0 1 FEB 2005 | NEW PROCESS FOR THE | NDUSTRI AL SYNTHESI S OF THE METHYL

"Dl ESTER OF 5- AM NO-3- CARBOXYMETHYL- 4- CYANO- 2- THI CPHENECpg%MI | D, AND
APPLI CATI ON TO THE SYNTHESI S OF BI VALENT SALTS OF RANEL Ct THEI R
HYDRATES The present invention relates to a process for the industrial
-synthesis of the nethyl diester of
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ranelic acid and thelr r8 re speci e present invention
relates to a new process for the industrial synthesis 5 of the conmpound of
formul a (The prestheinventiraLmnihtesf tof Oprovdsea fdr the mdtstiiakbgmnaesirofitregnethyl destpr ocess

of the invention js useful n the synthesis of ranelic acid, its. .
Stronti uMt CHPEOGHTE omﬁéﬁ-fwwr%- PhepesAThgryliq el and tcngé wolicgion 5 np+
02CAz ~~N, @ﬁn%mﬁ&fa@'l MRk OF ik entShit OFF fadllc £ ShdHRLPhydr@Eesi um  and
hydr at es o?‘rt e said saﬂbsr. L[I(:'ﬁle{l(t?))l?va e1r11t saﬁs é(;l}c rané‘i‘i c acid have very
val uabl e pharmacol ogi cal and therapeutic properties, especially pronounced
? P EaIaE ?ni; Ors%%fiiéca@]{y?@%&%és%ﬁf inr\;gli(éorlll elg,tgse tsoea ggw Po%ggssfor seeuflcl{lulstl{aT sytrnr?fesis

5 of the compound of formula (I) :
H,CO,C CN
/ \ ®-
H,CO,C S NH, .

The compound of formula (I) obtained according to the process of the invention is useful

in the synthesis of ranelic acid, its strontium, calcium or magnesium salts of formula (II) :

"0,C /s \ I\L/\COZ- » 2M2 D,

Co,

10 wherein M represents strontium, calcium or magnesium,
and hydrates of the said salts. |

The bivalent salts of ranelic acid have very valuable pharmhacological and therapeutic
properties, especially pronounced anti-osteoporotic properties, making these compounds

useful in the treatment of bone diseases.

15 The bivalent salts of ranelic acid, and more especially strontium ranelate, the preparation
thereof and the therapeutic use thereof have been described in the European Patent

Specification EP 0 415 850.




- 15 The bivalent salts of ranelic acid, and nore especially strontium
" ranel ate, the preparation thereof and the therapeutic use thereof have
been described in the European Patent Specification EP 0 415 850. 0 1 FES
2005 2 That Patent Specification describes the synthesis ?f E‘S’E&hﬁ%ﬂ
ranel ate starting fromthe ethyl tetraester of formula ( IH?"; 2C
HsCzozC \ >IN'CRC2H5 (111) ¢ 002C2 which is itself obtainable
starting fromthe ethyl diester of formula (1V) : 5 Synthesis of the
internediate of fornmula (1V) has been described in the publication Bull.
Soc. Chim France 1975, pp. 1786-1792 and in the publication J. Chem Tech.
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3- oxogl ut arat e, marononitrr IS ANGS st PAUT S Si e St hanol -t h the p%esence of
mor phol i nethgt tettaestdrfdviniga (II0 : That process has the advantage of using
readily accessible starting materials and of being sinple to put into
practice; however, when transferred to the scal e of several hundred
kil ograns, it does nglt 352I%?Wthe corpﬁ?und of fornmula (1V) to be obtained in
a yield greater tha & I \view of the pharnaceutical interest of
strontiumranelate and the ton produced, it 15 has been inportant to
be able to synthesise a diestef/ of\\5-anjnes rhoxymet h 4- cyano

y o e amme-gogetho et M,

CO,C,H,

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

CN
/ s

H,C,0,C™ N\~ NH,

H,C,0,C

Synthesis of the intermediate of formula (IV) 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.

10 That process has the advantage of using 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 (IV) to be obtained in a yield greater
than 70 %.

In view of the pharmaceutical interest of strontium ranelate and the tonnages produced, it
15 has been important to be able to synthesise a diester of 5-amino-3-carboxymethyl-4-cyano-
2-thiophenecarboxylic acid of excellent purity, in a yield of at least 77 %, which is

reproducible on an industrial scale.



2-t hi ophenecar boxylic acid of excellent purity, in a yield of at |east 77
% which is reproducible on an industrial scale. 0 1 FEB 2005 3 The

Appl i cant has now devel oped an effective industrial synthesis process
~allowng the methyl diester of formula (I) to be obtai ngdjif.'rﬁ@ gp%d of at
least 77 % and with a purity greater than 97 % The corrpound‘" of formul a
(1) thereby obtained is especially usefw in the synthesis of 5 ranelic
acid, its strontium calciumor magnesium salts and hydrates of the said
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cal cium or magnesium salt thereof Mre specifically, the present invention
rel ates t&featepﬂ@@é’gs%f or the industrial synthesis of 10 the conpound of
formula (1), which process is characterised in that dinmethyl 3-oxoglutarate
of formula (V) : H3CO2C CORCH3 Ois reacted with malonitrile of fornula

(VI') : NCChe c¥ipod of Foinula ¥l iB&xeby obtnidddeispéspetalbe usdfulniin fHeosynkesisnofan
anount greater than 0.95 nol per nol of compound of fornula (V)
5 ranelic acid, its strontium, calcium or magnesium salts and hydrates of the said salts, more
especially strontium ranelate and its hydrates, wherein it is reacted with an ester of
bromoacetic acid to yield the corresponding tetraester, which is then converted into ranelic

acid or into a strontium, calcium or magnesium salt thereof.

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

10 the compound of formula (I),

which process is characterised in that dimethyl 3-oxoglutarate of formula (V) :

H,CO,C /\”/\COZCH3 W)

o

1s reacted with malonitrile of formul';EV D: 7

Ne” eN VD

15 in methanol,
in the presence of morpholine in an amount greater than 0.95 mol per mol of compound of
formula (V), | | o
to yield the compound of formula (VII) :

CH,0 YOCHs |
T by, o
H,N 0
n_/

NC CN



to yield the conpound of formula (VI1) : CH3O /\~,,IOCH3 O6- + (), NC CN
"HZN~ O 0 1 FEB 2005 4 which is then reacted with sul phur in an anount
greater than 0.95 nol per nol of conpound of formula (V); the reaction
- mMxture is then heated at reflux; and the conpound of f@rfu Fg@ %?Oshereby
-obtained is isolated by precipitation in the 5 presence of , “followed
by filtration. The process, accordinglysinproved by the use. of these very
specific conditions, and especially by the internediate formati on of the
conmpound of forrmula (VII), which can, if desired, be isolated, allows the
compound of formula (1) to be obtained with excellent purity and in a

yield of atich Fsafﬁén rehctdd W}ﬁ?ﬁlﬂhﬁr LERT A0t Ellggte? Fhah 055681 ;?er efo19ever al

hundred 10 kil ograns, represents a ngjor gain in yield in view of the
| ar ge tonnagesmbbfﬁmmnhnﬁﬂun1ranelate produced. The anopunt of methanol is

r ef er abl fron11 t f conpound of fornula The
Penperatﬁﬁ%“ﬁ?‘?ﬂﬁ ?Wﬁﬁghﬁg&ﬁ@% ?H@ Eﬁnpgﬁnds of fornul ae (gy)and (M) is
preferablyg the dogpuhdasy RiMaulal( (I}rjetﬁe%gt bRBinkd I8 i 1ate@fUyuraditigfiomddithe on of

the sul phur is préferably from1 hour
5 presence of water, followed by filtration.

The process, accordingly improved by the use of these very specific conditions,  and
especially by the intermediate formation of the compound of formula (VII), which can, if
desired, be isolated, allows the compound of formula (I) to be obtained with excellent
purity and in a yield of at least 77 % which is reproducible on the scale of several hundred
10 kilograms, which represents a major gain in yield in view of the large tonnages of

strontium ranelate produced.

The amount of methanol is preferably from 1 to 3ml per gram of compound of

formula (V).

The temperature of reaction between the compounds of formulae (V) and (VI) is preferably
15 less than 50°C.

The reaction time at reflux after addition of the sulphur is preferably from 1 hour

30 minutes to 3 hours.

Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate of formula (I)
and the intermediate of formula (VI) are new compounds which are useful as synthesis
20 intermediates in the chemical or pharmaceutical industry, especially in the synthesis of

strontium ranelate, and accordingly form an integral part of the present invention.

The Examples hereinbelow illustrate the invention but do not limit it in any way.



30 mnutes to 3 hours. Methyl
"5-am no- 4- cyano- 3- ( 2- met hoxy- 2- oxoet hyl ) - 2-t hi ophenecar boxyl ate of fornul a
(I') and the internediate of forrmula (VII) are new conpounds which are
useful as synthesis 20 internediates in the chemcal or e I
Jndustry, especially in the synthesis of strontlun1rane|2fénPgEP2kﬁ%
accordingly forman integral part of the present invention. The Exanples
herei nbelow il lustrate the invention but do not Iimt it in any way. 0 1
FEB 2005 PLE 1 Met hy : .

S- ani no- 4EAMEL zl"ﬁ%bﬁ'é&?mzn% SRRy 2 anethe vy tonacthyl SENOR AT | nt r oduce
into a reactor 400 kg Xg et hyl 3-oxoglutarate, 158 kg of malononitrile.
and 560 litres of ne an and then, whilst maintaining the tenperature of

the reaction mxture 5 below 40C, 199.6 kg of norpholi ne. Then |ntroduce
73.6 kg and subse
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5- ani no- 4- cyano- 3- ( 2- met hoxy- 2- oXoet hyl ) - 2- t hi ophenecarboxyl ate is thereby
10 obt ai rietbw A0 .yl ckgéf mIrphobmel wi th a chemical purity of 98 % EXAMPLE
2 ; Methyl 5-am no-4-cyano- 3-(2-nmet hoxy-2-oxoet hyl)-2-thi ophene-
carboxyyl ate Introduce into a reactor 400 kg of dinethyl 3-oxoglutarate,

158 kg ofThsaligmedice 73! 6k oortbulph@P ahd §ubssquehtlyBiihaime mirfige thfuxWhi | st
mai ntai ning the tenperature of the reaction mxture 15 below 40C, 199.6 kg

of nor pholi ne.
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-thiophenecatboxylate is thereby
10 obtained in a yield of 77 % and with a chemical purity of 98 %.

EXAMPLE 2 : Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophene- -

carbexylate

Introduce into a reactor 400 kg of dJmethyl 3-oxoglutarate, 158 kg of malononitrile and
560 litres of methanol and then, whilst maintaining the temperature of the reaction mixture :

15 below 40°C, 199.6 kg of morpholine.

The compound of formula (VII) 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 73.6 kg of sulphur in

methanol.
20 The mixture is then brought to reflux.

After reacting for 2 hours, stop refluxing and add water until precipitation occurs. Filter off

the precipitate obtained, wash it and dry it.



The conpound of fornula (VI1) thereby obtained, or the addition salt of

‘met hyl 3- (di cyanonet hyl ene) - 5- hydr oxy- 5- met hoxy- 4- pent enoate with
norpholine, is isolated by filtration after cooling of the m xture and is

- then reacted with 73.6 kg of sul phur in nethanol. 20 Thﬁ ﬁi ,yrg is then
.brought to reflux. After reacting for 2 hours, stop refl uxi dﬁémd 8ol wat er
until precipitation occurs. Filter off gthe precipitate obtained, wash it
and dry it. 0 1 FEB 2005 6 CLAIMS 1. Process for the industrial synthesis
of the compound of forrmula (1) : CNm 5 characterised in that dinethyl
3-oxoglutarate of formula (V) : H3CXRC ---~~ CORCH3 H3COR2C H3CRC- NS/ ' NH
O is reacted with malononitrile of fegmhg (VI) : NCCN Min nethanol

1. Process for the industrial synthesis of the compound of formula () :
CN

/ \ @,

H,CO,C ¢~ TNH,

H,CO,C

characterised in that dimethyl 3-oxoglutarate of formula (V) :

H,CO,C /\ﬂ/\cozcm ™)

o
is reacted with malononitrile of formula (VI) :

N eN (VD

in methanol,

in the presence of morpholine in an amount greater than 0.95 mol per mol of compound of
10 formula (V),

to yield the compound of formula (VII) :

CH,O \‘/OCH3
mo BV (v,
H,N o)
S

NC CN



in the presence of norpholine in an anount greater than 0.95 nol per nol of
conpound of 10 formula (V), to yield the conpound of forrmula (VII) : CH3O
(JJITI1i OC NCCNH2 NOO 1 FEB 2005 7 which is then reacted with sulphur

in an anount greater than 0.95 nol per nol of conpound ofp foprﬁ a%[m t he
reaction mxture is then heated at reflux; and the corrpound ot “f“or a (1)
thereby obtained is isolated by precipitation in the 5 presence of water,
followed by filtration. 2. Synthesis process according to cI a| m 1,

characterised in that the anpunt of nethanol is from1l per gram of
conpound of Whichis tepygactes. witly pilpliia ap prews gregadha hgd EQS’I BFrtIH‘éerfcl aim1

or claim 2, [l hat the tenperature of reaction between the
conmpounds of Ag@cﬂ]ﬁfx% f; %§ léE\(/;)L(VI) is less than 10 50C. 4. Synthesis

process accothdirgegtibn niryroizsehaf heatediabgefluxt 0 3, characterised in that the

reaction tinme at reflux after addition of the sulp is from.1 .hour 30
mnutes to &dhihgrcompoungof H‘gqm a (I) thereby obtained is 1soijated by prec1rg1tat1on i the

>-anno- 4- ¢y ) - 2-t hi ophenecar boxyl ate. 15 6. The
co rrpg und of Qg%rlrlg? ggﬁ%ﬁﬁgﬁg‘%ﬁ%%@%'

2. Synthesis process according to claim 1, characterised in that the amount of methanol is

from 1 to 3 ml per gram of compound of formula (V).
3. Synthesis process according to either claim 1 or claim 2, characterised in that the
temperature of reaction between the compounds of formulae (V) and (VI) is less than
10 50°C.
4. Synthesis process according to any one of claims 1 to 3, characterised in that the
reaction time at reflux after addition of the sulphur is from 1 hour 30 minutes to
3 hours.

5. Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate.

15 6. The corhpound of formula (VII) :

CH,O YOCHs
-+
\cq/t”\/\o /" \ (VID.
H,N o)

" 7. 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) :



00+ /-\ NCCNHz \-%(VIl). 7. Process for the synthesis of ranelic acid,
its strontium cal ciumor nagnesiumsalts and hydrates of the said salts,
starting froma conpound of formula (1) : 0 1 FEB 2005 8 m which is

- reacted with an ester of bronpacetic acid to yield the corg @quizﬁg
tetraester, which is converted into ranelic acid or a stront 2 caflel um or
magnesi um salt thereof, s characterised. in that the conpound of fornula
(I') is obtained by a synthesis process according to any one of clains 1 to
4. 8, Process for the synthesis of stroniiumranelate and its hydrates,
starting froma conpouHYCOIC la ( > m 10 which is reacted with an
ester of bronoacetic acid to yiel correspondi ng etraester, which is
converted into strontiumranel ate racterised int t he conpound of
formula (1) is obtained hy rqcess according to any one of
clainms 1 to 4. PI3C826 I\?ﬁz

which is reacted with an ester of bromoacetic acid to yield the corresponding
tetraester, which is converted into ranelic acid or a strontium, calcium or magnesium
salt thereof,

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

according to any one of claims 1 to 4.

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

compound of formula (I) :

H,CO,C CN
H,CO,C S NH,
10 which is reacted with an ester of bromoacetic dcid to yield thé corresponding °

tetraester, which is converted into strontium ranelate,
characterised in that the compound of formula (I) is obtained by a synthesis process

according to any one of claims 1 to 4.



