I NEW PROCESS FOR THE | NDUSTRI AL SYNTHESI S OF STRONTI UM RANELATE AND I TS

HYDRATES The present invention relates to a process for the industrial
synthesis of strontiumranelate of formula (1).: Q2C CN 2Sr2 71 0 C N ~CQZ

SI \CZ (the distrontiumsalt of 1

5-[ bi s(car boxynt-thyl)am no] - 3- ear boxynet hyi - 4- cyano- 2- t hi ophenecar boxylic
acid), am%&ﬁ é%ﬁrgﬁes. Stronti umranel ate has very val uabl e

phar macol@gl-aats JORHEFE AN TRIA L S GFEESISF STRONEERI RANELATEORSRASed

anti-osteoporotic properties, maldng this compound useful in the treatnent
its preparation and its therapeutic

of bone gk . Stronti.um ranel ate,
use haveq?E§%%&§€§Empﬂgddﬁﬁsph%P“Eﬁﬁﬁ%éﬁﬁ1F@F s@leesis ofositantnmERdlatd 15 850.

However , of fgstardngl production of a conpound such as strontiumranel ate

requires detaile study of all the reaction steps and of the selection of

starting materials, reagents and solvents in order to obtain optinum

yi el ds. The Applicant has devel oped a synthesis process for strontium

ranel ate of formula (1) in which such conditions have been conbi ned,

resulting in the usecp& a mhole.gﬁ9up of especially val uabl e nethods and
2

procedures.
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(the distrontitm salt of 5—[bis(carboxymethy1)amjno]-3-carboxymethyl—ti-cyﬁno—Z-
thiophenecarboxylic acid), and its hydrates.

Strontium ranelate has very valuable phatmacological and therapeutic properties,
especially pronounced anti-osteoporotic properties, making this ¢ompound useful in the

treatment of bone diseases.

Strontium ranelate, its preparation and its therapeutic use have.been deseribed in the
Buropean Patent Specification EP 0 415 850.

However, industrial production of a compound such as strontium ranelate requires detailed
study of all the reaction stgps 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 (D 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 ethyl tetraester of formula (ITa) :



The Patent Specification EP 0 415 850 describes the synthesis of strontium
ranelate starting fromthe ethyl teiraester of fornmula (Il1-) 2 HSC2Q2C CN
H5C2Q2C S NN\ C02C2H5 a), CO2C2H5 which is itself obtainable starting from
the ethyl diester of formula (l1la) : H5CR2C CN c~a) H5C2Q2C 7S NH2
Synthesis of the internediate of fornula (Il11a) has been described in the
publication Bull. Soc. Chim France 1975, pp. 1786-1792 and in the
publication J. Chem Tech. Biotechnol. 1990, 4,7 pp. 39-46, by reaction
bet ween di ethyl 3-o0 | ytarate, malggonitrile and sul phur in ethanol, in

t he presence of rmr%gg:lijt@ ?ﬁgam' ne. That process has the advant age
of using readily accessible st tng materials and of being sinple to put
into practice; however, when

t(g tcPe scal e of several hundred
lilograms, it does ngtCabl Und ©P%55mul a (J02k) to be obtai ned
inavyield greater tHah 70 %

Bn order to synthesise strontiumranel ate of
formula (1) industrially, the Applica has _devel oped an effective
i ndustrial synthesis process allow ng t heOester nedi ate of  fornul a (fa)

RG2C CN

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

H.C,0,C CN
/ \ (IiTa).
H,C,0,C™ g~ NH,

Synthesis of the intermediate of formula (IIa) 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 ﬁsing readily accessible starting materials and of being
simple to put into practice; however, when transferred to the scale of several hundred
kilograms, it does not allow the Compound of formula (IlTa) to be obtained in a yield
greater than 70 %.

In order to synthesise strontinm ranelate of forrﬁula(l) industrially, the- Applicant has

developed an effective industrial synthesis process allowing the intermediate -of
formula (IIT) :

RO,C —CN

/N (I,

RO,C™ N\ TNH,

wherein R represents a linear or branched (C1-Ce)alkyl group,



OO RO2C S NH2 wherein Rrepresents a linear or branched (Cl-C6)al kyl
group, 3 to be obtained with a purity greater than 97 %and in a yield of
77 % which is reproducible on an industrial scale. Mre specifically; the
i ndustrial synthesis of the diester of fornula (M which has been devel oped
by the Applicant for the industrial synthesis of strontiumranel ate of
formula (1) wuses, as starting material3 the conmpound of formula (1V) :
ROZC---"j[-"~-CQ¥R O wherein. Ris as de " ed hereinbefore, which is
reacted with malononitrile of formula (V) NCI-~~ CN (fir) in nethanol, in

t he presence of' norphbline in an anount greater than 0.95 nol " perndi " of

Cor upot ni ie conpound of forrmula (VI)_.ROOR O
+ NC CN tﬂ%’g aeﬂregWP&ﬂ%T%?i?ﬁ@o&d“é@@gﬁﬁéﬂﬁ?@ hiocH g4°§ iy erpdugihla ed
Wi t h sul pimen ihdusafel@eaient greater than 0.95 nol per nol of

More specifically; the industrial synthesis of the diester of formula (OI) which has been
developed by the Applicant for the industrial synthesis of strontium ranelate of formula (T)
uses, as starting materjal, the compound of formmla (Iv):

ROZC/\H/\COZR V),

O

wherein R is as defined hereinbefore,

which is reacted with malononitrile of formula (V):

N en )

in methanol,

mn the presence of morpholine in an amount: greater than 0.95 mol'pei*iisl 6 compoiind of- -
formula (IV),

to yield the compound 6f formula (VD :

RO YOR
Tj”\/\o V2R (vD,
NCT SeN T HN 0
\_/

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;



conmpound of forrmula (IV); the reaction mxture is then heated at refitu; A
and the conpound of fornula (1a) 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 specific conditions,
and especially by the internediate formation of the conmpound of formula
(VI), which can, if desired, be isolatgd, allows the conmpound of fornula
(I''l) to be obtained with excellent purity and in a yield of at least 77 %
which is rﬁgroducible on the scale of several hundred kil ogranms, which

r epr esent 8% figap@rpayaidnod forpinta @) fhevdbgvebsinachis iseletpd o prrsgdistient I gbe ont i um
ranel at e __The. anmou net hanol is preferably from1 to 3 m per

gr am of é%%%%%%%gg?ﬁif%ﬁﬁﬁﬁgé¥f&%ﬂlﬁ%he tenperature of reaction between the
conpounds of formulae (1V) and (V) is preferably |ess than 50C. The
reaction tinme at reflux after addition of the sulphur is preferably from1
hour 30 TRPressss, cegodmghs imPinyed doyothd weeyf fhase Merypsueciss cdnditionhe and

i ndustrial_synthesis of strontiumyranelate of forpula (I eviel,oped .by the
nopl | cantCREHATY B85 SR ity Fatel b B reSarend bF M v BRE €
conmpound @isirk@) BBHs8latdd) allowhRPCodhbde@d of formula () to be 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 préferably from 1 to 3ml 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
fommula (IIT) into the compound of formula (II) :

RO,C CN
/R .
RO[(lj\L\i\ COR

CO,R!

- (D,

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



RQxa 2° COZR wherein Ris as defined hereinbefore and R represents a

| i near or branched (Cl-C6)al kyl group. 5 The journal Bull. Soc. Cbhim
France 1975, pp. 1786-1792, describes obtaining the conpound of fornula
(11a), a particular case of the conpounds of formula (IL) wherein R= R =
ethyl), by reacting 5-am no-3-(carboxynethyl)-4-cyan-2-thi ophenecarboxylic
acid wth ethyl bronpacetate, in the lp}{esence of potassi um car bonat e,
followed by isolation in a highly dilute aqueous-organi c medi um However,
the low yield of that reaction (65 %, the |arge anount of aqueous saline
waste gdmer iuael ByullhSocr Caihi dhamad]97apppe 1886-179% edeseniyes| «ﬁﬂgmm@ctha on

tinme (5 days Vv Co e cl ude he use qf .on an

i ndustri aP%Q%B%‘PCﬁ F@Hﬂ&ﬁﬁ@?ﬂé’%@?ﬁ%ﬁ%& ks ?%quaﬁﬁ ?%’fﬂ@ql%lﬁ FhPGi (1)

i ndustri &'l eb 5 %Bﬂ}f si i pt i's
process whi cﬁﬂfgp o?rs%tér)\e cgr?%gﬁ%g%%% rmu ? %Hoez mgﬁ%hit ain I%ﬁi; very
good yi emdth sthyltbremoeresitden i yresdnoe bEpotasshet c@hoﬂatdrﬁa]hamdéwasﬂhmnm purity

and in aqueous sal.ine waste is conpletely avoided. Mre
speci fl\é\gﬁ%gyé}t?‘% TFBC WefHksi 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 fornula
(1Q : REpFevROEE BvNiHEIRof that reaction (65 %), the large amount of aqueous saline waste

generated by that reaction and, above all, the very long reaction time (5 days) have

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

~In order to synthesise strontium ranelate of formula () industrially, the Applicant has
developed a simple industrial synthesis process which allows the compound of formula (IT)
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 inidustrial synthesis of the tetraester of formula (I) which has been
developed by the Applicant for the synthesis of strontium ranelate of formula (I) uses, as
starting material, the compound of formula (III) :

CN

RO,C ¢ TNH,

RO,C

2

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

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

B OR'
iy VIT
/\”/ |

O

wherein R represents a linear or branched (C3-Cg)alkyl group,



wherein R represents a linear or branched (Cl-C6)allcyl group, which is
reacted wwth a conmpound of fornmula (VI1) : OR Br CVU O wherein R
represents a |inear or branched (C -C6)al kyl group, 6 in the presence of a
catal ytic anmount of a Cs-C o-type quaternary amoni um conpound, and in the
presence of potassium carbonate, at the reflux of an organic solvent; the
reaction mxture i s subsequently filtergd; the m xture 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,
t he conpduribe pfeséme ik aztéliytiy amAutisefl GsCyopRpapratestans AP Ianfeh PO E&fpound i s
understood t.o be a conpound of formula (A) or a mxture of conpounds of
formul a (RFD P@?@P&ﬁgﬁﬂoi%Smc%ﬁg%?%ﬁn R represents a (O -C6)al kyl group,

R2, R3 ang R4 [ R or different, each represent a
(Cg-do)all cyﬁeﬂg%aggg?a%ﬁ% Xglrvg]gﬂfrgsent s a hal ogen atom Cg-C o-type

guat er nartiie asaotion utixteeip oubsesudntly\#itecdd; pr ef erence i s given are the
catal yst StheA md Q]X’Eurg g ne fs.gtﬁfe(nrgong‘e%%a@di b%,“daiﬁa%%g{ ).

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 Cg-Cio-type quaternary ammonium compound is understood to be a compound of

formula (A) or a mixture of compounds of formula (A) :
RiR;R3Re-N "X A)

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

Cy-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-Cio-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 :



Surprisingly, only the use of a Cs-C o-type quaternary anmmoni um conpound
allows the conpound of fornmula (1) to be obtained both with a greatly
reduced reaction time and with very good selectivity, in contrast to other
types of qu.atemary anmoni um conpounds, as the followi ng Table shows : 7
Content of reaction Catalyst Duration of reaction m xture

Tet rabut yl anmoni um hydr ogen sul phat e 12, hours 92% (TBAHS) N, N-bis

(2- hydroxyet hyl )-N-nmet hyl 18 hours 82%  1- dodecanam ni um brom de Adogen
464(r) 5 hours 96% Aliquat 336(r) 4 hours 95% Furthernore, the somewhat
simplified isolation (the precipitation step followed by filtration has been

r epl acedrby—stnpte—fit+tration—of—the—+eactton—mxture)ratows, by virtiue of
CORFRT P Y5oten |

the part|cul ar conditg evel oped, th s o&gq . o e
i ﬁ@gﬁ@a uta%a]{so wi t bhigtree! | ent

obtai ned| not only in a very good vyiel(
purity (preater than 98 %, whilst avoiding the burdep on the environment
t hat t he| Bajebotydarsmbiinm hydsigenselphetsent ed - The anount| of pot assi um
car bonat e(TstAﬁé)eferabl y from2 to 3 nol. per A8lhosfs conpound 82 % or nul a

().

N,N-bis(2-hydroxyethyl)-N-methyl

. 18 hours 82 %
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 (II) to be obtained not only
in a very good yield (89 %) but also with excellént 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 (ITI).

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

compound of formula (IIT).

- 'The initial volume of organic solvent is preferably from 6 to 12ml per gram of -
compound of formula (IIT).

- The organic solvents that are preferred for the reaction are acetone and acetonitrile.

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



- The amount of conpound of formula (VIl1) is preferably from2 to 3 nol per
nmol of conpound of formula (1I1). - The initial volunme of organic sol vent
is preferably from6 to 12 ml per gramof - conmpound of formula (I1l1). - The
organi c solvents that are preferred for the reaction are acetone and
acetonic ile. The co-solvent that is preferred for isolation is nethanol. 8
The third and final step in the process,for the industrial synthesis of
strontiumranelate of forrmula (I) deveﬁoped by the Applicant conprises

converting the tetraester of fornula (I1) into the distrontiumsalt of the
cor r espontiig e end finel atep Théemaoesst fpbe industael smibess of #181t880 ransiate phes

three netfiods fAr nversign. .The third of. the t hods Scrl ,

whi ch conpr|s%éﬁﬁ%%?ﬁh%f?%ﬁ“%%ﬂﬁ%ﬁﬁdeEHFSﬁﬁﬁW?ﬁPﬁgﬁyggﬁﬁgﬁéﬁﬁﬁgﬁﬁﬁgﬁgase of
t he conpdutedie ofstrbatiwrlsalt 6f the colrébpeidiag@atsdal coholic medi um with
strontium hydroxi de, and then disFiIIing of f the ethanol and isolating the

conpound of formula (1) by precipitation, has the advantage of being

t | yrSi : i | st i der th diti
doscr 1 bed PRt AR B o B BlChesafis Biee ERh e GBP s efbgeiomy Tl
ranel at e tlird yf the 1Befb@ desifib30 WA Wsbs BeaBHE keVeoRipou®y 8¢ fdrihuvd @m)of t he

fact that strontiumranelate i-s insoluble in nbst solvents, its subSequent

puri fi caPPéisuias case pEhs sonpomods ofifrmslc@laimet hgotmslcolindicafsdianh swith
i nconpat i =Wt of 4t trontiu anel ate as. har,yaceutical active
i ngr edi eﬁﬁbﬁvﬁ‘ ¢ dF%%%?’raélg tggnpﬁlrs’l o %ﬁne ?éa‘glaf‘?}a?{%oﬁsglgg%f[h? SO%O%A ?ﬁe
Appl : cantornada (A% bepesqfsitaaion, Had ted 4y ahta Sy SR BHRS &tRRKRSSpRIS @eBgnst rontium
rancl ate to
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 strontinm 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 strontiuin 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
/A ,
ROJQ?\N \i\ CO?_R I,

COR'



be obtained not only with excellent chemcal purity so that it does not
require further treatnent before being used as a pharnaceutical active

i ngredient but also in an excellent vyield. Mre specifically, the final
step in the process for the industrial synthesis of strontium ranelate of
formula (1) devel oped by the Applicant uses the conpound of fornula (11)
RR2CCNRO/'CZR (~> ZC S NCXZR 9 wherein Rand R, which are the sane
or different, each represent a linear of branched (d-Co6)al kyl group, R
preferably representing a nmethyl group and R preferably representing a

met hyl orwkerhy| Rgmd 0y, wiithcdreithe semetozdiifigrtit, sdchoapiesent hylitreex b branahein

anount great an or equal to mot per. nol of conpound. of for (rry,
at the refe S#Y &P, Igf B?Efglabﬁ’eé‘éﬁre@n%ras;met% Elfr‘r)gl@i ﬁ?@a]%‘epﬁﬁgr?%&ed is

then fil tepeeef i SitorReli ordde cake obtained is washed with boiling
water to yllse d, gfat er %lro§i n 1§3]; ?he powder thereby obtained, the conpound of

formula (1) and its hydrates. - Surprisingly, replacenent of the
et hanol /wat.er .m xture.by water alone dramatically inproves not_only the
puri ty of VERR ICEAGH FihSHaHERIY teds Fed FUpEeger Ren §F Sl o 2 201 fer

mol of compound of formula (IL),

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

fo yield, after drying of the powder thereby obtained, the compotnd 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 eompound of formula (1I).

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

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 24, 2B, 2C and 2D illustrate the second step in
that process; finally, Example 3 illustrates the third and last step in that process.



- Moreover, dispensing with. the ethanol distillation step farther
sinplifies the process. The anmount of water in the reaction

m xturel s, preferably greater than .or equal to 8 m per gram of conpound of
formula (11). The anpbunt of strontium hydroxide is preferably from2 to 2.5
nmol per nol of compound of fornula (1T)_ The Exanpl es herei nbel ow
illustrate the invention but do not Iimt'it in any way. Exanples IA and |IB
illustrate the first step in the Appli&%nt's process for the industrial
synthesis of strontiumranel ate; Exanples 2A, 2B, 2C and 2D illustrate the
second sEHAMPER HAl: MRS smfnendllyne-BXRmRlEed-1-bkahyiplabiophend-hi rd and

| ast step in that process. 10 EXALE'|.E 1A ; Methyl -anon 4 can(c)
3-(2-ruetlta 2-osoet| §axReRyleti ophene- eaxboxyl ate Introduce into a reactor
400 kg of dinmethyl 3-oxoglutarate, 158 kg of nalononitrile and 560 litres
of nmet hanol and then, whilst maintaining the tenperature of the reaction

m xt ure TDiteddwes 4026, a 22806 189 kefofMigtel Bngogefte] 183 €Ut eraldobitkly aid

sul phur and_subsequently bring the m xture to reflux. After reacting for 2

hours, st&Plies pimpthgnelrraddern, whilsimentaming thedppperarort e tapkion Pyt of f
the precip I it and dry it. Methyl
5-anino-2?%§gﬁ?g§?%?§2§%g§¥gégg%%éthyI)-2-thiophenecarboxylate i s thereby
obtained in a yield of 77 % and with a chem cal purity of 98 % EXAl1d 3 E
1R : th£%| S:aﬁuna t =cyancr_ 3=(2 net haxy- 2-4adet hyl 2=flijophene-

eaabwey| APER FRRABER) 06 ke obsHphus sad srbseaeetitly bone dhabwye [etdksgl ut arate, 15%.
kg of mal ononitrile, aud

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-amino-4-cyane-3-(2-methoxy-2-oxoethyl)-2-thiophene-
carboxylate

Introduce into a reactor 4Q0 kg of dimethyl 3-oxoglutarate, 158 kg of malononitrileé and
560 litres of methanol and then, whilst maintaining the temperature of the reactioh 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 73.6kg 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.



560 litres of methanol and than, whilst maintaining the tenperature of the
reaction mxture below 40C, 199.6 kg of nor pholine. The conpound of formula
(VI) thereby obtained, or the addition salt of nethyl 3-

(di cyanonet hyl ene) - 5- hydr oxy- 5- net hoxy- 4- pent enoate wi th norpholine, is
isolated by filtration after cooling of the mxture and is then reacted
with 73.6 kg of sul phur in nethanol. Ipe‘nixture is then brought to refl ux.
After reacting for 2 hours, stop refluxing and add water until precipitation
occurs. ‘Filter off the. precipitate obtained, wash it and dry it. 11
EXAVPLE BAAMGIIA :SMehy 62his(2-neethy=y22-axetiyi)dn)inoj-fdfade-8y2aneBofP- me

2- oxoet hyl ) - 2-t hi ophe, eeu late ILntroduce_into a reactor 400 kg of methyl
5- ami no- Z-gzyan-s-(g- &Pﬁ%&gﬁzﬁm%@gﬁﬁﬁ?ophene-caroboxyl atg, 478 kgyof
pot assi um car bonate, 2810 litres of acetone, 16 kg of Adogen 464(r) and
529.6 kg of nethyl bronpacetate. Bring the tenperature to 60C. After
rcgf | uxi ngmfoancheS in&‘w:ﬂ @act610000 th@ec>f2I ma%la 6ranrﬁr1]o¢m¢}moam(%-mbmign;-ijokwniyl)ﬁz-.

ncentrate the filtrate obtained. nmet hanol ; ol a ilter the
suspensi BHORDERPAIRRPXY 415 4?%&% ofr BPIRHRITp GRaRAALe, 5d ﬁws oF acctone, 16 ke of
S5- [ bi s( 2AUBEHMM® dndP3BeS Ky bD AEhNMrofodey@n; 3- ( 2- met 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 % a ALE 2R : Methyl -[bi (2-
g_et L?g;%%%{lg)é@?e %?%%at A% 8 %Oc’é. Xﬁgrn%ﬂs 2g orng houQLs, co%l %(eol:eeggt}/olz? mixture and.

then filter it. Concentrate the filtrate obtained.

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 2B : Methyl 5-[bis(2-methoxy-2-oxoethyamino]-4-cyamo-3-(2-methoxy-
2-oxgethyl)-2-thiophenecarboxylate

Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]—4-cyano-3-‘(Z-methoxy-2-oxoethyl)-2-
thiophenecarboxylate is obtained in the same manner as Example 2A, but replacing Adogen
464® by Aliquat 336%

EXAMPLE 2C : Methyl 5-[bis(2-methoxy-2-exoethyl)amine]-4-cyano-3-{2-methoxy-
2-oxoethyl)-2-thiophenecarboxylate

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 2A, but replacing the

acetone by acetonitrile.



Met hyl 5-[ bi s(2- et hoxy- 2- oxoet hyl ) am no] - 4- cyan- 3- ( 2- met hoxy- 2- oxoet hyl ) - 2-
t hi ophenecar boxyl ate is obtained in the same manner as Exanple 2A, but

repl aci ng Adogen 464(r) by Aliquat 336' E AVPLE 2 : Met hyl

5-[ 6i s(2=met hoxy- 2- oxo. et hyl ) am no] - 4, - eyauo- 3- ( 2-r aet hoxy-

2- oxoet hyl ) -2-thi oph eea b&xyl ate Met hyl
5-[bis(2-nethoxy-2-oxoethy|)anino]-4-c¥?no-3-(2-nethoxy-2-oxoethy|)-2-

t hi ophenecarboxyl ate is obtained in thé same manner as Exanpl e 2A, but
replacing the acetone by acetonitrile. 12 EXAMPLE 2h : Methyl -[I| is(2
etho xy ZEDANEIE IDanMethyls-BjsRethGyRermethylysyingl-4-cyane-3-(2-methoxy-2-

axoet hyl-2t|iop| xenecar | at e. Met hyl - [bi s (2-ethoxy-2-o0x0

et hyl ) ani no] - 4- cyano-%mafgﬁgéﬁgﬁ)?hﬁg%?ﬁ%xﬁ%ﬁﬁ- 2 - thiophenecarboxylate is
obtained in the sane manner as Exanple 2A, but replacing the 529.6 kg of
met hyl bronoacetate by 578.1 kg of ethyl bronvacetate. oxynethyl -4--cyano-2-

EXAVPLE 3B:thyl S-[bBiZecthoar-Roxyeteyhapipelr-nydno 3 -Garethaxly 2 -exoghehelear koxyl i eaci d

di atronti,nrn aalt, octahyejrate.lntroduce int [ or..7 strontium
hyar owl olHBREb BTN SLEALE 1] Bk LAR R oL EaRARENS but il Hadle Bl
5- [ bi s( 25p®6hkgxy methgk beitvatdtataibn 67 8.4 kg ywénth3t §rdmweddraxy - 2- oxo-

et hyl ) - 2-thi ophenecar boxyl ate. Heat to reflex and continue refluxing for a
mnimumof 5 hours; then filter the reaction mxture whilst hot, wash the

E?ng ———.- 'ih?s%‘ga}drbﬁg%% %ﬁ@%&ﬁ%ﬂ%@@%g ¥ {’ﬁﬁg%lhoé%’ecar boxyl i c

acid thiophenecarboxylc acid distrentium salt octahydrate

Introduce 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-2-0xo-
ethyl)-2-thiopheriecarboxylate. Heat to reflux and continue refluxing for a minmum. 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 %.



distrontiumsalt octahydrate is thereby obtained in a yield of 96 % and with
a chemcal purity of 98 % 13 CAS 1, Process for the industrial synthesis
of strontiumranelate of formula (1) : - 02CCN/ 2 Sr2+ zC N C2- CO2 _
and its hydrates, characterised in that the conmpound of forrmula (IV) : RO2C
CO2R (1V), Owherein Rrepresents a linear or branched (d -C6)al kyl group,
is reacted with malononitrile of fornuld (V) : NCCN M in nethanol, in the
presence of norpholine in an anount greater than 0.95 nol per nol of
conmpound of formula (1V), to yield the compound of formula (VI) 14 RO OR

X. Process for the industrial synthesis of strontium ranelate of formmula (I) :

- 02C CN
/\ - .
0 NL co; ®

Co, -

and its hydrates,

characterised in that the compound of formula (IV) :

ROZC/\”/\COZR @,

O

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

is reacted with malononitrile of formula (V) :

N

NC CN V)
n methanol,
m 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) :



NC CN ~[ Owherein Ris as defined hereinbefore, which is then reacted with
sul phur in an anount greater than 0.95 nol per nol of conpound of formula
(I'V); the reaction mxture is then heated at reflex; and the conpound
thereby obtained is isolated by precipitation in the presence of water,
followed by filtration, to yield the conpound of formula (111) : ROZC RX2C
Nl 12 wherenR i s as defined hereinbeforgsg which is reacted with a conpound of
formula (M) : OR Br( (VEL) , Owherein R represents a |inear or
branched (d -Cg6)al kyl group, in the pr&gence of a catalytic anbunt of a

Cg- Clo-type quatern i nd, and in the presence of potassium
carbonate, at the refle orgami c solvent; thereaction mxture is
subsequently filtered; i hs fhem ¢ ncentrate@q@y distillation; a
co-solvent is then added; - CN H, 0

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 (I1I) :

RO, C

2

RO,C ¢ TNH,

wherein R is as defined hereinbefore,

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

B OR'
T :‘ 711—}
/ﬁr ,

)

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

in the presence of a catalytic amount of a Cs-Cjp-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,



15 and the reaction m xture is cooled and filtered to yield, after drying
of the powder thereby obtained, the conpound of forrmula (LL) : RO2C CN RCC
/ 1 N"C®2R (101 z S CO2R wherein R and R are as defined hereinbefore,
which is reacted, with strontium hydroxide in an anount greater than or
equal to 2 cool per nol of conpound of fornula (11), at the reflex of
water, for at |least 5-hours; the preci]éitate obtained is then filtered off
whil st hot; the cake obtained is washed with boiling water to yield, after
dryi ng ofandhbe powter ntitteresbyodibd andfllered he conpound of fornmula (1) and its
hydrates,, it .bei understood that a C8-Cl O-type quaternary anmpni um
conpound tf’é“%ﬁ&fﬁ%é@ﬁﬁg thepgpiear trerehy obfrmad s eampovat of SiFelmdD of for mul a
(A : RLR RBR4A.-N+ -X (A wherein R2 represents a (Cl-C6)a]kyl group,
R2, R3 and R4, which are the sane or different, each represent a

(Cg-C O al kyl group, Rand repres€nts a hal ogen atom 16 2. Process for the
i ndustrial synthesis of co X

/" ~COR (D,

wherein R and R' are as defined hereinbefore,

which is reacted with strontium hydroxide in an amount greater than or equal to 2 ol per

mol of compound of formula (IT),

at the reflux of water,

for at leagt 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,

it being understood that a Cs-Cjo-type quaternary ammonium compound is a compound of

formula (A) or a mixture of compounds of formula (A) :
RiRoRaRy-NT"X (A)

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



RO2C RO2C 3 NHZ wherein R represents a linear or branched (d -CG al kyl
group, characterised in that the conmpound of formula (M: ROQR2C CO2R O
wherein Ris a defined hereinbefore, is reacted with rmalononitrile of
formula (V) : NCCN (V) in nmethanol, in the presence of norphoiine in an
amount greater than 095 nol per nol of conpound of fornula (1V), to yield
the compound of formula (VI) : RO ~OR INC ON H21< 00 wherein Ris as
defined herei nbefore, 17 which is then reacted with sul phur in an anount

great er ZharPrOce@Siamtite jndnstrixll sypthesic ofpetpodnds off formals @H t V) ; the reaction

m xture is then heated at reflux; and the conpound of tornula (111) thereby
obtained is isolated by precipitation in the presence of water, foll owed by
filtration. 3. Process fo(rj t he indugkgial synthesis of strontiumranel ate of

formula (1) : 2
7\ ({m,

RO,C™ N\~ NH,

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

characterised in that the compound of formula (IV) :

Rozc/\H/\COZ‘R aw,

O

wherein R is a defined hereinbefore,
is reacted with malononitrile of formula (V) :

N OeN V)

in methanol,

i 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) :

0O O

-+ —

NC CN HN )
2

\_/

wherein R is as defined hereinbefore,



02C CN 2 Sr2+ Q2C S N2\C02 Cn CX2 and its hydrates, characterised in that
the compound of formula (I11) : RQRCCN ROC/ \ N~-C2R z S ~'CO2R

wherein R and R, which are the same or different, each represent a |inear
or branched (Cu-C6)allcyl group, is reacted with strontium hydroxide in an

amount greater than or equal to 2 nol per nol of conpound of fornmula (I1),

at the reflux of water, for at |east 5 hours; the precipitate obtained is

then filtered off whilst hot; 18 the cake obtained is washed with boiling
wat er t o Whishdis then geactivdyiwith efilphine irp awdenotnh egredier ttan a0 B chol tee melnpdund of

formul a (%)ﬂaq%ﬁgﬁ{oﬁfo héd es. 4. Synthesis process according to either

claim1 of serised in that the anpbunt of nethanol used in

the Synt hsisoaln &bemcQRBRHRE,k o Qam @ (111) is from1 to
and the compound of formula (I) 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 () :

- 0,6\ CN
/>Co,"
0%, Nk co, ®
Co, -
and 1ts hydrates,
characterised in that the coinpound of formula (IT) :

RO,C CN

RO,C . N 2

wherein R and R', which are the same or different, each represent a linear or branched
(C1-Ce)alkyl group, |

is reacted with strontium hydroxide in an amount greater than or equal t6 2 mol per mol of
compound of formula (1I),

at the reflux of water,

for at Ieast 5 hours;

the precipitate obtained is then filtered off whilst hot;



3 m per gram of conpound of fornmula (1V). 5. Synthesis process according to
anyone of clains 1, 2 and 4, characterised in that the tenperature of
reaction between the conpounds of formulae (1V) and (V) is less than 50C.

G Synthesis process according to any one of clains 1, 2, 4 and 5,
characterised in that the refluxing tine for the reaction between the
conmpound of forrmula (VI) and sul phur i s18 petween 1 hour 30 minutes and 3
hours. 7. Synthesis process according to claim1, characterised in that the

amount  of theoirks shtained ¢awishaditvith beithg waitthe synt hesis of the compound of
nmol of conpound of formula (I11).

formula (J1). | rom2 to 3 nol  per ] g,
Synt hesi 340&18@%6 @mgdafﬁ%e Poverithaeby plipined tey canpound of formardadh end sted i n
that the g gt of conpound of fornmula (VII) is from2 to 3 not per nol of
conpound of formula (111). 91. Synthesis process according to any one of
claims 1, 7 and 8, characterised in that the initial volune of organic
sol vent u%edsi the reaction _of the conpound of formula (I11) wth the

f

conpound 1SaPTe%RSe )act g dingoim githes clamnd op staingr anehetactasispd im dhasf the
formula (M LS ceording to a ne_of ai and 7
to 9, charaé%%%?ggg%?%&g 5@&?%@3@? g ?ﬁ%?s i Q%PuﬁgéﬁRFﬁE@%@ﬁ$§§g$?iﬁoof t he
conpound of ¥l ped graalofcympdidd dfiferme@aemound of fornula (VI1) is acetone or

acetonitrile. 19 11, Synthesis process according to any one of clainms' 1
and 7 to 10, characterised in that the co-solvent used in the isolation of

the conposings@thesRiileds Qéc@djﬂftonﬂ'}hgﬁ%%f 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.

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 (II) is from 2 to 3 mol per

mol of compound of formula (III).

8. Synthesis process according to either claim 1 or claim 7, characterised in that the
amount of compound of formula (VII) is from 2 to 3 mol per mol of compound of
formula (I1I).

2. 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 (1IT)
with the compound of formula (VID) is from 6 to 12 ml per gram of compound of
formula (IIT).

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 (II) with the

compound of formula (VIL) is acetone or acetonitrile.



12. Synthesis process according to any one of clains 1 and 7 to 11,
characterised in that the conpound of forrmula (11) obtained has a chem ca
purity greater than 98 % 13. Synthesis process according to either claim1
or claim3, characterised in that the anount of water used in the reaction
of the compound of forrmula (I1) with stéontiun1 hydroxi de is greater than or
equal to 8 m per gram of conpound of roula (11). 14, Synthesis process
according to any one of clainms 1, 3 and 13, characterised in that the
amount of strontium hydroxide is from2 to 2.5 nol per nol of conpound of
ocess accor |ng to_any one of clains 1, 3 and

formul a 5. nt hesi s pr
7 to 14, (ﬂr1§?3fljf%‘~ﬁ |P ¥ "?‘FICP?@% ORI Ao, 5d %‘?@t%%}l’l 1Qchamgcigrisrdrn g esent s
a methyl or ted ddol#nPHRed in the isolation of the compound of formula (IT) is methanol.

12, Synthesis process according to any one of claims 1 and 7 to 11, characterised in that
the compound of formula (IT) obtained has a chemical purity greater than 98 %.

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 (1) with strontium

hydroxide is greater than or equal to 8 ml per gram of cornpound of formula 1.

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 2.5mol per mol of compound of
formula (II).

5. 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.



