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present invention relates to a new process for the industrial synthesis of
iconpoundsTief préehtritivantidn) relatd3@8 @ febbesd 2 GheSildhstblnthe b Z teRacspebebn R and

R , whi ckbaare the sane or different, each regresent a |linear or branched

( C1- 06) al [Rip{cagpogypethrhanughisahayreathi-droyarca 2 tiyphspecarbeariicageidr #idntp t o t he

process Ghe ifpSichthaRLieONn ML nMIETA Frodﬁéﬁoﬁ%?bﬁ’mhmﬁé Sf rgﬁelfc%% ldnG g d, its
strontium calciumor magnesiumsalts of fornmula (I1) : - - 02 CSINZ
'-CO z , hydmes. CO2 wherein Mrepresents strontium calciumor magnesi um

More specifically, the present invention relates to a new process for the industrial synthesis

of compounds of formula (J) :
RO,C CN

RO.C

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

The compounds of formula (I) obtained according to the process of the invention are usefil

in the synthesis of ranelic acid, its strontium, calcium or magnesium salts of formula (IT) :
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wherein M represents strontium, calcium or magnesium,

and hydrates of the said salts.
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and hydrates of the said salts. ~l1~J~ ~~I~ Il ~l1l~~~I~J 1IIll ~IJ~
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The bivalent salts of ranelic acid have very val uabl e pharmacol ogi cal and
therapeutic properties, especially pronounced anti-osteoporotic

properties, making these conpounds wuseful in the treatnent of bone

di seases. The bivalent salts of ranelic acid, and nore especially strontium
ranel ate, the preparation thereof and f§he therapeutic use thereof have
been described in the European Patent Specification EP 0 415 850. In view
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be able to synthesise the interne usin
ef fecti ve i nfoRarigsapspenjally easpenced pestestesporetic| nsgrieriigs, tmmedhﬁp@momdﬁ ormul a

(1) to be ob,;saﬁlpglqhéﬁagnegtqggoﬂ@d@gegge@nd with excellent purity, but which is
also readily transferable to the industrial scale. The journal Bull. Soc.

Chim France 1975, pp. 1786-1792, describes obtaining a conpound of

formula (1) 1R tvdent sait€bfhdlic Q}z’ldr B8RAGh: El;pecmlly strontlum ranelate, the preparation
5- am no- 3- (carboxynethyl) 4-cyano-2- th E@enecar boxylic_acid with ethyl

br onoacet at efereof ?‘Hleﬂ‘ﬁrt@g@ﬁ% o ‘B‘Ef?%fs%al"‘ﬁ Batesthad é“ ther ByjroRsaii & 2taRf

i sol ati on i nSpecificgioh EPdish 5185, agueous- or gani ¢ medi um However, the |ow yield
of that reaction (65 %, the | arge anount of aqueous saline wast e

generated by that reaction and, above all, the very long reaction tinme (5
days) have Inview of the pharmaceutical interest of that compound, it has been important to be able to

synthesise the intermediate of formula (I) by using an effective industrial synthesis
process, allowing the compound of formula (I) to be obtained in a good yield and with

excellent purity, but which is also readily transferable to the industrial scale.

The journal Bull. Soc. Chim. France 1975, pp. 1786-1792, describes obtaining a compound
of formula(I) (R = R' = ethyl) by reacting 5-amino-3-(carboxymethyl)—4-cyano-2-

thiophenecarboxylic acid with ethyl bromoacetate, in the presence of potassium carbonate,

followed by isolation in a highly dilute aqueous-organic medium.

However, the low yield of that reaction (65 %), the large amount of aqueous saline waste
generaied by that reaction and, above all, the very long reaction time (5 days) have

completely precluded use of that reaction on an industrial scale.

The Applicant has now developed a simple industrial synthesis process which allows the
combound of formula (I) 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 present invention relates to a process for the industrial synthesis of

compounds of formula (1),

which process is characterised in that a compound of formula (I11) :



conpl etely precluded use of that reaction on an industrial scale. The
Appl i cant has now devel oped a sinple industrial synthesis process which
allows the conpound of formula (1) to be obtained in a very good vyield,
with a considerably shorter reaction tine and excellent purity and in

whi ch the aqueous saline waste is conpletely avoided. Mre specifically,
the present invention relates to a prockss for the industrial synthesis of
conmpounds of formula (1), which process is characterised in that a conpound
of formula (111) : 3 RX C S NEN wherein R represents a |linear or .
branched (d -C6)al kyl group,?” is\reagfed with a conpound of formula (IV) :
OR Br~ O wherein R represents/a y\\i near or bra ed (Cl-Co6)al kyl group,
in the presence of a catalytic a of a Ca-Clogﬁgpe guat er nary anmoni um
conpound, and in the preséﬁb@ of Mg asNHym carbonate, at the reflux of an
organi c solvent; the reaction mxture is subsequently filtered; the

m xture is then concentrated by distillation;

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

is reacted with a compound of formula (IV) :

OR!
Br/\”/ .

O

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

in the presence of a catalytic amount of a Cg-Co-type quaternary ammonium compound, -
and in the presence o'fp'ot'assium carbonate,

at the reflux of an organic solvent;

the reaction mixture is subsequently filtered;

the mixture is then concentrated by distillation;

a co—éolvent is then added, |

and the reaction mixture is cooled and filtered

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

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

formula (A) or a mixture of compounds of formula (A) :
RiR:RsRe-N ¥ "X (A)

wherein R, represents a (C;-Cg)alkyl group, R;, R3 and Ry, which are the same or different,
each represent a (Cs-Cyg)alkyl group, and X represents a halogen atom.
Cs-Cyo-type quaternary ammonium compounds to which preference is given are the

catalysts Adogen 464% and Aliquat 336%.



a co-solvent is then added, and the reaction mixture is cooled and filtered
to yield, after drying of the powder thereby obtained, the conpound of
formula (1). A C8-C o-type quaternary anmoni um conmpound i s understood to be
a conmpound of formula (A) or a mxture of conpounds of forrmula (A : R R2
R3 R4-N + - X (A) wherein R represents a (O -C6)al kyl group, R2, R3 and
R4, which are the sane or different, each represent a (Cg-C o)al kyl group,
and X represents a hal ogen atom Cg-C o-type quaternary ammoni um conpounds
to which preference is given are the catalysts Adogen 464(r) and Aliquat
336(r). 4 Surprisingly, only the use of a CB-C o-type quaternary anmoni um
conpound aburpugingliieonly dipesernd 20€s-Cortypel quatelary empenioint ecinpedndelltwsitteh a

greatly re i [ na w .t very od sel.ecti.vity, in _contrast
Do ot hor  tonueuaf SERLAR bR ARERA e iR AP PSR S0 e e
Cont ent ofverggodd ®lectiGat, il Bitraddty GthérQyped bf Giateedar AmMbiiiihe Eas the following

Tet rabut yl i um hydrogen sul phate 12 hours 92% ( TBAHS)
N, N- bi s( 2-%@3&7& hyl ) - N- net hyl

Content of reaction
Catalyst Duration of reaction
- mixture
Tetrabutylammonium hydrogen sulphate
' 12 hours 92 %

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

( o 4 Y). Y 18 hours 82 %
1-dodecanaminium bromide
Adogen 464° 5 hours 96 %
Aliquat 336® . 4 hours 95 %

Furthermore, the soxﬁewhat 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 (I) 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 compound
of formula (IIT).

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

compound of formula (III).

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

compound of formula (II).



.18 hours 82% 1-dodecanami ni um broni de Adogen 464(r) 5 hours 96% Aliquat
336 4 hours 95 % Furthernore, the sonmewhat sinplified isolation (the
precipitation step followed by filtration has been repl aped by sinple
filtration of the reaction mxture) allows, by virtue of the particular
condi tions devel oped, the conpound of formula (1) to be obtained not only
in a very good yield (89 %9 but also with excellent purity (greater than
98 %, whilst avoiding the burden on the environnent that the aqueous
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from2 to 3 nmol per nol of conpound ormu e anount of
conpound of forrmula (1V) is preferably from2 to 3 nol per nol of conpound

of formula Ql&&%olvemﬁ}aitﬁ%&&e&’%}%ﬁﬁ}i&{ig%}[e&ﬁ?@c solvent is preferably from

6 to 12 m per gramo npoun orm [1). 5 - Oganic solvents
that are preferred for the reaction are acetone and acetonitrile. - A

co-sol vent that. is preferred for jsolation i t hanol . - Methyl_ 5-[bis

(2- met hoxy‘?ﬁglxsé@tl%gﬂet T 6?’203{1‘59%9 'PY?Q%}'@EH?%%W ZZ'WC%‘@iST?YI )-2-

't hi ophenedasbpitonydaabexybitsl BENYethyl  S5-[bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2-

5-[ bi s(2- et hoxy-2- oxoet hyl ) am no] - 4- cyano- 3- ( 2- :
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synt hesi s i nternedi ates L
in the chemical or pharmaceutical industry, especially in the synthesis of strontium ranelate

and accordingly form an integral part of the present invention.

\
I‘he Examples hereinbelow illustrate the invention but do not limit it in any way.

EXAMPLE 1 : Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-
oxoethyl)-2-thiophenecarboxylate

Introduce into a reactor 400 kg of the dimethyl ester of 5-amino-3-(carboxymethyl-4-cyano-
2-thiophenecarboxylic acid, 478 kg of potassium carbonate, 2810 litres of acetone, 16 kg of
Adogen 464® and 529.6kg of methyl bromoacetate.

Bring the temperature to 60°C. After refluxing for 5 hours, cool the reaction 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 %.



i.n the chemcal or pharmaceutical industry, especially in the synthesis of
strontiumranel ate and accordingly forman integral part of the present

i nvention. The Exanples hereinbelow illustrate the invention but do not
limt it in any way. EXAMPLE] : Methyl

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

oxoet hyl ) - 2-t hi ophenecar boxyl ate I ntrodéice into a reactor 400 kg of the

di met hyl ester of 5-am no-3-(carboxynethyl-4-cyano- 2-thi ophenecarboxylic
aci d, 478 EXAMPERRASHeRH 5-fBisy0md Roxy 250 elhipl) B0l -cPiRL DIPemethbxky Of
Adogen 464(r) and 529. 6kmo ﬁet hy’I‘-MI‘)}r ormaczt)ate.PBri ng tﬁgmt eﬁrrgjér ature to
60C. After refluxing P9ethsDddlifophenesenborieer eaction mixture and then
filter it. Concentrate the filtrate obtained. Add nethanol; cool and filter
t he suspensi on obtained, and then dry the powder. Mt hyl

5- [ bi s( 2- nfehok §-{Pis@xoehdmptd-andetin])adiro)d myad-3-(2metib ko pxeetigt b2t hyl ) - 2-

t hi ophenecgat boxyl ate .S _thereby, obtained in a vield greater, t.han ,85 % and
wtha cheioniechBolife i3 RIELEE yimefaelRpied 58 S{gpf Adteen
5- [ bi s( 2- i 4@ HyAlighe3368t hy| ) ani no] - 4- cyano- 3- ( 2- net hoxy- 2
oxoet hyl ) - 2-t hi oph en ecar boxyl ate Met hyl _
5-[ bi s(2- et hoxy- 2- oxoet hyl ) am no] - 4- cyano- 3- ( 2- net hoxy- 2- oxoet hyl ) - 2-
t hi ophenecEXAOBIES € Mechphs-fiisishet Aoxy 2905 20Kpl) AR B i-cidn oE34@mkR oxy-2-b ut
repl aci ng Adogen 464(r) by Aliquat 336(r). EXAMPLE 3: Met hyl
5- [ bi s(2- met hoxy- 2- oXFeeiyi-Ffionbereaardgpaii@e 3- ( 2- et hoxy- 2-
oxoet hyl ) - 2-t hi ophenecar boxyl at e
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.

EXAMPLE 4: Methyl 5-[bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-
oxoethyl)-2-thiophenecarboxylate

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

529.6 kg of methyl bromoacetate by 578.1 kg of ethyl bromoacetate.



_Met hyl

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

t hi ophenecar boxyl ate is obtained in the same manner as Exanple 1, but
Teplacing the acetone by acetonitrile. EXAMPLE 4: Met hyl

5-[ bi s(2- et hoxy- 2- oxoet hyl ) am noJ- 4- cyano- 3- ( 2- net hoxy- 2-

oxoet hyl ) - 2-t hi ophenecar boxyl ate Mt hyl '

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

t hi ophenecar boxyl ate is obtained in the same manner as Exanple 1, but
replacing the 529.6 kg of nethyl bronoacetate by 578.1 kg of ethyl
bronpacetate. 7 CLAIMS 1. Process fOLAIMS i ndustrial synthesis of
conmpounds of formula (1) : RRCCN/ --CO2R R S NCOX z wherein R and
R, which are the sane or different, each represent a linear or branched
(C1-Co)al kyl group, characterised in that a conmpound of formula (I1)
RO2C CN RO2C 2 wherein R is ‘as defined hereinbefore,

1. Process for the industrial synthesis of compounds of formula (I) :
RO,C N

RO,C™ Ng~ N 2

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

characterised in that a compound of formula (III) :

RO,C CN

7\ (m),
~NH

2

RO,C™ N\

wherein R is as defined hereinbefore,

is reacted with a compound of formula (IV):

OR'
Br/\[f avy,

)

wherein R' is as defined hereinbefore,



J-s reacted with a conpound of formula (TV): OR Br-~~Y (1V), O wherein
R is as defined hereinbefore, 8 in the presence of a catal ytic anmount of
a Cg-d o-type quaternary amoni um conpound, and in the presence of

pot assi um carbonate, at the reflux of an organic solvent; the reaction

m xture i s subsequently filtered; the mxture is then concentrated by
distillation; a co-solvent is then added, and the reaction m xture is
cooled and filtered to yield, after drying of the powder thereby obtained,

t he conpound; I ol i nger.st oad. t h -Cl o-type
guat er nary ann?r%ﬁﬁ)gerr%g%:gg?ropf(&fnﬁlyiugElggﬂégrgr%gﬁﬁg" tgée ‘ﬁ%}eﬁ%ﬁaﬁlﬁ?ﬂ# a m xture of
conpounds of cémpomnda (A) : RIR2ZR3R4-N+- X (A) wherein R represents a

(C1- C6) al kyl 0 R2, R3.and R4, ich are the sane or different, each
represent a %{%%?%WFO&D%@E% ORaltfepresents a hal ogen atom 2.
Synt hesi s pr acs sefR&OTaioRginickofkat m 1 al | owi ng the conpound of formula
(1), wherein_ R represents, a nethyl grou&o and R represents an ethyl group,
to be obt aj nEig reaction mixture is subsequently filtered;

the mixture i3 then concentrated by distillation;

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 (J),

it being understood that a Cs-Cy¢-type quaternary ammonium compound is a

compound of formula (A) or a mixture of compounds of formula (A) :

RiR;R3Re-NT"X (A)
wherein R, represents a (C;-Cg)alkyl group, Rz, R3 and Ry, which are the same or
different, each represent a (Cg-Co)alkyl group, and X represents a halogen atom.

2. Synthesis process according to claim 1 allowing the compound of formula (I), wherein

R represents a methyl group and R' represents an ethyl group, to be obtained.

3. Synthesis process according to claim 1 allowing the compound of formula (I), wherein

R and R' each represent a methyl group, to be obtained.

4. Process according to any one of claims 1 to 3, characterised in that the Cg-Cio-type

quaternary ammonium compound is"Adogen 464% or Aliquat 336%.

5. Synthesis process according to any one of claims 1 to 4, characterised in that the
amount of potassium carbonate is from 2 to 3 mol per mol of compound of

formula (IIT).



3. Synthesis process according to claiml allow ng the conmpound of formula
(1), wherein R and R each represent a nethyl group, to be obtained. 4.
Process according to any one of claims 1 to 3, characterised in that the
C$-Cto-type quaternary ammoni um conpound i s Adogen 464(r) or Aliquat
336(r). 5. Synthesis process according to any one of clainms 1 to 4,
characterised in that the anpunt of potassium carbonate is from2 to 3 nol
per nmol of compound of fornmula (I111). 9 6. Synthesis process according to

any one of gcl yriffesik Acterl [ t - Of d of
formula (1V) is fron%srgcet%g ag%n%l?gggrahfrg)ﬁeg C%:a?)ﬁgpét}ﬁ?’ g@%%?%f%%ﬁ#? 7.
Synt hesi s pr odesst o€ comppuryl obfcamyladhy isffrapt &i tosS rholt wer Gyol alf avoagoend s&d i n
that the ini tfoﬂhul gﬁipume of organic solvent is from6 to 12 m per gram of
conpound of for i 111). 8. Synthesis process according to any one of

claims 1 to 7, characterised in that the organic solvent used for the

reaction i,fnzscehi)n.e or acetonitrile. 9. Synthesis process according to any
one of cl af*me>HCE'S FTOCEFACSULDEI I & 975 of riatms hie 6 eharactirisediin that dhe igivial ng

isolation is f&hﬂ@@p&rgaﬂ&ol%@ts@ﬁﬁswmﬁﬁﬁégﬁﬁgw&' Buddbrdn@panyf cl ai ns

1to 9, characterised in that the - conpound of fornufa (l) obtained has a_
chem cal purity greater than 98 % 11. Methyl

S-[ bi s(2- n@t hsyppitredis %Q%M&cb&{ﬂlg'@d afly G¥@BP Bk 1 T YN XY akerREP S vk Jnd-

t hi ophenecar boxyl at e. o '
Met hyl 5- [ bi s(Z2@ihwpkyenpused den the repefirinrie heetbne prarstoBitile- net hoxy- 2- oxoet hyl ) - 2-

9. Synthesis process according to any one of claims 1 to 8, characterised in that the co-

solvent used during isolation is methanol.

10, Synthesis process according to any one of claims 1 to 9, characterised in that the

- 11. Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-

thiophenecarboxylate.

- 12 Methyl 5-[bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-
thiophenecarboxylate.

13. Process for the synthesis of ranelic acid, its strontium, calcium or magnesium salts and

hydrates of the said salts, starting from a compound of formula (I) :

RO,C- ' CN

2

/B ,
RO,C /~CO,R @,



JL.hi ophenecar boxyl ate. 13. Process for the synthesis of ranelic acid, its
strontium cal ciumor magnesium salts and hydrates of the said salts,
starting froma conmpound of formula (1) : R2C RXC SN/-CO2R M CO 2
R 10 wherein Rand R, which are the sane or different, each represent a
| i near or branched (d -C6)alkyl group, characterised in that the conpound
of formula (1) is obtained by the synthgsis process according to any one
of claims | to 10. 14. Process for the synt hesis of strontium ranel ate and

! Qa1 Rereifif abt B, R g SRR Gy Bl Lo ek . SRR O PR |

each repr eghily)adiylighd; or branched (Cl-C6)al kyl group, characterised in
that the conpound of formula (1) is obtained by the synthesis process
according to any one of clains 1 to 10.

characterised in that the compound of formula (I) is obtained by the synthesis process

according to any one of claims 1 to 10.

14. Process for the synthesis of strontium ranelate and its hydrates, starting from a

compound of formula (I) :

RO,C

2

RO,C N 2

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

(Cl-Cﬁ)alkyl group,

characterised in that the compound of formula (I) is obtained by the synthesis process

according to any one of claims 1 to 10.



