~-1- NEW PROCESS FOR THE SYNTHESI S OF |-VABRADI NE AND ADDITI:ON-AND
"~ SALTS THERECOF W.TH A PHARVACEUT! CALLY.-ACCEPTABLE ACI D The present -
[invention rehRipROCERSF IR PRESENTINESIS BE IFXBRAGRESNY AbNﬁRSP@ﬂNﬁ%AQfFS
formula (1) : OC - tRerECBWITHA PHARMACBUTR A1 ¢ AOTERTABDE Q6D ,
clo[4.2. 0]octa 1,3,5-triren-7-yl I methyl) (methyl)am no : ' ‘
propyl}-7,8- dlnethoxy 1, 3, 4, 5-t et rahydr o- 2H 3- benzazepi n- 2-one, its
" addition Ehd presani tﬂveattquhmﬂa@detatpro@bi ﬁomtm:@/ptt&brk ef atabfhdaﬁdaftfdsmnﬂa (I)
- hydrates. lvabradi ne and addition salts-thereof with.a
tharnaceutlcalIyéﬁéceptable acid, and nore especially the

hydrochl ori de t e Qf , _have very val uabl e phar mac oglg@m and

t herapeutic. propertig sspesial |y bradydar dirc—fr ops tles whi ch
‘render those c QuAQ geful {n the trg?tne1t. r//reventlon OUD : v
various clinicalscond Qns of Nryecardial Ngchaemz, as angina .
_‘pectoris, myocardial infaretion and associ at ed rhythn1d|§orders as
~well as in various- pathologix; |nvoIV|ng rhyt hm di sorders, espeC|aIIy
‘supraventrieular - rhythntdlsor’ers and in heart failure. The
preparation and therapeuticS use of ivabradine and addition salts
“thereof with a pharniaceutically acceptable acid, and nore especially
‘t he: hydr eechBdBtdE78hedebmethoaytdcimded. 2@ ctni lbhﬂtrlm—EM]ﬁW}(WMIammo]
speC|f|cat|o 4 859 hat‘ eci fication describes the '
_synt hesi $THY tﬁ@ ‘%‘W?ﬁh’ rotit eteht %%g}!ai’gﬂéza@%‘ g 4§ starting
materi al -t he. conpound of formula (11) : the catalyti-c hydrogenation -
of hich yields ivabradine, whichis then converted into its =~
’hydroéhldﬁ@d@ﬂOHH@KﬁWﬁhb@b%ﬂb&mﬂhaﬂysywphbku&uhgﬂﬁhmhhﬂhagsthat only
al @6y|eld of |vabrad|ne IS obtalned T _

' Ivabradme and addttron salts thereof with a pharmaceutrcally acceptable acrd and more
especrally the hydrochlorlde thereof have very Valuable pharmacological and therapeutlc :

“ properhes especrally bradycardtc propertles Wthh render those compounds useful in the
.- treatment or preventlon of Vanous clinical conditions of myocard1a1 1schaem1a such as
angrna pectorls myocardral 1nfarct10n and assocuated rhythin disorders, as well as in
‘VaI"IOUS pathologies mvolvmg rhythm dlsorders especially supraventrlcnlar rhythm'

1 drsorders and in heart farlure

A‘ The 'preparation" and therapeutio use of ivabradine and ‘addition salts thereof With a
pharmaceutrcaﬂy acoeptable ac1d and more especraﬂy the hydrochlorrde thereof have

.. been descrlbed in European patent specrﬁcatron EP O 534 859. -

o That patent specrﬁcatron descrlbes the synthesis of the hydrochlorlde of 1vabrad1ne usmg ,

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

OCH |
. e m
CH,HN~ " “ocH,

Vi

\

10

- which is resolved to yield the compound of formula (1II) :



10G ven the pharmaceutical interest in that conmpound, it is inportant
to be able to obtain it by an effective synthesising process which

- results in a good yield of ivabradine. 3 wherein A represents
"H2C-CH2 or HC-Cll, which is characterised in that the conpound of
~formula (M) in racenmic or optically ag2tive form: I 's subjected

to a reductive amnation reaction with a conpound of forrmula (VII1) :

-OCH,
| [ | am
~

OCH,

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

CH,HN—

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 :



wherein A is as defined hereinbefore, in the presence of a reducing
agent, 10in an organic solvent or a mxture of organic solvents.
‘When A represents I12C CH2, the product of the reductive am nation of
t he conpound or fornmula (VI1) having the (S) configuration with a
conpound of formula (MIl) is ivabrading of formula (1) : which may
optionally be converted into its addition salts with a
pharmaceutical |y acegptabl e acid sel ected from hydrochloric acid,
hydrobrom c acid, sulphuric acid. phosphoric acid, acetic acid,
trlfluoroacetl@H%pid <actic acid, py- rnlc aci d, nalqgéﬁ aci d,
d,

succinic acid, glutd Acid, fumaric g d, t mal ei ¢
acid, citric acid as acid oxaPlc ac1d, thanesulphonic
aci d, benzenesul phoni ¢ gégrcgaqupN c Aty into their(VD
hydrates. Wien A represents =Cl | he pfoduct of tH&Heductive

am nation of the conpound @f fornula (VII) having the (S)
configuration with a conpoupnd of fornmula (MII1) is the conmpound of
formula (V) : 15 the catal ytic hydrogenation of which yields

i vabradine of foimula (1)

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.



whi ch may optionally be converted into its addition salts with a
.pharmaceutically acceptable acid selected from hydrochl oric acid,
_hydrobrom c¢ acid, sul phuric acid, phosphoric acid, acetic acid,
trifluoroacetic acid, lactic aC|d pyn.tvic acid, malonic acid,
succinic acid, glutaric acid, funarrc atid, tartaric acid, nalerc
acid, citric acid, ascorbic acid, oxalic acrd, nethanesulphonic aci d,
benzenesulphonic acid and canphoric acid, and into their hydrates I'n

anot her pr ferred enbodi nent of the invention, the conp
formul a (VioFY 4 epresentadbficHe L?npmﬁﬁet ?%@96?4‘&98"%1%@%1% ﬁf ﬂea%qmmrnéfof

the race &g@gﬁ d,ef gq#q
(Vi) |gkﬁﬁﬁgh Egggﬁﬁoﬁ{n$§ %gk%%ﬂ%%$h®gtargs ut?oﬂpétégﬂ H%‘S-
conpound wﬁbrhdmemfﬁor(n\ﬂa)(lbbt ai ned. Wien A represents H2C-Cl -1 2; the

product obtained after the optical resolution step of the conpound of

formula (VI) is ivabradine of formula (1) : - 15whi ch nay optionally
be converted intprots addition salts with a pharmaceutically
accept abl e aci d sel egted fronthydrochIthg acid , i ¢ aci d,

sul phuric acid, phog C achd, acetic @pcid tqifl oroacetic acid,

lactic acid, pyn mal loni e crdbrsu i id, glutari®
aci d, funarrc acrd tartaic ;CTB//?hérerc acid, Citri%T4cid,

ascor bi ¢ acid, oxal i ¢ aci d, ‘(thanesulphonic aci d, benzenesul phonic
aci d and canphoric acid, and ®0into their hydrates.

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, triﬂuoroaee_tic acid, lactic acid, pyruvic acid, malonic aeid,'
succinic acid, glutaric acid, fumaric acid, tartaric acid, maleic acid- citric acid, ascorbic-

10 acid, oxalic acid, methanesulphonic acid, benzenesulphomc amd and camphortc acid, and

into their hydrates.

When A represents HC=CH, the product of the reductive amirtation of the eompound 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 ivebradine of formula (I) -



6 When A represents HC=Cl |, the product obtained after the optical
resolution step of the conmpound of formula (VI) is the conpound of
formula (V) : the catal yti c hydrogenation of which yields

i vabradi nc of formula (1) : which nay optionally be converted into
its addition salts with a pharmaceuticably acceptable acid sel ected
from hydrochl oric acid, hydrobrom c acid, sul phuric acid, phosphoric
acid, acetic acuﬂgOtrlquoroacetlc acid, lactic aC|d ﬁ%ﬁuvic aci d,
mal oni ¢ acid, succi njc=> glutaric acig, fum tartaric
~acid, maleic acid, fl ac ascorblc[fba(ld ox lic acid, dD
nethahesulphonCHﬁL o-nzen-‘ulp i gran oric aci and
into their hydrates @ Fédﬁgﬁﬁé/agents that cafbe used to
carry out the reductive am najion reaction of the conpound of fornula
(VIl) with a compound of form@a (VIIl) there may be nentioned,

Wi thout inplying any limtation, hydride-yielding compounds or

di hydrogen in the presence of a catalyst. Anbng the reducing agents

that can PeicHSedy tehifohiiy RUboAFel SHHE tilsY fa TN 3RO Wit AL Lh@haceutically

aoceptable acid selected from hydrochloric acid, hydrobromic acid, sulphuric 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 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

compoundv 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, methémesulphonic acid, benzenesulphonic acid and camphoric acid, and

20 into their hydratés.



of the compound of formula (VII) with a conpound of formula (M 11)
there may be nentioned, w thout inplying any limtation, sodium
‘triacctoxyborohydride, sodium 7 cyanoborohydride and di hydrogen in
the presence of a catal yst such as palladium platinum nickel,

rut heni um rhodium and derivatives thebeof, especially in supported
formor in oxide form The reducing agent preferably used to carry
out the reductive amnation reaction of the 5 conpound of fornula
(VI1) with a compound of formula (VII1) is sodium :

t ri acet oxWwnohyenrrgats A0 theeprodisteritantdafterahe optcal sewlutmncser yf the

out the r&ggﬁﬁ%ﬁgf%gkﬂﬁgb@nggggégga gﬂﬁgﬁmgg ound of fornula (VII)

“with a conp ormu ntioned, 10w t hout
inplying any linmitation, tetrahydrofuran, dichloronethane,
1,2-dichroroeth%ne acetates, alcohols, preferably ethanol, nethanol
or isopropanol,‘ﬁé? and xylene. In a preferr enmppgj nent of the
invention, the solve edt0 carry oucH;herreduc®yVe ari nation
reaction of the conp of fqrmula (VI&) Wit h cofrpound of fQYﬁula
(VL) is a_nﬁ%ﬁ@re‘h gani ™ g, he € ef erably
used to carry out the redus ‘ve am nation reaction of thé conmpound of

formula (M) with a conpoun® of formula (M IL1) is a mxture of

tetrahydrofuran and di chl or ont hane. The conmpound of formula (VII),
inracemc or optically active form is a new product which is useful
as a synthesis intetnediate in the chem cal or pharmaceutica
i ndust ry, the catalytic hydrogenation of which yields ivabradine of formula (I) :

~CH,0 ' :
OCH

e
CH,0 N N PN | (D,

| 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 camphorié 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 (VII) there may be

mentioned, without implying any limitation, sodium triacetoxyborohydride, sodium



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. Li st of the
abbrevi ati ons used: DVMF : N, N-di net hyl formam de 25TIIF :
tetrahydrofuran IR : infrared 8 The Exanples hereinbelowillustrate

the invention. The nelting points (Mp.) were neasured on a Kotler

bl ock. EW&(H&&%O&(Ed@?MIDﬁWn{Sg%p(H@H&Y lped¥bi@) Bf QPY¥dthtyst 4ur as palladium,
ahydro- 2H 3- benzazepi n-2-one 5Di ssolve 50 g (0.18 nol) of
3- (7, 8- di Rigfimuynickebyutheninmy rimdivn randyigrivatdies theasenizespeqiplhy in supported form

3-yOprop [ m of methanol. Cool the resulting solution to OC
and thenqgghoég&gg%¥ (0.81 nmol ; 4.5 equival ents) of an aqueous 40 %

i net hyl ami ne solution. Stir for one hour at OC and then add 7 5 ¢
(0.2 mol ; Li equivalent) of NaBILt. Stir for 30 m nutes at OC and
then sti rlleoredyeing agend pieferpbby apqd toerAser autithe redugkiyg patiBationfreagiion of the

en st P et et pireeen of
ol utton CHN MG ety LTI CRIP < SoPMIERY oL RERER, IRSE Modiom

t hen adj usihedotybopiydri®e.by addi ng 20 % sodi um hydr oxi de sol ution and
extracted with dichl oromet hane The organi c phase is washed with
wat er, dried over Mg504, filtered and then evaporated to dryness to

obtain 52a80RE tdNsdMdnts Wi & ﬂéiP&Hrtb fch9 Y e RattRRTANRLAG QE&YOn%Y the

1.5 kg of silica (eluant = di or orret hane/ - 15et hanol / NO- 140

80/ 20/ 2) .coapogndpt forerudx feldt withpr cuumundrog foimua (EHL thetcheay be mapfioned,
“whi t qumvlvi?hout implying any limitation, tetrahydrofuran, dichloromethane, 1,2-dichloroethane,

acetates, alcohols, preferably ethanol, methanol or isopropanol, toluene and xylene.

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




Yield = 80% Mp. (KB) = 68-70C EXAMPLE 2 7, 8- Di net hoxy- 3[ 3-
.ethyl a 20beozazepi n-2-one Step 1: tert-Butyl :
. [3-(7, 8-di net hoxy- 2- oxo- 1, 2- di hydr o- 3H 3- benzazepi n-3-yl ) propyl ] -
met hyl car banat e Suspend 1.7 g (7.8 )l ) of ‘
7, 8-di net hoxy- 1, 3-di hydro-211- 3- benzazer%})n- 2-one in 35 m of DMF and
then add 374 ng (9.35 mmol, 1.2 equival ents) of sodium hydride (60 %
25sus pensibsExampbisi Hereinbete e diuspatedhs/@vemBionsol ution is obtai ned, which
is stirred for one hour at 25C. 1.94 g (9.35 nmmol, 1.2 equivalent)
of tert-butyl (3-chloropropyl)nethylcarbamte dissolved in 10 m of

DVF ar e thenddee foidisqmb 3 everd neastbel & 4 Kofleadleck.at 50C over ni-ght and
then the solvent 1s evaporated to dryness. The residue isS taken up in
wat er and extracted wi th dichloronethane. The organic phase is dried

over MyS i r.ed N 3 . Bl
s obt o ASAMBLET] REBIEH SRR kIO pEIRIE L 3.2y 02013
silica (eluant = di chieazomrpiniznatet hyl acetate : 80/20). 2.3 g of the

expect ed product are obtained in the formof a colourless oil. Yield
= 77 % IR (pure) : v 1685. 1659, 1155, 1102 872, 770 cn¥. 10Step 2 :

7, 8- Disiet - ( ic RO AAD -
one DPssaTV i B § (07 g bl o e B satct by al et i n S eb
30 m of Jeylyanpinahma 62Gdnt of niwsiansbl Caal ghe Tesulting2#ol@tiomist 0°G and then add

equi valents) of HCL in thano‘l(g{S : . Heat , oyernight .at C a |
evapor at és_tzt%’é‘?&g&c ST T (e gog!?\'%?é“ggl?s ﬁgﬁé’ Ip‘gtbglgﬁnéneo%)t%oﬁléggf forone.
t aken up oy WehRr andPien hike730H@PY RPN RS gubvaldA®nfatiBIst 8dr for J0LAmBtdaat

addi ng 20 % sodi um hydr oxi de v '

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

10 - residue is taken up in aqueous hydrochloric acid solution:(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 MgSOy, filtered and then evaporated to dryness to obtain 52 g of an oil, Which is

puriﬁed by flash chromatography on 1.5 kg of silica (eluant = dichloromethane/-

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-Dimeth0xy-3-[3-(methylamino)prdpyl]él53-dihydrd-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



15 solution and extracted with di chl-oronet hane. The organi c phase is
washed wth water, dried over MgSO4, filtered and then evaporated to
.dryness. 1.1 g of the title product are obtained in the formof a
colourless oil. The title conpound can ge obt ai ned by cyclisation of

3- (2- brono- 4, 5-di met hoxyphenyl)- propanénitrile as described in the
literature (see Tetrahedron 1973, 29 73-76) or in accordance with the
f ol | owi ng2¥°€adt%4og (88quemok:1.2 tquisilent) bf rerd-butyl (3-chloropropyl)methylcarbamate

4- Di met hoxy- 6- hyd - hyde In hr ee-necked f| ask, disperse,
30,85 O CTTIROA ) Gl G T rEoB eded BRHr bEHAS WBEHE ot S0°C
stirring. oveedbht 1 HOh did Qvdn® iO&apbakd toNdrJhQBVIREreRidSe !iéJfakgxg urﬁdfin gwglter

g (0.101 nol) of 3,4,6-trinethoxybenzal dehyde dissolved in 1
5 di chl orandesxtaaied with dighloremetbansed he organicophase & drgali over d14IW, Sittdred and

and i o ot ool Sl AR REDAT B PhEn do R o RhY cper

t o separ ajteoafdgtapBi o8 XM0ACH Wik (cBREt #ldicHlodheiaaeemEt Bavige : 80R0). 23 ¢

organi ¢ phase is washed with 100 m of 1N HC1l, 100 m_ of water and

100 nl ofofdhe ernecied preslnebirs okgaieddn thefogn of aalovHess aik i ed over

My, SO4, filtered and 10evaporated to dryness. 16.4 g of title product

arc obtained. Yield =77 %IR (pure) : 1625, 1146 cn* Step 2

2- For nmy 1-Yiehd di7@t hoxyphenyl di net hyl sul phama e Dissolve 16.2 g

(0.0889anI8 of 3,4-dinethoxy-G-deroxybenzaﬂdehyde in 80 m or DW.
IR (pure) : v=1685, 1659, 1155, 1102, 872,770 ¢cm™".

10 Step2: 7,_8.-Dimeth0xy-3-[3-(methylamin0)propyl]-1,3-dihydro-ZH—3-benzazepin—2-one

Dissolve 1.9 g (4.86 mmol) of the product obtained in Step 1 in 30 ml of ethanol and add

' to that solution 7 ml (243 minol, 5 eQui‘V‘alents)‘of HCl 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 MgSO,, 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:



15 Cool to 10C and add in portions 24.6 g (0.178 niol) of potassium
carbonate. Allowto return to anmbient tenperature and stir for 30
.mnutes. Cool to approximately 10C and pour in dropw se 10.1 mi
(0.093 nop of NA-di nmet hyl sul phanoyl chloride. Allow to return to
anbient tenperature and stir for 2 h. Pdur the reaction mxture into
600 g or water and ice and stir for 1 h at anbient tenperature. The
preci pi t aftepflordredinsthpky-Herydibxyffenazideld@rashed 3 times with 50 m  of
wat er each tinme and then dried in vacuo. 21.3 g of title product are
obtained Yield - 83 %IR (pure) : 1670, 1278, 1150 cmj. 11 Step 3

2- (2- OymhQVithnsd nedied- daset dayyRbenyR di et AuhsulpharRReAdd B0l Ml of

(0 0773 nol ) of sodlunlhydrlde in portions to a solution at OC of
11.9 m (d¢ vsmmﬁhﬂn)% with dtissingy Coely theotedutivyl foh¢ép Remate drapwigDa wblugibn of

(0 o7se il 4Bt R ob o B RS ARG 2 s RPRIR G O onlarBi e, e
200 mis ofdlarllrﬂﬁmnﬁttharnef o3P the MethSaaRd t&me%ga&e oM TNCOMU Rtir qa‘)r a5 min.

sol ution of sodium hydrogen carbonate and water (50/50) and t
extract  tiHedrebysethegractinn eaixivre WitBdo0 miof sratersing eﬂﬁfeanéébw ztddnJé)O nrmsf IN HCI

organic p S%’uf Sfowa§5'egn t%{: gwmto Oge g‘?att aé%d% mactOfwfnatﬂOatrﬁd of

-aqueous d solution an ried Tered and
evapor at ediclilorogteylnes s Thel beganesp}dsmlso\bﬁﬁem @dth 00y $)tfa|N H&%:d1 00nm80f mater
t tenperatur nd. then fjl and

of 10 diisaopraop t her t anbi en a ter
washed it 29 fﬁl offaitfeied ﬁpwﬁ%lrﬁ@#m@ﬁda%ﬁ fheg drisd paenlests ﬁﬂaeéfand '
titl empr %ﬁ&ra@:ﬁ% QHIn@ésn 64 gﬁf@ ’d‘él p%)(%’ct are obtained.

: Yleld 77 %

R (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’!



IR (pure) :2217, 1361, 1165 eml. Step 4 :

-2- (2- Cyanoet hyl ) - 4, 5- di et hoxyphenyl di net hyl sul phamate 15 Di sperse
.6.7 g (0.177 nol) of sodi um borohydride in 150 m of 'THE Pour in
dropwi se a suspension of 18.4 g (O. 0591ggl) of

2- (2-cyanovinyl) -4, 5- dlnethoxyphenyl t hyl sul phamate in 200 m of
THF. Pour in dropw se 48 of methanol Heat for 3 h at 50C and then
cool and Step3: 2(@%2@%%%@%@%&%6%%}% s@lgharpiat t he reaction
m xture at 50C for 1 h and then stir overni ght at anbi ent

tenperature. Hydrolyse by 20 pouring into the reaction mxture 60 m
of aqueouﬁddlBl 11 & @©0.05D3 mﬁdlpaf ‘Mililhm Igairide dh joRgorishe 4 eastpﬁmahu()& af 11.9 ml
appr oxi mat 20C. Add ice and 30 nl of water _and th

ext ract t(@n08§6 valh Oﬁéeﬂml Cwnoeﬁﬁlwlplwel@%aée Bt wf gk THR &gt §§rfpt¥t“fe to
hase is e cand e e hu

Itohen dri e ?e%ldw g%ﬂlmﬁ)%t ergeééﬁﬁggg%a(go?g?e%ut%gb‘g%nég b O?f(ﬁﬂgll 4 >

titleSpr aﬁnnethoay;dlenb]t dimethylsuhaiiae id 260 9 FOITHE . (Spio fe@)30: rﬁm&s end hydrolyse

Und it et h 0.0382 f istill
a i sopr opyAAHE BhS B8t o bR E Ve sty SO BB e fepsiac
in dropwige sé-l%h@n %1&%1@3@30 el ()f Bfuefle cacr2iiml $8¢ Wi Mase is washed with

butyllithiumin hexane. | ow the tenperature to rlse again to -5C
and stir HOOrml10f watart awsl, lebml ofheatgratedt atqmﬁoru&)Na@D@omtndnwdrthﬁm dried over

2. (5" cyardeslyd e a0 ey iRGet e Ryicushinsis pudiseqin g9 mi of

THF. 18l | ciisbihe 1eefaer at bifBichl @thperdtQrel hikP tiR@afiRerk® and4kashbd |vith 20 ml of
moni toring by HPLC di sappearance of the reactant. Add the reaction

m xture tdiseprapyitaties apd diied arvasnel liScke ahitle nodestaraehtaiedh et hyl
acetate. Wash the organic phases in succession with 1N sodi um
hydr oxi de sol ution, aqueous 1N ITCl sol ution, water and saturated
aqueous N&Ekbs@@&ﬁlon and then dry them over MgSO™4, filter, and

evaporate of f the solvents, g of residue are obtained whi ch is
purified B%Pqués%z]c?hll%%tlé@? %hy on 70 g of silica (eluant =

di chl oronethanc) to yield 0.9 g of title product in the formof a
white solid.

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. Hydrelyse 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™.



EXAMPLE 4:S)-3,4-D ethoeyel o[ 4. 2. 0loeta-1, 3, 5- tene-7-earbal de iyde
10 g (52.8 mmol ) of

.3, 4-di net hoxy- bi cycl o[ 4. 2. 0] oct a- 1, 3, 5- trlene 7- carbonltrlle are

di ssolved in 100 m of anhydrous tol ueEZ1 The solution is cooled to
-78C and then 55 m 20 of diisobutylal uffi nium hydride solution (1.2M
in toluene) are added dropw se while naintaining the terrperature

bel ow - @.@_éaddi lebﬁhﬁ}i’?écyﬁlﬂcﬁ@ZfWW &8)>-rBppr/rapkpiitéilcar ri ed out for
1 hour -78C once the addition is conplete. Hydrolysis is carried
out by addi ng dropwi sc 20 m of nethanol. The tenperature is allowed

to retur rudder niBeenandx ttbghhdrh®4r@bco.0882 mot)t of eedlﬁﬂhaddﬁdsopmpgﬁﬁnm and
of HC1 (0.1 and extraction with ether is carried out 25 tw

organi c pWa8k0f EHﬁ/ag?fédh‘? mixyecess0dn 208 PAuLigEePHise | 34t @t(@ég mOD ofa
cvapofat o ¥ SR h SEBuBHALREM, Befe ONE) dRhiberint WFERE B0 10 575 and
paI e yel lsawfai 10 mﬂnﬂled @oo]gh@/oso]ilﬂoﬂl [29) Gﬁﬂﬁ(é)md p\burlrﬂdﬂ)@mﬁ%ﬁoluﬁﬂlizvf 3g
(RS- 3XA<‘§ Obgten@l)mfn?e%ax@ysm@ﬁé[ -fimethaypheny] dimethyjspigharpate in 35 ml of
yQmet hyl kﬁﬁf hxi 1&@%@ Q%&%&QMH sﬁéwt& i wet hexy-td é44c 5wﬁlfet ﬁlehmmg@y HE-c

benzazepi n-2-one 1.2 equival ent) of
(R S)-3, da@ppwmmtwrﬁlaotpm z\d@tber@ctlcpmnﬁxmm @rfemmm@aafbmt@remddl@e and

glr ghl IQSSO rﬁ%nézglthi%tg‘l tur%tgoé)v?;ﬁgt 81f0gamc p a%ESO in strllelclzzesgiorq V%Rh qu sodium

7,8-dirnef Gﬁ%{)’d&so@ut(dﬁeb@ﬂoﬁmlmgl eMtidir, water and saturated aqueous NaCl solution
1,3,4,5- tetrahydro 2H 3- benzazepi n- 2- one and 48 m (43.6 mmol)  of

acetic a@und therredrszdtéiem ownédgﬁ{bd dilfes, ang SIVepPIais ceff:t%wl‘éqmt& Pegl of gysidag are

t -
[T]r P;C:tSO)? OI’ O I’lclglde 111‘1 teﬁie aﬁ%’ %%ﬁ{g&%%%;}ps %ﬁ IW;,] n%ft gll%ltc e(l)lbag b=

Evapor at lc@cfhldix@nﬂfhaﬁe)&s yheSd oar g oftlcoptvduct rethedsind ula indite belid.t aken up
in 1IN sodi um hydroxi de solution and extracted w th dichloronethane.:
The organi c phase is washed with water, dried over MgSO4, filtered
and qgapoy%fdeds g, dryness to obtain 20 g of an oil, V\/ni ch is purified
by flash chroma ography on 800 g of silica (eluant =

15di ehl orMme(IhBhe/S@t%a@oV\NMO—l 90/10/1). 16.8 g of title pr oduct
are obtained in the _

- EXAMPLE 4: (R,S)—3,4—Dimeth0xy—bieyclo54.2.(}]ﬁcta-E,3,5—triene-7~carbaldeh}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 diisobutylalummium hydride solution (1.2M in toluene) are added dropwise while
maintaining the temperature below — 65°C (addiﬁon time =45 minutes) Stirring is carried
out for 1 hour at —78°C once the add1t10n is complete Hydrolys1s is camed out by adding
dropw1se 20 ml of methanol. The temperature is allowed to return to ~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 %



formof a colourless oil, which crystallises at anmbient tenperature.
Yield = 82 % Mp. (KB) = 98-100C 20EXAMPLE 6:
.3-(3-1{[(7S) -3, 4- Di net hoxybi cycl 014. 2.0l oc a-L3,5-trien-7-
yl i met hyl amet hyl | am nol propyl) -7, 8- di ngt,hoxy- L3, 4, 5-t et r ahydr 02H 3- be
ozazepi n-2-one hydrochloride 2.1 g of the racem ¢ conmpound obt ai ned
. in Exanple 5 are separated on-a 60 cm x 60 nm col um packed with 2.1
kg of ChilRalppeek : ¢ 274B, phids &7 {Zemanul onetry 20 t.tnm). The el uant
25used is an ethanol /acetonitrile/diethylam ne m xture (10/90/0.1 by
~volune) at a flowrate of 50 tnl/m n The associated ultra-viol et

det ect or EXANSPOER : R\(% velEe, DAt yb by clbi. D.0RR (81 B{5-tia-7-
enant i oner - havi ng thg (R gog?;i' uration i ?yobtﬁai ngg I n ]t:he form of
Whi te meringue and t hom@hgrethyDaimnotneamiohbidimationykhSeesrahydro-
configuration is obt %{Fﬂ-g-qjenlzziizt%ﬁ%- e in the formof white neringue.
! ntro

The hydrochl ori de of ena P avi ng the (8) configuration is

then obtai ned by 5follow ng the procedure described in patent
spe(;i f5i Ca8t igo(rSIZEngo?,SIAQ 8eglszivglllggt%‘rI)T;%l(?@,5%13,4-dimethoxybicyclo[4.2.()]octa-1,3,5-triene-7-
carBaldehyde are dissolved in a mixture of 150 ml of anhydrous THF and 20 ml of
dichloromethane. 12.8 g (43.6 mmol) of 7,8-dimethoxy-3-[3-(methylamino)propyl]-
1,3,4,5—tetrahydro-2H-3—benz_azepin-2-0ne and 2.48 ml (43.6 mmol) of acetic acid are
added. The whole is cooled to 0°C and stirred for 30 minutes. 14 g (65.6 mmol,
10 1.5 equivalént) of sodium triacetoxyborohydride are then added. The reaction is
'mstantanéous. Evaporation to dryness is carried out. The residue is then taken up in IN
So’dium hydroxide solution and extracted with dichloromethane. The organic phase is
~ washed with water, dried over MgSOy, filtered and evaporated to dryness to obtain 20 g of
an ‘oil, which is 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.



Step E). EXANPLE 7 : 3-(311(3, 4-Di rret hoxybi cycl of 4. 2. 0l oct a-

t ep ,
5 3,5-trien-7-yOrnet hyl | (nethyl)am no] propyl) -7, 8-di met hoxy-1
-di'hydro- 21/ - 3- benzazepi n2-one 10D ssolve 1.1 g (3.78 nmol) of

7, 8-di et hoxy- 3[ 3- (met hyl am no) propy1] - 1 3-di hydro-211-
3-benzazepin-2-one in 50 M of LFIF and47 nl of dichl oronethane. Add
0.69 g (4.53 nmmol, 1.2 equival ent) of 3.4-di nethoxybicyclo
[4.2.01060.95 &, & ﬁxetanna&ﬁtmne?t—haymg)ﬁiec[éd)ymﬁﬁgmdn@l Xopthinedl imdkd fanmaof evhite

Cool the reaction nmxt and add 1

equi val erP§TEHesHY| mﬁpﬁ?%@e?fg%?b%}aaﬂwﬁ hviferi: § Datontgiration ipepbtained,
i nstant angQUsse {EVRPRIAIR WilteHdIgas. The residue is taken up in

wat-er, and the aqueous phase is adjusted to pH=8 by adding 20 %

sodi um hydr oxi de sol ution and extracted wi th dichl oronmet hane. The

organic as th ter dried,o ed

evapor at 2@1 ﬁyédf"i}ﬁafég I.CLV\{!*ie 1ogjet paying h8t§; a/’gfflguré\t)fﬁnc ﬁ”g ?%”??deﬁy
by flash fgho@imat 8¢r bR dé&fihbgd ah &téﬂtcsgeélﬁhétﬁﬁt EP 0 534 859 (Example 2,
- di chl oronet hane/ et hanol / Nn4011 95/5/.0.5) 20to yield 1.4 g of title
 product- iR Be formof a colourless oil. Yield = 79 % IR (pure) : v=
1656, 1607, 1511, 1273, 1206, 1102, 836, 760 cml. 15 EXAMPLE 8: 3-
{34 11(78)-3,4-Dineth o

1 cybi cyclpkKAMPREJC 3 4-Dimethoxybicytld 219 kBB @R DhRERay | -
7, 8- di net hoxy- L3, 4, 5- t{gfsr[iydrlo le%)l-xy anzgtzégo g otr?gr erg!c)hI oﬂqge
aRy

1.4 g of the racerni dn¢HndisaHgeBweRY6P-fim é*%ﬂ@‘%@p’ﬁb%@ée@ﬁ'
a 60 cmx 60 nm5 colzu% packed with 3 kg of Chiral pak T101 phase
(granul onmetry 20 pm e eluant used is an

~_.ethanol/acetonitrile/diethylamne m xture (10/ 90/0 1 by volune) at a

flow_ rat 100 . e ciated ra- et det ect o us
at a 1&,av§?1é%‘f%9éfg B3 D ﬁ%aan% S s bR g %ﬂéwérs 5
conf i gur at hQPajepifPlok 'ed sbNmll N frerrmagfi 191@' (ﬁuﬁicﬁﬁﬁorﬁbﬂhanet hgad 00,62 ¢
g of the enantioner having the (S) configuration is obtalned,
(453 mmol, 1.2 equivalent)  of - 34 dimethoxybicyclo[4.2. O]octa—l 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".



10l i kewise in the formof a colourless oil. The conpound having the
(S) configuration is then hydrogenated by follow ng the procedure
-described in patent specification FP 0 534 859 (Exanple 1, Step D).
The hydrochl ori de of the conmpound obtained is prepared by foll ow ng
the procedure described in patent specilsication EP 0 534 859 (Exanple
2, Step E). 15EXAMPLE 9:

313- [ { [ ( TEXAMPLBiIg®tH Bl4oDimeth@k@sit 20]oEtacn3,B=t¥eh=7-yl]-
met hyl ) (methyl’) am nol p?g{l{lﬂ'!@y l 8- di net%jgg ﬁ?_%[a Ea}teaflr]ahydreo 2{ - 3- be

nzazepi n- 2- one hydr oéﬁP@B’ﬁ&ée@y’%m@wi’?@} -4 8-dimathexip].3.455-tesrabydreorg
from (7S)-3, 4-di met h%3&5e%%e%n-2%n@h@ﬁ?§ﬁo§d§

triene-7-carbal dehyde an
7, 8- di met hoxy- 3- 13- (et hyl ami no) propy11-1, 3, 4, 5-t et rahydro- 20
2H 3- benzaiepln 2-one, ivabradine base is o talned whi ch is then

conver t ed! - §t% 1he BCR crming @BERedr B LSNPy FfeSopRgd i £00 eck Phawm
in patsen'g- @M 'pfaclzl&ﬂtdv(ﬂ{@ﬁéé & éﬁ’f}algé{g@( ﬁ‘(ﬂ”}%a‘ie %grai?ﬁlgfhe@ 20 dlg) The eluant

EXAMPLE
3-13-111(ws) 1s%n4et]ihrroﬁe¢e}m&b¢/dmdiy¢hhﬂm2 nfiktaed @0M00R). bby WbludreY at a flow rate of
yIIrrethyII met hyl di met hoxy-1, 3,4, 5-tetr

am nol prop
ydr 02/ 1- 3t éﬂ%l&ﬂe%{ hg a?oaﬁ@d@fa% wﬂﬁtéﬁiea@r @yussﬁ‘l at:fewaveﬁalgé% of 3B0manpl e
7, startiqgg %antﬁg gharﬁl %)e‘i“ HRHR0E B Y& it Bn01s0688imdd 3n Sthe Form of a

trienc-7-car e an
7, 8-di netdmh)wlessflﬁﬂ( trenhy 42y obdjler opyipmdr Badhp ke ¢S)2ebrdiguration is obtained,
2-one,, a.conpound i.s obtained which is hydrogenated by

benzazepi

foll g@n glq?eWésedfl&ee@ﬁrPé) aé8 iule@cPﬂit n patent specification EP 0 534
859 (Exanple 1, Step D) to yield ivabradi ne base, which is then
converted into its hydrochloride by follow ng the procedure descri bed
i n pat entThepeenpowsk %;@Wnﬁﬁhe) BB 4o8Bgurptixarnp | ther? hyStagpndtyd 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).



10 1. Process for the synthesis of a conmpound of forrmula (VI') in
racemc or optically active form: wherein A represents 112C- CH2
.or HC=Cl|, characterised in that the conpound of formula (VII) in
racem c or optically active form: 001136 (Vi) OoCH3

10

EXAMPLE 10 : 3-{3—{{[(78)-3,4—Dimethoxybicyclo[4.2.0]0cta-1,3,5—trien—7—
yl]methyi}_(methy})amino}pmpy!}-7,8—dimeth0xy-1,3,4,5—tetrahydm-
2H-3-benzazepin-2-one hydrochloride |

By proéeeding as in Example 7, starting from (75)-3,4-dimethoxy-bicyclo[4.2.0]octa-1,3,5-
triene-7-carbaldehyde and 7,8-dimethoxy-3-[3-(methylamino)propyl]-1,3-dihydro-2H-3-

b.enzazepin—Z-one, a compound is obtained which is hydrogenated by following the |
procedure described in patent specification EP 0 534 859 (Example 1, Step D) to yield

ivabradine base, which is then converted into its hydrochloride by following the procedure

~ described in patent specification EP 0 534859 (Example 2, Step E).



is subjected to a reductive am nation reaction with a conmpound: of
formula (MI1) .  10wherein A is as defined hereinbe fore, 18 ‘in
.the presence of a reducing agent, in an organic solvent or a .mxture
of organic solvents. 2. Synthesis process according to claiml,
characterised in that the conpound of fdrmula (VIl) is in optlcally

- active formand nore especially has the (S) configuration. 3.

- Synthesis process according to claim?2, characterised in that the
group A represents H2C-CH2 and the p d of the reductive am nation
.reaction of the conmpound of formula g@ﬁﬂ§i§jth a conpound of formula
(M11) is ivabradine of formula (1) :

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,
= :
o | (VD)
H o
| OCH,

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

(VII)

10 wherein A is as defined hereinbefore,



whi ch may optionally be converted into.its addition salts with a
pharmaceutical |y acceptable acid selected from hydrochloric acid,
‘hydrobrom ¢ acid, sulphuric acid, 10 phosphoric acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvic acid, nmalonic acid,
~succinic acid, glutaric acid, fiunaric EBcid, tartaric acid, naleic
~acid, citric acid, ascorbic acid, oxalic acid, nethanesul phonic acid,
benzenesulmhepiemeiodf aasdthctgmeber i ¢ acid, and into their hydrates. 4.
Synt hesi s, process according to cfain12, characterised in that the
group A rEFeyenis selpentiqr amixtureoipratnie soluénts.he reducti ve ani nation
reacti-on of the conpound of formula (VII) having the (9S)
configuration with a conpound of fornmula (M 1) is the conpound of
formul a (2) SyntH&is pheesatedoyding Y cdangenath@at@fse®inChay itBé d®mpound of
iVabradine'gg fo%h%ﬁﬁ'(J) .. . Which may optionally be converted into
its additi onfo5BrRd VR Ehinpnsisabnactae (erantnd/marecspecatlyehas dhed(S3 edrftguetion.
from hydrochl oric acid, hydrobrom c acid, sulphuric acid, 5
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid,
Cpyrtivic &cidyntimalsoprocesaabchrdimpgdcichiin Aaihdrac@kivéd i thateiedgro dlbl DB Fdpgesents
aci d, tartaﬁg%a? i d dh%geic acgﬁ, citric acid, ascorbic acid, oxalic
“aci d, “met hanesu %*io%ﬂ ¢ ths Jraduch o Ahe, gedich Ko AMEnation reasti@nceinths ranepound of
acid, and i NofRnkBEWIT) MidrAlBishound of formula (VIII) is ivabradine of formula (I) :

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

camphoric acid, and into their hydrates.

4. Synthesis process according 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) configuration with a compound of formula (VIII) is the

compound of formula (V) :

OCH

(W),

4 _

OCH

15



105. Synthesis process according to claiml, characterised in that
t he conpound of fornula (VIl1) is in racemc Fella and the reductive
-am nation reaction of the conpound of foinmula (VII) with a conpound
of formula (VIIl) is followed by an optical resolution step of the
racem c conpound of Formula (VI) obtainéd. 6. Synthesis process
according to claim5, characterised in that A represents 112C-Cl-12
and 15t he product obtained after the optical resolution step of the
conpound of formula (VI) is ivabradine of forrmula (1) : C 13 CHO
20 phosphor ithe eatalytic hdseganatien of which yieldsrivatradine obtorayula (Bct i ¢ aci d,
pyruvic acid, malonic acid, succinic acid, glutaric acid, fumaric
acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic
aci d, met hanesuldhopi c aci d, benzenesul phonic acid anqmﬁgnphoric

acid, and into theirfydates. 57. Synthgsis pr according to
claimb5, characterig t hat\ A represeht’s 4C:¢H and the prodwﬁt
obt ai ned aft erCHNE resqL%%gon\§z T (%%?d of f'ornmul a
(VI) is the conpound o G a : 3

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,



which may optionally be converted into its addition salts with a
pharmaceutical ly acceptable acid selected from hydrochloric acid,.
.hydrobrom ¢ acid, sul phuric acid, phosphoric acid, acetic acid,
trilluoroacetic acid, lactic acid, pyruvic acid, malonic acid
succinic acid, gluturic acid, fumaric afid, tartaric acid, nmaleic
acid, citric acid, 15ascorbic acid, oxalic acid, methanesul phonic
aci d, benzemhesghphionictl, acktit acid, cafMphedcetc agidd ladRdadidt §rtfi81dcid, malonic
hydrates. 8. Synthesis process according to any one of clains 1 to 7,
char act er i s@8% §U4cHEt 26ie ShéIfcriG BgeRE agish datfasiccanid.ymalgic adid citric acid, -
reductive ami 1.0R.;[e Helg) then of .fo (VL1).w th a
conpound of q?é(g?%rrllbjl gm?\/lacﬁaglpi %&é’el ect%ggﬁ% Sodi %m%g%ie%esg%h&w ac1d and
t ri acet oxybeambhahid dbed, asd ditothetyiadedier. ohydri de and di hy-drogen in the
presence of a catalyst such as palladium platinum nickel,

rut henium rhodium and derivatives thereof, especially in supported
formar in @sh@esit ' | ' Lok f&-

char act er 1 sel s ht A s SRS AR AR, e Ti-CH and
reduct i ve athorpeoilient obtsareyi afier tfe drftiealciesqiutiomdstep of dremolgpo(ivd by fosrtul /1)
compound of .formula (M 1J1) i di um tri acet oxyborohydride. 10.

Synt hesi s pFH%%S%m%% rQﬁﬁﬁanﬁ%%g%y one of clains | to 9, o
characterised in that the solvent used to carry out the reductive
=illation reactjion of the conpound of forrmula (VI1) with a conpound

of formula (VII¥%s selected fromtetrahydrofuran, ocy ~
~10di chl or onet hane, ] dietitqr oet hane, aget ates;, ohol &, preferably
et hanol , et hanol Hpr opahol , tol uehe and Aylen .11 Syntngsis
process accor §thg Ai m 10N-chafactetiaed 10 tNppg sol vent” used

to carry out the reducti\e _\'nation reacti on of the conpound of
formula (VII) with a conpound of foula (VIIIl) is a mxture of : .
t et rahydr of uran and di chl or orf®t hane. . 15 12. Conpound of forrmula (V1)
inracemc or optically active form: . e :

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

CH,O ‘ , ' OCH
CH, N ’

' CH,0 AU P
3 N | OCH

(D,

10 . 0

which may optionally be convérted, into its addition salts with- a pharméceutically ‘
acceptable acid selected from hydrochloric acid, hydfobrbmic acid, sulphuric acid,
phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid, ,pyruvic_ééid,'mélonic ‘
acid, succinic acid, glutaric -acid, fumaric acid, tartéric acid, maleic 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



10

15

10.

11,

21

triacetoxyborohydride, sodium cyanoborohydride and dihydrogen in the presence of a

catalyst such as palladium, platinum, nickel, ruthenium, rhodium, and derivatives

thereof, espeoially in supported form or in oxide form.

Synthesis process according to claim 8, 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 (VHI) is sodium triacetoxyborohydride.

Synthesis process according to any one of claims 1 to 9, 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 selected from tetrahydrofuran,

dichloromethané; 1,2-dichioroethane, acetates, alcohols, preferably ethanol, methanol

| or isopropanol, toluene and xylene.

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

12,

compound of formula (VIII) is a mixture of tetrahydrofuran and dichloromethane.

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

OCH,

=

[ (VID).

H AN
OCH



