s e3eU, RAF6T, /: B NEW PROCESS FOR THE | NDUSTRI AL SYNTHESI S OF | UM
" RANELATE AND | TS HYDRATES The present invention rel at %‘I‘\mm“mﬁ ss for
the industrial synthesis of strontiumranelate of for W ~TvT 2
-Srz+ - 02. - (n (the distrontiumsalt of *159159*
5-[ bi s(car boxynet hyl ) am no] - 3- car boxynet hyl - 4- cyano- 2t hi ophenecar boxyl i c
acid), and its hydrates. Strontiumranel ate has very val uabl e
phar maco RROCESS FORAEEANBUS TREA T P O BRI QT STRODEEYM IRANELADR ANRAEY
anti - ost £8c properties, making this conpound useful in the treatnent
of bone diseases., Strontiumranelate, its preparation and its, therapeutic
use haveThe pessgntdeeertiopdelates 19 AeTecgrois dhe mdudnal sypibesisiof strpyinnEranglaie 5
850. HOWeY R, .a strial production of a conpound such as strontium
ranel ate requires detailed study of all the reaction steps and of the
selection of starting materials, reagents and solvents in order to obtain
opti mumyields. The Applicant has devel oped a synthesis process for
strontiumranelate of formula (17 in which such conditions have been
conbined, resulting _in the use of G whol e group of especially val uable
met hods and procedur é4CTh (Nspecification EP O 415 850 describes the
synthesis of strontiumrane starting fromth8r2et hyl tetraester of

f | I 2 HSC, ZU 02 I , ~JZC2H5
ormula (11a) NPQZCBSIE-( a) 3

N

Co,

(the distrontium salt of 5-[bis(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2-
thiophenecarboxylic acid), and its hydrates.

Strontium ranelate has very valuable pharmacological and therapeutic properties,
especially 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.

However, industrial production of a compound such as strontium ranelate requires detailed
study of all the reaction steps and of the selection of starting materials, reagents and

solvents in order to obtain optimum yields.

The Applicant has developed a synthesis process for strontium ranelate of formula (I) in
which such conditions have been combined, resulting in the use of a whole group of

especially valuable methods and procedures.

The Patent Specification EP 0415 850 describes the synthesis of strontium ranelate
starting from the ethyl tetraester of formula (IIa) :

AN

*(G00001*



which is itself obtainable starting fromthe ethyl diester of fornula
~(lIl1la) HSC2A2C CN (Illa). HSCZOzC \'S/ ~NHZ Synthesis of the internediate of
formula (l1l11a) has been described in the publication Bull. Soc. Chim

- France 1975, pp. 1786-1792 and in the publication J. Chem Tech.

Bi ot echnol . 1990, 47, pp. 39-46, by reaction between di et hyl
3-oxoglutarate, malononitrile and sul phur in ethanol, in the presence of
nor phol i ne or diethylanm ne. That process has the advantage of using readily
accessi ble starting tS, and qfNbeing sinple to put into practice;
however, , when transférted tQ the/ scale of several hundred kil ograms, it
does not all ow t he conpound of mula (Illa) to be obtained in a yield
greater than 70 % In order tg sy thesy%\@breﬁlumran te of formula (I)
industrially, the ApplCgay eveldped an ective I'n Ust rial synthesis
process allow ng the internedi atge of orrrula (I1r1) RO2ZC CN (I11), RO2C S
NHZ '"11 T wherein R represents a |line %anched (C1-Co) al kyl group,

3 to be obtained with a purity greater thar"f S%and in a vyield of 77 %
whi ch is reproducible on an industrial scale. Mre specifically, the

i ndustrial synthesis of the diester of formula (111) which has been

devel oped/hiuh it fteclfpipthinablatstaritig frog theefhs! diesttr HfoinNEs (Mlapf strontium

ranel ate of formula (1) uses, as starting material, the conpound of formula
(1'V) ROZC CO2R (I1V), O wherein Ris as defined herei nbefore, which is
reacted with mal ononitr] Igcg)fc formula (My NC-CN (V)

/ \ (1ITa).

g NH,

H,C,0,C

Synthesis of the intermediate of formula (IIIa) 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.

That process. has the advantage of usmg readlly accessible starting materials and of belng
simple to put into practice; however whcn transferred to the scale of several hundred
kilograms, it does not allow the compound of formula (Illa) to be obtained in a yield

greater than 70 %.

In order to synthesise strontium ranelate of formula (I) industrially, the Applicant has
developed an effective industrial synthesis process allowing the intermediate of

formula (III) :

RO,C CN

7\ (I,

RO,C™ g~ NH,

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



in nmethanol, in the presence of norpholine in an anobunt greater than 0.9S

" nmol per nol of conpound of fornmula (1V), to yield the conmpound of formula
(M) ROORp ~0O+ ~ (VI), NCCNHNO2 wherein Ris as defined
hereinbefore, which is then reacted with sul phur in an anount greater than
0.95 nol per nol of conpound of forrmula (I1V); the reaction mxture is then
heat ed at refl ux; 4 and the conpound ef formula (111) thereby obtained is
i solated by precipitation in the presence of water, followed by filtration.
The process, accordingly inproved by the use of these very specific
conditions, and especially by the internediate formation of the conmpound of
forml a (t¥lbk.obtdimeaiwiiaR putify degér Beh 9P, hiPinal Beld oRl7l ¥svhibeis audiblleof
formula (111) to be obtained with excellent purity and in a yield of at

| east 77 OB aihindwstiial sealgr oduci bl e on the scal e of several hundred kil ogramns,
which represents a major gain in yield in view of the | arge tonnages of
strontiumranel ate produced. The anount of nethanol is preferably from1l to
3 m per MbagekificalPoms dndistrfap spithasié b¥khe didstet Gﬂﬂﬁfr@lm&? QhidteRaG bRl

bet ween the conpounds of fornulae (1V) and (V) is preferably |ess than 50C
The reactdeyplopedrby dhe Apilicant fof ther indediial sypthesis phsatrentivphianclete ofrformerlalthy

f h ' . . [ h f h
naust ri e gRe Rl aRei, PetBiRudRERRERRIVIL T 2 (1) Gevel oped by the

Applicant conprises converting the conpound of fornmula (I111) into the
compound of fornmula (1l) R CO2R (B)

ROZC/\”/\COZR
0

av),

wherein R is as defined hereinbefore,

which is reacted with malononitrile of formula (V) :

Ne” eN W)

in methanol,

in the presence of morpholine in an amount greater tha'm 0.95 mol per'tol of compound of
formula (IV),

to yield the compound of formula (VI) :

mo VAR VD,
H,N 0
./

NC CN

wherein R is as defined hereinbefore,
which is then reacted with sulphur in an amount greater than 0.95 mol per mol of
compound of formula (IV);

the reaction mixture is then heated at reflux;



~.J2R wherein Ris as defined hereinbefore and R represents a |linear or
branched (d -C6)al kyl group. 5 The journal Bull. Soc. Chim France 1975,
pp. 1786-1792, describes obtaining the conmpound of formula (Ila), a
“particul ar case of the conpounds of fornmula (11) wherein R=R = ethyl),
by reacting 5-am no- 3-(carboxyrnethyl)-4-cyano-2-thi ophenecarboxylic acid
with ethyl bronpacetate, in the presencd of potassium carbonate, followed
by isolation in a highly dilute aqueous-organi c medium However, the |ow
yield of j 99 mﬁ t: W

gener at ed%%ﬁgﬁﬁég‘%@t éggorﬁ#éa} &gz&i\l/éga%{elo, t g l\slggr'o;}gtlg%%gu?rgg %t?%lﬁl ???%36( 5
days) havpresenvploétvateyr, foilowkdtgdiltrdtizanuse of that reaction on an industrial
scale. In order to synthesise strontiumranelate of forrmula (I)
industrially, the Applicant has devel oped a sinple industrial synthesis
process { paatoll] ( i ] ery
good vyi emh&{;ﬁrﬂéﬁw%gh@o% a p{/&%ﬁgl?}{ilg%gag{ it%%}sét?eg%tégﬁﬁﬁ%idgg 8%%1 %lljl\r/ ity
and i n whespecialip bache dnternsaliste dormmsive off shec compeingl of fexmild€UT), Mhich can, if
specifically, tg‘g,i ndustrial synthesis of the tetraester of formula (11)
whi ch hasdesifsh ireladesh dllpys tthe copprundapk formpla(H toybr Ablaimsdgvith exesiientum

ranel ate : > ¢ 0 : Bl - 4l 0 r mul a
(111 o2 I § viekh gk eEieg 37 oF wice REnfBEiYELn 1he\Rp e MRBHEN IRtk o

( C1- C6) al kyjdgrgmeuphickhiephesists r & attj@d gaiht in giekb ip ovikvel of f the olarpel onfiddes) ofOR
Br~ (VII) Inﬁ wher i@ R regresents a linear or branched (d -C6)al kyl

group, & uf”rfé“%? Poedieedt a catal ytic amount of a Cg-d o-type
guat er nary anmoni um conmpound, and in the presence of potassium carbonate,
at the reflux of an organic solvent; the reaction m xture i s subsequently
filtered; Thhamduat nfemethappleis qoefershlyr doad byo o mil i per agrion of scopepozaf vedt i s

t hen addef‘?)'mlula )

—

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

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

30 minutes to 3 hours.
The second step in the process for the industrial synthesis of strontium ranelate of

formula (I) developed by the Applicant comprises converting the compound of

formula (ITI) into the compound of formula (IT) :
RO,C CN

RO,C™ N\l N 2

(D),
\\co R'

wherein R is as defined hereinbefore and R' represents a linear or branched (C;-Cg)alkyl
' group.



~and the reaction mxture is cooled and filtered to yield, after drying of

t he powder thereby obtained, the conpound of formula (I1). A C8-C o-type
quat er nary anmoni um conpound i s understood to be a conmpound of forrmula (A
“or a mxture of conpounds of formula (A) RR Rz R3 R4-N + X (A) wherein R
represents a (Cl-C6)al kyl group, R2, R3 and R4, which are the sane or
different, each represent a (C8-C o)al kgl group, and X represents a hal ogen
atom CB8-C o-type quaternary anmmoni um conpounds to which preference is

gi ven ar h akysat % Ad 4 an i qua S Lsingl.y., . t he
use of aer(%- fﬂ‘%ﬁgfly%}éﬁt]?ao éﬁ%@ydﬁgaﬁénﬁ%ﬁ’c@#}m%ﬁﬁgﬁ ?\ﬁggd%é %Ag%lpnbn%z(lt]ly “f
formul a (dompoandef flyinail\@lh) kopdiiviltdhcase 6f BRicbinpbestisedornas (IMPWhérelER and

W th ver%%'g_(_)od selectivity, in contrast to other types. of quaternary

ammoni umBomsHuAlPY Eeackimg Stasnipevi (farbrrymethyhdineyano-2ehinpbgpecgrboxylic “acid

reacti onCg r at | o] I ! tr I j .

i phat e 12 hen PLESDakARe n hE BEbLRABCBLUL SR ik SRR BPiibIA A

hour s821-Hdghle dilurmiquesus-drgaiit dedtlegen 4645 hour s96Al i quat 3364 hours95
Furthernore, the somewhat sinplified isolation (the precipitation step
followed by filtration has been replaced by sinple filtration of the
reacti onym I s he Lcul L1 ons: oped,
tho_ compdinii sk The ot B1Alg ophet sbston s telC bl Siiefhe SPLRchIS MRS RHEICP S
(89 % byenahtd by tthatercactidreahd,pabdvieyall,gtheatedy 1bA@ FefBofl)timehis|days)akigiedi ng
the burden on the environment that the aquequs saline waste represented. -

The anoursPmgfetelyprecdided, thenssnfihal reactigp epapapustrial 568l® to 3 nol per nol of

conmpound of forrmula (I11). - The anount of conpound of formula (M) is
preferably from2 to 3 nol per nol of conpound of fornula (111). - The
initial Jolade tof syrthesidecstsmitiven ranetate o€ ffermaldh ¢T) findustiGaltyy the Applivent psam of

d of .f l.a ¢111). - Th [ | t hat d
the r eactieasioRiC shuls mdbaral SlesAierL ek Alavs rsorpepl o Mg (b
pref err edo boobiabRldh aGRry odtByiBRNGth a considerably shorter reaction time and excellent

purity and in which the aqueous saline waste is completely avoided.

More specifically, the industrial synthesis of the tetraester of formula (II) which has been
developed by the Applicant for the synthesis of strontium ranelate of formula (I) uses, as

starting material, the compound of formula (III) :

CN

]\ (1D,

S NH,

RO,C
RO,C

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

which is reacted with a compound of formula (VII) :

OR'
Br/\ﬂ/ (v,

O

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



.8 The third and final step in the process for the industrial synthesis of
strontiumranelate of fornmula (1) devel oped by the Applicant conprises
converting the tetraester of fornula (I11) into the distrontiumsalt of the
‘correspondi ng tetraacid. The Patent Specification EP 0 415 850 descri bes
three nmethods for that conversion. The third of the nethods descri bed,

whi ch conprises heating the conpound of dornmula (lla), a particular case of
t he conpounds of forrmula (I1), in an agueous al coholic medium wth

strontiumhydroxi de, and en distil.li of f the ethano nd is iszng the
cormound Bt Faroserce of o bl o it Phins el BmeBli gty
extrenmel yasd ﬁﬂh@pﬁe@e&@roffgémsiﬁiﬁmate%i | st operating under the conditions
described for that third nethod, the Applicant has obtained strontium
ranel at e @fthy réfluxepfianerghnisf sadverdp and with a purity of 87 % In view of the

fact that ,strontiumranelate is inspluble in nost solvents, its subsequent
purifi cat%ﬁe?célogﬂl?(élﬁ%}s %%F?tbuﬁﬁer ch a nethod has therefore been

i nconmpat i ipegnittird iskhien &dnckMeatsd bPaistiUatidmnel ate as a pharnaceutical active
i ngredient, which requires a purity greater than or equal to 98 % The
Appl i cant a hersolyentids dise@ddet,i ndustrial synthesis process allowing strontium

ranel at e Md&grga%%igrilnq not cto)nfe& Wd%itﬁ I%>((1cel | ent chem cal purity so that it
does not require ur fher 1 P Savireit before bei ng used as a pharnaceuti cal

active i ngrydideaterlaying b theipovaler thegeblyl dbiined, tetomfotsd spfeemiilaqH).l y, the
final step in the process for the industrial synthesis of strontium
ranel ate of fornula (1) devel oped by the Applicant uses the conpound of

formula (k! p ROZ r%l.~z:~ AR i PR r el nge R,
whi ch ar eAt Eé%sqzﬁg%‘ﬁ% raell'rhllgl, eachc%dé%}]%észelsﬁtu a l |0r?gat§ té\érnl%brggﬂ%(ﬁ)gg 6

( C1- C6) al foymutyr (@)@ akhigtueé of adhyoundpoéfemulai@d)a net hyl group and R
preferably representing a nethyl or ethyl group, which is reacted with
strontium hydroxide in an anount greater than or equal to 2 nol per nol of
conpound of formula (I1), at i gellux of water, f@gy at least 5 hours; the
precipitate obtained is then filtered off whilst hot; the cake obtained is
washed with boiling water to yield, after drying of the powder thereby

"ot acomsKPS BRI RBRRRL (G P tonr Rousy gt ileBee B WP L Sjegent

i hrrpr oyelsdmh réptbsent H ECPO{)4lNylGirol) nd 0T @Piesetts 4 Aalogai sto@bt ai ned but al so
the yield.

Cs-Cio-type quaternary ammonium compounds to which preference is given are the
catalysts Adogen 464° and Aliguat 336%.

Surprisingly, only the use of a Cg-Cio-type quaternary ammonium compound allows the
compound of formula (I) to be obtained both with a greatly reduced reaction time and with
very good selectivity, in contrast to other types of quaternary ammonium compounds, as

the following Table shows :
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The anmount of water
to 8 m per gram of conpound of formula
The amount of strontium hydroxide is preferably from2 to 2.5 nol
The Exanpl es hereinbelow illustrate the
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invention but do not limt it in any way. Exanples |A and 1B illustrate the

first step in the Applicant's process for the industrial
Exanmpl es 2A, 2B, 2C and 2D illustrate the second step
Exanple 3 illustrates the third and last ste
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preci pitation occurs.

Filter of

filtration has been replaced by 51mp1e filtration of the reaction mixture) allows, by virtue of

the particular conditions developed, the compound of formula (II) 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.

of formula (III).

compound of formula (III).

compound of formula (III).

The co-solvent that is preferred for isolation is methanol.

The amount of potassium carbonate is preferably from 2 to 3 mol per.mol-of compound

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

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

The organic solvents that are preferred for the reaction are acetone and acetonitrile.

in

uce
l e
of
73.6

i ng

eby
duce

l e
e of

S

The m xture is then brought to refl ux.



_the precipitate obtained, wash it and dry it. EXAMPLE 2A ; Met hyl

5-[ bi s(2- et hoxy- 2- oxoet hyl ) am no] - 4- cyan4- 3- ( 2- met hoxy _

2- oxoet hyl ) - 2-t hi oghenecar hoxyl 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 um carbonate, 2810 litres of acetone, 16 kg of Adogen 464 and 529.6
kg of nethyl bronpacetate. Bring the terfperature to 60C. After refl uxing
for 5 hours, cool the reaction mxture and then filter it. Concentrate the

filtrate gﬁ& ﬁhﬂlegnd ﬁgéeirs‘ﬁ)twféltatﬁg :p'roc%ﬁoi*or Ainfrhdthar syhihsis U8 REORR aRiat Bed,

and then dry the po

5- [ bi s( 2- frertdut(l) 2evetapediyy thapplitard copdrises3conZenting tioexyetraesterasft thyrhyla ZIT)

t hi ophenecar hoxyl ate is thereby obtained in a yield greater than 85 % and
with a ch |dy1ﬁmnﬂﬂl§n teditl CaresPPTYBNR e trinsidhy |

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

2- oxoet hyl ) - 2-t hi ophenecar boxyl at e Met hyl

S- [ bi s( 2- k¢ RPatent Specifedtionl RMI416]850-depaibes 3hre? mnmathddsxfpr Thab coavdryibl- Phe

t hi ophenecgarboxyl ate i3 obtained, in the sa nanper as Ex lLe 1

ol e TRe Fehads Rikrbade Vhish cORRHNRLIEaDEE e gstmgpmd oF formla (11, o
5- (DI S(2- RiiPBe%Y ¢4 BFORE RYIbBEARC SrEUBTEN Sl 47 MRieBRX ¥lcoholic medi ith
2- oxoet hy??JElZ-t hfoghenecarh%xg? ate Met %ylr(ﬁ)’ ot e COROHC mediim, Wi
5- [ bi s( 2- stedritiory hgdroxles lapd Ytleen dislilihgogffinivs Sthéfelneidhisalptie divo evinpdbynd? of

t hi ophenecarboxylate is.obtained in the s . manner Aas.Ex le 1, but
Fepl aci no TR B SaE g e aticge o it extemely simpe 10 pertotm.

However, whilst operating under the conditions described for that third method, the
Applicant has obtained strontium ranelate only in a yield of 80 % and with a purity of
87 %.

In view of the fact that strontium ranelate is insoluble in most solvents, its subsequent
purification is extremely laborious. Such a method has therefore been incompatible with
use of the strontium ranelate as a pharmaceutical active ingredient, which requires a purity

greater than or equal to 98 %.

The Applicant has developed an industrial synthesis process allowing strontium ranelate to
be obtained not only with excellent chemical purity so that it does not require further
treatment before being used as a pharmaceutical active ingredient but also in an excellent

yield.

More specifically, the final step in the process for the industrial synthesis of strontium

ranelate of formula (I) developed by the Applicant uses the compound of formula (IT) :

[\ .
RO,C S N\i\COZR (10,

COR’



_EXAMPLE 2D : Met hyl

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

axoet hyl ) - 2-t hi ophenecar haxyl 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 ophenecar boxyl ate is obtained in the same manner as Exanple 1, but
repl aci ng the 529.6 kg of nethyl bronpadetate by 578.1 kg of ethyl

br onmpacet ate. EXAMPLE 3:

5-(Bis(c t a Egﬁﬁy i PH%N|IC
acid di sfiv g%yﬂ% %\a{til %{ ?g?% r at @E%gen?n?agﬂgéﬁgs;egﬁ g#ﬁ%@?@fﬁf’aﬁl

stronti unqmy@e")aikyhgrampj R, E;ﬁé)fefa‘bly asptentimpgen arethyl hgnuﬁS%«gR’ofprefeﬂabw

5-[ bi s(2- met hoxy- 2- ox hylglam noJ - 4- cyano- 3- ( 2- met hoxy- 2- oxoet hyl ) - 2- t hi op
henecar bo‘S?Weé?Igmgﬁe‘&F o ghylgoWhd continue refluxing for a minimum of 5
hours; then filter the reaction m xture whilst hot, wash the cake with
boiling water and dry the powder obtai ned.

5- [ Bi s( cawhiok\isvedabted Jveith stedntidnclaydooxideid by kméumtygreter Zharhorogivahechimodpst i ¢

acid distro um sal t tahydrate is thereby obtained in a yield of 96 %
and vvith‘é‘om 68?? “X?Ig 8 % 13 CLAIMS 1, Process for the
[ ndustrl aittﬁé’féﬁlﬂg%f%/a%r strontiumranel ate of fornula (1) 02C /' SAT 2 Sr2+
_ Oz~ and its rates, ~CO2 (~ C~2 characterised in that the conpound of
for mul a (ﬂovytmalmm (I ~~ O wherein Rrepresents a |linear or branched
(- C) altﬁglpr {p?’gPe obtalneglst en ﬁﬂ:red orf’[tawl/ﬁ?s?ﬂl frite of formila (V)

the cake obtained is washed with boiling water

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

hydrates.

- Surprisingly, replacement of the ethanol/water mixture by water alone dramatically

improves not only the purity of the strontium ranelate obtained but also the yield.
- Moreover, dispensing with the ethanol distillation step further simplifies the process.

The amount of water in the reaction mixture is preferably greater than or equal to 8 ml per

gram of compound of formula (II).

The amount of strontium hydroxide is preferably from 2 to 2.5 mol per mol of compound
of formula (II).

The Examples hereinbelow illustrate the invention but do not limit it in any way.
Examples 1A and 1B illustrate the first step in the Applicant's process for the industrial

synthesis of strontium ranelate; Examples 2A, 2B, 2C and 2D illustrate the second step in
that process; finally, Example 3 illustrates the third and last step in that process.



_NC~CN (V) in methanol, in the presence of norpholine in an anount greater
than 0.95 nol per nol of conmpound of formula (1V), to yield the conpound of

formula (V) 14 ROORp ~ O+ ~ ~I) NCCN wherein Ris as defined
her ei nbefore, which is then reacted with sul phur in an anount greater than
0.95 nol per nol of conpound of formula (I1V); , the reaction mxture is

then heated at reflux; and the conpoundl® hereby obtained is isolated by
precipitation in the presence of water, foIIovved by filtration, to yield

th I '
e, COTPORRAIRIOLIY P SR ol ARG ISIERRES, |
Br~ (~1)~ O wherein R carbpxyagnts a |inear or branched (Cl-C6)al kyl group,

in the presence of a catalytic anmount of a C8-Cl o-type quaternary amoni um
conmpound, and in the presence of potassium car bonate at the reflux of an

or gani ¢ sfjpy t t ture
e Then couuSite HOF fs5AT 407 KL REYF STHORROA! 19 ki of Hlfoplife B
560 litres of metha.nol and then, whilst maintaining the tempcrature of the reaction mixture

below 40°C, 199.6 kg of morpholine.
Then introduce 73.6 kg of sulphur and subsequently bring the mixture 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.

Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophenecarboxylate is thereby
obtained in a yield of 77 % and with a chemical purity of 98 %.

EXAMPLE 1B : Methyl 5-amino-4-cyano-3-(2-methoxy-2-oxeethyl)-2-thiophene-
carboxylate

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

below 40°C, 199.6 kg of morpholine.

The compound of formula (VI) 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.
The mixture is then brought to reflux.

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

the precipitate obtained, wash it and dry it.



.15 and the reaction mxture is cooled and filtered to yield, after drying
of the powder thereby obtained, the conpound of fornula (11) RO2C R021 ~
GO2R (11), CO2R wherein R and R are as defined hereinbefore, which is
reacted with strontium hydroxide in an anount greater than or equal to 2
mol per nol of compound of fornula (1), at the reflux of water, for at
| east 5 hours; the precipitate obtainedlis then filtered off whilst hot;
the cake obtained is washed with boiling water to vyi eId after drying of

t he powd Pt m@m{w_ t at es,
It bgi nge%%%t r@bﬁﬁﬂﬁi’@o type qug?‘Iertlfrllg?E[;pﬂa ni 3%5?021%%91?
conmpound of formul a (A-oxvetitylfRxhiophenécacbogydatads of fornula (A) Rl R2 R3

R4-1V + X (A) wherein R represents a (Cl-C6)al kyl group, R2, R3 and R4,
which are the same or different, each represent a (C8-Cto)al kyl group, and

X 6
s e L T M S
r epr esent carlrorylin eaid, @78 lkjgarfqiwai;s(uﬁil e4tboudids VA8 19 litnep of abetons; tlérkgsefiAdoganhat

wh R f
e Compopod o ST &l FEGOHE (1Y), O wherein Ri¥s adefined

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 %.

EXAMPLE 2B : Methyl 5-[bis(2-methoxy-2-oxeethyl)amino]-4-cyano-3-(2-methoxy-
2-oxoethyl)-2-thiophenecarhoxylate

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 Adogen

464° by Aliquat 336%.

EXAMPLE 2C : Methyl 5-[bis(2-methoxy-2-oxoethyl)amino}-4-cyano-3-(2-methoxy-
2-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.



.is reacted with malononitrile of formula (V) NC-CN (V) in nethanol, in the
presence of norpholine in an anount greater than 0.95 nol per nol of
conmpound of formula (1V), to yield the conpound of forrmula (VMI) ROORp ~ O
"+ ~ ~VI)~ NC'CN HN O z\ wherein Ris as defined hereinbefore, 17 which
I's then reacted with sul phur in an anmount greater than 0.95 nol per nol of
conpound of formula (I1V); the reaction Aixture is then heated at refl ux;
and the conpound of fornula (111) thereby obtained is isolated by

prect pi { AEXOOVIPY 1t DR : PR (2 0 dy-2- bRl kIRt Eﬁ&?i InetRogfoss for
t he i ndusTrl y sisag#‘](sgtrcgnti u‘?‘h&rane at'e” of f%rr#uyla I()Q - Ozg-!u-lv T
2 Sr2+ , Oz and its hyakeathyd)-2-tliloph@d@arkdxyldet eri sed in that the conpound
of formula (11) RO20 CN RO C \ ~N-CO2R (II), 2 S v
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.

EXAMPLE 3 : 5-[Bis(carboxymethyl)amine]-3-carhoxymethyl-4-cyano-2-
thiophenecarboxylic acid distrontium salt octahydrate

Introduce into a reactor 770 kg of strontium hydroxide and 5,500 litres of water and then
550kg of methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxo-
ethyl)-2-thiophenecarboxylate. Heat to reflux and continue refluxing for a minimum of
5 hours; then filter the reaction mixture whilst hot, wash the cake with boiling water and

dry the powder obtained.

5-[Bis(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2-thiophenecarboxylic acid
distrontium salt octahydrate is thereby obtained in a yield of 96 % and with a chemical
purity of 98 %.



-02R wherein R and R, which are the same or different, each represent a

| i near or branched (Cl-C6)al kyl group, is reacted with strontium hydroxi de
i.-n an anount greater than or equal to 2 nol per nol of conmpound of formula
“(11), at the reflux of water, for at least 5 hours; the precipitate
obtained is then filtered off whilst hot; 18 the cake obtained is washed
with boiling water to yield, after dryi iy of the powder thereby obtained,

t he conpound of fornula (r) and its hydrates. 4 Synthesis process according
to either claim1 or claim2, characterised in that the anount of nethanol
used in the synthesis of the conmpound of fornmula (IIl1) is from1l to 3 n

per gram of conpound of fornmula (IV).CBABMSt hesis process according to any
one of clainms 1, 2 and 4, characterised in that the tenperature of reaction
bet ween the conpounds of fornulae (1V) and (V) is less than 50C. 6.

Synt hesi s process according to any one of clainms 1, 2, 4 and 5,
characterised in that the refluxing tine for the reacti on between the
conmpound df Parcess far (helipdwstiihl Sythdsis of scrohtitmearelde hbHform8 () :nut es and 3
hours. 7, Synthesis process according to claiml1, characterised in that the
anount of potassium carbonate used in the synthesis of the conpound of
formula (Il) is from2 to 3 nmol p nmol of conpound of forrmula (I111). 8,
Synt hesi s process accdf 'q%er claiml or claim7, characterised in
that the anount of conpound rmula (V1) is 2802 to 3 nol per nol of
conpound of forrmula (I11). 9 t hesj cess according to any one of
clainms 1, 7 and 8, changﬁj g I }fﬁi?qﬁﬁé db

co, -

and its hydrates,

characterised in that the compound of formula (IV) :

ROZC/\H/\cozR avy,

o

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

is reacted with malononitrile of formula (V) :

N eN V)

in methanol,

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

to yield the compound of formula (VI) :



-initial volume of organic solvent used in the reaction of the conmpound of
formula (I11) with the conmpound of fornmula (VI1) is from6 to 12 nml per
gram of conpound of fornula (111]. 10. Synthesis process according to any
"one of clains 1 and 7 to 9, characterised in that the organic sol vent used
in the reaction of the conpound of fornula (I111) with the conpound of
formula (M) is acetone or acetonitril & 19 | .1, Synthesis process
according to any one of claims 1 and 7 to 10, characterised in that the
co-sol vent used in tﬁg)lsolatlon f therconpound of formula (I1) is

nmet hanol . 12. Synt hesi's 0cC a ding to any one of clains 1 and 7 to
11, characterised in tha onpound of formula (11) obtained has a
chemical purity greater % 1B, SyAtheyis proces@Ticcording to
either claim1 or claim3NcCharacneri sHNin th@t the amount of water used
in the reaction of the conpound of fornulg (1)) with strontium hydroxide is
greater than or equal to 8 m per gram of conpound of forrmula (11). 14.
Synt hesis process according to any one of clains 1, 3 and 13, characterised
in that the apount of strontiumhydroxide is from2 to 2.5 nol per nol of
conpound Whﬂﬁanmﬁ%Sidkwdh@®ﬂm§§mnhe5|s process according to any one of
clainms 1, rised. in th es oup
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' wherein R is as defined hereinbefore,

which is reacted with a compound of formula (VII) :

OR'
Br/\H/ (VII)’

O

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

in the presence of a catalytic amount of a Cs-Cyp-type quaternary ammonium compound,
and in the presence of potassium carbonate,

at the reflux of an organic solvent;

the reaction mixture is subsequently filtered;

the mixture is then concentrated by distillation;

a co-solvent is then added,
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each represent a (Cs-Cyg)alkyl group, and X represents a halogen atom.
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wherein R represents a linear or branched (C;-Cg)alkyl group,

characterised in that the compound of formula (IV) :

Rozc/YCOZR av),

O

wherein R is a defined hereinbefore,

is reacted with malononitrile of formula (V) :

N eN )

in methanol,

in the presence of morpholine in an amount greater than 0.95 mol per mol of compound of
formula (IV),
to yield the compound of formula (VI) :

RO \|/OR
\Q/I\O' WAR VD),
HN O

NcT CeN K
__/

wherein R is as defined hereinbefore,
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characterised in that the compound of formula (II) :

RO,C CN

/ A\ .
RO.C N/\COZR (ID),

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

(C,-Ce)alkyl group,

is reacted with strontium hydroxide in an amount greater than or equal to 2 mol per mol of
compound of formula (II),

at the reflux of water,

for at least 5 hours;

the precipitate obtained is then filtered off whilst hot;
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5. Synthesis process according to any one of claims 1, 2 and 4, characterised in that the
temperature of reaction between the compounds of formulae (IV) and (V) is less than

50°C.

6. Synthesis process according to any one of claims 1, 2, 4 and 5, characterised in that the
refluxing time for the reaction between the compound of formula (VI) and sulphur is

between 1 hour 30 minutes and 3 hours.

7. Synthesis process according to claim 1, characterised in that the amount of potassium
carbonate used in the synthesis of the compound of formula (II) is from 2 to 3 mol per

mol of compound of formula (III).

8. Synthesis process according to either claim 1 or claim 7, characterised in that the
amount of compound of formula (VII) is from 2 to 3 mol per mol of compound of

formula (III).

9. Synthesis process according to any one of claims 1, 7 and 8, characterised in that the
initial volume of organic solvent used in the reaction of the compound of formula (IIT)
with the compound of formula (VII) is from 6 to 12 ml per gram of compound of

formula (IIT).

10. Synthesis process according to any one of claims 1 and 7 to 9, characterised in that the
organic solvent used in the reaction of the compound of formula (III) with the

compound of formula (VII) is acetone or acetonitrile.
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