DI ESTER OF 5- AM NO- 3CARBOXYMETHYL- 4- CYANO- 2- THI OPHENECARB

APPLI CATI ON TO THE SYNTHESI S OF BI VALENT SALTS OF RANEL1C B D THEI R
.HYDRATES The present invention relates to a process for the i ndUZt ri al

synt hesi sNiof PROCESSBORYHE (NIRSTRIAL QYNTHESIS OF THE METHYL DIESTER OF 5-AMINO-3-

5- am no- 3CARBUXOMETHY 1Y-CY ANG-Y-THOPRENECARBDEMEICAICIIN XD AEPIACATIONITO THE t he

appl i cat i DINTHRES @5 BIMALENR SALTS QT RANERIC AGHOANRLTHESR HYPRATBSal ent sal ts of

ranelic acid and their hydrates. More specifically, the present invention

rel ates . ' [ hS.d d of
Formi a 015 aayIR BRI b Pe Qs YfnaTH RRkRsR o ind BEuPHRAM
obt ai ned ofiGeatibigcdrbotngethylotegmod-thidphensvushoki/lie atidl agetdllthd mpglivetion
synthesis of ranelic acid, its strontium _calciumor_ magnesiumsalts of
fornul a thergofipthe indystriatppoductionphibiyplent sals pbranelys agidand theiphydigtessent s
strontium calciumor nmagnesium and hydrates of the said salts. The
bi val ent salts of ranelic acid have very val uabl e pharmacol ogi cal and
t her apeuMadre ppeeifivallycthe pesspriCinadrtion pelates tone eelv prddessofel drfindwitrial sprithesis ti es,
maki ng thgse conpoqg%&quseful in the treatment of bone diseases. 15 The
bi val ent OkHiecemppun orul(fld, 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. 2 That Patent
Speci fication descri i Bf strontiumranel ate starting from
the ethyl tetraester

@.

‘1] e3evh"">6ThHM NEW PROCESS FOR THE | NDUSTRI AL SYNTHESI S L
AND
D

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 (TI) :

0,C /S\ T\/\COZ- W (ID),

Co,

10 wherein M represents strontium, calcium or magnesium,
and hydrates of the said salts.
The bivalent salts of ranelic acid have very valuable pharmacological 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
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-HSC2Q2C~ / CN ~CQOzZC2H5 {I111), H5Cz02C S N which is itself obtainable
starting fromthe ethyl diester of fornmula (I1V) HSCzOzC CN\ (IV). HsCzQzC
~C~ 'tea 5 Synthesis of the internmediate of fornula (1V) has been descri bed
_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

bet ween di et hyl 3-oxoglutarate, malononitrile and sul phur in ethanol, in

t he presence of norpholine or diethylamne. to That process has the

advant age of using readily accessible starting materials and of being

Several - MURGPal SpRIRGHEE YepIRASRR sy bF % ik Fskle SRRt Aol vy

to be obtediyledraksteroffoh@lagllBat er than 70 % In view of the pharmaceuti cal

interest of strontiumranel ate and the tonnages produced, it 15 has been

inportant to be able to synthesise a diester of

5-am no- 3-car boxymeé_i]ga- 4- cyano 2-thj.ophenecarboxylic acid of excellent

purity, in a yield 6t 0.¢eas g which is reproducible on an industri al
evel oped an effective industrial

synthesis process allowng th

dj f or mul |) to be obtained
in ayield of at |east cl®. @ ’ ﬁ)[;ﬁfl C;l%eater t?@b@? % The
conpound of formula (I°) *thereby Sobt aij % especially useful in the

synthesis of 5 ranelic acid, its stron C;ﬁisciumor magnesi um sal ts and
hydrates of the said salts, nore especi al ontiumranelate and its
hydrates, wherein it is reacted wwth an ester of bronopacetic acid to yield
the corresponding tetraester, which is then converted into ranelic acid or
into a S_tvafrﬁeﬁisgmlfesdaﬁiasr@s@&ﬂiﬂ@%ﬁﬁtb@@t@&h{es&hsfﬁ%ulaww . specifically, the
present invention relates to a process for the industrial synthesis of 1o
the conmpound of formula (1), which process is characterised in that

di methyl 3-oxoglutarate of formula (V) HEOZC COZCH3 (V) O

H,C,0,C
V).
/ \ (Iv)
g7 TNH,

scal e. 3 The Applicant has n

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.



is reacted with malonitrile of formula (VI) NC-CN (VI) 15 in nmethanol, in
the presence of norpholine in an anount greater than 0.95 nol per nol of
conmpound of forrmula (V), to yield the conmpound of formula (VII) CH30 OCH3 ~
O+~ (VIl), NCCNHNO?2 a which is then reacted with sul phur in an
“anount greater than 0.95 nol per nol of, conpound of formula (V); the
reaction mxture is then heated at reflux; and the conpound of fornula (I)
thereby obtained is isolated by precipitation in the 5 presence of water,

f ol | owed Thy Applicasit hasnnow rdevq:iomde&s effectoer didngtigl synfhesis quodpss taﬂewingethef

these very specific condi a eci al.| 1e te .
format | ol it pieimach B aeatedm ootk j, 114 HEMBa pusiy

i sol at ed greatdr@vh 971€;, corrpound of formula (1) to be obtained with excellent
purity and inavyield of at least 77 %which is reproducible on the scale
of several hundred lo krlograns whi ch represents a najor gain inyieldin
vi ew of tr nt| neI at e. rod he apount .of
ret hanol 198 SSERIPAST ARG BB aifard 3F st cirebin BF SRR £f(v)
The 4 errper@hu raeldOIts @G Run® TaRAIMDEL thalchesi ¢A FRIRAIBh Y atE O MUE 38id (Yiks, dte (V1)
is preferably 15 | ess than 50C. The reaction tinme at reflux after addition
of the snsn:murllyr sirquitigfre ratislage fand nitsl hM@latessmhﬁ:rem:tless reac®dhwithsan reeuehwf
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usef ul  ascidyRine i ssrodfu LR BhfMedilmtsaR tedredy cal or pharnaceuti cal
i ndustry, especially in the synthesis of strontiumranelate, and

accordingly forman integral part of the present invention. The Exanples

her ei nbe [ { ' 0 5
EXAMPLE T%i‘e’\s;é%zﬂ{;{:aﬁ%} the ‘%&éﬁ @gh{‘&g é(?!’ét T Q’ ﬂ’tce fci?f(%hglt ‘r%‘d{‘%?r‘%%?% She

car boxy! alieecdnipound wf orimillo(I react or 400 kg of d| met hyl 3-oxoglutarate, 158
kg of mal ononitrile and 560 litres of methanol and then, whilst maintaining

the tenperature of the reaction m xture
which process is characterised in that dimethyl 3-oxoglutarate of formula (V) :

H,CO,C /\HACOZCH3 W)

0]

ﬁ

is reacted with malonitrile of formula (VI) :

Ne” en V1)

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

CH,0 YOCHa
\ﬂ/tuf\o' T/ (VI),
H,N 0

NC CN )
_/



-5 bel ow 40C, 199.6 kg of norpholine. Then introduce 73.6 kg of sul phur and
subsequently bring the m xture to reflux. After reacting for 2 hours, stop
refluxi ng and add water until precipitation occurs. Filter off the
precipitate obtained, wash it and dry it. Methyl
“5- am no- 4- cyano- 3- ( 2- net hoxy- 2- oxoet hyl ) - 2-t hi ophenecar boxyl ate i s thereby
to obtained in a yield of 77 %and with*a chemcal purity of 98 % EXAMPLE
2: Met hyl 5- am no- 4- cyano- 3- ( 2- met hoxy- 2- oxoet hyl ) - 2-t hi ophene car boxyl at e
I ntroduce into a reactor 400 kg of dinethyl 3-oxoglutarate, 158 kg of
mal ononitrile and 560 litres of pethanol and then, whilst maintaining the
t enper at vrhictols theparepated with sulphis inra ampusg esatentan 01%omel ey nagl ofor phol i ne.
The conp I 11) thereby obtained, or the addition salt of
met hyl B(Q'éll:ag?/‘ggrldo‘%eﬁ{oﬂky‘l‘%rg(e] >~ 5- hydr oxy- 5- net hoxy- 4- pent enoate with
mor phol i i reh@iongAixdire ds thyn hedtéd adrefinx;af ter cooling of the mixture and is
then reacted with 73.6 kg of sul phur in nmethanol. 20 The m xture is then
br ought ©8d rthe |cgmponnd &f fomnelaj(hg thesgby20ained is dsaipted &1y pracinjtating indhewat er
untid precinpl i (o] i . of f the precipitate obtained, wash it
and ;dry ﬁé.sQﬁcte%tfléﬁz&?rl\@qf%&l%grbglcﬂeﬁsrgﬁ?tgr the industrial synthesis of the
conpound of fornmula (1) H3C02C CN ()~ H3COZC s NHz characterised in that
di met hyl 3-oxogl utarate of fornul (\/t‘)WHSCDZC CQOZCH3 (V). Ois reacted with
mal ononi tiPE| RFOERSSf a%%mlagwn)prmf@hy( yuse Piribespanety, spesific, gonstidansy @gd of
mor phol i ' : r f Qf ;o
Formi a (oS By P epabERL hrhatin, B cBboli g im®h (VAPQHRH o2h, i
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 (VII) 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.



CH30 OCH3 ~ O+ ~ (VIl), NC'CN H N O z\ which is then reacted with

sul phur in an anount greater than 0.95 nol per nol of conpound of formula
~(V); the reaction mxture is then heated at reflux; and the compound of
Jformula (1) thereby obtained is isolated by precipitation in the 5 presence
of water, followed by filtration. 2. Synthesis process according to claim
1, characterised in that the amount of frethanol is from1 to 3 m per gram
of conmpound of formula (V). 3. Synthesis process according to either claim
1 or cl aEKAMPRIR1advietliyd Schminot4rayandid-(2-avatkexyi-2HoRoethyhQathioghenkeet ween t he
conpounds of formnul ae IglV) and (VI) is less than 10 50C. 4. Synthesis
process according t F3PYXYME of claims 1 to 3, characterised in that the
reaction tine at reflux after addition of the sul phur is from21 hour 30

m nutes to 3 hours. 5.

Met hyl 5- dmtroducd -intp s oeadtof 206rddghofx ginistiof dedtuglytadte, 58 (Kperfemaloboniytilatand 15

6. The cggBE.und f fornul VIT) .CH30, OCH3 p ~ O + ~ (VII%HNC,'CN HNO?2
7. Proces8U1ifes phmeineand; thenywhilsh gainiaining dhe femperatyig it eactignanixiirs
magnesi u R r -fhe said salts, starting froma conpound of
forrrrkﬁl a %?@i@@%%&%gﬁ EISQ&H!I??COZC ~s ~NHZ which is reacted with an
ester of bronpacetic acid to yield the corresponding tetraester, which is

converted.into raneljc.acid or a strontiu cal ci um.or nmagnesi um
q"hen Entroduce 1758 kg of sulp[mur and su?)sequexqt}y br?ng tlhe mixture togre ux.

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
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-

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

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.



~-salt thereof, 5 characterised in that the conpound of formula (I) is
obt ai ned by a synthesis process according to any one of clains 1 to 4. &
Process for the synthesis of strontiumranelate and its hydrates, starting
Jroma conmpound of forrmula (I) H3COZC CN (1)~ H3COZC ~S ~NHZ 1o which is
reacted with an ester of bronoacetic ac%d to yield the corresponding
tetraester, which is converted into strontiumranelate, characterised in
that the conpound of fornmula (1) is obtained by a synthesis process
according to any one of clainms 1 to 4.
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is reacted with malononitrile of formula (VI) :

Ne” 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,0 YOCHa
I(I\O' 2N (v,
H,N 9)

NC CN
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and the compound of formula (I) thereby obtained is isolated by precipitation in the

5 presence of water, followed by filtration.

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 compound of formula (VII) :

CH3O YOCH3
md WA (VID.
H,N 0]

NC”T CN  H,
__/

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 (T) :



- -10sy5s10%& ()-!s -%0%& ()-!s -%0% ()-s("10%& ()- S #9d0%&' ()-zs"10%&' ()-"
()*, usmV/ s" 109&' ()-s"109%& ()-109%& ()- @ 109& ()- 10%& ()-Y:10%& ()-" 10
105[ 9dEMN/ s" 10%4@L0%&' ()-s"109%& ()-s 310%& ()-s"10%& ()-sS910%& ()-F109%& ()-!
ydEMV/ s" 10%s+" 10%&' () - (10%&' () - &"109%& ()-SF% 10%&' ()- "109%& ()-sy
109%&' () -, bCs"10%0% & ()-s10%& ()- 10 10 108 10%& ()-s7"10%& ()-3-10%& () -
)fzA?2bCs" 10" f 10%& ()-!> 10%& ()--10%& ()-!2 10%R8&&' ()- @

10% & () - @M0% & ()-(ChdBbCs" 10! 0°, 210%& () -/ MLO% & ()--10%& ()-+"10%& ()
-9*10%& () - @10%& (g, "()-" 1109 () - 10%& ()-910%& ()-M
10HH 10HH 10HH 0, 2109%H&*() - &
dBuVv7! LY%40%& ()-T"10%& () - @ S10%&//() \\' 10%&' () - 109&' ()d),! 109& () -
orririrdcuvy! >) 10%t& () - &@0Y& & ()-@ 10%& ()-@

109&' ()-"109%& ()-"#" """ "HLCO,Cam ()-®howk ()- 10 10

10@Y10%&' ()-S2"10%&' ()-!70) 1098 X3

X& ()-""A####$aB~ @FS109%&' ()-3%09%& ()-fnl0%& ()-Sf 109%& ()-S

109&' () -! SMLOYDO0&' () - Bk$$$$$* YaB~_ @ 109%R' () - S&YL0%R' () - ! 0S&I109R&&' () - - S&
910%&' () - - 10%Agich )is" reagtol’ With *9@st8r- oEEbromogeetis- adddt0uicld) tHe) SQVAPOBALE () - - S

&9109%&' --f - 109K ~fS) 109K - Norpal"." i 131 ¢". " Headi 23] c"
Freadi ny) 23] g hich % soveried bite rHeTE moid S oA bicium SF Maliksfith S, o

"Headi ng 83]git théiesli ng 93] c" A "Default Paragraph FontY
U(y" &(*,.024_V' %l JKLB8W VG 5h "" $* 984/NOPQRSTUVWKYZ[\ ] ~_"abcdef 6Ti nes New
RomenAr i al Cothafagterisgdvirhthab e emapopwd rof fomaite A hs obtained by a synthesis process

HSUR () %+ oo A RAA67 8% bE SRR @BRDEFGH JKLMNOPQRSTUWKYZ[ \ ] » " abcdef gh

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

compound of formula (I) :

H,CO,C N
7\ M,
H,CO,C S NH,
10 which is reacted with an ester of bromoacetic acid to yield the 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.



