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New process for the synthesis of strontiumranel ate and
its hydrate The present invention relates to a process
for the synthesis of strontiumranelate of formula (I):
5282+ C0, -(0, - 0,CCO 10 or the distrontiumsalt
of
5-[ bi s(car boxynet hyl ) am no] =B- car boxymet hy1- 4- cyano- 2-
t hi ophenecarboxylic acid, and its hydrates.
St r ongwi Br6 RBEfRHtRe E’ﬁﬁhé’s‘fsr f YRl Fantmﬁé TRE P X gugﬁh
and therapeutic properties 15especially pronouncCe
anti - osteoporotic properties, making this conpound
Thé@?efslillllt ianeltn?c% LEgAL TEN 1%fcegoﬂ)§‘ tﬂé %ﬁﬁt%%gis o%tgjuoq{mmhmnelate of
S prep aratl n era us
forlmebn(Idescri bed in the European Patent SpeC|f|cat|on EP
0 415 850. 20 The patent specification EP 0 415 850
describe€p(t for the synthesis of strontium
ranel ate.” The of the nethods gsgrlbed consi sts
of heating at t he et hyl tetrdester of formila

Ha) :
( ) - Ozc N/\C02 (D;

or the distrontium salt of 5-[bis(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2-

thiophenecarboxylic acid, and its hydrates.

Strontium ranelate has very valuable pharmacological 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 described in the

European Patent Specification EP 0 415 850.

The patent specification EP 0 415 850 describes three methods for the synthesis of
strontium ranelate.
The second of the methods described consists of heating at reflux the ethyl tetraester of

formula (ITa):
EtO,C CN

/A
EtO,C N/\C02Et (Ta)

CO,Bt

with sodium hydroxide, in an aqueous alcoholic medium, and then distilling off the ethanol

and most of the water to isolate the tetrasodium salt of formula (IIa) by precipitation:
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25 30C2Ft with sodi um hydroxide, in an aqueous

al coholic nmedium and then distilling off the ethano
and nost of the water to isolate the tetrasodi um salt
of formula (Il1l1a) by precipitation: -2- CN Na+ CO2-
Na+ The conmpound of formula {Ma) is then reacted with
strontiumchloride in water to yield strontium

ranel ate, which is isolated by filtration. 5 However,
when operating under the conditions described for that
second @Ethod, the Applicant has only obtained
stronti um rénherate in aPield of Iess than 70 % The
Appl i cant has deve d an industrial synthesis process
whi ch nakes it posgi to tain Narontiumranelate in
an excelléﬁf(yF it ex&&rent purity.(a). More
specifically, 2the pr®sent \invention relates to a
process for the synthesis ¥i\stroq}Lun110 ranel ate of
formula (1) staHingfron1a(£meﬂ% of formula (H):

wherein R and W which may be the sanme or djifferent .
Theaethpeuagrad Sereula (JHa) an thearretsted Wb gtrprtiunoshieride ji water to yield

strc%tciglunpl‘anﬁarlt%,f \%&%ﬁ’ li N is&a{éﬁtbgﬂltr%o%g P

However, when operating under the conditions described for that second method, the

Applicant has only obtained strontium ranelate in a yield of less than 70 %.

The Applicant has developed an industrial synthesis process which makes it possible to

obtain strontium ranelate in an excellent yield and with excellent purity.

More specifically, the present invention relates to a process for the synthesis of strontium

ranelate of formula (I) starting from a compound of formula (II):

RO,C CN

/A .
RO,C S N COR (I,

wherein R and R', which may be the same or different, each represent a linear or branched

(C1-Ce)alkyl group, preferably a methyl group,
which is reacted with sodium hydroxide or potassium hydroxide,
in water or in a mixture of water and an organic solvent,

at a temperature from 0 to 100°C,
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which is reacted with sodi um hydroxi de or potassium
hydr oxi de, 15in water or in a mxture of water and an
organic solvent, at a tenperature fromO to 100C, -3-
to yield the salt of fornula (111): wherein A
represents Na or K, 5 which js reacted with strontium
chloride, in a mxture of vvé%'er and an organi c sol vent,
at a tenperature fromO to 100C, to yield, after

i solation, strontiumranelate or one of its hydrates.

. t he .qr gani ol vents there may be nentioned, b
to%%saﬂféﬁﬁa@‘flaﬁgﬁr ahydr of ur an, 10yacetone, d
2-met hyl -t et rahydr of bran, di met hyl sul phoxi de,
acetonitrile, N-nethylpyrrolidone and al coholic
sol vent & sugh t han@IN et hanol, isopropanol and
i sobut anol . Sur prisi y, the presence of an organic
solvent in the ste salt conversi:on with strontium
chl ori de nakes i ol e A'0i¢0ease the yighd very
subst anti al | y22C € ambunt of ‘sodi um hydroxide or
pot assi um hydroxide is preferably greater than or 15
equal to 4 noles per nole of ~€6ypotind of fornula (11).
The tenperature for the saponification reaction is
whpregf £rltkienfsonadr2Q, t o 70C.

which is reacted with strontium chloride,

in a mixture of water and an organic solvent,

at a temperature from 0 to 100°C,

to yield, after isolation, strontium ranelate or one of its hydrates.

Among the organic solvents there may be mentioned, by way of example, tetrahydrofuran,
acetone, 2-methyl-tetrahydrofuran, dimethyl sulphoxide, acetonitrile, N-methylpyrrolidone

and alcoholic solvents such as methanol, ethanol, isopropanol and isobutanol.

Surprisingly, the presence of an organic solvent in the step of salt conversion with

strontium chloride makes it possible to increase the yield very substantially.

The amount of sodium hydroxide or potassium hydroxide is preferably greater than or

equal to 4 moles per mole of compound of formula (II).

The temperature for the saponification reaction is preferably from 20 to 70°C.

In accordance with an embodiment of the present invention, the salt of formula (II) is

isolated before reaction with strontium chloride.
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hi accordance w th anot her enbodi nent, the sol ution of
the salt of formula (111) is clarified before being
used in the reaction with strontiumchloride. In
accordance with anot her enbodi nent, the solution of the
salt of formula (II1l) is usqp as such in the reaction
with strontiumchloride. 5The anpbunt of strontium

chloride is preferably greater than or equal to 2 noles
In ageordmsk ovithf anotrep oubddiofent, shensaletion af)the seffeoftfermpda GH1) declarified

of .the reactjon w.th rontium,chl.oride is preferab
befpre Hingaisgne %Fea%m{@ STt ré%er'di ng to the d
invention, the strontiumranelate is preferably
isolated by filtration. The isolation of the strontium
In acaerdprgeevitly atathereamtiogingns, the selutiempl/the salt eliumyla GHaisyged as
sucln FREERbE AR RB ML L D vater, with an organi ¢
SOt VAT Or Wi th a wat er organi ¢ solvent mxture, and by
a drying step. The potassiumsalt of fornula (M), a

particul ar case of .the caonpounds of_ fonnul LI
Thegaewit af gironsiypedionide ixprefeyalply sregter tgaw\ﬁqggrpé alm%],es per mole of

cor %&Hbfﬁﬁnﬁhgqﬁphesis internediate in t he chenical_or
armaceuti cal "I ndustry, especially in the synthesis of

strontiumranelate and its hydrates, and by that token

o B e DR R RO o st

In the process according to the invention, the strontium ranelate is preferably isolated by
filtration. The isolation of the strontium ranelate by filtration is preferably followed by one
or more steps of washing with water, with an organic solvent or with a water/organic

solvent mixture, and by a drying step.

The potassium salt of formula (IIIb), a particular case of the compounds of formula (IIT)

wherein A represents K:

K" o,c CN
K+

co, K

is a new compound, useful as a synthesis intermediate in the chemical or pharmaceutical
industry, especially in the synthesis of strontium ranelate and its hydrates, and by that

token it forms an integral part of the present invention.

The Examples hereinbelow illustrate the invention.
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EXAMPLE 1: Distrontiumsalt of

5-[ bi s(car boxynmet hyDam no] - 3- car boxynet hy1- 4-

cyano- 2-t hi ophenecar boxylic acid At 20-25C, | oad an

800 m reactor, provided with a tenperature probe and

an inpeller, with 50 g of nethyl

5- [ bi s(2- met hoxy- 2- oxoet hyl )= ani no] - 4- cyano- 3- ( 2- net hox

y-2- 5oxoet hyl)-2-thi ophenecarboxylate and 75 m of
EXAMPBEEWor ddistrantind;saktiof Stfbis(¢arhoxymiethiibamingd$-¢arboxymethyl-4-

reactor with a21§qy%@us sglu i on. pf sodi um hydr oxi de

prepar ed SEPBPERAIHPIGRFRGPDYNS 4§"%f NaOH and 216 m  of

water. Keep stirring the reaction mxture for from4 to

6 hours. Add an aqueous sol ution of strontium

At g0257C . dea pe 340 el Tsadten PFadrduRithg twRperagireprobe @nd angmpeller,

..and,340 . hrei far. -
w40 Bl BB PR Ok B0 e Bmevony 2
oxdefamprHtaeshehédaisoxytitd ol Buspefitsirstn)droffdant er over a no.
3 fit of 100 mmdianmeter (very rapid filtration), and _
Staytnsrstingiead yhega k93dt the GergkPrt WD a0t aqhieps solitiagy Ofypodjpm hydroxide
latci t he product
P L 2 R S M oven at
Ked0&irrid thegtaotion imirtureafoe fiated ics6b htwes.eby obtained in a
ield of 93.8 % .EXAMPLE.. Di.stronti al.t of .
Ad =1 pghequs SPIHERY 6 TG HUPISR PRPHSL PRBERyAC ysing 73.9 & of SiCh
anCYANAr e hkophenecar boxylic acid. 20The process used is
that described in Exanple 1, the tetrahydrofin-an being
Keeregiraog tridyp) lmost b diom Abhto 2 Cont i um ranel ate i s thereby

Thé ISOIES%ierPSlqul sil(pwl%f l}éicglllgs 1%Ere%2r01160184%ed (fine yellow suspension).

Filter over a no. 3 frit of 100 mm diameter (very rapid filtration), and immediately wash
through the frit with 2 x 50 ml of water.

Remove volatile components from the product for 30 minutes in vacuo. Dry in a ventilated

oven at 30°C.
The strontium ranelate is thereby obtained in a yield of 93.8 %.

EXAMPLE 2 : Distrontium salt of 5-[bis(carboxymethyl)amino]-3-carboxymethyl-4-

cyano-2-thiophenecarboxylic acid.

The process used is that described in Example 1, the tetrahydrofuran being replaced by

acetone.

The strontium ranelate is thereby obtained in a yield of 92.6 %.
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-6- EXAA : Distrontiumsalt of

5- M s(car boxynet hyDam nol- 3- car boxynet hyl- 4-

cyano- 2-t hi ophenecar boxylic acid The process used is

that described in Exanple 1, the sodi um hydroxi de being

repl aced by 32.1 g of KOH 5The sol ution of the

potassium salt of fornula (Iq Ib) is clarified before

the reaction with strontium chloride. The strontium
EXAMBLE3e: iBistrhetiemysaltmfé-ibé&tﬂcarbowmétéb'ﬂamﬁmﬂr!B-%rbanmethyl-4-

Di strontium salt

5- Thi s(carclé’aﬁglﬁe@%ﬂf%ﬂo’ghgé’f'ﬁloxynet hy1- 4-

cyano- 2-t hi ophenecarboxylic acid 10The process used is
that described in Exanple 1, the tetrah%arofuran bei nlg
The pioress adedip thaialssaprddn Examglesh deghsadiim ejng replaced by
er%taqobt ained in a yield of 94.8 % EXAMPLE 5:
32-Bg tf ontium salt of

Thésd1biie{ 6aHeopataRiuly B0 Gt dITbY iy cletifiyd bdfore the reaction with
cyano- 2-t hi ophenecarboxylic acid 15At 20-25C, |oad an
stregiomyghleridget or provided with a tenperature probe and
an i npeller, with 22.9 g of NaOH and 500 nil of water.
Start stirring and | oad the reactor with 50 g of nethyl
Thbstidutiaim2aneibth dxthebgxbmitedli) a grldiof 94%cyano- 3- ( 2- met hox
y-2-oxoeil yl)-2-thi ophenecar boxyl at e.
EXAMPLE 4 : Distrontium salt of 5-[bis(carboxymethyl)amino]-3-carboxymethyl-4-

cyano-2-thiophenecarboxylic acid

The process used is that described in Example 1, the tetrahydrofuran being replaced by

isopropanol.
The strontium ranelate is thereby obtained in a yield of 94.8 %.

EXAMPLE 5 : Distrontium salt of 5-[bis(carboxymethyl)amino]-3-carboxymethyl-4-

cyano-2-thiophenecarboxylic acid

At 20-25°C, load an 800 ml reactor, provided with a temperature probe and an impeller,
with 22.9 g of NaOH and 500 ml of water. Start stirring and load the reactor with 50 g of
methyl  5-[bis(2-methoxy-2-oxoethyl)-amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thio-
phenecarboxylate.

Heat the mixture to 70°C over 30 minutes and maintain at that temperature for 25 minutes,
and then clarify at 70°C over a frit of porosity 4 and of 75 mm diameter and rinse with
50 ml of water.

Re-load the above clear orange filtrate into an 800 ml reactor.

Cool the reaction mixture to 20°C, and add 75 ml of ethanol and then, over 15 minutes, a
solution, prepared beforehand, of 73.9 g of SrCl, in 137 ml of water.

Stir for 2 hours at from 20 to 25°C.
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Heat the m xture to 70C over 30 m nutes and mai ntain at
that tenperature for 25 mnutes, 20 and then clarify at
70C over a fit of porosity 4 and of 75 mm di aneter and
rinse wwth 50 mM of water. Re-load the above clear
orange filtrate into an 800 reactor. Cool the
reaction mxture to 20C, and’add 75 m of ethanol and
then, over 15 minutes, a solution, prepared beforehand,
Thmusmlsg)ngplmly&e@mesj 1n01133pTormunoefd (\Kmt gellow 5@pensidgr 2

hours at from?2 25C... The nsi on come
il P58 o aom ot b E70 diamlt AT BTAROR SReioh AR SR iately
re-fler o¥ef the FriOkitH O& 2506l GFRRdt&T DEY St Rt BRI at 30°C.

filtration) and i nmedi ately re-filter over the fit with

2 x 250 nil of water. Dry in a ventilated oven at 30C.

AR BB B ot L 1 @ el
5- pi s(car boxymnet hyDam nol - 3- car boxynet hyl -

- - h r P
Mt hblsPro?lﬁgglasa t oiy é ibcis(%gllb%x?}neeﬁlyf\anung]t carboxymethyl -4-

5-/his(" ca(g}g%mw%m&sywchpxynet hyl - 4- cyano- 2-
t hi ophenecarboxylic acid (conpound offorrmula (I111b))

At 20-25C, load an 800 m reactor, prow ded with a

efﬁ%*ﬂ%%%ﬂﬁ?"’gf ofat Gl aRPyr Spitbing] - o ey ano-7

the r¢ hed- Miyﬁcoa@d%nip%iaabffm mula (I11b))
5- [b| - met hoxy 2- oxoet hyl) -

am noj - 4 cyano- 3- ( 2-i net hoxy- 2- oxoet hyl ) - 2-t hi ophenecar

At ?géﬁl’ét %&ﬁl%ﬂ 8%8 éﬁ? recoigto H(?Vldw}l t@ﬁpel%ﬁﬁ'g P engm)(ﬁt aglr &peller

over m nu s an reirng-i
witheigrdsg oﬂaOHalﬂLﬂzsahlatﬂ\iratﬁatl on at 60C and then cool t he
reaction mxture to 20-2 at 40C 15 i n vacuo.

o

Stagthgiriig pre eR headdhy r%ﬂsfoamﬁuwaa &@f msehyhid-[Bis(emsghoxy-2-oxoethyl)-
L |

o ey o DB S Al s fee P g i S0 o e

Heéitr thin redngioprogngt th ¢i5-BO0Cnoven t3@smimtes sandtleep Brigringnitefor 2 hours.

ventj | at. d oven Ste Di strontium salt of o
cay ¥ 3} el Sl o e o oSG el oDry at 40°C
in LHLRP RN BIANY lihé&etRC bBtaftldd add22(d thl f étHﬁ &‘éﬁa@é $h&dmo ml of

salt obtained in the preceding Step add 75
meﬂ@np]a@ymj rforf Brhweurs. Filter the suspension obtained. Remove Volatlle components

from the product for 30 minutes in vacuo. Dry in a ventilated oven at 30°C.

Step B :  Distrontium salt of 5-[bis(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2-

thiophenecarboxylic acid

To 62.0 g of the potassium salt obtained in the preceding Step add 75 ml of tetrahydrofuran
and 216 ml of water, and then an aqueous strontium chloride solution prepared beforehand
using 73.9 g of SrCl, and 340 ml of water.

Stir for 20 hours at from 20 to 25°C.

The suspension slowly becomes more pronounced. Filter over a no. 3 frit of 100 mm

diameter and wash through the frit immediately using 2 x 50 ml of water.



and 216 m of water, and then an aqueous strontium

chl oride solution prepared beforehand using 73.9 g of

SrCl2 and 340 m of water. Stir for 20 hours at from 20

to 25C. The suspension slowy becones nore

pronounced. Filter over a no, 3 fit of 100 mm

25di anet er and wash t hrough the frit i nmedi at el y using

2 x 50 m of water. -8- Renobve volatile conponents
Remppgvelhtgle gomgonents em3be pioduttder 3hmiratesor vBenp. Dy @ a ventilated

ven?hg ted oven at 30C. CLAIMS 1. Process for the
oVAAPHESsi s of strontiumranelate of formula (1): CN 2

Sr2+ -02c co2 -
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and its hydrates, 5characterised in that the conmpound

of formula (11): wherein R and R, which may be the
same or different, each represent a linear or branched
(G -Co6)al kyl group, is reacted with sodi um hydroxi de
or potassium hydroxide, 10 ip water or in a m xture of

wat er and an organic solvent; at a tenperature fromO
to 100C, to yield the salt of forrmula (I11): -10- A+
wherein A represents Na or K, which is reacted with

stronti umvchl ori de, CLAIMS
1. Process for the synthesis of strontium ranelate of formula (I):
- 0,C CN
ST -
-0,C 5 I\L CO, D
Co, -
and its hydrates,

characterised in that the compound of formula (II):

RO,C CN

RO,C™ Ng~ TN 2

wherein R and R', which may be the same or different, each represent a linear or branched

(C1-Ce)alkyl group,

is reacted with sodium hydroxide or potassium hydroxide,

in water or in a mixture of water and an organic solvent,

at a temperature from 0 to 100°C,

to yield the salt of formula (II):
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in a mxture of water and an organic solvent, 5at a
tenperature fromO to 100C, to yield, after isolation,
strontitun ranelate or one of its hydrates. 2.

Synt hesi s process according to claim1, wherein the
anmount of sodi um hydr oxi de Q5. pot assi um hydr oxi de is
greater than or equal to 4 noles per nole of conpound
of formula (I1). 103. Synthesis process according to
claim1%r ein tael tenperature of the

saponi ficatidn re [ on the conpound of forrmula (I1)
is from20 to 70C. //4. nt hesi s prqﬁess according to
any one ofA«cl ai j e salt ofmpormul a
(111) is isol@fe 6re Reaction W th stronti um

chl ori de. 5. Synthesis atgggss according to any one
of claims 1 to 3, wherein t 69l ut'i on of the 15salt of
formula (I11) is clarified before being used in the
r@mglhwrémgsaltgq\rawq{ um chloride. 7. Synthesis process
according to any one of clains 1 to 6, wherein the
anount of strontiumchloride is greater than or equa
ts\%hjﬁ1 EEDIJeS&e&’%Eth TRb Gl @SHE’eOU”d of formla (I1). 8.
Wi process according’to any one of clainms 1 to
7, mhereln the tenperature of the 5salt conversion

reactlon on the conmpound of formula 010 is from20 to
%eln@mgyﬁw@gﬁ%d@}%@@gs‘é&%r ding to any one of

qh%% %ﬁ‘§9“§0 Whgneosc,t he strontiumranel ate is

i sol at tration.” 10. Synthesis process according
to claim?9, mhereln the filtration step is followed by

o o %gréglt%&so% txgns ; 1% %%36 ar%%gra onerc}/tJ 1{;91yara?£ 1011.

. Synthesis process according to claim 1, wherein the amount of sodium hydroxide or

potassium hydroxide is greater than or equal to 4 moles per mole of compound of

formula (II).

. Synthesis process according to claim 1 or 2, wherein the temperature of the

saponification reaction on the compound of formula (II) is from 20 to 70°C.

. Synthesis process according to any one of claims 1 to 3, wherein the salt of

formula (III) is isolated before reaction with strontium chloride.

. Synthesis process according to any one of claims 1 to 3, wherein the solution of the

salt of formula (Il) is clarified before being used in the reaction with strontium

chloride.

. Synthesis process according to any one of claims 1 to 3, wherein the solution of the

salt of formula (III) is used as such in the reaction with strontium chloride.



K+ KOC + N2- -2 CO K+ 12. Synthesis process according
to any one of clains 1 to 10, wherein R and Rl each
represent a methyl group.

-11-

7. Synthesis process according to any one of claims 1 to 6, wherein the amount of
strontium chloride is greater than or equal to 2 moles per mole of compound of

formula (I).

8. Synthesis process according to any one of claims 1 to 7, wherein the temperature of the

5 salt conversion reaction on the compound of formula (III) is from 20 to 50°C.

9. Synthesis process according to any one of claims 1 to 8, wherein the strontium ranelate

is isolated by filtration.

10. Synthesis process according to claim 9, wherein the filtration step is followed by one

or more washing steps and a drying step.

10  11. Compound of formula (I1Ib):

K" .o CN
+ / \ K
K ()2(;j:iizz\\Sy/fgl~\\Ti:ii:\\~(:(), (TIb).

co,- K

12. Synthesis process according to any one of claims 1 to 10, wherein R and R' each

represent a methyl group.



