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‘the hydrochl e r eof ve been ribed.in European patent
_speci fi cafPR E!E% X§§9 ﬁﬁ?dﬁﬁk%ﬁgﬁéggﬁ??ﬂ%%gﬁ%ﬁ descri bes the
synt hesi s of ‘the hydrochl ori de of |vabrad|nevu5|ng as startlng

mat eri al

the conmpound of formula (I1) OCH3

its addition salts Wlth a pharmaceutrcally acceptable acid and thelr hydrates

' Ivabradme and addrtron salts thereof with a pharmaceutrcally acceptable acrd and more

especrally the hydrochlorrde thereof have very Valuable pharmacological and therapeutrc :

‘ propertres espemally bradycardrc propertles Wthh render those compounds useful in the

: treatment or preventlon of Var1ous clinical conditions of myooardral 1schaem1a such as

angrna pectorls myocardral 1nfarctron and assoolated rhythin disorders, as well as in

‘VaI"IOUS pathologres mvolvmg rhythm dlsorders especially supraventrrcnlar rhythm'

1 drsorders and in heart farlure

A‘ The 'preparation" and therapeutie use of ivabradine and ‘addition salts thereof with a

pharmaceutrcaﬂy acoeptable ac1d and more especraHy the hydrochlorrde thereof have’

.. been descrrbed in European patent specrﬁcatlon EP O 534 859. -

o That patent specrﬁcatron descrrbes the synthesis of the hydrochlorlde of 1vabrad1ne usrng ,

10

as startlng material the compound-of formula. (H)

OCH o
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CH,HN~ Y OCH,
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- which is resolved to yield the compound of formula (1II) :



(1> CH HN J:aOCH3 10 which is resolved to yield the conpound of
formula (111) : 2 OCH3 (II1l) ChHN OCH3 which is reacted with the
- _conpound of formula (TV) : CH3OCH OO0 ‘to yield the conpound of
formula (V) CHBOOCH3 CH CH3OIl N~~/N3\ M OCH3 the catalytic
~hydr ogenati on of which yields ivabrading which is then converted
into its ‘hydrochloride: The drawback of that synthesising nmethod is
that only a 1 %vyield of ivabradine is obtained. 10 Gven the
pharmaceutical interest in that conpound, it is inportant to be able
to obtain it by an effective synthesisingYtbcess which results in a
good yi el d of ivabradine. The presejt i nyention relatﬁﬁ)to a process

for ‘the synthesis of a conmpound sf—tormha (V)
' CH,HN , ‘ OCH,

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

CH,0
(v)
~ CH,0
o OCH;
T .
OCH, |

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

hydrochloride.

“The drawback of that‘synthesising‘ method is that only a 1 % yield of ivabradine is

obtained.

10 Given the pharmaceutical interest in that compound, it is important to be able to obtain it

by an effective synthesising prbcess which results in a good yield of ivabradine. .

The present invention relates to a process for the synthesis of a compound of formula (VI)

in racemic or optically active form :



in racenic or optically active formi 3 CH30 ClI130 OCH 3 N3 (V)
OCH, O wherein A represents H2ZC-CH2 or HC=CIl, which is
-characterised in that the conmpound of formula (VIl1) in racemc or
optically active form: OCH H (VII) OCH 5 0 is subjected to a
reductive am nation reaction with a compound of formula (MI1) :
CH OCHI O AH N-/NV (VIIl) O wherein Ais as defined hereinbefore.
in the presence ofCrq educing agent, 10 in an organic solvent or a
m xture of organic solvents. In a preferred enbodi nent of the
i nvention, theCIgf3 f formula (VI1) |S|not|c%&>f3

CH, N
A | |
N\/\/N = OCH

(VD

3

wherein A represents H,C-CH, or HC=CH,
which is characterised in that the compound of formula (VII) in racemic or optically active

form :

OCH

] (VID)

OCH

is subjected to a reductive amination reaction with a compound of formula (VIII) :

CH,O

2

CH,O

A .
H
}\1\/\/N\ (VI

O

wherein A is as defined hereinbefore,
in the presence of a reducing agent,

10 in an organic solvent or a mixture of organic solvents.

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

active form, and more especially has the (S) configuration.



active form and nore especially has the (S) configuration. 4 Wen A
represents 112C CH2, the product of the reductive am nation of the ‘
_conmpound of formula (VIl) having the (S) configuration with a :
conmpound of forrmula (VII1) is ivabradine of forrmula (1) CH30 OCH3

CH OCl13 5 which may optionally be cohverted into its addition

salts with a pharmaceutically acceptable acid selected from

hydrochl ori c acid, hydrobrom c acid, sulphuric acid, phosphoric

acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid,
mal oni ¢ a®ingn A &RESEHE dobch Ha t§@ Broshuplcotaibe deductive pminagien @f thesgamapquad of

acid, nalgi Cj .t 1,C aCH Frﬁ%% ' agi i i :
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i nt o theiivalbpdinabéformwegh) A represents HC=Cl |, the product of the
reductive amnation of the conpound of fornula (VIl) having the (S)
configuration with a conpound of formula (VITlI) is the conmpound of
formula (V) C IBCiH OCH3 ZQ CHBO/\/NM OCH 15 O the catal ytic
hydr ogenati on of whi i el.ds ivabradi neC}Pf or (3(:%

I 3
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which may optionally be converted into its addition salts }with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydro_bromic’ acid, sulphuric acid,

: rphosphoric acid, acetic acid, triﬂuoroaéetic acid, lactic acid, pyruvic acid, malonic aéid,'
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid;,citric acid, ascorbic

10 acid, oxalic acid, methanesulphonic acid, benzenesulphénic acid and camphoric acid, and

into their hydrates.

When A represents HC=CH, the product of the reductive amiﬁation of the Qompound of
formula (VII) having the (S) configuration with a compound of formula (VIIL) is the

compound of formula (V) :

‘ AN 3 _ k
| /[ W

15

the catalytic hydrogenation of which yields ivébradine of formula (I) -



CH30 OCH, H3 CH3O N OCH3 (1). O which may optionally be converted
into its addition salts with a pharmaceutically acceptable acid

sel ected from hydrochl oric acid, hydrobrom ¢ acid, sul phuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid,
pyruvic acid, malonic acid, 5 succinic acid, glutaric acid, fumaric
acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic
aci d, nethanesul@hopi c acid, benzenesul phonic acid and ﬁ@gphorlc

acid, and into theiy=h . In, another pre di ment of
~the invention, the formul a (NPI) is[in racem c form The
reductive ami naHjan ' th a CCO f fornuld'(VII)
10 with a conpound of fory (VMITI)y is inthat case S -owed by an
optical resolution step of t\Re conpound of fornmula (VI) obtained.
When A represents H2C-Cl 32, tke product obtained after the optical
resolution step of the conpound of formula (VI) is ivabradine of
formula (1) : G ]30 OCH3 C1130 ZQ N~/N OCH3 (I). O 15 which may
optionall V, it .
pharnaced¥|gglﬁﬁy(§%ﬁﬁgu%b€%0g%% qh%t?%dg f%ﬁgﬁ%g roc orPgm§gwgﬂwauy
hydr obr omdccepaable, acsdil phustedc fraai d],ydrqohlmph@cndc h&droﬂrorﬁicehmd aalipturic acid,

trifluorogcetic. aci Iactl ac yr uvi, Cld | onic acid
succi ni ¢ ﬁw?nhma wg %Ceﬁfae‘fl L etlcaeqlé apthy ﬁ%%gaeyr&&cow%p@%w acid,
acid, sci ts‘h’c@inﬁcécqjd, A8GAL R, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic

acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and camphoric acid, and

into their hydrates.

In another preferred embodiment of fhe invention, the compound of formula (VII) is in
racemic form. The reductive amination reaction of the racemic compound of formula (VII)
10 witha compound of formula (VIII) is 1n that case followed by an optical resolution step of

the compound of formula (VD obtamed

~ When A represents H,C-CH,, the product obtained after the optical resolution step of the

compound of formula (VI) is ivabradine of formula (I) :

NS 3
| /[ M.

15 which may optionally be converted into its addition salts 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, methemesulphonic acid, benzenesulphonic acid and camphoric acid, and

20 into their hydratés.



acid, oxalic acid, methanesul phonic acid, benzenesul phonic acid and
canphoric acid, and 20 into their hydrates. 6 When A represents
HC=CI |, the product obtained after the optical resolution step of the
‘conpound .of fornula (VI) is the conmpound of fornula (V) A130H 3
OCH CH3ION-~/NQOCII3 M O the catal ytbc hydrogenation of which
~yields ivabradine of formula (1) C 1100CH H3 3 CH 30 ZQT~~/N |
fl), OCH J Owhich may optionally be converted into its addition
salts with a pharnaceutical%g acceptabl e acid selected from

hydr ochl oMhenak irepreseptsr d6F6 éheapliociucts?’tapmd afteratbe @gticqi hrespliami stquof the
acid, acejl [ rifl oacetic aci actic.acid, pyruvic aci

“mal onic a_{::(}"g?&%gg)ggﬁgﬁucaQ@?bs?tﬁaf?ﬁlg?‘fr@ad ifjﬁr,m‘flﬁﬁ%)ri c acid, tartaric,
acid, maleic acid, citric acid, ascorbic 10 acid, oxalic aci d,

met hanesul phoni ¢_aci d, benzenesul phoni ¢ acid and canphoric acid, and
into their hydr&t'®d Among the reducing agents tbhat cam}ge used to
carry out the reduct ar &t i on reactﬁm@ I N

ayelld

N _— V),

CH,0 N ‘ ot
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the catalytic hydrogenation of which yields ivabradine of formula () :
~CH,0 ' :
OCH
L
L N = ) (D,
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| which may optionally bé converted into its addition salts with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
‘phoSpho_ric 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 their hydrates.

~ Among the reducing agents that can be used to carry out the reductive amination reaction
of the compound of formula (VII) with a compound of formula (VIII) there may be
mentioned, without implying any limitation, hydride-yielding compounds or dihydrogen in

the presence of a catalyst.

Among the reducing agents that can be used to carry out the reductive amination reaction
of the compound of formula (VII) with a compound of formula (VIII) there may be

mentioned, without implying any limitation, sodium triacetoxyborohydride, sodium



of the conpound of formula (VI1) with a conpound of formula (VIII)
there may be nentioned, without inplying any limtation,

“hydri de-yi el ding conpounds or di hydrogen in the presence of a

catal yst. Anong the reducing agents that can be used to carry out the
reductive am nation reaction of the cofApound of formula (VII) with a
conpound of forrmula (VIIl) there may be nentioned, w thout inplying
any |im t@glaheorosriiide Midd idagetpey bRl ey @rdséie 5P Whtalfst such as palladium,
cyanobor ohydri de and dihydro%fn_in the presence of a catal yst such as
pal | adi unglatipimariekehrutheinal, rhadigmemdderivathesdithaigofagsecialty naupperted form

t her eof @ﬁﬂ% %gg%%nin supported form or in oxide form The reducing
agent preterably used to carry out the reductive am nation reaction

of the 5 conpound of fornmula (VII) with a conpound of fornula (VIII)
is sodium_ triacetoxyborohydride. Anmong the solvents that can he used
to carry bRt TeOHEINE @gEt ProsTably Hegd Bncareaeyl Bp reductive amppriesusection of the
formulsa ( it iracGompeu f r roul ) Fh Y, . .
ment i gnedc}émgfblm\}vi ?Eogt |urrpl {/\ﬁ% ‘gtﬁg grn@?%}{#l}é% 0% eﬁ@%rﬁﬁ arlls, sodium
di chl or onetdwergboiohyddidehl or oet hane, acetates, al cohols, preferably
et hanol, met hanol or isopropanol, toluene and xylene. In a preferred
enbodi nent of the invention, the solvent used to carry out the

reduct i veamafg et ioWenkedat tRNbOfiscing SRYRRYAL RftudtReMhifatiod dehctiint <§]¥ e
conpound of forrmula (VIIl) is a mxturé of organic solvents. 15 The

sol vent posfreradioy farsadh (Gl withye cutpaund of doumtla (EIIEnthazt mhen be ezntivoa,

of t conpound f. formula. (VI1) Wt comound of .for NAEN

’s 0B = oUREE meRlind AT itltn. e ey Do aRent ol dishehare
formul a (aékthdes, d1EoHoRS BrEf&alsly; eBahbIC BlethanalCdri iVérb B, tdlGerit AAEWyRheduUCt
which is useful as a synthesis internediate in the chem cal or

phar maceuti cal industry,
In a preferred embodiment of the invention, the solvent used to carry out the reductive

amination reaction of the compound of formula (VII) with a compound of formula (VIII) is

a mixture of organic solvents.

15  The solvent preferably used to carry out the reductive amination reaction of the compound
of formula (VII) with a compound of formula (VIII) is a mixture of tetrahydrofuran and

dichloromethane.

The compound of formula (VII), in racemic or optically active form, is a new product
which is useful as a synthesis intermediate in the chemical or pharmaceutical industry,
20  especially in the synthesis of ivabradine, its addition salts with a pharmaceutically
acceptable acid and their hydrates and, as such, constitutes an integral part of the present

invention.

List of the abbreviations used:

DMF : N,N-dimethylformamide
25  THEF : tetrahydrofuran

IR : infrared




20 especially in the synthesis of ivabradine, its addition salts with-
-a pharmaceutically acceptable acid and their hydrates and, as such,
.constitutes an integral part of the present invention. List of the
abbreviations used: DWMF : N Ndinmethylformamde 25 TIIF :
tetrahydrofuran IR : infrared g The anples herei nbel ow i |l ustrate

the-invention. The nelting points (Mp.) were neasured on a Kofler
bl ock. EXAeBIx@nmples hereinbelow illustrate the invention.

7, 8- Di met hoxy- 3-[ 3- (et hyl am no) propyl)-1, 3,4, 5-tetrahydro- 2H-3-
benzazepln 2-one 5 Dissolve 50 g (0.18 nol) of

3- (7, 8- diTmRthaKig go mquLp§“&réme&f@twmﬁ&aeaenzazepi n-
3-yl)propanal in nmet hanol . Cool the resulting solution to’
0C and then add 62.5 m (0.81 nmol ; 4.5 equivalents) of an aqueous

40, 20T AP 39 B o B O p b1t i1

and then stir for 12_mﬁm@piﬁ_2aﬁbl ent tenperature. Evaporate off the
met hanol . The 10 residue is taken up in aqueous hydrochloric acid
sol ution (1N) and washed with ethyl acetate. The aqueous phase is

then @dl ‘i'Y]é % RO'ISBm ot@%rggm%{%ﬂ/&x%@bm hygs @éﬁaﬁ?drosm BtBeﬁEaz@ﬁﬂ

extracte Iorone hane.” The organi c phasé i s washed
vvgt er, gsrylepiropamt iM$364m1 HF Intetiramd]. e(mbl tthe meselha;go&dwe(ﬂl to OY¢ yiﬁésthelt gdd
obtain 5

5 kg oform ot B8y Blol s MRt aleBin B AvERuslh Lo AR B B
80/ 20/ 2) . ﬂ?aﬁoe@‘ ameﬁé@mtsegi((m aruct. laerqﬁw@mn@l JTedkBI. Ske fdrFonmiute at

white SO|Id Yield = 80

0°C and then stir for 12 hours at ambient temperature. Evaporate off the methanol. The

10 vres1due is taken up in aqueous hydrochloric acid solutlon'(lN), and washed with ethyl

~ acetate. The aqueous phase is then adjusted to pH = 8 by addirig 20 % sodium hydroxide‘

solution and extracted with dichloromethane. The organic phase is washed with water,

dried over MgSO,, filtered and then evaporated to dryness to obtain 52 g of an oil, Which is

purlﬁed by flash chromatography on 1.5 kg of s1hca (eluant = dichleromethane/-

15 ethanol/NH4OH : 80/20/2). 42 g of the expected product are obtained in the form of a

) white solid.

Yield = 80 %
M.p. (KB) = 68-70°C

EXAMPLE 2 : 7,8-Dimethoxy-3- [3-—(methylammo)pmpyl] I 3-dlhydr0-2H-3-

20 ' - benzazepin-2-one

Step 1 : rert-Butyl [3—(7,8-dimethoxy~2-oxo—1,2-dihydro-3H—3-benzazepin—S-yl)propyl]-

methylcarbamate

Suspend 1.7 g (7.8 mmol) of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepin-2-one in 35 ml
of DMF and then add 374 mg (9.35 mmol, 1.2 equivalents) of sodium hydride (60 %

25  suspension in oil). A clear pale yellow solution is obtained, which is stirred for one hour at



Mp. (KB) = 68-70C EXANPLE 2 ;

7, 8- Dlrrethoxy 3-[3- (et hyl am no)propyl] 1, 3-dthvdro-2H-3 20
,benzazepln 2-one Step 1

~tent-Butyl[3-(7, 8-dinmet hoxy-2-oxo-1, 2- 8|hydro-3|I-3-berizazepin-3-y|
)propyl]- nethyl carbamate Suspend 1.7 g”(7.8 nmol) of

7, 8-di met hoxy- 1, 3-di hydro- 2H 3- benzazepin-2-one. in 35 mM of DV and
then add g rigf%l( 9.(335mmmb], 112 Eqmqaiemaloénm)bugfﬂ (3@H]omprhy;d)mdhyl(cz&®a1%1te

25 suspension in. oi ale y sol-uti bt a R
b oh P TRt b Ar IO R SR S Bk h G ot s
equi val engver@ibhit fdt thBk il sdivime I SFapofaeivio) Jrphdry| Tiy RamE & talksS %ﬁllﬂ Sfhter
in 10 m of are then added dropwi se. The whole is heated at

over ni ghtardrﬁi(tltah@d wittedigbloyangthing. dhaptgeatcephaso isdinjadessr Mgféllr, éiéﬁemdemd

i s taken n d extracted w th.dichlorao c
phase o P el S TSt ot BhSLRThRERS o HEohSn
4.2 g of c&ﬁlmﬁhtbgta@hjal@h@OO%doﬁ/‘éih@eh(ellﬁmﬂHrdléhl@@nfé&hahb/@ﬁﬂ?l acetate : 80/20). 2.3 g
chr omat ogra hy on 200 of silica (eluant = dichloronmethane/ethyl

acet at e :ofghy oxpected prodyict e opisenedyip dhetform f e galourlaseilobt ai ned in the
formof a colourless oil. Yield =77 %IR (pure) : v= 1685, 1659,
1155, 1102, 872, 770 cmr. 10 Step 2 :

7, 8- Di netﬁmky‘3798 (nethylanino)prOpyI] 1, 3-di hydr o- 2H 3- henzazepi n- 2
-one Dissolve 1.9 gé L Brod uct obtained in Step 1 in
30 m of W WHR VEIAS d&59{b15t5h k02s87%n77 §7 -m (24.3 mol, 5

equi valents) of HO in ethanol (15N). Heat overnight at 60C and
evaporate the reaction mxture to dryness. The residue obtained is

takeriOup Stap 2wdt8Dimehdxy-B43 deaelisnipbpsspyi 1,8 ity dacH2Bs3 -Bendage 282y
addi ng 20 % sodi um hydroxide 15 solution and extracted wth

di chl oronet hane. The organi c phase is washed with water, dried over

| 'F\)/?ggﬁct f g?lfsﬁwéil a4 W&n?o‘lﬁ&%@fp?&hutspo%%@@% Step- LGPkl bPembidil8d add
to that solution 7 ml (24.3 rnmol 5 equivalents) of HCI in ethanol (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 adjusted to pH=8 by adding 20 % sodium hydroxide -

15  solution ,and'extAracted with dichloromethane. The organic phase is washed with water,

- dried over MgSQy, filtered and then evaporated to dryness. 1.1 g of the title product are

obtaine_d in the form of a colourless oil.

Yield=78%
IR (pure) : v=3400, 1651, 1610, 1510, 856, 710 em’

20 EXAMPLE 3: 3,4-Dimethoxy-bicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile
The title compound can be obtained by cyclisation of 3-(2-bromo-4,5-dimethoxyphenyl)-

propanenitrile as described in the literature (see Tetrahedron 1973, 29 73-76) or in

accordance with the following reaction sequence:



obtained in the formof a colourless oil. Yield=78% IR (pure) : v=
3400, 1651, 1610, 1510, 856, 710 eml . 20 EXAMPLE 3 :

.3, 4-Di net hoxy-bicyclo [4.2.0] octa-1,3,5-triene-7-carbonitrile The
title conpound can be obtained by cyclisation of

3-(2-brono-4, 5-di net hoxyphenyl ) - propan‘é’nl trile as described in the
literature (see Tetrahedron 1973, 29 73-76) or in accordance with

t he foll ogfend :rk‘&&im@thosmmm-u@@zal&lmdel :

3, 4- Di net hoxy- 6-'hydr oxy- benzal dehyde In a three-necked fl ask,

di sperse 40.8 g of alumniumchloride in 200 m of dichl oronet hane

Wi th stirmi Rg.thicedkcldae raot U"dis?&s& 040¢. gPour alumidiRPWhERId® $P!2001 QR of
of - 20 g (0.101 nol) of 3,4 ri met hoxybenzal dehyde di ssolved in 100
m of 5 1@hipmrmﬁ@2tnha\ﬁléh sibtringwCohk theesobticat tor @G d’qurs@dagmlw g oolgion of
and stir dr.ol the.reacti mxt ur. t.h .400

nater and ke AT Mmoo BB MRS b RRRHAR R il 0%, o of
Al l owst 0 giellarontcthand Alen twttérapéramd fo 200 agairDfio moghbm @ﬁpth@as min.
The organi c phase is washed with 100 of IN HCl, 100 of

wat

~and 100 rily@plysatheraacien migisowithate @Mazﬂrua@ﬁ icegmd tb%éfﬁidd]rq()éﬁl ofo%HCI
SO, filLer dzn1 o] d es

: g? oduct ae{rnté1 o ?aﬁgeéo %&[\{%0 Ag[}%%t(% R B%Jla;t]ee)a%d lgefS &ﬁéﬁt\’!@% ?OOStmlp of

2 2- Fordryﬁlefbn&ﬂchnﬂeﬂmmgahﬁmﬂas&ilsrmﬁsﬂhydi suithp h@ail ef DNsEQILVE0L6] 3f gvater

(0:0889 m)l) 4- di net hoxy- 6- hydr oxyhenzal dehyde in 80 nl_ of
15 Cool t#91 faﬁa [ spierated Q98FQusCloelugiog. pest %?e s yover %sgtﬁfﬁfl and

car bapat &y, @&&wtwr 186N 4 B LETRERALUr e and stir for 30

m nut es to appr .oxi rrat
: Yleld 77 %

IR (pure) : 1625, 1146 cm’™.

Step 2 : 2-Formyl-4,5-dimethoxyphenyl dimethylsulphamate

Dissolve 16.2 g (0.0889 mol) of 3,4-dimethoxy-6-hydroxybenzaldehyde in 80 ml of DMF.

15  Cool to 10°C and add in portions 24.6 g (0.178 mol) of potassium carbonate. Allow to
‘return to ambient temperature and stir for 30 minutes. Cool to approximately 10°C and
pour in dropwise 10.1 ml (0.093 mol) of N,N-dimethylsulphamoyl chloride. Allow to
return to ambient temperature and stir for 2 h. Pour the reaction mixture into 600 g of water

" and ice and stir for 1 h at ambient temperature. The precipitate formed is filtered off and

20 washed 3 times with 50 ml bf water each time and then dried in vacuo. 21.3 g of title

product are obtained.

Yleld 83 %
IR (pure) : 1670, 1278, 1150 cm’!



pour in dropwise 10.1 m (0.093 nol) of N, N-di net hyl sul phanoyl
chloride. Allowto return to anbient tenperature and stir for 2 h.
.Pour the reaction mxture into 600 g of water and ice and stir for 1
h at anbi ent tenperature. The preci pitgge formed is filtered off and
20 washed 3 tinmes with 50 m of water ch tinme and then dried in
vacuo. 21. of title  product are obtained. Yield 83 % IR (pure)
1670, 12 7&'_2_%1 ge(2chyanovipyl)-4h-dgnghexyphenyl dimethylsulphamate

2- (2- Cyanovi nyl ) - 4, 5-di met hoxyphenyl di met hyl sul phanate Add 3.1 g
(0.0773 nol) of sodiumhydride in portions to a solution at OC of
11.9 m  A8d 07438 (0:@I773 Ghiol}jbétsdityhmdyﬁiﬂﬁﬁﬁhhmhﬁxhﬂsmfw&ﬂhﬁoﬂ at 490 offi1 16f ml
THE Cool the m xture 10C and add dropw se a suspensi on_ of

3
(0.0736 HBIy36me) Pﬁﬁhﬁfhyl B oo BRIy FOHRET LS osh ieeatots 1o
200 ml of 4 o) u Hely ) A A
sol uti on o? so%¥dl grr ggjé%l %atrS ﬁggt}% 2%%23& %e (?93 Oéggngftﬁéor@yl 3
ext r aét mimet}m@yphenplrmmm}gfhsu‘][p}mma&(]ﬁ 26D ndfoftT(HHJ (Smie fadOhminutes and' hgdrolyse
organi ¢ phas d W t 100 er 100 urat ed
e nue RAF Sad b bPE ST ohorhtis hBiro Sttt witpr Cpisf) amfineh Bt

evapor at gfe Ts@lu%ﬂ[ ’B\%ﬁ:é willh 800 &3li SuglehE %héheﬁ'mleSTﬁé ¥adaald bh"'ﬁg id Qzaﬁde”%th
of 10 diisopropyl ether at anbient tenperature and then filtered and

washed wit0R @i0ofiwatdr andgli i@bmloﬁysatmtateéracmﬁdu&ma@b sphitivacand. the8.dtied @:fer

E:lmt |_ i prsﬁg §§ 4’%%1%(%{%6@ e&gﬂ?rﬁ%ﬁ) 0 ryéwﬁ;r ;];%? ﬁeg®g ﬁ@%x?ed 1% %rlyz‘talhseg :1Lri 8(} n of

di metioy| s qlﬂafmt €thd:5 aDhSBRAB €erfpefatfre( Sudl thenBltdre@fand ORAIMBA with 20 ml of
borohydride in 150 ml of THE Pour in dropwi se a suspension of 18.4 ¢

(0. 059 nwlipopyppyl-ctizer epddeed maarua 18-4g pbtitioRipgnemys obtained.
di met hyl sul phamate in 200 mM of THF. Pour in dropw se 48 ml of
nmet hanol . Heat for 3 It

Yield = 80 %

IR (pure) : 2217, 1361, 1165 cm’™".
Step 4 : 2-(2-Cyanoethyl)-4,5-dimethoxyphenyl dimethylsulphamate

15 Disperse 6.7 g (0.177 mol) of sodium borohydride in 150 ml of THF. Pour in dropwise a
suspension of 184 g (0.059 mol) of 2-(2-cyanovinyl)-4,5-dimethoxyphenyl
dimethylsulphamate in 200 ml of THF. Pour in dropwise 48 ml of methanol. Heat for 3 h
at 50°C and then cool and add 1 g (0.026 mol) of sodium borohydride. Heat the reaction
mixture at 50°C for 1 h and then stir overnight at ambient temperature. Hydrdlyse by

20  pouring into the reaction mixture 60 ml of aqueous 4N HCI solution while maintaining the
temperature at approximately 20°C. Add 40 g of ice and 30 ml of water and then extract
twice with 200 ml of ethyl acetate each time. The organic phase is washed with water and
saturated aqueous NaCl solution and then dried over MgSO4, filtered and evaporated to

dryness. 17.4 g of title product are obtained.

25 Yield =94 %
IR (pure) : 2246 cm™.



at 50C and then cool and add 1 g (0.026 nol) of sodi um borohydri de.
-Heat the reaction mxture at 50C for 1 It and then stir overnight at
.anmbi ent tenperature. Hydrolyse by 20 pouring into the reaction '

m xture 60 m of aqueous 4N Il solutign while naintaining the
tenperature at approximtely 20C. Add Ag g of ice and 30 m of water
and then extract twice with 200 ml of ethyl acetate each time. The
organi c (Hers : BH-Remetberyhicyslohhe dlentt 1. 3satrignat/cdrbifebus NaQl
solution and then dried over MgSM, filtered and evaporated to
dryness: 17.4 g of title product are obtained. 25 Yield = 94 % IR
(pure) : 122#6 nitmdgen, hdx tS5@RerS5.3, i 0).0B8heorp ot yedisified 2diisopropylamine and
OJocta-1, 3,5-triene-7-earbonitrile Under nitrogen, mx toget h%r 5.4
m (0. 038P wbe THF. Cerlithe mixteer ©i1P8dprBdyPUHnsEortge 168 Ml (VP83 oD) of a
Cool the 4 % : ' i

25 3 o SSrdbRch SRR, Rttt I R ruPin e SRS e M
to rise agaifor 1@ mib@eantodtthe sblotiod Go FHOUE esd pGooin thewswl aitelonot of 3 g

2205 yarBOORy o) SPH e pHekS fintt b eP g SRR PO 84n 45 B of
THE Al | owryifneafi SRRGE A Hp&atoWbk1 @% ﬁ'bef] QeAHabNouec -wife MBhitéring by HPLC

monitoring by HPLC disappearanc€ of the reactant. Add the reaction
m xt ur e tdsagperraicarod tiof roastaet Asiddhé ceactom mitusxtor ammixtwict ¢f wateryand ice and

acet agt.e. sh the o ni hases |.n succession with |N.sodi .
nydr a3 46 BT UGS EG S RS IR oRM by Br Ui Shc (A By sodium
aqueous Ng@ltoxs® sHlitRh, agqidus MRNHAT YolhheNva&T anlOHated hyiedts NaQW solution
evaporate 'off the solvents. 2 g of residue are obtained which is

purified apg thiradty Ghmonisr depayilish apd qyapdraisi off dhe gdyamsme & of residue are
i e S HIRIENGG) S b Bipg, FLULFhLRBIGMIE h7bE SO R -

dichloromethane) to yield 0.9 g of title product in the form of a white solid.

15 Yield=50%
M.p. (KB) = 89-91°C

- EXAMPLE4: (R,S)—3,4—Dimeth0xy—bicyclo54.2.(}]ﬁcta-E,3,S-triene-7~éarbaldeh}fde,

10 g (52.8 mmol) of 3,4-dimeth0xy—bicycl_o[4.2.0]0cta-1,3,STtriene—7§carb0nitrile are
dissolved in 100 ml of anhydrous toluene. The solution is cooled to —78°C and then 55 ml
20  of diisobutylalumiﬁium hydride solution (1.2M in toluene) are added dropwisé while
maintaining the temperature below —65°C (addit_ion time =45 minutes). Stirring is carried
out for 1 hour at —78°C once the addition is complete. HYdrolysiS'is éarriéd out b‘y‘addi'ng
dropwiée 20 ml of methanol. The temperaturé is allowed to return fd ~30°C and then the
reaction mixture is added to 200 ml of HCI (0.1N) and extraction with ether is carried out
25 twice. The organic phase is washed in succession with water and saturated aqueous NaCl
solution and then dried over MgS‘O4, filtered and ex./ap‘orated_to dryness to obtain 8 g of

title product in the form of pale yellow oil.

Yield =79 %



"EXAMPLE 4 :

(R 'S)-3, 4- Dlrrethoxy b| cyclo[ 4. 2. 0]octa 1,3, 5-tri ene- 7-car bal dchyde
.10 g (52.8 mml) of

3, 4- di met hoxy- bi cyci o[ 4. 2. 0] oct a- 1, 3, 5- érlene 7-carbonitrile are

di ssolved in 100 m of anhydrous tol uert The solution is cooled to

- -78C and then 55 ml 20 of diisobutylalum nium hydride solution (1.2M
in tol uen®(pareg: adﬂEd‘*d?-@é\Ml%Q ¢hile mintaining the tenperature

bel ow - 65C (addition time = 45 minutes). Stirring is carried out
~for- 1 hour at -78C once the: addltlon is conplete. Hydrolysis is

carried ogkKABMPBESG NGR SN 24N meth Xy bIGLRAND0joclhe 3B MGI-AL ure is
allowed t© return toq30 a(r?g{{ﬁen t he (ﬁfryegtilaﬁ m]xture i's added to

200 m of HC (0. I NyDamethetitmetbyDaminglpropadhbs-dimethonyilehid Sefetrabydro-
twi ce. The organic pg?f-?-bie shegol@ succession with water and

sat urated aqueous Na K 3t hen dried over MySOH4, filter ed

and evaporated to dryness to obtaln 8 g of t|tIe product inthe form

of pale yellowoil. Yield =79 %13 R (pure) = 2714, 2630, 1712
cm 1: SEXAveLE2 4. mmol, 1. 2 equlvalent) of (R,S)- 3 4- dtmethoxyblcyclo[4 2.0]octa-1,3,5-triene-7-

(R'S)-3- (c]% t%atie%ﬁéef QFH“%O@&P n%) J@[tgrezéﬂ 9 @1%11013 rgh}z{f %&nTﬁF nd 20 ml of

yl) met hyl )yamn dr met tetra r o-
2t t - 3- bendiddepinrtiZznond 23 & J48.52 ndnel) nof ,7 &dﬁn@thmtyvh-l[bﬁh&th@]‘ammo)propyl]

(R'S)- 34d|msthoxyb| 4.2.0 ctal -7- carbal dehy

re i a5 ol ea - R 2t ot Buigiram rﬂneo?nda%ﬁﬁdﬁr% TS H iRaRaobecHY i are
di chl Oror%H@n@he Jv@hcﬁe Qs (A318 MBPQ R4 stirred for 30 minutes. 14 g (65.6 mmol,
7, 8- di met hoxy- 3-[ 3- (net -hyl am no) pr opyl ] -

1, 3, 405- tlef whyaiemt) 26+ 3obieny amemwx@omwdadd @eqdem aldgl. 6Therlepctain is

acetic aci S €00 0C and stirr for .3

i nut os. sausoss® P RRprlon o° Mtsh iy GaRehPy’ Jrequdif R héd Bkeh 8 #x

triacet oxyhRLOhydiokdR #&idhen adeeded The HRARESAAhAE. THSHRRHRNGLMS is

Evaporation to dryness is carried out. The residue is then taken g .
20

in IN sotshed Wyfbrvmwrdén@bwqrﬂ\égﬁ%@ltéls@siraaéteé@wt@%t(ddraﬁwsﬁ@ﬁbta

The organl ¢, Hh Bt Sis purified by flash chromatography on 800 g of silica (eluant =

15 dichloromethane/ethanol/NH4OH : 90/10/1). 16.8 g of title product are obtained in the

form of a colourless oil, which crystallises at ambient temperature.

Yield = 82 %
M.p. (KB) = 98-100°C

20 EXAMPLE 6: 3-{3-[{[(75)-3,4-Dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-
: yl]méthyl}(méthyl)amino]propyl}—?,S-dimethexy-l,3,4,5-tetrahydro-
2H-3-benzazepin-2-one hydrechloride

2.1 g of the racemic compound obtained in Example 5 are separated on a 60 cm x 60 mm
column packed with 2.1 kg of Chiralpak ® AD phase (granulometry 20 pm). The eluant
25  used is an ethanol/acetonitrile/diethylamine mixture (10/90/0.1 by volume) at a flow rate of

50 ml/min. The associated ultra-violet detector is used at a wavelength of 280 nm.



washed with water, dried over MgSO4, filtered and evaporated to
dryness to obtain 20 g of an oil, which is purified by flash

_chriomat ography on 800 g of silica (eluant = 15

di chl or onet hane/ et hanol / NHAOH: 90/10/1). 16.8 g of title product are
obtained in the formof a colourless dﬁl whi ch crystallises at

anbi ent tenperature. Yield = 82 % M p. (KB) = 98-100C 20 EXAMPLE 6 -
3-(3-[ ([ (%) g3ofathei mnﬂimnqtbhzazj/f(g ﬂ{e4(1Q doﬂlﬁgm'aﬁeri iBpbtatned e’m-tHe yorin of white

rnethyl |- (methyl )apin ol. propyl) - ethox et rahy dr.o-
vk 5. bensapah. oo e uen Beol the alndomerhaying e {SCkini o abained.
~obt ai ned iR WREHRAEfPnATSIBER .8 on a 60 cmx 60 nm col um.

packed with 2.1 kg of Chiral pak-(r) AD phase (granulometry 20 m). The
el uant = 25 used is an ethanol/acetonltrlIe/dlethylanlne m xture

(10/90/0 b rat The associ at ed
(o7 907 0 eyt UORAe BE ofk LRt Pl aRbu EPhiasiiti SRREL SR by
~of theg engnbivRiFEhehtaBird fa@sdriﬁ)ed GA dtéii#r béifiBatich BPt@iyadgion (thenple 2,
- formof white meringue and then 0.95 g of the enantionmer having the

(S) configerkdion is obtained, likewise in the formof white

neri ngue. The hydrochl oride of t he enantionmer having the (S)
~configuration is t hen obtained by 5 follow ng the procedure

cé)e(z cr |L EegE MPLEIT: $pge|((3,4-BimethoxPhiybidf. RO cEXIFIreen27-yl)Sichy1F)
3-{3-[[ (3, 4- Di net hox}ﬁi%‘%)%}‘@“h’@?ﬂ&ﬂaﬁ dimethoxy-il Srdihygro-derhenzazepin-
(methyl)am n o] p r%p , 8-di met hoxy-1, 3-di hydr o2H- 3- benzazepi n-
2-one 10 Dissolve 1 g (3 78 nmol ) of 7;

‘:.8-dinethoxy'3 [ 3- (nethylanlno)propyl] 1, 3 di hydr o-2H

8_ ggqgazl 1ssolve ? e ml) of 7, énc_llgne oxy 3- -(r%feth?/ia(r:nlﬂlo Engor{)?fi hlag dihy ro ZH-
3-benzazepm—2—one in 50 ml of THF and 7 ml of dichloromethane. Add 0.69 g

(4.53 mmol; 1.2 equivalent) of ‘ 3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-triene-7-
carbaldehyde and 0.22 ml of acetic acid. Cool the reaction mixture to 0°C and add 1.2 g

'(5.'67 mmol, 1.5 equivalent) of sodium triacetoxyborohydride. The reaction is

15 ° instantaneous. Evaporate to dryness. The residue is taken up in water, and the aqueous
phasé is adjusted to pH=8 by adding 20 % sodium hydroxide solution and extracted with
dichloromethane. The organic phase is washed with water, dried over MgSQy, filtered and
evaporatéd to dryness. 1.7 g of an oil is obtained, which is purified by flash
chromatography on 100 g of silica (eluant = d1chloromethane/ethanoI/NH4OH 95/5/0.5)

- 20 toyieldl.4dg of tltle product in the form of a colourless oil.

Yield =79 % | |
1R (pure) : v= 1656, 1607, 1511, 1273, 1206, 1102, 836, 760 cm".



(4.53 nmmol, 1.2 equival ent) of 3, 4-di nethoxybicycl o[ 4. 2.
O]loeta-1,3,5-triene-7- carbal dehyde and 0.22 ml of acetic acid. Cool
-the reaction mxture to OC and add 1.2 g (5.67 nmml, 1.5 equival ent)
of sodiumtriacet oxyborohydride. The reaction is 15 instantaneous.
Evaporate to dryness. The residue is tdken up in water, and the.
aqueous phase is adjusted topH=8 by addi ng 20 % sodi um hydr oxi de

sol uti on BNAMRLES e3l{34 {(7S)-di4Dblnémorikioyde[400 o0adBRsArRASEA] S
washed with wat er, drigﬁwgggg sS4, ??*tgggéizﬂg esgmbrated f%

dryness. 1.7 g of an WthyliémethyRamdigo] prepyh78sdipathexyebi3hyS-tetealtydro-
chr omat ogr aphy on 10 Ll e 3 Yt
diehlorogetﬁa%e/ethag%??ﬁhf%b%#%gg%g%ﬂ$@§oaﬁ8”?% yield 1.4 g of title

product in the formof a colourless oil. Yield - 79 % IR (pure) :
v=1656, 16%7, 1511, 1273, 1206, -1102, 836, 760 cm1 . 15 EXAWPLE 8:
3-{3- [{[ (‘5B 1he HCRRIheAmRAUEY ObBIEdan dgewke 1 are sgppiafedipa §§ pm x 60 mm

met hylzs} ( j J 8- di:mat V- , . "
- bonzas oty PAERCAL RS 3 o CufnpheR) PRIV pike? (b BRES G0N, T eluant
obt ai ned usad Bxanghaolagtenisd@dictiytaniaa ndx @t @N/G0 byivolune) 604 6W rate of
packed with 3 kg of Chiral pak O T101 Fhase (granul onetry 20 . The

C

el uant  UWgnlmin Theprseriicdades-givlet de ]gtoaiSé%Sﬁél PehvAeelgrgth pf 280 nm. ]
10/ 90/ 0. I f j ] i
( 5% YOI R aRfonfer %@gi’;[gr gx{e%}@ef%x;nf%gﬁmé/{l”%g%bt%}%@d 81? ;tgg :Jfg{‘)rﬁ of a

ultra-violet detector 1s use
t he enantdotmeleshailj thgnthé2 RYf denénagtiomei baving thb (8 omdigurativhels fabtained,

of a . colqurless oil, then 0.62 g.of the enantioner having the (S)
confﬂ&uréie&ﬁwﬂgﬂ&H%&PﬁEBFOETgeﬁﬁR%mAse in the formof a col ourl ess
oil. The compound having the (S) configuration is then hydrogenated

by follow ng the procedure described in patent specification EP O
534 859 (E}@aq?mpomd Boapg Dhe (Pheconfiguration is then hydrogenated by following the

procedure described in patent specification EP 0 534 859 (Example 1, Step D). The
hydrochloride of the compound obtained is prepared by following the procedure described
in patent specification EP 0 534 859 (Example 2, Step E).

15  EXAMPLE 9: 3-{3-[{{(75)-3,4-Dimethoxybicycle[4.2.0]octa-1,3,5-trien-7-yl]-
methyl}(methyl)amino]propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-
2H-3-benzazepin-2-one hydrochloride |

By proéeeding as in Example 5, starting from (75)—3,-4—dimeth0xy-bicyclo[4.2.0]octa-1,3,5-
triene-7-carbaldehyde and 7,8-dimethoxy-3-[3-(methylamino)propyl]-1,3,4,5-tetrahydro-
20 2H—3-benzézepin—2-0ne, ivabradine base is obtained, which is then converted into its
hydrochloride by following the procedure described in patent specification EP 0 534 859

" (Example 2, Step E).



hydr ochl ori de of the conpound obtained is prepared by follow ng the
procedure described in patent specification EP 0 534 859 (Exanple 2,
.Step E). 15 EXAMPLE 9 v
3-{3-[{[(7S)-3,4-Di net hoxybi cycl o[ 4.2.0]octa-1,3,5-trien-7-yll-

nmet hyl } (et hyl ) am no] propyl } -7, 8-di net y-1, 3, 4,5-tetrahydro-

21F- 3- benzazepi n- 2- one hydrochlorlde By proceedlng as in Exanmpl e 5,
starti ng EXAMPLE) HEB; mmm@wnmmkpmyaommmmx 3.5%rien-7-

t 7- bal dehyde
7r I8e3|em3t ﬁg;yaB [e3y( raéfwhx}}{!ﬁsshw)amq}ll{%*k'fﬁ 4}@%%?79&@» »Siptrahydro-

2H- 3- henzazepi n- 2- oneZHgygé;{ggé b@}% yaro@ibauped. which is then
converted into its hydrochl gl’l qT o&aﬁg the procedure descri bed
in patent specification EP O 534 859 (Exanmple 2, Step E). 16

oL My Biqehdllihe s Mliahipte £ RIRE ROROSTY S Rhdindiy-vicyclora 2. Oloctar1.3,5-

g octa-1
yl ] metshy| fiepey iythadiehp@d PrmaPyi d- d@n&h&aynﬂilgﬁéfth}laénr?o)ﬁroﬁﬁr]r 1a§1>dfifyem 2h5.

3- benzazepi n- 2- one hydrochlorlde By proceeding as in -
starting JNéAePD)y2-9ng.- @nmmw ibi eyteined Mlzcln)]ladt}ahqgeawd bjy followmg the

triene- 7

7 a0 mer sl P patent soeeifisi R G5 o8 (Brapalels Step D) to yield
benzazeplmali?radme bage, GAIHAGS Ekni cdnodted ineAdtsiidedthiidey fop6NHaHe Bbbcedure
foll owi ng, the pr ocedure described in gatent specification EP.0 5

859 (Exarﬂﬁ’ﬁ“e“@ 1spaignippeigegtion P 0y BedtiweamadeStentilch is then
convgpted into its hydrochloride by follow ng the procedure
described in patent specification EP 0 534 859 (Exanple 2, Step E)
10 17 CLAIMS 1. Process for the synthesis of a conpound of fornul a
(M) in racemc or optically actlve form



CH O CH30OOCH3 CH3 NI/ (M) OCH- OS5 wherein A represents
H2C-CH2 or HC=Cl 1, characterised in that the conmpound of formula
(VI1) in racemc or optically active form: OCH3 H (VII) OCH, Ois
subjected to a reductive am nation reactjon with a conpound of
formula (MIl) CHOCHOAH N~N (MIl) 0 10 wherein Ais as
~defined hereinbefore, 18 in the presence of a reducing agent, in an
~organic solvent or a mixture of organic solvents. 2. Synthesis
process according to claiml, charactighéig in that the conpound of
forrmula (VII) is in optically active nd nore especially has the
(S") configuration. 3. Synthesis process according to claim 2,
characterised in that the group A represents

1. Process for the synthesis of a compound of formula (V1) in racemic or optically acti\}e

form :

\ 3
| /[ (VD)

5 - wherein A represents H2C-CH2 or HC=CH,

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

, OCH,
|
- ![ (Vi)
H J
, OCH,

is subjected to a reductive amination reaction with a compound of formula (VIII) :

A

H
}J_\\\4/,//A\\\\¢/,/TJ\\\\ (VIID)

10 wherein A is as defined hereinbefore,



5 H2CG-CH2 and the product of the reductive anination reaction of the
compound of fornula (VI1) with a conpound of fornula (VIII) is
ivabradi ne of formula (1) CH3O OCClh iH3 CHBO NI fl1), OCH3 which
‘may optionally be converted into its addition salts with a _
~pharmaceutical ly acceptable acid sel ectdd from hydrochloric acid,
hydrobrom c acid, sul phuric acid, 10 phosphoric acid, acetic acid,
~trifluorohctt pﬁesame%;falraﬁichfg a@@htd pyruvic acid, malonic acid,
succinic acid,glutaric acid, fumaric acid, tartaric acid, naleic
aci d, ci tina ERC solxa oF bingxweq of orexy¢ bajverds.d, met hanesul phoni ¢
aci d, benzenesul phoni c acid and canphoric aci d and into their _
hydrates. 4. Synthesis process according to cl ai m 2, characterised in
that t he Zyr oSymtiesise presentscordiog Go alaﬂnthecmaﬁétps%d% ’éﬂaﬁ tﬁ@%ﬁiﬁoﬁﬁd of
ani mation reaction_of the con?ound of forrrula(VII;thgi t he (
configurati o%“%}ﬂlar(v ) dotisdoIctive form andmypreleppgodaltyHias t Qancgumtlon
formula (V) CHOOCH iH3 CH3OOCI h 15 0 19 the catalytic
hydr ogenati on of which yields ivabradine of fornmula (1)
' 3.  Synthesis process according to claim 2, characterised in that the group A represents

5 H,C-CH, and the product of the reductive amination reaction of the compound of

formula (VII) with a compound of formula (VIID) is ivabradine of formula () :

OCH

/

(D,

\

OCH

which may optionally be converted into its additioh salts with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
10 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

campbhoric acid, and into their hydrates.

4. Synthesis process accordihg to claim 2, characterised in that the group A represents
HC=CH and the product of the reductive amination reaction of the compound of

formula (VII) having the (S) conﬁguratwn with a compound of formula (VIII) is the

compound of formula (V)

OCH

(W),

4 _

OCH

15



CH3OOCH3 zQL f ,H3 CH O ~/N (D. OCH3 which may optionally be
converted into its addition salts with a pharmaceutically acceptable
‘acid selected fromhydrochloric acid, hydrobrornic acid, sul phuric
acid, 5 phosphoric acid, acetic acid, trifluoroacetic acid, lactic
acid, pyruvic acid, malonic acid, succi%ic acid, glutaric acid,
fiumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
acid, oxalic acid, nethanesul phonic acid, benzenesul phonic acid and
canphoric acid, and into their hydrates. 10 5. Synthesis process
accor di ng t dhacsasalniiq hydepganadeel whigh ivieldsizsabradiae ebfopoulsdDof  f or nul a
(M1) isinracemc formand the reductive am nation reaction of the
conpound of formula (VIt) with a conpound of fornmula (VIII) is

foll owed by an &ptOcal resolution step of the racemc 8anound of
formula (VI) obtaineg Syat hesi's proggss acc ?o tl aimb5,
characterised in tha epredents 112C-[CH2 andl 15 |t he product

obt ai ned aft erCHNE \ resng%yg£§§x T ound of fOrmula
(VI) is ivabradine o (1 O cH'ocHs 3 cH'®2Q ocH3  ©
whi ch may optionally he convexted into its addition salts with a

pharmaceutically 0

which may optionally be converted into its addition salts with a pharmaceutically
acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,
5 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 their hydrates.

10 5. Synthesis process according to claim 1, characterised in that the compound of
formula (VII) is in racemic form and the reductive amination reaction of the compound
of formula (VII) with a compound of formula (VIII) is followed by an optical

resolution step of the racemic compound of formula (VI) obtained.

6. Synthesis process according to claim 5, characterised in that A represents H,C-CH, and
15 the product obtained after the optical resolution step of the compound of formula (V)

is ivabradine of formula (I) :

CH,0O OCH

oDt
CH,0™~ Ne N 7 M,

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

acceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid,



acceptabl e acid selected from hydrochloric acid, hydrobromi c aci d,
sul phuric acid, 20 phosphoric acid, acetic acid, trifluoroacetic
.acid, lactic acid, pyruvic acid, malonic acid, succinic acid,
glutaric acid, fumaric acid, tartaric acid, maleic acid, C|tr|c aci d,
ascorbic acid, oxalic acid, methanesul ponie acid, benzenesulphpnlc
acid and canphoric acid, and into their hydrates. 5 7. Synthesis »
process accehdsphgrit cacel, aicanid acidh af feiredce € deid 14dtiat aokd, " BREES BREE malonic
HC=CH and . t he product obtalned after the ggtlcal resol ution step of
t he corrpoun&m&f SPesiHEREId( glufanq acid pamagigRsish datgrricf anidumaleic\Acid1ciBE acid, -

OCHs CHI N d n_of which
yi el ds |vabP§%?%é g#d%ﬁ%%gf(x%? I%ﬁ@%ﬁ%%?%éﬁé %%%%Hg%$§hnng %3d nd
OCH, 10 mhwamphmy:mmdwmmahbﬁmhdn@nnmerted |nto its addition salts :

with a pharnmaceutically acceptable acid selected from hydrochloric
acid, hydrobrom c acid, sul phuric acid, phosphoric acid, acetic

acid, strizl lS?ﬁ@l@ﬁ@%)fdée@Cch@rd RGh IR, Qhalgé%ﬁé/édcmﬂfétq@ réﬁ%sgﬂt's (i{Cﬁ@H%hd

succini ¢ acid, aric acid, frmaric aci taric acrd
acid, citri @eampduct Dbtasd i theaqitidal mxaliien step df t}rmiolnqmﬁdj bﬁftﬁﬁiud;a (VD)

aci d, benzepesul nQBé‘&n% ormua?V)

CH,0 i OCH,

),
CH,0 NN Zocn i
, | ,

the catalytic hydrogenation of which yields ivabrad‘ine of formula (I) : -

CH0 ' OCH
(le

' CH,0 N
3 v N . OCH

/

(D,

\ :

10 . 0

which may optionally be convérted, into its addition salts with- a pharrnéceutically ‘
acceptable acid selected from hydrochloric acid, hydfobrbmic acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic -
acid, succinic acid, glutaric -acid, fumaric acid, tartéric acid, mal_eic acid, citric acid,
15 ascorbic acid, oxalic acid, methanesulphonic acid, benzenesulphonic acid and

campbhoric acid, and into their hydrates.

8. Synthesis process according to any one of claims 1 to 7, characterised in that the
reducing agent used to carry out the reductive amination reaction of the compound of

formula (VII) with a compound of formula (VII) is selected from sodium



canphoric acid, and into their hydrates 8. Synthesis process
according to any.one of clains | to 7, characterised in that the
.reduci ng agent used to carry out the reductlve am nation reaction of
t he conpound of forrmula (VII) with a conpound of forrmula (VII1) is
sel ected from sodium 21- triacctoxyborohlydri de, sodium

cyanobor ohydri de and di hydrogen in the presence of a catalyst such

as pal | adi unrigpétakyboushydnide kekdiunt uydmeBoteRydridtodidudihy @ogerdar thy idsMes of a
t her eof , especi aIIy hn supported formor_ In oxide fon_ 9. Synthesis

process accofdiiy 1us c?saP agiungphatipyray pigkel, irptheniam, tthedined el ndprivatives
B R e e e L e e e T P
sodium tri acet oxyborohydr| de. 10. Synthesis process according to any

one of cl rrgy to 9, charac erlseid in that the solvent used to
carry out”t hHRGHRTPEASS arrording Srelrigngraharrcisrisedhia thyihoisduciag agent used to

formulaa (VI 10ar &t Be ¢ ¢ I

t et r ahydr of ur g\r%‘ 10 di %ﬁ%%ﬁ]&ggg r@&é‘tﬁng) %g(rnlg @Pfog%g{ a(&rﬂg with a ,
al cohol s, pr@ﬁ@oalbﬁy)f&tmbo(wﬂlmsmdnm tnaoctoxﬁmolqm'aﬂdej t ol uene and
.xyl.ene. 11. Synthesis process according to claim 10, char acterised in
that the solvent used to carry out the reductive am nation reaction

-~ of the cormoyithesfs Hroedty!RcérMldg) tovhtyhofe of QIRAY NP, El?iré@fét?s Q\ﬂlldﬁt the
i's a mxture of tetrahydrofuran and di chl or onet hane. 80

of formula (S91Vent jused deeqery owt Hist redartive aminayient mamon ofxﬂﬂs co(rinbm)d of

_I I OCH3 formula (VII) with a compound of formula (VIII) is selected from tetrahydrofuran,
10 7 dichloromethané; 1,2-dichioroethane, acetates, alcohols, preferably ethanol, methanol
| or ‘isopropanol, toluene and xylene. |
1L Synthesis process according to claim 10, characterised in that the solvent used to carry
- out the reductive amination reaction of the compound of formula (VII) with a
compound of formula (VIII) is a mixture of tetrahydrofuran and dichloromethane.
15 ’

12, Compound of formula (VII) in racemic or optically active form :

OCH,

l (VID).

\

OCH



