~NOVEL METHOD FOR THE SYNTHESI S OF | VABRADI NE AND THE PHARMACEUTI CALLY
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hydrates thereof Ivabradine, and its addition salts with a
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10and associ ated rhyt hm af rbances, and al so in various pathol ogi es
i nvol ving rhythm di sturbanceg, especially supraventricular rhythm

di sturbances, and in heart failure. The preparation and therapeutic
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hydrochl ori de starting fromthe conpound of foirmula (I1): CH HN OCH3

X ?S addition salts thereof with a pharmaceutically acceptable acid and hydrates thereof.

Ivabradine, and its addition salts with a pharmaceutically acceptable acid, and more especially
its hydrochloride, have very valuable pharmacological and therapeutic properties, especially
bradycardic properties, making those compounds useful in the treatment or prevention of
various clinical situations of myocardial ischaemia such as angina pectoris, myocardial infarct
10 and associated rhythm disturbances, and also in various pathologies involving rhythm

disturbances, especially supraventricular rhythm disturbances, and in heart failure.

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

in the European patent specification EP 0 534 859.

15 That patent specification describes the synthesis of ivabradine hydrochloride starting from the
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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 only 1 %.

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

10  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 (VI),

in its racemic or optically active form:
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-CH, 0 the catal ytic hydrogenation of which yields ivabradi ne, which
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wherein A is as defined hereinbefore,
in the presence of a base,

in an organic solvent.

10 In a preferred embodiment of the invention, the compound of formula (VII) is in optically

active form, and more especially of configuration (S).

In the case where A represents H,C-CH,, the product of alkylation of the compound of
formula (VII) of configuration (S) with the compound of formula (VIII) is ivabradine of
formula (I):
15
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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,
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which may optionally be converted into addition salts thereof with a pharmaceutically
10 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.

In another preferred embodiment of the invention, the compound of formula (VII) is in
15 racemic form. The alkylation reaction of the racemic compound of formula (VII) with the

compound of formula (VIII) is then followed by a step of optical resolution of the compound

of formula (VI) obtained.

In the case where A represents H,C-CH,, the product obtained after the step of optical

resolution of the compound of formula (VI) is ivabradine of formula (T):
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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,
15 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.

Among the bases which may be used to carry out the alkylation reaction of the compound of
formula (VII) with the compound of formula (VIII) there may be mentioned, without
20 implying any limitation, potassium carbonate, sodium carbonate, caesium carbonate,

potassium hydrogen carbonate and sodium hydrogen carbonate.



-0 10 the catal ytic hydrogenation of which yields ivabradi ne of

formula (1): CH O OCH 0Cl113 (0, which may optionally be
_converted into addition salts thereof with a pharmaceutically
~acceptabl e acid selected from hydrochloric acid, hydrobrom c acid,

sul phurjc acid, phosphoric acid, acetic acid, trjifluoroacetic acid,
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5  implying any limitation, acetonitrile, acetone or butan-2-one.

Preference is given to the solvent used to carry out the alkylation reaction of the compound of

formula (VII) with the compound of formula (VIII) being acetonitrile.

The compounds of formula (VIla), in their racemic or optically active forms, which are
particular cases of the compounds of formula (VII) wherein X represents a halogen atom or a
10 mesylate group, are new products which are useful as synthesis intermediates in the chemical
or pharmaceutical industry, 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.
The Examples hereinbelow illustrate the invention.

15  List of abbreviations used:
DMEF: N,N-dimethylformamide
IR: infrared

The melting points (m.p.) were measured on a Kofler block.

EXAMPLE 1: 7,8-Dimethoxy-3-[3-(methylamino)propyl}-1,3,4,5-tetrahydro-2H-3-

20 benzazepin-2-one

Dissolve 50 g (0.18 mol) of 3-(7,8-dimethoxy-2-ox0-1,2,4,5-tetrahydro-benzo[d]azepin-3-yl)-
propionaldehyde in 625 mL of methanol. Cool the resulting solution to 0°C. Then add
62.5 mL (0.81 mol; 4.5 equivalents) of 40 % aqueous methylamine solution. Stir for one hour
at 0°C, and then add 7.5 g (0.2 mol; 1.1 equivalents) of NaBHjy. Stir for 30 minutes at 0°C and
25  then stir for 12 hours at ambient temperature. Evaporate off the methanol. The residue is
taken up in aqueous hydrochloric acid solution (1N), washed with ethyl acetate and then the

aqueous phase is brought to pH = 8 by adding 20 % sodium hydroxide solution and extracted
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3-(7, 8-di met hoxy- 2-oxo-1, 2, 4, 5-tetrahydro- benzo[ d] azepi n-3-y1) -

propi onal dehyde in 625 nL of nethanol. Cool the resulting solution to
0C. TheYusae! 62 857 ma®IBdf Abidiméthbxediidihydni2)-3 dfenddepmalyomsoins3 5 mL of

met hyl am ol uti Stir r one hour.at OC _and then add 7.5 g .
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solvent is evaporated off to dryness. The residue is taken up in water and extracted with
dichloromethane. The organic phase is dried over MgSQy, filtered and then evaporated to
dryness. There are obtained 4.2 g of an oil which is purified by flash chromatography over
20 200 g of silica (cluant: dichloromethane/ethyl acetate: 80/20). There are then obtained 2.3 g of

the title product in the form of a colourless oil.

Yield =77 %
IR (pure): v=1685, 1659, 1155, 1102, 872, 770 em™,

Step 2: 7,8-Dimethoxy-3-[3-(methylamino)propyl]-1,3-dihydro-2 H-3-benzazepin-2-one

25  Dissolve 1.9 g (4.86 mmol) of the product obtained in Step 1 in 30 mL of ethanol, and to the
resulting solution add 7 mL (24.3 mmol, 5 equivalents) of ethanolic HC1 (3.5N). Heat
overnight at 60°C and evaporate the reaction mixture to dryness. The residue obtained is

taken up in water, and the aqueous phase is then brought to pH=8 by adding 20 % sodium



.- 7 - with dichl oromethane. The organi ¢ phase is washed with water,
dried over MgSM, filtered and then ev8porated to dryness to obtain
52 g of an oil. The resulting oil is purified by flash
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j-1,3d gl—l—3 ben azepi n-2-one 25Dissolve 1.9 g (4.86 mmol ) of
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The resulting product is purified by flash chromatography over 500 g of silica (eluant =
dichloromethane/cyclohexane: 80/20). There are obtained 4 g of iodinated compound in the

form of a green oil which crystallises at ambient temperature.

Yield = 85 %
20 m.p.=55-60°C

EXAMPLE 4: (R,$)-(3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-y1) methyl

methanesulphonate

Dissolve 4 g (20.6 mmol) of (3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl)methanol in
50 mL of dichloromethane. Cooling to 0°C is carried out and 4.3 mL (31.0 mmol,

25 1.5 equivalents) of triethylamine are added. 1.9 mL of mesyl chloride (24.7 mmol,
1.2 equivalents) dissolved in 10 mL of dichloromethane are then added dropwise. Stirring
overnight at ambient temperature is carried out. The organic phase is washed with aqueous
HCI solution (IN) and then with water, and is dried over MgSOy, filtered and evaporated to
dryness to obtain 4.7 g of the title product in the form of a beige solid.



-taken up in water, and the aqueous phase is then brought to pH=8 by

addi ng 20 % sodium - 8 - hydroxide soPution and extracted with
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di chl oronet hane are then added dropw se. Stirring overnight at

anbi entyfegpegiature is carried out. The organic phase is washed with
aqueous MCl solution (IN) and then with water, and is dried over

M S, hip E8ed08hd evaporated to dryness to obtain 4.7 g of the
title product in the finmof a beige solid.

Alternative method

1 g (3.67 mmol) of (R,S5)-(3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl) methyl methane-
sulphonate obtained in Example 4 is dissolved in 20 mL of acetonitrile. There are added 1 g
(7.34 mmol, 2 equivalents) of K;COj3 and 1.07 g (3.67 mmol) of 7,8-dimethoxy-3-(3-methyl-
20 amino-propyl-1,3,4,5-tetrahydro-benzo[d]azepin-2-one. The resulting reaction mixture is
heated at reflux for 48 hours. Cooling is carried out, insoluble material is filtered off and then
evaporation to dryness is carried out to obtain 1.8 g of an oil which is purified by flash
chromatography first over 100 g of silica (eluant = dichloromethane/ethanol/NH,OH:
90/10/1) and then over 100 g of silica (eluant = dichloromethane/ethanol/NH,OH: 95/5/0.5) to
25  obtain the title product.



- 9- Yield

= 84 % mp. = 98-100C EXAVPLE 5: _
(R S)-3-(3-{1(3, 4-di met hoxybi cycl ol 4. 21®t oet a- L3, 5-tri en-7-yl ) met hyl |
.(met hybam nol propy 1)-7, 8-di net hoxy-L3, 4, 5-tetrahydro-2H 3-

b e 1 1) o . A
7o (1 ool RS, & (IHESTTT dbioaybicepioth 2 0lpet-L3 SririneTyYmethyl)-
di ssol ved in 20 nL emyahﬁw}bfd;gy%}-ils%iﬁxeﬁiﬁyaﬂﬂ,agk-&%h%r&-éH-s-
equi val ents) of K2 and 959 nyg 28 mol ) of )
7, 8- di met hoxy- 3[ 3- ( heazagepiniZnonohohythlotids (dptical eesohitjmr)o- 2H- 3-
benzazepi n-2-one. The resulting reaction mxture is heated at reflux

F 4 h .~10 Cooling is carried out, insoluble material i
(01t or o T8 Pt IRl i biie i fyivaae 5 2o Sapiied i 60 aggwgi ?m
5 ¢ T e o . )
2 %k Sl o Ll et HLACIRR GIRIASLEPLY A5 A,y e
obt ai ned 780ixtge off akqpettetomide dethylaninbe 16/00/0. bibyavadoheuat asBowirhte of

) AR AT 1S 0
(101) - ( Bnde di ramediRe Y)@SC@/ of Qﬁé‘f eRarloAtd aéflcc_;ﬁf%hfa"ti'oﬁ ln('RZ “h iltalie g%hﬁn{(gf acl) fwhite

met hane- sul phonate obtained in Exanple 4 is dissolved

acet oni efingue andethen 819% aadtide chagtiqrier3f qenpyratior (V)i alsd anths Jfoofi oR3AGAELe
anduﬂ.ogwgn1%.67 mmol ) of 7, 8-di nethoxy-3-(3-nethyl- 20 _

anmi no- propyi-1, 3, 4, 5-tetrahydr o- benzo[ d] azepi n- 2-one. The resulting
reaction mxture is heated at reflux for 48 hours. Cooling is carried

out, i nFRd HPdBCHTBERS bAthe Shahiibher 88cAfouatdnt BN SUARBEALIIORY Fflowing the
I I eén gby

dryness is carried out to obtain 1.8 g of an oll which Is puri
flash chieesirodesapbsd iinagnt snasifichion EP & 53¢ §59¢ Ex¢meplg@nStep E). o
di ehl or onet hane/ et hanol / NHAOH: 90/ 10/ 1) and then over 100 g of silica

E |e|t | gapz‘%;;gk ﬂu}"ﬂr ig?i?@i{\ﬁ{% ”%'y{nNe'&'ﬂﬁF'i.z.8{’&?4-?,’3?3-@;&-%3?)%e%{z]l]-t he
3-131{ 1(79) - 3, 4- di r@idiRyhMRidaystoplf-28 Uinetiaxhd, Railydei2 - 0 BB Nin-2-
(I'net Eyf)a?n’ nol pr og;!/tli I E@B ﬂ%eﬁ%xy- L3, 4, 5-X‘ etrah drg- 2H 3-e ﬁ%

benZazepi n- 2- one hydreochl ori de (optical resolution) 2.1 g of the
racem ¢ compound obtained in Exanple 5 are separated on a 60 cm x 60

mm Scol grg“n@%.frﬁ%o@" bE Zidiofhe-SALGHRREy 3 b10ch- PRAEAPH HiStfed in

size: 2
20 mL of acetonitrile. There are added 907 mg (2 equivalents) of K,CO; and 952 mg

(3.28 mmol) of 7,8-dimethoxy-3-[3-(methylamino)propyl]-1,3-dihydro-2H-3-benzazepin-2-
one. The reaction mixture is heated at reflux for 4 hours. Cooling is carried out, insoluble
20 material is filtered off and then evaporation to dryness is carried out to obtain 2 g of an oil
which is purified by flash chromatography over 100 g of silica (eluant:
dichloromethane/ethanol/NH4OH: 90/10/1). There are obtained 700 mg of the title product in

the form of an oil.

Yield = 47 %
25 IR (pure): v = 1656, 1607, 1511, 1273, 1206, 1101, 836, 760 cm’".

Alternative method

1 g (3.67 mmol) of (3,4-dimethoxy[4.2.0]octa-1,3,5-trien-7-yl)methyl methanesulphonate is
dissolved in 20 mL of acetonitrile. There are added 1 g (7.34 mmol, 2 equivalents) of K,CO;
and 1.06 g (3.67 mmol) of (7,8-dimethoxy-3-[3-(methylamino)propyl]-1,3-dihydro-2H-3-

30  benzazepin-2-one. The reaction mixture is heated at reflux for 12 hours. Cooling is carried



"is a mixture of ethanol/acetonitrile/di et hyl am ne (10/90/0.1 by
volune) at a flow rate of 50 nl/nin. -THe associ ated ul traviol et
_detector is used at a wavelength of 280 rim There is obtained 0.95 g

~ of the enantionmer of .confj gurat in the formof a whit

mer i ngueiaHtObREmeedd 1y Tupred it éﬁ%ﬁt@cﬁ’@l’(’fé?"fb@n@ﬁya‘iﬁsdf Fe}ﬁwg Syt 1 Qfgain
in the {9rumof, @11%1&1?15%6‘(1"@“:@3% d&m gf@ﬁ?lﬂgt' &{Per QBO ther sﬂlca (eluant

enantioner of configuration (S) 1s then obfained b | oW ng t
pr oc edudiehldeguethdredthanopNHe O : s 98401 c and otheBP CG’GSSZJO(B 59 OExX ai:rpd e(emant
Step E)

3 ST (SN B TS oY NP AL 9561 L3 D 5 Produpty et hy -

Onetshyl | am nol propyl ) - 7, 8- di net hoxy- L3-di hydr o- 2H 3- beti zazepi n- 2-

150ne 1 3. 28 mol of
7o Odm‘z&“‘ %ﬁf W@lﬁﬁ‘&d@lﬁ}lmﬁwl@&mm‘:taries,sstri@ns?syiﬁmemwm
i(z)cr&g g];]da(g:gtzonn.bt EI Hgfgh}:rgglfl ho ropyﬂd?g dg thmiy 123 2 g'—“'t‘l %/rak)y ro-%Hg-

7, 8- di met hoxy- 3- 113 dnFri ﬁ.ammqj}@rr@anbﬁd& 3-di hydr o- 2H 3- benzazepi n-
2- one. The reaction mxture is heated at reflux for 4 hours. Cooling

is carried out, insoluble 20 material is filtered off and then
evapor al f@not thedrgareis composad pbeinediin Hxampht jate Sepgraséd an aob( cawhik 64 mm

fied by fl 100 | ;
ai Bl or SHEER Bl Tl SN Rl 8 Y 10T e afls €4 B HrhEd oGty wsed
of the fig hixRkOdEGthdnbl/ilBrerdaieh Paﬁnﬁé §10/§0/@|1d by vhlue 2 R Mg of

v = 1656, 1607, 1511, 1273, 1206, 1 cnt Alternative
nmet hod 10p @L(rgmg"fhepmﬁgpgm‘(gfl ultraviolet detector is used at a wavelength of 280 nm.

i ssol vag o 36 e SREk Br St s YRRt Gty 4R, B o

equi val tasi 8)520f oﬂf%ﬁ&nﬁﬁﬂleﬂoﬁﬁm@gﬁﬁtlﬁﬂ (Sm"ﬂbslo)m@ﬁe form of a colourless oil.
(7, 8-di net hoxy- 3[ 3- (net hyl am no) pr opyl f - 1, 3-di hydr o- 2H 3-
30benzazepi n-2-one. The reaction mxture is heated at reflux for 12

houds. Brolcpmgond @Ar ¢andiguragign, (9 nisothgbl eydregameied| by sfoflpwingr g prdeedure
and the e i e t n

oil whi %Wbie‘c*ﬁ%?%%?ﬁw%ﬁ%g%ﬁ P 4TBOERnal e SR TP rhgefiofhe BFne
siol)l ca c]goaipd)ianﬂ Zobtﬂix;:eldl i@rp@etmdtddﬁ?ﬁf@hh&%@tﬂe?ﬂiﬂé&ﬁdure??és&ﬁ%é& 1na}69 td/ exﬁtg,@&;ﬁ&aﬂon
1 g o ilica (eluant i chl or onet hane/ et hanol /NILO L 95/5 5) to
obt arn EhE 1 e Ersatee: S8 BV E

3-13-1{[(78) - 3, 4-di net hoxybi cycl 014. 2. Ojocta 1,3,5-trien-7-

benz a7 ANEE LK o1 A0l RS aifn b WIRRI 2 it %%L%%‘“*%vlﬁxs?éwed
in zaxammeehyt)mmwgm&mmmﬁg G334 5-teflahydr Ll DA -bfikapasikXomé t h 3

kg of Chiral pak '1' 101 phase (particle size: 20 unm). The el uant used
hydrochloride

By proceeding as in Example 5, starting from  (7S)-(iodomethyl)-3,4-
dimethoxybicyclo[4.2.0]octa-1,3,5-triene (or from (7S)-(3,4-dimethoxybicyclo[4.2.0]octa-
1,3,5-trien-7-yl) methyl methanesulphonate) and from 7,8-dimethoxy-3-[3-(methylamino)-
25  propyl]-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one, there is obtained ivabradine base, which is
then converted into its hydrochloride by following the procedure described in patent

specification EP 0 534 859 (Example 2, Step E).



.is a mxture of ethanol/acetonitrile/diethylamne (10/90/0.1 by
volunme) at a flow rate of 100 nli mi n.- IPhe associ ated ul travi ol et
~detector is used at a wavel ength of 280 nm 0.56 g of the enantioner
~of confjigu ion (%é%%yﬁ obtained in the formaof a colourless oil and
Chen 0. ERAMBLE N ) ki fieirnirididdivap afsdiiiuseisl
of a col ourless oil
hydr ogenat ed by fol(l own ng t nggdﬁéﬁg{sﬂgg t%:%x’lgﬁe&ggl%%& AR
specification EP 0 I3agpin-omipideodhloSdep D). The hydrochl ori de of

t he conpound obtained is prepared by foll ow ng the procedure

described in ent ecificatjon EP 0_534 859 (Exa 2, Ste
EXAVPL Y- prgce(%g}ng as Sll’ri) ngamp e 7, starting from (75)- (10(domethyl) 3.4- dlmethgxyb)lcyclo-

{[(%8)-f t y 0[ 0 | | §
b0 ot T Bt S o YR O Lfort, R Rinde Bo i Sofa LR M tien- 700
pi n 2- dnethhlymﬁthamsufphdea@)ﬂndcﬁ(ﬁﬁdi&gmﬁthnxy 3-[3~(methylamino)propyl]-1,3-dihydro-
o st A ST ) L SORIEAY L 530 i wpiyis hcrogemated by followin
(75)- (&hép%d@&&ﬁé%&ﬁ&ﬂclhq{a‘ﬂeng <P PGdafion ]EP3055'3W85@”(‘}1132421M113)6 [[ES@% ID) to yield
met hanesul phonate) and from 7, 8-di met hoxy-343- (met hyl am no) -

pr opy 1]ivabradige @aﬁeetwlaﬂym e ogvdstsdzatoeii hydrooneride hErfellw\slngbhalpmdure

i vabr adi ne..base ch Qs th i Nt.0,i drochl ori de by
ol Powi iaCi G T paR AR by B8 RS T 3etfr et ron 2P o' 534
859 (Exanple 2, Step E). - 12 - EXAWMPLE 10:
3-$3-111(7S)-3,4-dinethoxybicyclo[4.2.010cta-L3,5-trien-?-yi]nethyl)-
(et hyl ) ai ni nol propyl) -7, 8-di ni et hoxy-1, 3, 4, 5-tetrahydro- 2H 3-
benzazepi n- 2- one hydrochl oride By proceeding as in Exanmple 7,
starting from (7S)-(iodonethyl)-3,4-di nmethoxybicycl0- 5
[4.2.0Joeta-E3,5-triene (or from

(75)-(3, 4-di net hoxybi cyclo[4.2.0]octa-1, 3,5-trien-7-yl) nethyl

met hanesul phonate) and from

7, 8- di met hoxy- 313- (et hyl am no) propy1] -1, 3-di hydr 02H 3- benzazepi n-2-0
ne, there is obtained a conmpound which is hydrogenated by follow ng
the procedure described in patent specification EP 0 534 859 (Exanple
1, Step D) to yield ivabradi ne base, which is then converted into its
hydr ochl ori de by follow ng the procedure 10described in patent
specification EP 0 534 859 (Exanple 2, Step E). - 13 -




_.CLAIM5 |I. Process for the synthesis of the conmpound fornmula (VI), in
its racemic or optically active form-13-0 5 wherein A represents
H2CG-CH2 or HC=CH, characterised in that the conpound of formula
“(VIl), in racemc or optically active Rhin: 0Cl113 (VII), OCH3 wherein
X represents a hal ogen atom a nesyl ate group or a tosylate group, is

subj ected to an al kyl ati on reacti ontsss! he conmpound of formula
(Vi) wherein A is as defined hereinbefore, in the presence of a
base, in an organic solvent. - 14 -

1. Process for the synthesis of the compound formula (VI), in its racemic or optically active

form:

CH.O

CH,O OCH

3 R (}:H3 | \ [ 3
\ Vi),
N\/\/N = VD

O
5  wherein A represents HyC-CH; or HC=CH,

characterised in that the compound of formula (VII), in racemic or optically active form:

OCH,
=
! (VID),
X X
OCH,

wherein X represents a halogen atom, a mesylate group or a tosylate group,

1s subjected to an alkylation reaction with the compound of formula (VIII):

CH,O

2

CH,O

3

\ N
VIII),
NS Sy, (Vi

10 o
wherein A is as defined hereinbefore,
in the presence of a base,

in an organic solvent.

15 2. Synthesis process according to claim 1, characterised in that the compound of

formula (VII) is in optically active form, and more especially of configuration (S).



3. Synt hesi s process according to claim2, characterised in that the
group A represents |112C Cl12, and intldat the product of the
~al kylation reaction of the conpound of fornmula (VII) with the

~ conmpound of forpula (VII1) jis ivapradine of formula (1): 5whi ch
may opt%-onésfthSﬁeprea?ﬁ?e%%%@lngnfcb i 4 sigrioed tl%éhaédilevﬁr?w g represents
phar maceul iigaldry, agach! abk ech@%rgdﬁzg |8 gﬁd aliG RRLIY AR BF lifie hfhound of

hydr obr om ¢ aci

phuric aci d, ori acid, acetic acid,

trifl uor odfoenila (¥¢h) avith the tompawiddf fpymuly (¢11HdE dvabredirenifdomailal (1):
succinic acid, glutaric acid, fumaric acid, tartaric acid, nmaleic

aci d,

15
5

10

15

20

citric a%%p ascorbic acid, oxalic acid, nethanesul phonic acid,
benzenesul phoni 3%

104. Synthesis proc

the group A represdn

al kyl ation reggtq on ™\
conpound of forrmula (VI

catal yti c hydrogenati on of
OCH, 0013 (fl,

sl d_and canphoric acid, and i hydcaf es t her eof

ordi ng to cl &l 2 cj[arEc erised in that
, and in that [the product of they,

) | a | )>@ctth the

t he conmpound of formula (\/3: 0 the

ich yi el ds I N abradine of formula (1):

RS

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 acid, oxalic acid,

methanesulphonic acid, benzenesulphonic acid and camphoric acid, and into hydrates thereof.

4. Synthesis process according to claim 2, characterised in that the group A represents
HC=CH, and in that the product of the alkylation reaction of the compound of
formula (VII) with the compound of formula (VIII) is the compound of formula (V):

CH,0

OCH
AN 3
X CH, | [
CH,0 N~ = V),
OCH,

the catalytic hydrogenation of which yields ivabradine of formula (I):

CH,0

OCH
CH, X ’
| l O
CH,O N = s
3 N\/\/ OCH3

O
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 acid, oxalic acid,

methanesulphonic acid, benzenesulphonic acid and camphoric acid, and into hydrates thereof.



“which may optionally be converted into addition salts thereof with a
phar maceutical |y acceptabl e acid sel ecided from hydrochl oric acid,
~hydrobrom c acid, sulphuric acid, phosphoric acid, acetic acid,
“trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid,

succini¢c acid, glutaric acid, fumaric acid, tartaric acid, maleic

aci d, c¥t r?ethesisd prosseorasradig &0 Guigl ile earepterssgd ity Hhafe s sRBWPENd of
acid, ben I i LA C I i i

fhereof | oget (TP fy AL A LR BN a EATeARR JPARE Bhfffound of
char act er i foedulan(MIbatvith hhe mompound! of ffofraulan(VAITY W )lldveedi by rmagepriof optical
form and in that e al kylation reaction t he, cqnpound of fornul a
(V1) witHepqjud ?#cngF?(‘}e’@fC FURRAYNG 0?%71%“}3 R pBFigen by a step of
optical resolution of the raccm c conpound of fornmula (VI) obtained.
56. Synt hesi i | & . ri j At A

¢ oproectit SO s AEERNAL AP chiln s, B B3 B X IPRRe 1R apd
of opti calinrthsiothet peduaf ohithiacd affpotited step dfodbptival acsoMitipni & the adan@diuné of
of fornmul 1) which may optionally be converted into addition
salts theﬁ@é?&ﬁﬂyﬁ“érﬁ%&@ﬁﬁﬁé&ﬁF@&Pl 10 acceptable acid sel ected
from hydrochl oric acid, hydrobrom e acid, sul phuric acid, phosphoric

acid, acetic agjy@g trifluoroacetic acid, lactic acid, ruvi c acid,
mal oni ¢ acid, sutcipie acid, glutaric %%jd, fu £C , tartaric
acid, maleic acid, yC achd, ascorbiiCsacj d,|| oxalic acid,

met hanesul phqii g—at penzenesul phoni ¢ aci d hori c aci®, and

into hydrates fherea T \J. esi s“procéss accordi i¥H,0 claimb5
characterised in that A reptesents HC=CH, and in 15that the product
obtained after the step of ogtical resolution of the compound of
formula (V) is the conmpound of forrmula (V): 0

which may optionally be converted into addition salts thercof with a pharmaceutically

10 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.

7. Synathesis process according to claim 5, characterised in that A represents HC=CH, and in
15 that the product obtained after the step of optical resolution of the compound of

formula (VI) 1s the compound of formula (V):

CH,0

OCH
\ 3
X i, | [:
CH.O N = V),
3 N " OCH,

the catalytic hydrogenation of which yields ivabradine of formula (I):

CH,0 OCH

oD
I’
CH,0 NS Zoch, Y



;the catal yti c hydrogenati on of which yjelds ivabradi e of formula
(1)y: - 16 - which may optionally be cverted into addition salts
.thereof with a pharmaceutically acceptable acid selected from

et o Whih o dhiplBL R N GRE RO, T, PARSE R il

acid, saweeptble adili sdlec@ Wton hedra€ilhic AdilBHyIdEotR6ineh aci@ktiphingc &Gd hhosphoric
nalelc acid, citric acid, ascorbhic acid, oxalic acid,

5met hansidil 3sbhReidatiioresate Aeidulasto aFid. aEnyicandd.coaonisr acid, swiceinicasrid,
i nt o hy@ﬁ@h@% (p%t?lglfl §C1d8¥ar1]ttang Sa' lzia?x{a?eﬁg 3 1da%ﬁ85% gaéc%r n%cfangxz?hc acid,

cl ai s ¢haract erised 1R ase uséd to carr u

al kyfl atinethafialphbnio aofd, b&reeaaniphuhid acid dndrcathpBorid/adid, a‘,\ﬁtitulftothlsrﬂrates thereof.
conmpound of formula (VIII) is selected from potassi um carbonat e,

sodi um car bonat e, caesi um car bonat e, potaSS|un1h¥drogen carbonate and

sodi um yoﬁm@ﬁl%ﬁpwﬁ@p@@% to appitnesifsclgimscle ts 7 acterctirisgd o ﬂmyh@h@se

of claims 1}56& QO cary 2(?1{ gt?]ug %?liy?:ﬁg)n' &act:tho%[ 8% E’} ?cgrfxﬁ]ﬁlﬁ c?f\/folr?lul% ‘%Hf with the

the al kylatron re e conpoun

conmpound  ofonfpaunt| o fokhiilh)(VIH) potessbdifiod@pbsdat. carldhateds08iNEs tabonate,
process according to any one of clains 1 to 9, characterised in that
the sol verflRetje@Fagkpnatsy P?}aﬁﬂﬁm prdrogssarbenatandesediung Ay dpeerarkaisound
of formula (VII) with the 15conpound of fornula (VIl'l1) is selected

from acgt Ob:}!nttlﬁés S Lﬁro@&gtag&?dlﬁgqﬂ %ﬂ%%%e ne s 1 l;o g:o ¢ a?ac( % 1ir]; i%?r,]ati legbase

(MTa), case 0 ount ormu

racem c oruse@ptto catdyyoacthé \agkyfiatom reaéﬁﬁﬂ, of ‘tﬂel &)mp@kﬂ, of WLkl (WIX) with the

represents a hal ?n atom or a nesylate group
compound of formula (VIII) 1s potassmm car nate

10. Synthesis process according to any one of claims I to 9, characterised in that the solvent
used to carry out the alkylation reaction of the compound of formula (VII) with the

15 compound of formula (VIII) is selected from acetonitrile, acetone and butan-2-one.

11. Compound of formula (VIIa), a particular case of the compounds of formula (VII), in its

racemic or optically active form:

OCH,
=
| (Vila),
X N
OCH,

wherein X represents a halogen atom or a mesylate group.

20



