NEW PROCESS FOR THE SYNTHESI S OF | VABRADI NE AND ADDI TI ONAL SALTS
THEREOF W TH A PHARNMACEUTI CALLY ACCEPTABLE ACI D The present invention
relates to a process for the synthesis of ivabradine of formula (1):
or 3-1311[(7S)-3, 4-di net hoxybi cycl o[ 4.2.0]octa-1, 3,5-trien-7-yl]
met hyl } (methyl)am nol-

propyl1-7, 8-
5addi tion sﬁ%&nséﬂgf%giﬁﬁtf ﬁi%%%% RE%&ZE b'a&‘é@fgl&, and
hydr at es thereof |vabradi ne and its a |on sa S mnth a
pharmaceutically acceptable acid, and nore especially its
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properties, ‘especially bradycardic properti‘es, making those conpou ds
useful in the treatnent or prevention of various clinical situations
of nyocardi al |§QQ§enla such as 10 angina pectoris, myocardial
‘infarct and associated.rhythm di sturbances, and IOCHr i ous

pat hol ogi es i nvol vi i st ur bance H3espec

supraventri cul -@o st ur\pances, ang in he'[rt il ure. The
preparation aﬁ%{?he;\, ‘\@P/?Vabfa i#fe an ,’L t|on salts
wi th a pharnmaceutically a
hydr ochl ori de, have been 15descri bed |n t he European patent

specification EP 0 534 859. TRat _patent specification describes the
synthesis of ivabradine hydrochloride starting fromthe conpound of

fornula (rry: -2-
or 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7- yl]methyl}(methyl)ammo]—

propyl} -7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one,

5 addition salts thereof with a pharmaceutically acceptabie acid, and hydrates thereof.

Ivabradine, and its addition salts with a pharmaceutically acceptablé acid, and more
especially its hydrochloride, have very valuable phafmacoldgical and v'thefapeutic.
properties, especially bradycardic pfoperties, making those conipounds_ useful in the
treatment or prevéntio’n of various clinical situations of myocardial ischaemia :su'ch as
10 angina pectoris,' myocardial infarct and associated rhythm disturbances, and -also in V‘ariou'sj
pathologies involving rhythm disturbances, especially supraventriculvaf, rhythm

disturbances, and in heart fallure

The preparation and therapeutic use of ivabradine and its- addition salts with a
pharmaceutically acceptable acid, and more especially its hydrochloride, ‘have been

15 described in the European patent specification EP 0 534 859.

That patent specification describes the synthesis of ivabradine hydrochloride starting from-

the compound of formula (II):



OCH3 OCH3 which is subjected to a reduction reaction to yield
t he conpound of fornula (I111): OCH3 OCR, which is converted into the
_compound of formula (I1V): OCH3 C1131-TNOCH3 5 which is resolved to
yield the conpound of formula (V): OCH3 CH3HNOCH3 which is reacted
with the conpound of fornula (VI): CH302CH30 (V)
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which is subjected to a reduction reaction to yield the compound of formula (III):
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which is converted into the compound of formula (IV):

o OCH;
w [ vy,
5 CH,HN OCH,
which is resolved to yield the compound of formula (V):
o OCH;
| P [ ),
CH,HN OCH,

which is reacted with the compound of formula (VI):

CH,0 S

CH,O
O

10 to yield the compound of formula (VII):



the catal ytic hydrogenation of which yields ivabradine, which is then
converted into its hydrochl oride. The di sadvant age of t hat
.synthesis route is that it results in ivabradine in a yield of the
5order of only 0.5 % In view of the pharnmaceutical value of this
compound, it has been inportant to be abie to obtain it by an
effective synthesis process resulting in ivabradine in a good yield.
The present in¢é&g®jon relates to a process for the Sy, 6¢ﬁe5|s of the
conmpound of fornmul ay=V in racenlc(g{ opt ive form
characterised int pound of flormu|a II), in racenlc ﬁ%
ound
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of fwmula (IX):

the catalytic hydrogenation of which yields ivabradine, which is then converted into its

hydrochloride.

The disadvantage of that synthesis route is that it results in ivabradine in a yield of the

5 order of only 0.5 %.

In view of the pharmaceutical value of this compound, it has been important to be able to

obtain it by an effective synthesis process resulting in ivabradine in a good yield.

The present invention relates to a process for the synthesis of the compound of

formula (VIII), in racemic or optically active form:

CH,O OCH,
cH N
[ 1 (VII)
H.O N =
CH, N """ OCH,
10 ©
characterised in that the compound of formula (II), in racemic or optically active form:

OCH,
=
| (i
‘ NS
7 OCH,

is reacted with the compound of formula (IX):



-4- CHO QG 130 CH. I (IX) O in the presence of a salt of a
transition metal or of a lanthanide, in a solvent, to yield the
.conpound of folutula (X), in racemc or optically active form 50
which is converted into the corrpound of formJIa (VII'1) by the action
of a hydride donor agent.

CH.O Cng

3

CH,0

O
in the presence of a salt of a transition metal or of a lanthanide,
in a solvent,
to yield the compound of formula (X), in racemic or optically active form:

CH,0

?}I

X AN
CH.,O N = (XD,
3 N\/\/ OCH3
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5 O
which is converted into the compound of formula (VIII) by the action of a hydride donor

agent.

In a preferred embodiment of the invention, the compound of formula (II) is in optically
active form, more especially of configuration (S). The product of the reaction of the
10 compound of formula (X) with the hydride donor agent is then ivabradine of formula (I), a

particular case of the compounds of formula (VIII):

CH,O

CH, | \[ ’
CH,0 N N = O,

O

which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
15 phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

into hydrates thereof.



In a preferred enbodi nent of the invention, the conpound of fornmula
(I'l') is in optically active form nore especially of configuration
(S). The product of the reaction of the 10conpound of formula (X

with the hydride donor agent is then ivabradine of formula (1), a
particul ar case of the conpounds of forfAula (M11): whi ch may
optionally be converted into addition salts thereof with a

phar maceuln a@dthet preteept admhiedaaett @fetmcmedltfhdhpmhdﬁy@kng@mm@ﬂ fbrﬁmled(ﬂ) is in
hydr obrom ¢ acid, sul phuric aC|d 15 oric aci acetic aci
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-5-- I n another preferred enbodi nent of the invention, the conpound

of formula (11) is in racemc form The reaction of the conmpound of
formula (X) w thkgohydride donor agent is then followed by a step of

optical resolution O \e canpound of fo&ﬁulc ( BtHi ned in
raeenmic form to vyi @.no ne of foryul a|(l [: D | OCH3 o
CH,0 Ne~_N yz ocH ’
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which may optionally be converted into addition salts thereof with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
10 acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

into hydrates thereof.

Among the salts of transition metals or of lanthanides that may be used to carry out the
reaction between the compound of formula (IT) and the compound of formula (IX), there
may be mentioned, without implying any limitation, copper(I) chloride, copper(I) bromide,
15 copper(l) iodide, yttrium(IIl) trifluoromethanesulphonate, lanthanum(III) trifluoromethane-
sulphonate, praseodymium(II) trifluoromethanesulphonate, neodymium(IIl) trifluoro-
methanesulphonate, samarium(IIl) trifluoromethanesulphonate, europium(Ill) trifluoro-
methanesulphonate, gadolinium(IIl) trifluoromethanesulphonate, terbium(lll) trifluoro-
methanesulphonate, dysprosium(Ill) trifluoromethanesulphonate, holmium(IIl) trifluoro-
20 methanesulphonate, erbium(Ill) trifluoromethanesulphonate and lutetium(IIl) trifluoro-

methanesulphonate.

Preference is given to the transition metal salt used for carrying out the reaction between

the compound of formula (II) and the compound of formula (IX) being copper(l) chloride.



Ca-13 which may optionally be converted into addition salts thereof
wi th a pharmaceutically acceptable acid selected from hydrochloric
~acid, hydrobrom c acid, sulphuric acid, phosphoric acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvic acid, malonie acid,
succinic acid, glutaric acid, fumaric aéid, tartaric acid, maleic
acid, citric acid, ascorbic 10acid, oxalic acid, mnethanesul phonie
aci d, benkeweg tigdodviine that @apbd usainfoh osirging outdthe asattionthotveed riad esmpound
t hereof Anpng the salts of transiti metal s_or. of |anthani des that
may be usggP%u@aéﬁ&a ¢he sampeid POToBRBLR) fhee B Bt TR OnFGr Wihept
(1) and %gﬁﬁﬁ%gﬁfﬂﬂﬂa@&rfornU|a (I'X), there may be nentioned,
inpl'yihg a Im

W t hout ny lrmtation, copper(l) chloride, copper(l)
brom de, 15 coppet ( dcohadi séventst especiaily hiefhanol, ethanol and isopropanol;

trifluoromethanesul phonate, | anth 1)
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trifluoromethanesul phonate, samariunm(l11) trifluoromethanesul phonate,

europi um(111) tri-f| demedeinyanbdenegMiviBl.e, gadol iniun(Iil1)
trifluoronethanesul phonate, terbium(111) trifluoronethanesul phonate,
dysprosiun(l11) trifluoronethanesul phonate, hol mun{IlI11) trifluoro-

20met hanesdfephiRbad iver tdoiht BOIdd)uskd kdrl diaypigriubaRasstidRaRal&nandcompound
lutetiunm(I11) trilluoro- nethanesul phonate. -6- Among the solvents

that may Ydousda (Hhandthe cgmpgunsiafl foraulp éaothess BethoR@dn t he conpound
of formula (11) and the conpound of formula (1X) there nay he
mentioned, without inplying any limtation: - al coholic
sol vént s, Aespg theahydriderionanagentethhamal banged sopraefyanodyt thelicomtehyidn of the
sul phoxi dc ( DVSQ) ; ) .
Hi phoxi corrgpoung )of formula (X) into the compound of formula (VIII) there may be mentioned,
without implying any limitation, sodium tetraborohydride, sodium cyanoborohydride and

also the complexes borane-morpholine and borane-dimethylamine.

Preference is given to the hydride donor agent used for carrying out the conversion of the
15 compound of formula (X) into the compound of formula (VII) being sodium

tetraborohydride.

Among the solvents that may be used for carrying out the conversion of the compound of
formula (X) into the compound of formula (VII) there may be mentioned, without
implying any limitation:
20 - alcohoiic solvents, especially methanol, ethanol and isopropanol;
- N,N-dimethylformamide (DMF);
- N-methylpyrrolidone (NMP).

The compounds of formula (X), in racemic or optically active form, are new products
which are useful as synthesis intermediates in the chemical or pharmaceutical industry,
25 especially in the synthesis of ivabradine, addition salts thereof with a pharmaceutically
acceptable acid and hydrates thereof, and as such they form an integral part of the present

invention.



AT, N-di met hyl f or mani de (DVF): N-met hyl pyrrolidone (NVP). Preference
is given to the solvent used for carrying out the reaction between
.the compound of formula (l11) and the conmpound of formula (IX) being

met hanol

10Anmong the hydride donor agents that may be used for

carrying out the conversion of the conpaund of formula (X) into the
conpound of forrmula (VII1) there may be nmentioned, w thout inplying
any limtation, sodiumtetraborohydride, sodi um cyanoborohydride and
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Step 1: N-[3-(7,8-dimethoxy-2-0x0-1,2,4,5-tetrahydro-3 H-3-benzazepin-3-yl)propyl]-3,4-
dimethoxy-N-methylbicyclo[4.2.0]octa-1,3,5-triene-7-carboximidamide

Under nitrogen, 2 g (10.6 mmol) of 3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-triene-7-
carbonitrile are dissolved in 10 mL of methanol. To the resulting solution there are added
1.3 g (12.7 mmol, 1.2 equivalents) of copper(I) chloride (purity 99 %). Then 4.6 g
(15.9 mmol, 1.5 equivalents) of 7,8-dimethoxy-3-[3-(methylamino)propyl]-1,3,4,5-tetra-
hydro-2H-3-benzazepin-2-one dissolved in 20 mL of methanol are added dropwise.
Heating at reflux is carried out for 24 hours. Cooling to 0°C is carried out, concentrated
hydrochloric acid is added until the pH is 2 and stirring is carried out for 10 minutes in
order to decomplex the copper salts. The pH is then brought to 8 by adding 20 % aqueous
sodium hydroxide solution. The aqueous phase is extracted with dichloromethane, dried
over MgSQy, filtered and then evaporated to dryness. There are obtained 6.4 g of a brown
oil containing 35 % expected product in admixture with 21% starting amine. This oil is

used without purification in the step that follows.

Step 2: 3-{3-[[(3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl)methyl](methyl)amino |-
propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one

6.4 g of the product obtained in Step 1 are dissolved in 65 mL of methanol. 481 mg
(12.7 mmol, 1.2 equivalents) of sodium tetraborohydride are then added at 25°C. Stirring is

carried out overnight at ambient temperature. 26 mL of 20 % aqueous sodium hydroxide



-7- The Exanpl es hereinbelow illustrate the invention. List of
abbrevi ations used: 111. infra-red EXAMPLE 1:
.3-13-11(3, 4-di t net hoxybi cycl o[ 4. 2. 0loeta-1, 3,5-trien-7-yOret hy11l-
5( met hyDam noj propyl) - 7, 8-di met hoxy- 1, 3, 4, 5-t etrahydr o- 2H 3-
benzazepi n-2-one Step 1: N-P-(7, 8-di n'et‘?mxy- 2-0xo0-1
, 2,4,5-tetrahydro-3H 3-benzazepi n- 3-yl ) propyl f -3, 4-
di met hoxysoNstiomt dmdl 19i0ayE lod [d«ibh20r61]neﬁﬂaae dreRdded nndngorous atilring is rhdwd cdie for

Jocta 1 ol Shitenate biesn Shioe bk el &V wer Eea: MESth: fillrsg and then
met hanol . ¢y18ohRE LaMhEiNARA Ui ORainbg e & 6f addgd thlgh 9s %&gﬁgd ’B?Dﬂash

1.2 equivalents) of copper(l) chloride (purity 999%.
mol , 1. &Imquabmgta@hy on Hi0 g of silica (eluant = d1chloromethane/ethanol/NH4OH 90/ 10/1).

epi h 2- oNEAELaPGERY 1P Bt HTREPRIERSR i BrhG0b & Hilopucasry Saoe o

Heat i ng agmwleﬁtltgm sanearri ed out for 24 hours. Cooling to OCis
carried out, concentrat ed 15 hydrochloric acid is added until the pH
is 2 and stlrrlng is carried out for 10 mnutes in order to deconpl ex

t he coppe Lt,So H is then brought to 8 by adding 20 % aqueous
sodi um hy%lregcgl §§ A’g(p%fl@gﬁ)’ he aqueous phase is extracted with

di chl or onmgt (pang: v eliceg, gme572\/g§®4 filtered and then evaporated to
dryness. There are obtai ned 6.4 g of a brown oil containing 35 %
expected product in adm xture with 21%starting amne. This oil is
20used without purification in the step that follows. Step 2:
3-13-11( 3, 4-di net hoxybi cycl o[ 4. 2. 0] octa-L3,5-trien-7-yenet hyl ] (et hye

am no] - m&&‘%éﬂLE 8- B- g@t{fmsy -314—Dlmeth0xyblcycle[4 2. Olocta -1,3,5-trien-7-ylJ-

,3,4.5-tetra ro-2/ 1- 3-benzazepi n- 2- one of the r oduct

obt & ned i n St ep 1 areedybimethy affﬂnﬁh’rﬁl!ylb'ﬁs&ét**ﬁh@*y-lﬁi prietralpydro-
ool 52, e val oot syl ashia gy, o hen edded o
m. of 20 % aqueous sodi um hydr oxi de
2.1 g of the racemic compound obtained in the Example above are separated on a 60 cm x
60 mm column packed with 2.1 kg of Chiralpak ® AD phase (particle size 20 pum). The
eluant used is a mixture of ethanol/acetonitrile/diethylamine (10/90/0.1 by volume) at a
15 flow rate of 50 mL/min. The associated ultra-violet detector is used at a wavelength of
280 nm. |
There are obtained 0.95 g of the enantiomer of configuration (R) in the form of a white

meringue and then 0.95 g of the enantiomer of configuration (S), also in the form of a

white meringue.

20 The hydrochloride of the enantiomer of configuration (S) is then obtained by following the
procedure described in patent specification EP 0 534 859 (Example 2, Step E).



-8- solution and 100 nlL of dichl oronethane are added and vi gorous
stirring is carried out for 15 mnutes. The organic phase is washed
.Wth water, dried over MgSH, filtered and then evaporated to
dryness. There are obtained 6.6 g of an oil which is purified by

fl ash chromat ography on 300 g of silica9(eluant =

di chl or onet hane/ et hanol /NI 1 401'1: 90/10/1). 5There are obtained 1.6 g
of the title product in the formof an oil, which crystallises at
anbi ent tenperature. Yield = 33 @6(o%§f}idgteps) IR (pure): v = 1633,
831, 672 cm|. EXAVPLE 2: CLAIMS

3-{3-1W'S) - 3, 4- Di net hoxybi cycl 014. 2. Oj octa-1, 3,5-trien-7-yli-nmethyl}(
nmet hyl ) am nol propyl}-7, 8-di net hoxy-1, 3, 4, 5-tetrahydr o-21/ - 3- benzazep
n-2-one hydrochloride 2.1 g of the racem c conpound obtained in the

Exanpl e apove are separated .on 60 cm x .6 ol packed .with 2.
g of o Pl s SRR sRABET B CrEuby s AaRiR. VH PEFEG Y ot Safialy
a mxture ofacgt/baqal:/ acetonitril e/ diethylamne (10/90/0.1 by vol une)

at a 15flow rate of 50 nmL/mn. The associated ultra-viol et detector

is used at a wavel ength of 280 nm There are obtained 0.95 g of the
enantioner of qgeopfiguration (R) in the formof a white meringue and
then 0.95 g of the anti oner of configuration Q&dLin the form
of a white meringug drochl ori of [the| enanti oner of
configuratioBH(. ai ned by fQllowing th rocedure (VII),
descri bed i n patent & E 5 859 (EXanplaCr2, Step E)

O
5 characterised in that the compound of formula (II), in racemic or optically active form:
OCH,
=
| (1n
P NN
F OCH,

is reacted with the compound of formula (IX):

CH.O C,:Hs

N ~NH @)
CH,0
O

in the presence of a salt of a transition metal or of a lanthanide,
10 in a solvent,

to yield the compound of formula (X), in racemic or optically active form:
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(V11),

CLAIMS 1. Process for the synthesis of he conmpound of fatmula
in racemc or optically active form 5characterised in

.that the conpound of formula (Il1), in racemc or optically active

0

10

15

form OCH3 (11) OCH3 is reacted with thleO conmpound of forrmula (IX):

CH,0 OCH

CH \ 3

CH,O Ne N Z OCH

NH

X,

O.
which is converted into the compound of formula (VIII) by the action of a hydride donor

agent.

2. Synthesis process according to claim 1, characterised in that the compound of
formula (II) is of configuration (S), and in that the product of the reaction of the
compound of formula (X) with the hydride donor agent is ivabradine of formula (I), a

particular case of the compounds of formula (VIII):

CH.O

S
CH.O Ne_~_N _ 0,

6]
which may be converted into addition salts thereof with a pharmaceutically acceptable acid
selected from hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid, acetic
acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, glutaric
acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid,
methanesulphonic acid, benzenesulphonic acid and camphoric acid, and into hydrates

thereof.

3. Synthesis process according to claim 1, characterised in that the compound of
formula (II) is in racemic form, and in that the reaction of the compound of
formula (X) with the hydride donor agent is followed by a step of optical resolution of
the compound of formula (VII) obtained in racemic form, to yield ivabradine of

formula (I):



in the presence of a salt of a transition netal or of a |anthanide.
10in a solvent, to yield the conpound of fomula (X), in racemc or
.optically active Rum which is converted into the conmpound of
formula (M11) by the action of a hydrlde donor agent. 2. Synthesis
process according to claiml, characterllsed in that the conmpound of 5
formula (11) is of configuration (S), and in that the product of the
reaction of theChHgipound of formula (X) with the dri de,donor agent

i s ivabradi ne of fonmata a particul gy cagseof coApounds of
formula (M11): h may, be converfed |ntd add{tion salts

t hereof with &Hpbar ny i cal I y_accept ghl id ﬁ ed frofP
hydrochloric acid, hydrobxomc acid, sulphuric acid, p S%bhorlc aci d,
acetic acid, trifluoroacetic\acid, lactic acid, pyruvic acid, malonic
acid, succinic acid, glutaricoacid, fumaric acid, tartaric acid,

mal ei ¢ acid, citric acid, ascorbic acid, oxalic aC|d

met hanes uMplBaY becGoayerrshiatonsidifiqaaHs theaat WIMW@BWIP@%TQCGW&@Q @cid
hyd
IC E;? ac %’ e: I?erlse%% dt fl?&gl%g/Idr RiFic a§ycf(; IIJ]E%%‘D? H?l'é Q| %I’S §u1§ﬁ1§: ?cr iy %h%gph%n%l amd1 acetic

e co I's’i'n racem
form andadid ‘fhlﬁlabrdabﬁlcr ﬁﬁ@tia@tﬁb aéidt bﬁru@fmmw,ndlalmfm(f didusrRcink aMkiI Blutaric
the hydride d agent is followed by a step of optical resolution

of the cotfifbu 361‘3 PO miATRric\Acid) M8lG A5k GiwicT a%én%corlaﬁ mcid, 00xAlig| geid,
i vabr adi nge@hndsQIpRbhi2 4did,’ ber@enesulphonic acid and camphoric acid, and into hydrates

thereof.

4. Synthesis process according to any one of claims 1 to 3, characterised in that the salt

of a transition metal or of a lanthanide used to carry out the reaction between the

10 compound of formula (II) and the compound of formula (IX) is selecfed from
copper(I)  chloride, copper(I) bromide, copper(l) iodide, yttrium(III)
trifluoromethanesulphonate, lanthanum(1IT) trifluoromethanesulphonate,
praseodymium(IIl) trifluoromethanesulphonate, neodymium(IIl) trifluoromethane-

sulphonate, samarium(Ill) trifluoromethanesulphonate, europium(IIT) trifluoro-

15 methanesulphonate,  gadolinium(IlT)  trifluoromethanesulphonate,  terbium(III)
trifluoromethanesulphonate, dysprosium(1II) triﬂuoromethanesuiphonate,
holmium(IIl) trifluoromethanesulphonate, erbium(IIl) trifluoromethanesulphonate and

lutetium(III) trifluoromethanesulphonate.

20 5. Synthesis process according to any one of claims 1 to 4, characterised in that the
solvent used to carry out the reaction between the compound of formula (IT) and the
compound of formula (IX) is selected from alcoholic solvents, dimethyl sulphoxide,

N,N-dimethylformamide and N-methylpyrrolidone.

6. Synthesis process according to any one of claims 1 to 5, characterised in that the
25 hydride donor agent used to carry out the conversion of the compound of formula (X)

to the compound of formula (VIII) is selected from sodium tetraborohydride, sodium



whi ch may be converted into addition salts thereof with a
pharmaceutically acceptable acid selected from hydrochl oric acid,
.hydrobrom c acid, sul phuric acid, phosphoric acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric akd-d, tartaric acid, maleic
acid, citric acid, ascorbic acid, oxalic acid, nethanesul phonic acid,
benzenesul phgrncb@ohytiraied thanphmples dorahe-rangholiieo dnddriad esorhpiex ebbrane-
4. Synt hesi s _pr c?ss.according to any one of clainms 1 to 3, -
characterisé@BFﬁh%ﬂ%.ethe salt of a transition netal or of a

| ant hani de used to carry out the reaction between the 10conpound of
formula (I1) and the conpound of fornmula (IX) is selected from
copper (| ) &hl Goindeyrslogfideriuly KKh i decmapmerpticliyoaitide fortnt:r i un(111)
trifluoronethanesul phonate, | ant hanun(I11)trifl uoronet hanesul phonat e,
praseodymun(l11) tri tluoronethanesul phonate, neodym un(lI1)
trifluoromet hameo sul phonate, samariun(lil) tri0 OCH

uor onet hanesul phongtex\ eurqpi un{Il11) tr%ﬁluoro- AN 3
15net hanesul phonat ¢ dip o I11) tri flubr gmetihanesul phonat e, t er bi um
hané anat e, ~dysprosi U] )~ X).

(rer) tri flqpm@'

trifluoronmethancsul phiona fum(rii) i fluorornetahesul phonat e,
erbiun(ll1) trifIuoronethanaLthonate an IJbutetiurr(lll)
trifluoromet hanesul phonate. '305. Synt hesi rocess according to any
one of clainms 1 to 4, characterised in that the solvent used to carry
out the reaction between the conpound of foinmula (I1) and the
conmpound of forrmula (IX) is selected from al coholic sol vents,

di met hyl sul phoxi de, AT, N-di met hyl fonnam de and N-net hyl pyrrolidone.
6. Synthesis process according to any one of clains 1 to 5,
characterised in that the 25hydri de donor agent used to carry out the
conversion of the compound of forrmula (X) to the conmpound of formula
(V111) is selected from sodi umtetraborohydride, sodium -12-
cyanobor ohydri de, the conpl ex borane-norpholine and the conpl ex

bor anedi net hyl am ne. 7. Conpound of formula (X), in racemc or
optically active form




