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bi val ent salts of ranelic acid and their hydrates. Mre specifically, “the
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More specifically, the present invention relates to a new process for the industrial synthesis

of compounds of formula (I) :

RO,C CN
/ \ L
RO,C S ' N\i\COZR @

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

(C1-Cg)alkyl group.

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

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

{
_OZCHN
_ / \ s - :
00 Ng N oM (m),

2

CO

wherein M represents strontium, calcium or magnesium,

and hydrates of the said salts.



“\C2 wherein Mrepresents strontium cal ciumor magnesi um and hydrates of
"the said salts. 0 1 FEB 2005 2 The bivalent salts of ranelic acid have very
_ val uabl e pharnmacol ogi cal and therapeutic properties, especially pronounced
.anti-osteoporotic properties, nmalting these conpounds se&gﬁ in the

treat ment of bone di seases. The bivalent salts of ranelﬁc? iB,ZﬁﬁU nor e
especially strontiumranel ate, the preparation thereof and the therapeutic
use thereof have been described in the European Patent Specification EP O
415 850. In view of the pharnaceutical knterest of that compound, it has
been inportant to be able to synthesise the internediate of fornmula (1) by

using an effRChiNRnd QO Hhilic St BRS Wery PIRHRSSharhdoRMcA0addBeeperpeuUnd of
formula (1) to be obtained in a good yield and wWith excellent purity, but
whi ch is almeperbesdesppcinlyapmheyngesd anti-estedperofi @reperties makig BeseTUeBPPHIYS nal

Bul I . Soc. @gﬂhgﬁa%%gﬁ%g§§m&ggmw;786-1792, descri bes obtaining a
a ) =

conpound o or mu = ethyl) by reacting
5- am no- 3- (car boxynet hyl ) - 4- cyano- 2- t hi ophenecarboxylic acid with ethyl

br onpacet at (: r f t i : , on
i sol ation {ﬁmghﬂ?%£??Ru?ﬁﬁﬁﬁggﬁﬁéﬁﬁgﬁ%§55%?@%L§§?§%§f E%%%E%ﬂﬁgﬁgﬁlom1yield
of that' redbtreohad hedtherapéntic| we gberaofbobave wbn algseeibert irs kel Arropergt Ratent

gener at ed hat . r j nd, above all, the very long reaction tine (5
days) haveq¥§%§%%g?gﬁﬁf%@g%?Uded use of that reaction on an industrial

scal e.

In view 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() (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
generated 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
compound 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 (I),

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



The Applicant has now devel oped a sinple industrial synthesis process which
“allows the conmpound of formula (1) to be obtained in a very good vyield,
with a considerably shorter -reaction tinme and excellent purity and in

“.which the aqueous saline waste is conpletely avoided. Mre specifically,

the present invention relates to a process for the indQ§QrEEE sMiighesi s of
conpounds of formula (1), which processsis characterised'i hat a conpound
of formula (I11) : 0 1 FEB 2005 3 wherein R represents a |linear or branched
(C1l-Co)al kyl group, is reacted with a conpound of forrmula (IV) OR (M
wherein R represents a Igpp r bra d (C1-C6)al kyl group, in the
presence of a catalytic anotint o -Cl0-type quaternary anmoni um
conpound, and in the presence of//pof\assi um carbon@g, at the reflux of an
organi ¢ solvent; the reaction mturé.is subsequently filtered; the
mxture is then concentratRe,®y dig n, a co-solvent is then added,
and the reaction mxture is cooled and filtered to yield, after drying of

t he powder thereby obtained, the conpound of fornula (1).

wherein R represents a linéar or branched (C;-Ce)alkyl group,

is reacted with a compound of formula (IV) :

OR!
| | Br/\ﬂ/ avy,

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

in the presence of a catalytic amount of a Cs-Cio-type quaternary ammonium compound,
and in the ;%resence of potassium carbonate,
at the reflux of an organic solvent;
the reaction mixture is subsequently filtered;
the mixture is then concentrated by distillation;
.é co-solvent is then added,
A " and the reaction mixture is cooled and filtered :
to yield, after drying of the powder thefeby obtained, the compound of formula (I).

A C3-Cio-type quaternary ammonium compound is understood to be a compound of

formula (A) or a mixture of compounds of formula (A) :
RiRR3R-NT X A)

wherein R; represents a (C;-Cg)alkyl group, Ry, R3 and R4, which are the same or different, '
each represent a (Cg-Cjp)alkyl group, and X represents a halogen atom.

Cs-Cio-type quaternary ammonium compounds to which preference is given are the

catalysts Adogen 464° and Aliquat 336°.



"~ A C8-Cl10-type quaternary ammoni um conpound i s understood to be a conpound
‘of formula (A) or a mxture of conpounds of fornula (A : RLR2ZR3R4- N+- X
~(A) wherein Rl represents a (Cl-C6)al kyl group, R2, R3 and R4, which are
.the sane or different, each represent a (C3-C10)al kyl gﬁﬁ]pnpand X
represents a hal ogen atom C8-Cl0-type quaternary anmoni C&Eﬁbdﬁﬂﬁ to
whi ch preference is given are the catalysts Adogen 464(r) and Al i-quat
336(r). C 1 FEB 2005 4 Surprisingly, onlty the use of a C8-ClO-type
guat er nary anmoni um conpound al |l ows the conpound of fornula (1) to be
obtained both with a greatly reduced reaction tine and with very good
selectivity, in contrast to other types of quaternary ammoniuns,_ as the
f ol | owi ngSUPHEBIELS vl the wemrieh Csdho-typa@upismars rainyewn regmpernd ellowa dhe on

' MO0 h h 9 - )
e e T DR AR TR

very good selectivity, in contrast to other types of quaternary ammoniums, as the following

Table shows :
Content of reaction
Catalyst Duration of reaction
mixture
Tetrabutylammonium hydrogen sulphate ' |
o 12 hours , 92 %
( (TBAHS)
N,N-bis(2-hydroxyethyl -Nifneth 1 '
. . ) d 18 hours 82 %
1-dodecanaminium bromide
Adogen 464° . 5hours - 96 %
Aliquat 336 4 hours 95 %

Furthermore, the somewhat simplified isolation (the precipitation step followed by’
filtration has 'becn_:___repl_;g'g,gd, by simplg filtration of the reaction mixture) allows, by virtue of.
the particular cdnditibns'd?eveloped, the compound of formula (I) to bé 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 representéd.

- The amount of potassium carbonate is préferably 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 (I1I).

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

compound of formula (III).



- Adogen 464(r)5 hours96 % Ali quat 336(r)4 hours95% Furthernore, the somewhat
‘sinplified isolation (the precipitation step followed by filtration has

. been replaced, by sinple. filtration of the reaction mxture) allows, by
.virtue. of. the particular conditions devel oped, the COW?Oumigﬁ2ﬁ¢5HU|a
(I') to be obtained not only in. a very good yield (89 9 ﬂu&r S th
excellent purity (greater than 98 %, whilst avoiding the burden on the
envi ronment that the aqueous saline wasfe represented. - The anount of

pot assi um carbonate is preferably from2 to 3 nol per nol of conpound of
formul a (4 | OrganldwvsiRithLt 26 pEFerpaURE theredcabiatencétbdd ardsacptoaiteiteabl y from 2
to 3 nol per nol of conpound of formula (1112). - The initial volune of
organi c solvent is preferably from6 to 12 m per gramof conpound of

%JEHFE% %%965&38% f({%{%%%%&l}?ﬁlleﬁﬁ%f that are preferred for the

forrrula(IIA). %
. - CO-S .
reacti on are acetone and ‘ace CO-SoOlvent that is preferred for

isolation is nethanol. Methyl 5-[bis(2-nmethoxy-2-oxoethyl) am no]-4-cyano-3

-(2- et hol%- 2- oxoet hyl ) - 2- thi ophenecarboxyl at e and. net hyl .
5-[ bi s( 2-Mefwky-[biseasthoyy)Zaprargplemigolriocyane 3-(2-methoxy-2-oxoethyl)-2-

met hoxy- S [ en oxy!| . £ N Pretemnbefd (rsases
of the co gg%%é}%?{ gl{aﬁ)er rm%ﬁg ( %%,ﬁ{)}gr ey tbg\g/@ceo npgfjin%geml)%h are ugiélf ul (as
synt hesi snethbey-Zadioathgd-2-ihiopheacahiexytsd, partiphlar made yirefakd i naghgst py, the
especi al lc)(/)nrllp%uglgse ofs %{)rxlj:[nh aS ? apefne%s} (r:cgrrl]fx;ulillgg xr;v%ﬂ:gl a?é gseﬁll as synthesis intermediates

" in the chemical or pharmaceutical industry, especially in the synthesis of strontium ranelate

and éccordingly form an integral parf of the present invention.
The 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 400kg of 5-amino-3-(carboxymethyl)-4-cyano-2-thiophene-
.carboxylic acid, 478 kg of potassium carbonate, 2810 litres of acetone, 16 kg of Adogen
464® and 529.6 kg 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-

thioﬁhenecarboxylate is thereby obtained in a yield greater than 85 % and with a chemical

purity greater than 98 %.



“and accordingly forman integral part of the present invention. The
Exanpl es -hereinbelow illustrate the invention but do not limt it in any
~way. EXAMPLE | : Methyl 5

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

oxoet hyl ) - 2- t hi ophenecar boxyl ate Introduce into a reactor) 408Fky 2305
5-am no- 3- (car boxynet hyl ) - 4- cyano- 2-t hi ophene- carboxylic aci g 478 kg of
pot assi um carbonate, 2810 litres of acet 8ne, 16 kg of Adogen 464(r) and
529.6 kg of nethyl bronpacetate. Bring the tenperature to 60C. After

refl uxi ng EXHMNPDERr:s Methyd5-[bos2-necakioxyol o300 ohyl) agn inOfd4-chdyn3{ 2-tiethoxy12-
Concentrate the filtrate obtained. Add nethanol; cool and filter the
suspensi on obt ai ned, &*ﬂf”fﬂ%ﬁ'tﬁwh{fffféafﬁ?\?w@?e. Met hyl

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

t hi ophenecarboxylate is thereby obtained in a yield greater than 85 % and
with a cheMetal 5-[his(2-mythgr et @oethyl)amd]%-cyind-3REOn 2060y-8-oksAMA-E- 2 :
“Met hyl 5-[bis(2-nmethoxy- 2- oxoet hyl ) am no] - 4- cyano- 3- (2- met hoxy-2- . .
oot hyl) - BoPHPEHEREE RO PR Ryt mamet a8 Example T, bul eplacing Adogen
S5- [ bi s(2- npaRppyARpAXeREEYI ) ami no] - 4- cyano- 3- (2- met hoxy- 2- oxoet hyl ) - 2-

t hi ophenecar boxyl ate i s obtained in the same manner as Exanple 1, but
repl aci ng Adogen 464(r) by Aliquat 336(r). EXAMPLE 3 : Methyl

g;(([)lélt ?l§/|2; %gé]@g{]&l%—?ﬁg{%ﬂdhﬁ q’z"i‘o”x%}zi?}.};f %ﬁgﬁgf—]ﬁga_n%:}(}me‘thoxy—Z—

- oxoethyl)-2-thiophenecarboxylate

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-
ﬂﬁogl}gnﬁparboxylgte 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- et hoxy- 2- oxo

~ et hyl ) am no] - 4- cyano- 3- ( 2- net hoxy- 2- oxoet hyl ) - 2- t hi ophenecarboxyl ate is
obtained in the same nanner as Exanple 1, but replacing the acetone by

. acetonitrile. EXAMPLE 4 : Met hyl

5- (bi s('2- et hoxy- 2- oxoet hyl ) ami no] - 4- cyano- 3- ( 2- met hoxy-2- § 1 FFB 2005
oxoet hyl ) - 2-t hi ophenecar boxyl at e Met hyl
5-[bis(2-ethoxy-2-oxoethy|)anino]-4-cyé%o-3-(2-nethoxy-2-oxoethy|)-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. 0 1 FEB 2005 7 CLAIMS 1., Process for the industrial synthesis
of conpounds of formula (1) : RO2C LAYMS cO 2 R02 C, \c/ -N C2R
wherein R and R, which are the sanme or different, each represent a |inear
or branched (Cl-0C6)alkyl group, characterised in that a conpound of
formula (111) :

5P

1. Process for the industrial synthesis of compounds of formula (I) :

RO,C

2

7\ “Gor
RO.C N/\COZR @,

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

(C1-Cg)alkyl group,

characterised in that a compound of formula (III) :

wherein R is as defined hereinbefore,

is reacted with a compound of formula (IV):

OR'
Br/\ﬂ/ w,

O

wherein R’ is as defined hereinbefore,




~wherein Ris as defined hereinbefore, is reacted with a conpound of fornula
(rvy : oR (1V), wherein R is as defined hereinbefore, 0 1 FEB 2005 8 in
the presence of a catalytic amount of a C8-Cl0-type quaternary anmoni um

- conpound, and in the presence of potassium carbonate, Tgm gf tmsof an
organi c solvent; the reaction m xture is subsequently f| I 9 o

m xture is .then concentrated by disti I%atlon a co-solvent is then added,
and the reaction mxture is cooled and Tfiltered to yield, after drying of

t he powder thereby obtained, the conpound of fornula (1), it being

under st ood thtie pres€Bed3ifa ¢qtqithmbwnﬁaﬁfsMEqucmmomonmna conpound
of formul a &%’%‘PO‘?@‘: m xture of conpounds of fornmula (A : RLRZR3R4-N+ X (A)
wherein Rl ts a (Cl-C6)al kyl group, R2, R3 and R4, which are the

same or di fferent r&@ﬁé},g@gg@ggﬁtcﬁ&g@ Cl10) al kyl group, and X represents
a hal ogen atom 2. Synt esi's process according to claim 1 allowi ng the

conmpound of af themeflux ¢fian, orghree edlvent;
the reaction mixture is subsequently filtered;
the mixture is 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 (I),

it being understood that a Cs-C1o-type quaternary ammonium compound is a

compound of formula (A) or a mixture of compounds of formula (A) :
RiRoR3R-NT X A

wherein R; represents a (C;-Cg)alkyl group, Rz, R3 and R4, which are the same or
different, each represent a (Cs-Cjp)alkyl group, and X represents a halogén 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 amimonium 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 3mol per mol of compound of

formula (II1).



"R represents a nmethyl group and R represents an ethyl group, to be

obt ai ned. 3. Synthesis process according to claim1l allow ng the conpound

. of fornmula (1), wherein R and R each represent a nmethyl group, to be
-obtai ned. 4. Process according to any one of clains 1 to 3, 'c@aQa ﬁ i sed
in that the C38-Cl0-type quaternary ammoni um conpound i SA o&;e"’tﬁ’ﬁ% 5 or

Al i quat 336(r). 5. Synthesis process accgordi ng to any one of clains 1 to 4,

characterised in that the anmount of pot’assium carbonate is from2 to 3 nol

per nol of conpound of fornula (111). O 1 FEE 2005 9 6. Synthesis process

accor di ng6¢ oSymlesihprasess hesionding to @n'g, ong it claitsr | ded, ichara¢terisedhian thay t of

conpound of forml I is from2 ta.3.ml per | of compound of fornula
CPITY"S %o, HEMEE & dsimented of BB BT 5 Brg S e TpolChar R gt imlond OF
charact eri sefbrinfilat(m@. the initial volune of organic solvent is from6 to

12 m per gram of conpound of fornula (I11). 8. Synthesis process according
to any one of clains 1 to 7, characterised in that the organic sol vent

used for %he n_.is.ac ne or acetoni.trijle.,. 9 .S i :

accordi ng‘}'t OS%nﬁl{?/e%% rPeO((:ﬁS§ & ?l%r%glgio o gr chﬁ:iarl%lé tlet? i6s%%fn|‘°¥neq{s%gﬁl t?'ﬁtg&lg g{ﬁﬁl

sol vent usedvdluhé B9 otgat]cadol vt {sSrore bRa N2 nl péPgramystidagpondsofoaaslaqtitnr di ng
to any one of clains | to 9, characterised in that the conpound of fornula

(1) obtained has a chemical purity greater than 98 % 11. Methyl
5- [ bi s(2-gret eiouyesz ey b A S8 ady SHENE ik~ 1185 WOXNardstOX Bt AV inhs 4%

organic solvent used for the reaction is acetone or acetonitrile.

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

compound of formula (I) obtained has a chemical purity greater than 98 %.

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, CN
/ \ s 1 s
RO,C™ N\ N\\ COR ®




.t hi ophenecarboxyl ate. 12. Met hyl
5-[ bi s(2- et hoxy- 2- oxoet hyl ) am no] - 4- cyan- 3- ( 2- net hoxy- 2- oxoet hyl ) - 2-
- thi ophenecarboxyl ate. 13. Process for the synthesis of ranelic acid, its
‘strontium cal ciumor nmagnesium salts and hydrates of thqb%atmx§a%pq?
starting froma conpound of fornula (1) : 0 1 FEE,' 2005 10 wherei and
R, which are the sane or different, eag@ represent a |inear or branched
(C1-Co6)al kyl group, characterised in that the conpound of forrmula (1) is
obtai ned by the_synthesis process according to any one of clains 1 to 10.
14. Proce®4eregt R pnd Byriwlhhiekjare B sanreoon ififeransreach treprasedt atlmedry o brapehed
starting 0 ound of fornmula (1) : wherein Rand R, which are the
same or dpgfgpg%?fggggh represent a linear or branched . (Cl-0C6)alkyl
group, characterised in that the conpound of forrmula (I) is obtained by the

synt hesi s 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) :

1" RO,C CN

RO,C N 2

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

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

according to any one of claims 1 to 10.



