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-1- New process for the synthesis of strontiumranel ate

and its hydrate The present invention relates to a

process for the synthesis of strontiumranel ate of

formula (1): 5- OICN2 Sr2+ - CC N1CO - A 10 CO

or the distrontiumsalt of

5-[ bi s(car boxynet hyl ) anmi no] -B- car boxymet hyl - 4- cyano- 2-

t hi ophenecarboxylic acid, and its hydrates. Strontium

r anel g pPéie sy hY ?&diﬁ@lseoﬂ%ﬂ%mﬁpl'ﬁﬂt'lﬁélanﬁm hydrate

therapeuPlc properti'‘es 15 especially pronounce

anti - osteoporotic properties, making this conpound
Thé@?efslillllt ianeltl i¢h rélgt%g‘ttgean% o%ressbfe)ﬁlqhgl ﬁl"?t%%?l? of%tho%ﬂumhmnelate of

S preparation and eutic us

ﬁnmmédlﬁescrlbed 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 formula
(Ila): 25 EtO_L CN ST~

“0,C N Oy (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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EtO-C/ S/ "COEt (Ila) 30 COEt wth sodium
hydr oxi de, in an aqueous al coholic nmedium and then
distilling off the ethanol and nost of the water to
isolate the tetrasodiumsalt of formula (l1la) by
precipitation: -2- Na+ _OCCN/ COZ Na* (Illa). Na
OC S N CQZ Na' The conpound of fornmula (ll1la) is then
reacted with strontiumchloride in water to yield
strontiumranelate, which is isolated by filtration. 5
However , when operating under the conditions described
for that sefhf thod,Chhe Applicant has only

obtai ned strontiu elate in a yield of less than 70
% The Applicant #s & vel oped an iNadustrial synthesis
process W& i i bl &Q0 obtain st@E&tium
ranel ate in anR excel$ent Weld and with excell ent
purity. More specifically, \dhe present i nvention
relates to a process for the §9ﬁthé%is of strontium 10

ranel ate of formula (1) starting froma conpound of )
The epmpouard(af|fprmpm(Blagns Hee reaqtgd with gtropgfum ghloride in water to yield

strontium ranelate, which is isolated by filtration.

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

[ M cop (m,

RO,C ¢~ N 2z

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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C02 R wherein R and R, which may be the sanme or
different, each represent a |inear or branched
(A -Co6)al kyl group, preferably a nethyl group, which is
reacted wi th sodi um hydroxi de or potassi um hydroxi de,
15 in water or in a mxture 91‘ wat er and an organic
solvent, at a tenperature fromO to 100C, -3- to yield
the salt of fornmula (I111): A* CN -Q2CA-OCN\CO A
S A* wherein Arepresents Na or K, 5 which is reacted
wi.th strontiumc ride, in a mxture of water and an
toyd?lagl?ﬁ %?Et§glf9fgﬂil?ah§'t a tenperature fromO to 100C, to
yield, after isolation, strontiun ranelate or one of
its hydrates. Anong the organic solvents there may be
ment i onéy, ky, of ex@dpl e, tetrahydrofuran, 10
acet one, 2-n¥thyl -X ebahydr of uran, di nethyl sul phoxi de,
acetonitrile, N-neffhyNpyrrolidone mnd alcoholic
sol vents sach_as t hapal /ét\fTe(r(oJ-, isopropar‘(giD and
i sobut anol . @mcpri stagl y, Nhe presence of an organic
solvent in the step of sal\\conversi on with
Co,- A

wherein A represents Na or K,

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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strontiumchloride nmakes it possible to increase the
yield very substantially. The anmount of sodi um
hydr oxi de or potassium hydroxide is preferably greater
than or 15 equal to 4 noles per nole of conpound of
formula (I11). The tenperatugg for the saponification
reaction is preferably from20 to 70C. I n accordance
wi th an enbodi nent of the present invention, the salt
In agforflamomwith quiothiey einbodimsnt, shesplwishorfdhe sedicafiformulp (IAD is clarified
stronti u rrdance wi th anot her
verSrgmensn i peresin bt B RERRERE or' f or mila (111)
is clarified before being used in the reactlon with

strontiumchloride. In accordance with anoth
In asagydanasetith andtker sobedingmnt.ghe solutianpt thgmalf ef Fﬁamala( (1) 45 used as

suchﬁl? H%?gacaggwﬁiﬁcsﬁoh{hﬁlgﬁlo gaction wth strontium

mount Strontiumchloride is
preferably greater than or equal to 2 noles per nol e of
onmpound of fornul a The tenperature of

Ther aneyt @ﬁswrﬁwns@hl@#h la mecfﬁ%lm@t?ré 13y ISP AP 1?918%1?%11016 of

mng?miQGTﬁthﬁ yprocess according to the invention, the
ontiumranelate is preferably isolated by

filtration. The isolation of the strontiumranel ate by

filtration refera follo 0.or re .
The fegiriie RELRRR AT PHNGPERT A PHAEI B g6 JBRe e
with a water/organic solvent mxture, and by a drying

step. The potassiumsalt of formula (l11lb), a
In ﬂnamr@c@as aacoahs@ tcofhetlméerxtl@nptha rsttentam frarrehai¢ & prefergbly isolated by

ﬁltrat1on.efhe iSO1aioN G tﬁe strontlum rangiNte by%zlgatlon 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:

h 7 TCoy, (IIIb)

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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K+ -OQC N C2 K (lIlIlb) SCO- K+ 15 is a new
conpound, useful as a synthesis internediate in the
chem cal or pharnaceutical industry, especially in the
synthesis of strontiumranelate and its hydrates, and
by that token it forms an |§1t egral part of the present
i nvention. The Exanpl es hereinbelowillustrate the
invention. -5- EXAMPLE 1 : Distrontiumsalt of

Mcarlbiewnﬁumwa)tanﬁSF{bjS(@rbaxm&tWBm;ua]fB-carboxymethyl-‘i-
cyano- 2- th| 0 car box id. At 20-25C, | oad an 800
m reactor®y B?'g\'fsb"é’&'eﬂf‘{aﬁb%xtaﬁé ature probe and an
irrpeller with 50 g of nethyl

%bl s(2- met hoxy- 2- oxoet hyl ) - am no] - 4- cyan- 3- ( 2- i net hox

At g025°G, losder B)P ymlxeacipip p Wﬁb)@ytﬁlélpéfaﬁlﬁ%lp epnd gn impeller,
et.rahydro he Y

with B gy O HERD b oo A e R (2 methony-2

oxd&ﬂ@&ﬁl—ﬁdo@%ﬁ@d’a@lﬁﬁ@tﬁt&ﬁim 1ﬂ120ﬂe’@akgfdrd‘ﬂaﬁd and 216 ni of
ter. Keep stirring the reaction m xture for fr
Stag $itine ang\Jhem fpad dhe gercta otk janaqyeody sAREqL At éWﬁB’Pn paroxide

preﬁ%r@g ﬁéi%gehgﬁé 8{%&%%@ Liff'l\fbg)g%lgz %019; okt to and 340

wat er |rr|ng ours at from20 to
Keétﬁ@irnﬂ'@ﬂlesamuenmmmfsfooﬂom dpacohmgs.nor e pronounced

Ad gp sy sitign of SECYSPLEHIGNES Prepded Befordgig tsink'73.5° of SrC
and $TRAI 8tRht¥. Wash

Keep stirring for 20 hours at from 20 to 25°C.

The suspension slowly becomes more pronounced (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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through the frit with 2 x 50 m of water. 15 Renove

vol atil e conponents fromthe product for 30 mnutes in

vacuo. Dry in a ventilated oven at 30C. The strontium

ranel ate is thereby obtained in a yield of 93.8 %

EXAMPLE 2 : Distrontium salt,_ of

5-[ bi s(car boxynet hyl ) am no] 5 car boxynet hyl - 4-

cyano- 2-t hi ophenecar boxylic acid. 20 The process used
EXAMPRE3 ddBistrohtum; saltfdaibistcarboxyraethyl) amine] rlo¢anbaxymethyl-4-

bei ng repl aced by. acetone. The rontiumranelate is
t her eby otftyaP%'%a‘%?%%ﬁ“%aéﬁ‘a"yl‘F a8 (%0 6. EXAVRLE 3 -
Di strontium salt of
5-[ bi s(car boxynet hyl ) am no] - 3- car boxymnet hyl - 4 )
The prgaess 2sechischiteleserthed ax yxpmplech, dhermi){lpnéw idgdhegng replaced by
325ha}# cribed in Exanple 1, the sodi um hydroxi de being
'rgp aced by 32.1 g of KOH 5 The solution of the

Thpedlasai vMmigapdtasefunt edltrol forfruld @)Ib) & cladfied befdrdheaesction with
the reaction with strontiumchloride. The strontium
strqngigay dqrides thereby obtained in a yield of 94 %
EXAMPLE 4 : Distrontiumsalt of
5-[ bi s(car boxynet hyl ) am no] - 3- car boxynet hyl - 4-
The yteontiuir ivhél atp hetherzdy bbtayeiddn agiedld A094T%e process used i s
that described in Exanple 1, the tetrahydrofuran being
repl aced by isopropanol. The strontiumranelate is

EXAMPERY4 00D REBRAub s o R[Hs@drbodyRelfyl)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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EXAMPLE 5: Distrontium salt of
5-[ bi s(car boxynet hyl ) am no] - 3- car boxynet hyl - 4-
cyano- 2-t hi ophenecarboxylic acid 15 At 20-25C, |oad an
800 m reactor, provided with a tenperature probe and
an inpeller, wth 22.9 g of NaCH and 500 m of water.
Start stirring and | oad the Feactor with 50 g of
net hyl

Thésyspérsiashevlydryor@esoromtingh dunegrnifine yeldow yaspensder()2- et ho

XY~ 2- t -2-1hi 0- ph boxyl at e. t the, . .

il b s 10, it Gt S G aRa s Gifap) fg mmediately

re-fiRIRREATY 18t WK 2 2D 501 A fSPater. By ANvdnhigfeddaniaf yoit, 70C
over a frit of porosity 4 and of 75 nun di aneter and

rinse with 50 mM of water. Re-load the above cl ear

ThO5ARGGnd Jallélﬁl%ti&hieft%g)? é)g%lr?égq% g‘géﬁj}@ %ééﬁ?o Cool the

reacti on m xture . an of et hanol and
then, over 15 mnutes, a solution, prepared

f nd,. of 73.9 o] rCl2 in 13 Qf ter. 25
M : gl’ﬁ%ﬁ?i‘?“ﬁ’( S‘&tr %‘{—ﬁ'édsé‘ér @ﬁ&“e&?’ﬂaﬁ‘%ﬂ%%‘&‘?émﬁthyb*
sl oWy becqigs-20mishHhneBRYoeA 4cid ne yel | ow
suspension). Filter over a no. 3 frit of 100 nm

di ameter (instantaneous filtration) and i nredi ately
ter .over

-fi he.frit. wth 2 0 .ni f t
sl o' Gefihc 84t o i et R RPRY o P AR A o 2
t her ebﬁoﬂ@h@aﬂlﬁﬂyﬁi?a@dﬁo%l]ﬁuﬁﬁ oPfbriffalaJIERSAVPLE 6
0]

Di strontium salt
5-[ bi s(car boxynet hyl ) am no] - 3- car boxynet hyl - 4-

At g_g%gg% TzfotaH L.QRI8 rlﬁﬁ%%!%%‘, yﬂri)x%d&f in gt t%&p@iafurg %¥o%%sainldngn impeller,
with-4Dhi g (LROPDaadr s iyl gfawdteroJ - 3- car boxynet hyl - 4- cyano- 2-
t hi ophenecar boxylic acid (conmpound of faornul a (Hlkn2

Start stirring and then lodd the reactor with 60 g of methyl 5-[bis(2-methoxy-2-oxoethyl)-
amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate and 50 ml of water.
Heat the reaction mixture to 55-60°C over 30 minutes and keep stirring it for 2 hours.
Carry out clarification at 60°C and then cool the reaction mixture to 20-25°C. Dry at 40°C
in vacuo. To the residue thereby obtained add 200 ml of ethyl acetate and 20 ml of

methanol. Stir for 8 hours. Filter the suspension obtained. Remove volatile 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.



At 20-25C, load an 800 m reactor, provided with a
tenperature probe and an inpeller, 10 with 40.4 g of
KOH and 225 ml of water. Start stirring and then | oad
the reactor with 60 g of nethyl
5-[ bi s(2- met hoxy- 2- oxoet hyl ) -
anino]-4-cyano-3-(2-nethoxy5§-oxoethyl)-2-thiophenecarb
oxylate and 50 m of water. Heat the reaction m xture
Remové golafi€ comppndts fromuheprodne fhiedpmstitesriizvgeiia Dirpin @ ventilated
hours,~ Carry out clarification at 60C and then coo
ovtﬂg3ﬁé%ction m xture to 20-25C. Dry at 40C 15 in vacuo.
To the residue thereby obtained add 200 m of ethyl
acetate and 20 m of nethanol. Stir for 8 hours.
Filter the suspension obtained. Renove volatile
conponents fromthe product for 30 m nutes in vacuo.
Dry in a ventilated oven at 30C. StepB : Distrontium
salt of
5-[ bi s(car boxynet hyl ) am noJ- 3- car boaynaet | iyl - 4-cyano- 2
- thiophenecarboxylic acid 20 To 62.0 g of the
pot assium salt obtained in the preceding Step add 75 n
of tetrahydrofuran and 216 m of water, and then an
aqueous strontium chl oride sol ution prepared beforehand
using 73.9 g of SrCl2 and 340 ml of water. Stir for 20
hours at from 20 to 25C. The suspension slowy becones
nore pronounced. Filter over a no. 3 frit of 100 rim
25 di aneter and wash through the frit irmediately
using 2 x 50 m of water. -8- Renove volatile
conmponents fromthe product for 30 m nutes in vacuo.
Dry in a ventilated oven at 30C. -9- CLAI M5



1. Process for the synthesis of strontiumranel ate of
formula (1): OCOCN/ S\ 2 Sr221 - OCN'CQ2 - (1)
CO and its hydrates, 5 characterised in that the
compound of forrmula (I1): RO C CNN RO, /'CO2R (I1),
CS ~COR wherein Rand R, which may be the sane or
di fferent, each represent a Tinear or branched

(G -C6)al kyl group, is reacted with sodi um hydroxi de or
pot assi um hydroxide, 10 in water or in a m xture of

wat er and an organi c sol va@gt a tenperature fromO
to 100C, to yield the sal roula (I11): -10- A+ CN
-0OC+ A-OCCN\CO- A

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

- 0,C CN
2 SrZ*
/A :
-ozcksﬁ N(\COz 0

Co, -

and its hydrates,

5  characterised in that the compound of formula (II):

RO,C CN

RO,C S N 2 D,

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,
10  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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z S CO A+ wherein Arepresents Na or K whichis
reacted wth strontiumchloride, in a mxture of water
and an organic solvent, 5 at a tenperature fromO to
100C, to yield, after isolation, strontiumranelate or
one of its hydrates. 2. Synhgpsis process according to
claim1, wherein the anount ‘of sodi um hydroxi de or

pot assi um hydroxi de is greater than or equal to 4 noles
per nol & of _gempaund of CNformula (11). 10 3. Synthesis
process accordingNo cfaim1l or 2, wherein the
tenperature of theé s% onificationdgeaction on the
conpound oA+ f or (1 [ 20 to 70C

Synt hesi s prié&ess avg6rdiRg to any one of claind 1 to
3, wherein the salt of foynula (Ill) is isolated
before reaction with stronti ¢hiAride. 5. Synthesis
process according to any one of clains 1 to 3, wherein
tgersial Albdpadie@t Nahg K, 15 salt of fornula (111) is
clarified before being used in the reaction with
strontium chloride. 6. Synthesis process according to

. e ' . -wherein the solution of the
2§¥¥H%?Bg%?ﬁ%ﬁgg?ﬁﬁ&&Qgéoﬁ@gd as such in the reaction

with strontiumchloride. -11- 7. Synthesis process
according to any one of clains 1 to 6, wherein the
ARGUAIEE ok VRShENG 2R BRYE SRf¥eHts greater than or equal

R adeiPlratrdfbmMPba 0féc compound of

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

. 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.



formula (11). 8. Synthesis process according to any one
of clains 1 to 7, wherein the tenperature of the 5

salt conversion reaction on the conpound of fornula

(111) is from20 to 50C. 9. Synthesis process according
to any one of clainms 1 to 8, ,wherein the strontium

ranel ate is isolated by filtration. 10. Synthesis

process according to claim9, wherein the filtration

7. Shywphesis [frotdspweebrBipgoneanyopnaref elaims hi iy 6s tdseeimilep gmount of

drying s .10 11, ound of .f I i b, K&
el BRjae e g oF Gl AT A Bble B eBoipa of
FefRidi(myg to any one of clainms 1 to 10, wherein R and
R each represent a nethyl group.
8. Synthesis process according to any one of claims 1 to 7, wherein the temperature of the

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.

11. Compound of formula (IIIb):

K" .o CN
+ /A K
K Ozcl—sj\N\i\ CO,- (TIb).

co,- K

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

represent a methyl group.



