.- $U&' e3e. GrDDE<F( dFFG5| GTGYd New prociss for the industrial synthesis of
tetraesters of

5[ bi s(car boxynet h ] F Gal ibiscofrab@adstémiopshenecar boxyl i c
acid, and applica¥?§ﬂﬁ?gg%ﬁér§§ﬁ§ﬁ%%ﬁgi *hﬁﬁbalentasaltg of ranelic acid
and t hei r[bisyarhoxyandthel) snémd3-cirburymethyl-4eyane2-thiophepeaarbexylicacid, he
i ndustrial synthesis of tetraesters of . . .
5[ bi s( car Hlapplicalion 1o, theAynthesis &Kﬂiﬁtﬁﬂt‘s of panelic asid, apd their hydxptes, | i ¢

acid and to the application thereof in the industrial production of

bi val ent f. | i i hed dr . re. specificall t he
or ecent T bldeR b BRER SRS £Bhebit ol b POt ERL Ml Sist it ALt s ot
conpoundgbigitarbetyitdthyl)dhinBP8 Cafbx yme RA-c a2 Shibp k& Barbakidice héld Ruineb R
which are the same or different, each represent a |inear or branched

( C1- C6) aihRyeprpligatiop therpef in dheriadnsigalarodustion o4 bivilenbsaltsiof sanclic apiddind gheiv t he
process %%h&gg invention are useful in the synthesis of ranelic acid, its
strontiu cal'cium or magnesiumsalts of forrmula (11) 2 MZ+ c:uz wherein M
represents strontium cal ciumor magnesium and hydrates of the said salts.
2 The bivalent salts of ranelic acid have very val uabl e pharnacol ogi cal and
t her apeuMoee spegisically.dbe presend anveanfion plgabiorcray’ Bracessder teprdustrial s tg?ﬁéﬂ‘ ties,
maki ng t QH@P ul in the treatnent of bone di seases. The
bivalent&gé ? 0 ¢2§§PF%? cid, and nore especially strontiumranel ate, the
preparation thereof and the therapeutic use thereof have been described in
t he European Patent Specification EP 0 415 850. In view of the

phar maceuti cal inteRe€sC ound, it has been inportant to be able
to synt hesise the intermnedi f formula (1) by using an effective

i ndustrial ;>ynthesis procefs, \allow t he conpound of fornula (1] to be
obt ai ned in a good yh@ie W ﬁffiﬁ%qﬁnypurity, but Mhich is al so
readily transferabl e U@t he I$idust ‘fﬂ scal e.

COR'

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 useful

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

0,C /S\ N(\COZ- e (1D,

Co,

wherein M represents strontium, calcium or magnesium,

L

MR

*G00001*

and hydrates of the said salts.



The journal Bull. Soc. Chim France 1975, pp. 1786-1792, describes

obt ai ning a conpound of forrmula (1) (R=R = ethyl) by reacting

5- am no- 3- (car boxynet hyl ) - 4- cyano- 2t hi ophenecar boxylic acid with ethyl

- bronmpacetate, in the presence of potassium carbonate, followed by isolation
in a highly dilute aqueous-organi c nmedium However, the |ow yield of that
reaction (65 %, the | arge anmbunt of aqueous saline waste generated by that
reaction and, above all, the very long reaction tinme (5 days) have

conpl etely precluded use of that reactidn on an industrial scale. The
Applicant has now devel oped a sinple industrial synthesis process which

al | ows t he Thentpualerd solts dioOranelicaadid )hatrcovd:rg abiable rrmdrrmaoolagivﬂrgndqhﬂdpe;aﬁel d,

wi th a considerabl r ti and ex ity and.in which
the " aqueoud aur e snELRl Tend i &l B fRPeiE a™Bipelfivr clppindt he

pr esent |n\neeﬁﬂ1<nmhertedaaﬁea30ﬂhmnad1péaaesess for the industrial synthesis of
conpounds of formula (1), which process is characterised in that a conmpound
of formula (I111) 3 RO2C CN ROZC S NH2 wherein R represents a |linear or

branched ( Ghe®)adnk ydits OF GaaBlic hdid, 208 Gilosl espbdidllyBstiONIRR Yitdlatf t}fe%e%*aﬁoﬁ V) OR
Br ~ (IV) | 10 wherein R rep resents a |inear or pranched (Ci

al kyl
group, 'i n thEeYr @é‘eﬁééh‘?fﬁpe&tl%é‘%lﬂﬁr?ﬁ hawve (igen @pscabeds Inciho EVB@”EJ%@F@F nary
amoni um C(yﬁg(ggg@lon@p@mggg@e presence of potassium carbonate, at the
reflux of an organic solvent; the reaction mxture is subsequently
filtered; the mxture is then concentrated by distillation; a co-solvent is

then added Tn ¥RG S ﬁh%ﬁﬁchﬁf&al%?é}e%'{ & thad c&%luﬁ&j iahd b@én Jn?&%t EoQoeBébI% |t<Sj after
drying of the powder” thereby obtained, the conpound or mul a .

C8- Cl O t ypeyefhesissr tha riptepmadinig @mfemﬂwmﬂ ssnaam@r%f%w tf’éu%@ala’m@%%und of

formul a (Alr&ess alldwihyl it &)fmeQﬁH)QfJﬁﬂﬁuBf(I) ft@%%b@m@(@in Rlgo gR& yieRI B Mt X (A)
wherein Rl represents _a (Cl- group whi ch are the

same or di ferkellepitpurign by vhe léélémteag!l)(wf@@@fé‘l’ Rlylmctyﬁtaal;fcaland X represents a
hal ogen atom C8-Cl O-type quaternary amoni um conpounds to which preference

is given are the catal ysts Adogen 464 and Aliquat 336.
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
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 (I1I) :



-4 Surprisingly, only the use of a C8-C o-type quaternary ammoni um conpound
all ows the conpound of fornula ()7 to be obtained both with a greatly
reduced reaction time and with very good selectivity, in contrast to other
-types of quaternary ammoni uns, as the follow ng Tabl e shows Content of
reacti onCatal yst Durati on of reactionm xtureTetrabutyl anmoni um hydr ogen
sul phat €12 hour s92( TBAHS) N, N- bi s( 2- hydr axyet hyl ) - N- met hyl 18
hour s821- dodecanamni ni um brom deAdogen 4645 hour s96Al i quat 3364 hour s95
Furthernore, the somewhat sinplified i ation (the precipitation step
followed by filtrati on ha®Ofesn by sinple filtration of the
reaction mxture) allows, by virt f the particular conditions devel oped,
the compound of fornula (1) to b /ob\ained not onl@D,n a very good yield
(89 % but also with excelggn it ater than 98 %, whilst avoiding
t he burden on the environrnent that St he aqueous saline waste represented. -
The anpunt of potassium carbonate is preferably from2 to 3 nol per nol of
conmpound of forrmula (I11). - The anount of conpound of fornula (1V) is

preferably fr. 210 | per.nol.o o) nd of formula (I111). - The
initial v‘% eﬁﬂg%?pﬁefaéﬁ%ng%l%gmmpg‘l f)qlé@glgﬁf%{o??’om 6 to 12 m per gram of
conpound of forrmula (I111). 5 - Oganic solvents that are preferred for
the reaction are acetone and acetonitrile. - A co-solvent that is preferred
for isol a$reestefl svither eppppsiund g forpula(Mi: s ( 2- met hoxy- 2- oxoet hyl )

am no] - 4- cyano- 3- ( 2- met hoxy- 2- oxoet hyl ) - 2t hi ophenecar boxyl ate and net hyl

5-[ bi s(2- et hoxy- 2- oxoet hyl ) am no] - 4- cyano- 3- ( 2net hoxy- 2- oxoet hyl ) - 2-t hi ophe
necar boxyl ate, particul ar and f cases of the conpounds of formula
(1), are new conpounds whi cBrare as synt(lisg is internediates in the
chem cal or pharmaceutical industrly, 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 1: Methyl S

i bi s(2- meiteesiiy R2repxerents llineai di®blanthed (0PCHalk3t pupoOxy- 2

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

5- am no- 3- (car boxynet hyl ) - 4- cyano- 2- t hi ophene carboxylic acid, 478 kg of

pot assi u r y ek or fgl@%}%gﬂ 529.6
kg of rrelt'f%g% ‘E?%ﬁ%f%%%%@ﬂ‘%%ﬁgﬂt? qu?sgé gfpaet %'%55?359 ' tecél%g uxi ng
for 5 houndin the@resthes ofgdtdiskiam durtxinatee and then filter it. Concentrate the
filtrate OE{?ai ed. . Add nethanol ; cool and filter the suspension obtained,

and t hen 2§ TeHIX fAganic solvent,

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).

A Cs-Cio-type quatemary ammonium compound is understood to be a compound of

formula (A) or a mixture of compounds of formula (A) :
RiR;R3Re-N "X (A)

wherein R; represents a (C1-Cg)alkyl group, Ry, R3 and R4, which are the same or different,
each represent a (Cs-Cyo)alkyl group, and X represents a halogen atom.
Cs-Cro-type quaternary ammonium compounds to which preference is given are the

catalysts Adogen 464% and Aliquat 336%.



Met hyl

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

t hi ophenecarboxylate is thereby obtained in a yield greater than 85 % and
-wWith a chemical purity greater than 98 % 6 EXAVPLE 2 : WMet hyl

S-i bi s(2- nmet hoxy- 2- oxoet hyl ) am noJ- 4- cyaho- 3- ( 2- met hoxy- 2

oxoet hyl') - 2-t hi opheHecar boxyl ate Met hyl,

5-[ bi s(2- met 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

repl aci ng Adogen 464 by Aliquat 336. EXAMPLE 3 : Methyl S

i bi s(2- - 2- 0xqet ) - =3-(2- Y=

oxoet hyr@g@ﬁ?%%héﬂg (;cg%( Lb%ig* 2@-%&@&3%&%%8% compound allows the
5- [ bi s( 2cortpband oR2fopmart (ylo) nebiaheb@ly #iih-a3gre 2 yeddncodyredctivnahdimd wh
t hi ophenecar boxyl ate is obtained in the same manner as Exanple 1, but

r epl aci nyephegoosselestivityin sertrashio gtherdypeseAnpeaterngry anmopipmsgas the following
i bi s(2-e - gxoet hyl ) am noJ- 4- cyaho- 3- ( 2- met hoxy- 2

oxoet hyl @gﬁﬁl}lggghenecar boxyl at e 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 ophenecarboxyl ate i s obtained in the sane manner as-

Exanple 1. but
i y ntofeaction
lroreglnggl:g?at Qe 529. 6 l&gdtglg,stnet hyl bronog etate E}(rg?cgb& ieprdentafirpp
' mixture
Tetrabutylammonium hydrogen sulphate
' 12 hours 92 %
(TBAHS)
N,N-bis(2-hydroxyethyl)-N-methyl
(2-hy i Y Y)_ Y 18 hours 82 %
1-dodecanaminium bromide
Adogen 464° 5 hours 96 %
Aliquat 336° 4 hours 95 %

Furthermore, the somewhat simplified isolation (the precipitation step followed by
ﬁltpati‘on 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 12ml per gram of

compound of formula (I1I).



.-CLAIMS 1, Process for the industrial synthesis of conpounds of fornula (1)

zR 1. vZtC wherein Rand R, which are the sane or different, each
represent a linear or branched (d -C6)al kyl group, characterised in that a
-conmpound of formula (I11) RQZC CN (IB)~ RXZC S NH2 wherein R is as defined
her ei nbefore, is reacted with a conpound of formula (IV) OR Br~ (1V), IO
wherein R is as defined hereinbefore, § 8 in the presence of a catalytic
anount of a Cg-C o-type quaternary anmoni um conpound, and in the presence
of pot assi carbonate, at the_refl ux of an organic solvent;, the reaction
mxture i's L@@B’é‘&&%&ﬁlﬂtﬁ yhat 18 RIpERed {HAhRTSREURTEATE GCqtpas AN AREBIETE e by
distillation; a co-solvent is then added, and the reaction mxture is
cooled and filtered to yield, after drying of the powder thereby obtained,
t he conpeuddcasoliventrthdtas pieferrddtfobsbhgonisdectharmdd t hat a Cg- C o-type

guat er nary anmoni um conpound is a conpound of formula (A) or a m xture of
conpounds of formula (A) RR R R3 Ra-N + X (A) wherein R represents a

(Cl-Co) a > 05 nt, each
repr esenltMith%lgg Eﬂidqg Ig?tkyﬁsé?’gg%, ﬁX?r gr esegtgsﬁa oggﬁgﬂg’%% Synt hesi s
process ﬂdophailecagbbwlaibal amdl ahéthyxi ng- [tbﬁ'se2-eﬂmppapcd<oeﬂ1yf)emnmml]d c(ya)lo 3wf2er ei n
R represent r pr esent,s an et hyI roup,

obt 2l ned HEHORHPKe 41%193 Abfeler eréa?tﬁﬁfﬁg RUGHE A RONF C%Sﬁse %fgrﬁasund
of for ”Ulcami)bﬁndsvgﬁf)ﬁhﬁla ) 24€ nBy SRPBuhERKERE e @eﬁ@%@yynt&rs%‘*iﬁterﬂlgdlgﬁzs

obt ai ned
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.

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-

thiophenecarboxylate is thereby obtained in a yield greater than 85 % and with a chemical
purity greater than 98 %.



.. 4. Process according to any one of clains 1 to 3, characterised in that the

- C8-d o-type quaternary ammoni um conpound i s Adogen 464 or Aliquat 336. S)
Synt hesi s process according to any one of clains 1 to 4, characterised in
“that the anount of potassium carbonate is from2 to 3 nol per nol of
conpound of forrmula (I11). 9 6. Synthesis process according to any one of
clains 1 to 5 characterised in that thg anmount of conpound of formula (1V)
is from2 to 3 nol per nol of conpound of formula (111). 7, Synthesis

rocess ndj to,an . claims, 1 to chayacteri in thaj the
it o VESQMEEE 2 Shislie R eramilgminoht- oS SR rpound
of formula (111). 8. ,IRSIHki0 fz%ﬁﬁboﬁ'g&?er ding to any one of clainms 1 to

7, characterised in that "t‘the organi c solvent used for the reaction is
acetone or acetonitrile. 9. Synthesis process according to any one of

clains 1 t0.8 aracterised in_ that .the co sal yent ,usedq during jsol ation

is met hanl}sf?f.hYl6—ig'é§2rﬁlﬁ@e¥¥-3p9@6w5a@&&ﬁr‘*@%f?goﬁo&amtheﬁg Sroehas 1 to 9,

char act ergy ﬂeﬁé&a&@i‘%lgieﬁ/i@ o%f%'iﬁ%ﬁ%%@ﬁaxﬁ%%& ak *E)xa&Bi@I,rb%@ rel%?a%ir% &h@g&c al
0 .

purity greater than
Met hyl 5- [464S (b3-Alequab336™2- oxoet hyl ) ani no] - 4- cyano- 3- ( 2- met hoxy- 2- oxoet hyl ) - 2
t hi ophenecar boxyl ate. 12,
Met hyl 5- [ bi s(2- et hoxy- 2- oxoet hyl ) am no] - 4- cyano- 3- ( 2- met hoxy- 2- oxoet hyl ) - 2
t hi ophenegguhPOE 3t eMedidn 5171;apﬁm}i&y—ztm@th«:ﬂﬁﬁbp#@ﬁﬂﬁﬂ@i-wm;ym_ its

ydr sa

strontium calcrum or magnesium salts and ates of the said ts,
starting froma conpexeedydr2tlsopherec¢nbpxpl@ie RC CO2R (1) ~.J2R

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-
thiophen;carboxylgte 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.



.10 wherein R and R, which are the sane or different, each represent a

" linear or branched (C1-Co6) al kyl group, characterised in that the conpound

of formula (1] is obtained by the synthesis process according to any one of
“clainms 1 to 10. 1.4. Process for the synthesis of strontiumranel ate and
its hydrates, starting froma conpound of fornmula (>] ROZ RC CO2R ~.J2R
wherein R and R, which are the same or,different, each represent a l|inear
or branched (Cl-C6)al kyl group, characterised in that the conpound of
formula ()7 is obtained by the synthesis process according to any one of
clains 1 to 10. .A3!,.A ALh9R A+ s. A&hs. AsA | . As . A&{ % A .s. A23w. t u; 6; h45
6; C
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a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ¥Bv20J gi j yuFdf . }xsnid_Z] c]ca]calc
a] ca] ca] ca] 6@1]-66)]5111@] gwhpa) ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc
a] ca] ca] ca] ca] ca!. 7{ pMo>HGChr # I'lysmhc] XS} xsni ] ca] ca] c*a] ca] caV] caV] ca

characterised in that a compound of formula (III) :

CN

7\ (),

S NH

RO,C

RO,C ,

wherein R is as defined hereinbefore,

is reacted with a compound of formula (IV):

OR'
Br/\ﬂ/ avy,

O

wherein R' is as defined hereinbefore,



.- V] cna] ca] ca] caV] caV]ca V]c”a]ca] caV] caV]ca

$SESEBH&EK" ' "' (j (y((+))) *H} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]
- ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caD<] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! H****: +P+

R+++ WI[,”, h,o,p,t,u,x,,,:-b-g------- <.P...}xsnid_ZU] ca]ca]ca] ca]ca]ca]ca]c

a] ca] cal] ca] ca] ca] ca] ca] ca] ca] caD82] ca] ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca

Jcajcal...:+P+R+++, W[,”, h,0,p,t,u,x,,,:-b-g------- <.P...}xsnid_ZU ca]ca]ca

] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] c% ca] caD82] ca] ca] ca] ca] ca]ca]ca] ca]c

a] ca] ca] caUl} Benyessperdica qagalictik ampynt of g Creidg:type-quateguagy pumeniumog: () -

y39@10%-F& é}é W& ()-bC " 010%& ()- ~-10%& ()-9% 10%& ()-!109%& ()-,

"109%& ( GOEPr) - I'"g\QF 10 10 10 )t10%& ()-#9109& ()-f#510%& () -

7- 10%&' () - 3andUbthe JpresSZdMd\ fdassivdD04onade; - 10%& ()- - 10%n & ()--

10%&' ()-- 10%&' ()-MLO%&' ()-z" edBE\QF . % 10%r& ()- 10%& ()-N1O%r& ()-3

10%8' () -3 2bthgeeiiix efamergsric s9lvente I"dE:/ 10m 10m 410%m& () -

4109%18' () - 2,1 20%m8 ()= L= 10Ym&. () - ome ()-& 109%8& ()-"#9BvuS4/
10510%&'(%)- .F};?,rfg%%%Tngﬁfsi/%%#&%é/@ﬁ%)ﬁfp(s)lO%ﬁk& ()- (3)9 109%&' ()- 10nt FAE4/
10s10 . " 10%#he(hixture 198Hef copcentrated BYod&ti(lhtion; ! 109& () -: " !10%& ()-:°

1 109%&' () -: 2LMNQdYNC 10s1 10 10

10L9" 10%& ( }<e@dlvenkis then widedor' () - F93109& () - " &OL10% () - OJ ghi dJOC

+ 6#10%& () aflt bRAL N (hixt Bk @ Q¥&a(aha Fitered

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

it being understood that a Cg-Cyo-type quaternary ammonium compound is a

compound of formula (A) or a mixture of compounds of formula (A) :
RiR;R3;Re-N*"X (A)

wherein R; represents a (C;-Cg)alkyl group, Rz, R3 and R4, which are the same or

different, each represent a (Cg-Cip)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-Cjo-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).
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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 (T) :

RO,C- CN

/ A\ .
RO,C N/\C02R O,



& ()., +"10%W& ()- +MO% & ()- + 1096 & ()-!$"5"\"A" " "sf Y81

"+ 109% & ()--10"10"10"10% & ()- +3: @O% & ()- +#4109% & () t
+0@L0% & ()-c""### $S$| [ FY8L +)YL10% & ()- +KL10% & ()- +KLO0%& () -
T+K109%4 & ()- +K109R& ()- +K10% & () - S$$$$U&&| [ fY81 &F, " 109& ()-
+@""10%W & ()- 9""10% & ()- +& & 10% & ()- +Y10% & () -
+109% & ()-&& k' ' | [ NA410" 10" 10" +71 0fp & ()~ +6'110% & ()-
+@0"10% & ()-Z 80" 10%¢&! () - Z +@f 6& () (i (y((#)][:NA10 +,
L0% & ()- +L"1008& ()- +@O% & ()- +@/|10%&()- +"109% & () -
+s° 1096 &'V herai) R apd « whmman_re the Zamespe; diffferents eadingegresynt a lipear gr(branched
+s" 109% & g)l S %{ © o+, "109% & ()-*: +P+++, W | [: NA4LO +- 10% & ()-
+ @ 109 G “53‘ &() +s' 1096 & ()- +L$210% & () -

1 10% & () Wi, A h. o, q.r,s,t,|_RES110"10" 10 @10%& () +, 37910%& ()-
+&4 10% & ()-3 + 4 10% & ()- + 110% & & ()
+s° 10% & ‘3@)11301’435150(119’%{1@ (the cqmpﬁwc;b/@&f@}nu AL 1@@@@1(6)1 bmmmﬂ(cﬁs process

10% & (e om.yro e - Ly 10% & ()-3 +Y L 10% &
IlO‘Vé& 8“?°r§:‘f§%§j‘¥f’§§§ﬁq‘il ()< P.. indle o1 v 16%{ & ()-( 0
fS109& ()- + ' 10%& ()- +L& 10%1& ()- + "1 10%& ()- +L9!" 109%& ()- Normal"

"Headi ng 13%P "Headi ng y@}x "Headi ng 33] c" "Headin c" "Heading 53]c"
Foces gsis '0

" Headi ng 143 Hefamﬂmg hgmsaa]nélate lae@dwngycba & glarting %iemt a
Par agr aph F <>@% !'H. . ""ODfO !1c"S$& +)*Wt, b--.
! 6T| mes New%gn}?amirl a? ﬁﬁqg New' h Root Ent r yWor dDocunent G
#SUR' ()*+,-./0123456789:
<= >’7@\BCDEFG-II JKLM\ICPQQSTUVV\XYZ[\]:N_ abcdef ghi j kl mopqgr st uvwxyz{| } ~ I #
RO,C
/ \ Ve ' X
RO,C . N CO,R @
CO,R'

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

(Ci-Co)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.



