
New process for the synthesis of strontium ranelate and
its hydrate The present invention relates to a process
for the synthesis of strontium ranelate of formula (I):
5 2 8r2+ C 0, -(0, - 0,C CO, 10 or the distrontium salt
of
5-[bis(carboxymethyl)amino]-3-carboxymethy1-4-cyano-2-
thiophenecarboxylic acid, and its hydrates.
Strontium ranelate has very valuable pharmacological
and therapeutic properties 15especially 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. 20 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
(Ha): 



25 30CO2Ft 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 (IIIa) by precipitation:  -2- CN Na+ CO2-
Na+ The compound of formula (Ma) is then reacted with
strontium chloride in water to yield strontium
ranelate, which is isolated by filtration. 5 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 10 ranel ate of
formula (I) starting from a compound of formula (H):
wherein R and W, which may be the same or different,
each represent a linear or branched (Cr-C6)allcyl
group, preferably a methyl group, 



which is reacted with sodium hydroxide or potassium
hydroxide, 15in water or in a mixture of water and an
organic solvent, at a temperature from 0 to 100C,  -3-
to yield the salt of formula (III):  wherein A
represents Na or K, 5 which is reacted with strontium
chloride, in a mixture of water and an organic solvent,
at a temperature from 0 to 100C, to yield, after
isolation, strontium ranelate or one of its hydrates.
Among the organic solvents there may be mentioned, by
way of example, tetrahydrofuran, 10 acetone,
2-methyl-tetrahydrofbran, 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 15
equal to 4 moles per mole of compound of formula (11).
The temperature for the saponification reaction is
preferably from 20 to 70C.  



hi accordance with another embodiment, the solution of
the salt of formula (111) is clarified before being
used in the reaction with strontium chloride. In
accordance with another embodiment, the solution of the
salt of formula (III) is used as such in the reaction
with strontium chloride. 5The amount of strontium
chloride is preferably greater than or equal to 2 moles
per mole of compound of formula (II). The temperature
of the reaction with strontium chloride is preferably
from 20 to 50C. 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 10
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 (Mb), a
particular case of the compounds of fonnula (III)
wherein A represents K: 15 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 bereinbelow illustrate the invention. 



EXAMPLE 1: Distrontium salt of
5-[bis(carboxymethyDamino]-3-carboxymethy1-4-
cyano-2-thiophenecarboxylic acid   At 20-25C, load an
800 ml reactor, provided with a temperature probe and
an impeller, with 50 g of methyl
5-[bis(2-methoxy-2-oxoethyl)-amino]-4-cyano-3-(2-methox
y-2- 5oxoethyl)-2-thiophenecarboxylate and 75 ml of
tetrahydrofuran. Start stirring and then load the
reactor with an aqueous solution of sodium hydroxide
prepared beforehand using 22.9 g of NaOH and 216 ml of
water. Keep stirring the reaction mixture for from 4 to
6 hours.     Add an aqueous solution of strontium
chloride prepared beforehand using 73.9 g of SrCl, 10
and 340 ml of water. Keep stirring for 20 horn-s at
from 20 to 25C. The suspension slowly becomes more
pronounced (fine yellow suspension). Filter over a no.
3 fit of 100 mm diameter (very rapid filtration), and
immediately wash through the fit with 2 x 50 ml of
water. 15 Remove volatile components from the product
for 30 minutes in vacua Dry in a ventilated oven at
30C. The strontium ranelate is thereby obtained in a
yield of 93.8 %. EXAMPLE: Distrontium salt of
5-113is(carboxymethyDamino]-3-carboxymethy1-4-
cyano-2-thiophenecarboxylic acid. 20The process used is
that described in Example 1, the tetrahydrofin-an being
replaced by acetone. The strontium ranelate is thereby
obtained in a yield of 92.6 %. 



-6- EXAA : Distrontium salt of
5-Mis(carboxymethyDamino1-3-carboxymethy1-4-
cyano-2-thiophenecarboxylic acid The process used is
that described in Example 1, the sodium hydroxide being
replaced by 32.1 g of KOH. 5The solution of the
potassium salt of formula (IIlb) is clarified before
the reaction with strontium chloride. The strontium
ranelate is thereby obtained in a yield of 94 %. Ea
Distrontium salt of
5-This(carboxymethyDamino]-3-carboxymethy1-4-
cyano-2-thiophenecarboxylic acid 10The 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-Ibis(carboxymethyDamino]-3-carboxymethy1-4-
cyano-2-thiophenecarboxylic acid 15At 20-25C, load an
800 ml reactor, provided with a temperature probe and
an impeller, with 22.9 g of NaOH and 500 nil of water.
Start stirring and load the reactor with 50 g of methyl
5-[bis(2-methoxy-2-oxoethyl)-amino]-4-cyano-3-(2-methox
y-2-oxoeily1)-2-thiophenecarboxylate. 



Heat the mixture to 70C over 30 minutes and maintain at
that temperature for 25 minutes, 20 and then clarify at
70C over a fit 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 20C, and add 75 ml of ethanol and
then, over 15 minutes, a solution, prepared beforehand,
of 73.9 g of SrC12 in 137 ml of water. 25Stir for 2
hours at from 20 to 25C.  The suspension slowly becomes
more pronounced (fine yellow suspension). Filter over a
no. 3 flit of 100 mm diameter (instantaneous
filtration) and immediately re-filter over the fit with
2 x 250 nil of water. Dry in a ventilated oven at 30C.
The strontium ranelate is thereby obtained in a yield
of 94 %. 5 EXAMPLE 6: Distrontium salt of
5-pis(carboxymethyDaminol-3-carboxymethyl-4-
cyano-2-thiophenecarboxylic acid Step A : Potassium
salt of
5-/his('carboxymethyDaminoP3-carboxymethyl-4-cyano-2-
thiophenecarboxylic acid (compound offormula (IIIb))
At 20-25C, load an 800 ml reactor, provided with a
temperature probe and an impeller, 10 with 40.4 g of
KOH and 225 ml of water. Start stirring and then load
the reactor with 60 g of methyl
5-[bis(2-methoxy-2-oxoethyl)-
amino]-4-cyano-3-(2-inethoxy-2-oxoethyl)-2-thiophenecar
boxylate and 50 ml of water. Heat the reaction mixture
to 55-60C over 30 minutes and keep stirring it for 2
hours. Carry out clarification at 60C and then cool the
reaction mixture to 20-25C. Dry at 40C 15 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 vaczto. Dry in a
ventilated oven at 30C. Step B: Distrontium salt of
5-This(carboxymethyDaminoP3-carboxymethyl-4-cyano-2-
thiophenecarboxylic acid 70To 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
SrC12 and 340 ml of water. Stir for 20 hours at from 20
to 25C.     The suspension slowly becomes more
pronounced. Filter over a no. 3 fit of 100 mm
25diameter and wash through the frit immediately using
2 x 50 ml of water.  -8- Remove volatile components
from the product for 30 minutes in vacuo. Dry in a
ventilated oven at 30C.  CLAIMS  1. Process for the
synthesis of strontium ranelate of formula (I): CN 2
Sr2+ -02c  co2 -  



and its hydrates, 5characterised in that the compound
of formula (II):    wherein R and R', which may be the
same or different, each represent a linear or branched
(Ci-C6)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 100C, to yield the salt of formula (III):  -10- A+
wherein A represents Na or K, which is reacted with
strontium chloride, 



in a mixture of water and an organic solvent, 5at a
temperature from 0 to 100C, to yield, after isolation,
strontitun ranelate or one of its hydrates. 2.
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). 103. 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 70C. 4. Synthesis process according to
any one of claims 1 to 3, wherein the salt of formula
(III) is isolated before reaction with strontium
chloride.   5. Synthesis process according to any one
of claims 1 to 3, wherein the solution of the 15salt of
formula (III) is clarified before being used in the
reaction with strontium chloride.  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 (II).     8.
Synthesis process according to any one of claims 1 to
7, wherein the temperature of the 5salt conversion
reaction on the compound of formula 010 is from 20 to
50C. 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. 1011.
Compound of formula (111b): K+ 



K+ K 0C + N2- -2 CO- K+ 12. Synthesis process according
to any one of claims 1 to 10, wherein R and RI each
represent a methyl group. 


