tmtrﬁdixgteﬁbmét hyI ) 2-

(\,

Add methanol; cool and filter the suspension obtained, and then dry the powder.

Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-
thiophenecarboxylate is thereby obtained in a yield greater than 85 % and with a chemical
purity greater than 98 %.

EXAMPLE 2R : Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyane-3-(2-methoxy-
2-oxeethyl)-2-thiophenecarhoxylate

Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-
thiophenecarboxylate is obtained in the same manner as Example 1, but replacing Adogen

464° by Aliquat 336%.

EXAMPLE 2C : Methyl 5-[his(2-methoxy-2-exoethyl)amine]-4-cyano-3~(2-methaxy-
2-gxoethyl)-2-thiophenecarhoxylate

Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-
thiophenecarboxylate is obtained in the same manner as Example 1, but replacing the

acetone by acetonitrile.



t hi ophenecar boxyl ate is obtained in the same manner as Exanple 1, but

repl aci ng Adogen 464(r) by Aliquat 336(r). EXAMPLE 2C ; Met hyl

5-[ bi s(2- met hoxy- 2- oxoet hyl ) am no] - 4- eyano- 3- (2- net hoxy-

2- oxoet hyl ) - 2-t hi ophenecar boxyl at e Met hyl 01 FER 2nng

5-[ bi s(2- et hoxy- 2- oxoet hyl ) ami no] 4- cyano- 3- ( 2- met hoxy- 2- oxo et hyl )-2-

t hi ophenecar boxyl ate is obtained in the ?me manner as Exanple 1, but

repl acing the acetone by acetonitrile. 1 [7EB 2005 12 AWP E 21) ; Methyl
5-[ bi s(2-et hoxy-2-oxoet hyl ) am no] - 4- cyano- 3- g2- met hoxy- 2-

oxoet hyl ) - ZAAMELE 2B Salhas(; -2-ox¢ethyl)amine}-4-cyano-3-(2-methoxy-2-

SHas Al
5-[ bi s(2- et hoxy- 2- oxoet hyl 1 90l = 45 cvan-3- (2- et hoxy- 2- oxoet hyl ) - 2-
t hi ophenecar boxyl ate is%%e%%&g%eﬁhﬁ%egag%égtgﬁner as Exanple 1, but
replacing the 529.6 kg of nethyl bronoacetate by 578.1 kg of ethyl
br onpacet .. LE33; S-[Bi s(carboxynet hyl )am no] - 3- car boxynet hyl 4. eyano- 2-
t hi opheue%&h%[ﬁ@(—%& X QWH%Y%@W%%‘%C?@@@éKQGE%@XM‘%WWET nto a
e O?Qﬁ%r%i%ﬁ?&aﬁ}o&?rﬁfté MBI e A Omai: | ds! ELRfL 1'BhChepRiithe! HRN
5- [ bi s( 2- nB2%oky oPmestnyd biuyth)@atated]y F7CyBNOE RhYIDrombivenye. 2- 0X0-
et hyl ) -2-thi ophenecar boxyl ate. Heat to reflex and continue refluxing for a
m nimum of 5 hours; then filter the reaction mxture whilst hot, wash the

cake with Al ! ef 1k arhld: f %300k bﬁﬁﬂ'e thvl-4- 2.

5-[Bi s( car%} am{no -35- c%?%%x?}h?r%%yp-'%ga 0- F I 8 ahné)r'lecar boxylic
acid distrontium sal tthieghehgchrborylicsaciddisbloptiobt silbedakydrateyi el d of 96 %
and with a chemcal purity of 98

[A.

Infroduce into a reactor 770 kg of strontium hydroxide and 5,500 litres of water and then
550kg of methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-o0xo-
ethyl)-2-thiophenecarboxylate. Heat to reflux and continue refluxing for a minimum of
5 hours; then filter the reaction mixture whilst hot, wash the cake Wlth boiling water and
dry the powder obtained.

5-[Bis(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2-thiophenecarboxylic acid
distrontium salt octahydrate is thereby obtained in a yield of 96 % and with a chemical
purity of 98 %.



n1l" 2005 13 CLAIMS Process for the industrial synthesis of strontium

- ranelate of formula (1) : 2 Sr2+ / ~CO 2C~ ~N and its hydrates,
characterised in that the conpound of formula (1V) : Ro2C-CO2R O wherein R
represents a linear or, branched (Cl-C6)al kyl group, is pepdfdd MiH

“mal ononitrile of fornmula (V) NCCN (V) (1) in methanol, in the presence of
mor phol i ne in an anount greater than 0.95 nol per mol of conpound of
formula (1V), to yield the conpound of forrmula (VI) 0 1 FEB 2005 14 RO

CLAIMS

1. Process for the industrial synthesis of strontium ranelate of formula (D) :

- 0,C CN

ﬁ o
/Co,” '

0, Nk : ®

co, "

and its hydrates,

characterised in that the compound of formula (IV) :

R02C/\H/\COZR a,

O

wherein R represents a linear or branched (C4-Cs)alkyl group,
is reacted with malononitrile of formula (V) :

N en )

in methanol,
in the presence of morpholine in an amount greater than 0.95 mol per mol of compound of

formula (IV),
to yield the compound of formula (VI) :



/OR NC A CN I AN wherein Ris as defined hereinbefore, which is then reacted
.wWith sul phur in an anmount greater than 0.95 nol per nol of conpound of
formula (1V); the reaction mxture is then heated at reflux; and the
conpound thereby obtained is isolated by precipitation in t?ﬁgﬂge ge of
‘water, followed by filtration, to yield the conmpound of 90 i 2@ﬁ o(,
wherein R is as defined hereinbefore, which is reacted with a conpound of
formula (MlI) : OR Br" NO wherein R represents a |inear or branched
(C1-Co6)al kyl group, in the presence of R_catalytic anount of a Cs-Cho-type
guat er nary anmoni um ¢ une; ] e presence of potassium carbonate,
at the reflux of an organfjc sol thereaction m xture is subsequéently
filtered, the mixture isHthen|foncegT af distillativ@); a co-sol vent
is then added, 0 It FEB 200545 ~cy HN O

wherein R is as defined hereinbefore,
which is then reacted with sulphur in an amount greater than 0.95 mol per mol of
compound of formula (IV);
the reaction mixture is then heated at reflux;
( and the compound thereby obtained is isolated by precipitation in the presence of water,
| followed by filtration,
to yield the compound of formula (II) :

RO,C

RO,C g~ TNH,

| wherein R is as defined hereinbefore?

which is reacted with a compound of formula (VII) :

OR'
Br/ﬁ]/ v,

O

wherein R' represents a linear or branched (C,-Cs)alkyl group,

in the presence of a catalytic amount of a Cg-Cio-type quaternary ammonium compound,
and in the presence of potassium carbonate,

at the reflux of an organic solvent;

thereaction mixture is subsequently filtered;

themixture is then concentrated by distillation;

a co-solvent is then added,



and the reaction mxture is cooled and filtered to yield, after drying of

. the powder thereby obtained, the conpound of formula (1) : RRCR CO 2
RXR2C-~ \/- N CO2R wherein Rand R are as defined hereinbefore, which is
reacted with strontium hydroxide in an amount greater than fReqdgh to 2
~mol per nol of conpound of forrmula (I1), at the refl ux of water, for at

| east 5 hours; the precipitate obtained 155 then filtered off whilst hot;
the cake obtained is washed with boiling water to yield, after drying of

t he powderandhié¢ ehytebiattards cbdled enipestedl of formula (1) and its hydrates,
it being understood that a C8-ClO-type quaternary anmoni co nd is a
conpound &P Yigldraier dryinag obihe ovyigt tbPI@bYSbeé]é'ﬁﬁdg‘?l a%,mxaﬁuna 8? M &b -
RIR2ZR3R4- N+- X (A) wherein Rl represents a (Cl-C6)al kyl group, R2, R3 and
R4, which are the sane or different, each represent a (C8-C10)al kyl group,
and X represents a hakgge tom OCH FI EF 2005

/ \ '
RO,C S N/\C02R .

COR'

wherein R and R' are as defined hereinbefore,

which is reacted with strontium hydroxide in an amount greater than or equal to 2 mol per
mol of compound of formula (I1),

at the reflux of water,

for at Ieagt 5 hours;

the precipitate obtained is then filtered off whilst hot;

the cake obtained is washed with boiling water

to yield, after drying of the powder thereby obtained, the compound of formula (D and its
hydrates,

it being understood that a Cg-Cio-type quaternary ammonium compound is 2 compound of

formula (A) or a mixture of compounds of formula (A) :
RiR;R3R-NT"X A)

wherein R, represents a (C;-Cg)alkyl group, R, R3 and Ry, which are the same or different,
each represent a (Cg-Cjg)alkyl group, and X represents a halogen atom.



16 2. Process for the industrial synthesis of conpounds of fornula (H1)
RO2C RRC~ \'S/ -NH?_ wherein R represents a linear or branched (Cl-C6)al kyl
group, characterised in that the conpound of formnula (L-’Vii :F:M MCk Y
TCX2R (1V), Owherein Ris a defined hereinbefore, is Fe cﬁe@ ‘
-malononitrile of formula (V) : NCCN in nmethanol, (V) in the presence of

mor phol i ne in an anount greater than O. 96 ol per nol of conpound of
formula (1V), to yield the conmpound of forrmula (VI) : RO~OR I + NC CN H2

~; wher ei 12, RBr8ceas il @d ingektharsehmbsit 6f empdubddEoa s (11 :

CN

RO,C™ g~ TNH,

ROC

wherein R represents a linear or branched (C;-Cg)alkyl group,

characterised in that the compound of formula (IV) :

Rozc/\ﬂ/\COZR a),

0

wherein R 1s a defined hereinbefore,

is reacted with malononitrile of formula (V) :

Ne en %)

in methanol,

in the presence of morpholine in an amount greater than 0.95 mol per mol of compound of

formula (IV),
to yield the compound of formula (VI) :

RO \]/OR
\[0]/][\0- /TN VD,
H,N 0
n_/

NC CN

wherein R is as defined hereinbefore,



which is then reacted with sul phur in an anount greater than 0.95 nol per

-mol of  conmpound of formula (1V); the reaction mxture is then heated at

reflex; and the conpound of fornmula (111) thereby obtaine ;sFElgolggggd by
i‘on* 3.

precipitation in the presence of water, followed by filtra rocess
‘for the industrial synthesis of strontiu? ranel ate of formula (1) : -0 2 C
2 [/~CO2 Sr2+/ M-02C, '-~Cv N1 Q0 and its hydrates, characterised

in that the conpound of forrmula (11) (11) wherein Rand R, which are the
same or di Whizhest ther archcted pwitls eniphar lin n@asmountbgeatehebian 0QG5-n88) pdrkydol grfoup,
is reacted with stranti droxide in an anmpbunt greater than or equal to 2
nol per M"%HO“H@BE&{H}%@ formula (11), at the reflux of water, for at

| east 5 hoeseactibenPiefd RihalRRRtaldmed. is then filtered off whilst hot;
and the compound of formula (IIT) thereby obtained is isolated by precipitation in the

presence of water, followed by filtration.

3. Process for the industrial synthesis of strontium ranelate of formula (I) :

| OZCH
2 Srz+
( /B i |
"0, N\ 1\[\ co, ®

Co, -

2
and its hydrates,
characterised in that the compound of formula (II) :

RO,C CN

( RO,C™ N\~ N 2

wherein R and R', which are the same or different, each represenf‘ a linear or branched
(Cr-Ce)alkyl group,

is reacted with strontium hydroxide in an amount greater than or equal to 2 mol per mol of
compound of formula (1),

at the reflux of water,

for at least 5 hours;

the precipitate obtained is then filtered off whilst hot;



1 F 2005 is the cake obtained is washed with boiling water to yield, after
-drying of the powder thereby obtained, the conpound of fornmula (1) and its
hydrates. 4. Synthesis process according to either claim1l or claim2,

characterised in that the anount of nethanol used in the jy Eem of the
~compound of formula (1I11) is froml1l to 3 nil per gramof“ E‘E é

~formula (1V). 5. Synthesis process accord ng to any one of claims 1, 2 and
4, characterised in that the tenperature of reaction between the conpounds

of formul a&le(day)eoamﬁwﬁ\{awngaeheﬁmﬁdm@ﬁgwa@p 6. Synthesis process according
to anyone of claims 1, 2, 4 and 5, characterised in that the_ refluxin

time for tF%WB%@ﬁPbﬁryw okl peWdercbersbyinbitasteds the sompoynd 9f ERmula(Dpmdrls s
bet ween 1 te30 M nutes and 3 hours. 7. Synthesis process according to
claim1, characterised in that the amount of potassium carbonate used in
the synthesis of the conmpound of formula (H) is from2 to 3 nol per nol of
conmpound of f EI a (I'l1). 8. Synthesis process according to either claiml

or claim7%¢ ESLeProses 3oqording to pidherglgomd asfe @ﬁhﬁo&hﬁaﬁﬁnﬁé iputhat thel | )
is from2 to I I IS
process accor%nﬁiglttogﬁ%gwglnﬁg%ﬁ @gm sﬁg %ﬁlgn@%&mﬁoglrf% @é‘st ]?ﬁat to
the initial ¥uilpaegeh digapbendel feentiayfed in the reacti on of the corrpound
of formula (10) wth the conpound of formula (VIl) is from6 to 12 m per

gram of conpound of forrmula (111).
S. Synthesis process according to any one of claims 1, 2 and 4, characterised in that the

temperature of reaction between the compounds of formulae (IV) and (V) is less than
50°C.

6. Synthesis process according to any one of claims 1, 2, 4 and 5, characterised in that the
refluxing time for the reaction between the compound of formula (VI) and sulphur is

between 1 hour 30 minutes and 3 hours.

7. Synthesis process according to claim 1, characterised in that the amount of potassium
~ carbonate used in the synthesis of the compound of formula (I) is from 2 to 3 mol per

mol of compound of formula (IIT).

8. Synthesis process according to either claim 1 or claim 7, charactérised in that the
amount of compound of formula (VII) is from 2 to 3 mol per mol of compound of

formula (IIT).

9. Synthesis process according to any one of claims 1, 7 and 8, characterised in that the
initial volume of organic solvent used in the reaction of the compound of formula (IIT)
with the compound of formula (VII) is from 6 to 12 ml per gram of compound of
formula (I0I).

10, Synthesis process according to any one of claims 1 and 7 to 9, characterised in that the
organic solvent used in the reaction of the compound of formula (IIT) with the

compound of formula (VII) is acetone or acetonitrile.



U Synthesis process according to any one of clains | and 7 to 9,

. Characterised in that the organic solvent used in the reaction of the
conmpound of forrmula (10) with the conpound of formula (VII) is acetone or
acetonitrile. P' FEB 2005 19 11, Synthesis process accof dj fdR 0280y one of
-claims' | and 7 to 10, characterised in that the co-solvent used in the

i sol ation of the conpound of fornula (12} is nethanol. 12. Synthesis
process according to any one of clains 1 and 7 to 11, characterised in that
t he conpound of fornula (11) obtained has a chem cal purity greater than 98
% 13. Synthesis process according to either. claim] or _claim3

| Y .
char act er i e @Ypthesip Rrocesfeaccardumio oty ok efrclgmed ml 7 ke 1P eheractsriset i that
d of . . . . al
Componnd O bR dhvent ided'hitle SOLA0N bHEL RN S1SrRndNEAS Slectalen of equa

according to any one of clainms 1, 3 and 13, characterised in that the
anount of strontiuym hydroxide.is from2 to 2.5 no o] %Eou&ld of

) | . per |, of co
formul a (1% Sya ?Slssymca%s%cgmﬁﬂ%@swawqul%@stloa%@ng t‘bﬂigo‘@?mﬂeé’is mythaty 554
7 to 14, cha j j t : oR -
represent s a'E‘t%é{oﬁ’[ﬁoﬁ%? ofé {‘l’)ﬁg}lnpag% ?Bfﬁ@d%?gkﬁeﬁc%uﬁﬂ o35 RHMADE oK
13. Synthesis process according to either claim 1 or claim 3, characterised in that the

amount of water used in the reaction of the compound of formula (II) with strontium

hydroxide is greater than or equal to 8 ml per gram of compound of formula (II).

14. Synthesis process according to any one of claims 1, 3 and 13, characterised in that the
amount of strontium hydroxide is from 2 to 2.5 mol per mol of compound of

formula (IT).

15. Synthesis process according to any one of claims 1, 3 and 7 to 14, characterised in that

R represents a methyl group and R’ represents a methyl or ethyl group.



