-1- NEW PROCESS FOR THE SYNTHESI S OF 7 DI METHOXY- 1, 3- DI HYDRO- 2H- 3-
BENZAZEPI N- 2- ONE, AND APPLI CATI ON | N ﬂ-lE SYNTHESI S O: | VABRADI NE AND
ADDI TI ON SALTS THEREOF W TH A PHARMACEUTI CALLY ACCEPTABLE ACI D The
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ther eof o0, NANH APRPLERVEREHS B Rr0FSHTH S PRI R AN ne

according to the process of theACo¥emABLE AGIUseful in the synthesis
of ivabradine of formula (11) HHO OCH3 CH3 CH30 I N /N ( f1~ OCH3
O or

3- {3- [ { [ ( 73 PEehinyERtaMSrAtes 101 opacess dpiothe syathesis of 7.8 afimethoxy-ler fifpydro-

(et hyl ) amimnglienddepin-2-one of formula (I), and to the application thereof in the synthesis of
1
propyl}-7, 8-di methoxy-1,3, 4,5-tetra ydr o- 2H- 3-benzazepi n- 2- one,

addi tion s‘aabtr@dmmadeidfomwadﬂs thensbiamithce phamsickytically epcapiibie aclddarminhlydrates
hydr at es LI;I | vabradi ne, and addition salts thereof with a
phar maceut |653(I)I y acceptabl e acid, and nore

CH,0 =

NH ).
CH,O™
5 O
- The compound of formula (I) obtained according to the process of the invention is useful

in the synthesis of ivabradine of formula (IT)

, \ 3
l /[ (D,

or 3-{3-[{[(75)-3,4-dimethoxybicyclo[4.2.0] octa-1,3,5-trien-7-ylJmethyl } (methyl)amino]-
10 propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one,

addition salts thereof with a pharrﬁaceutically acceptable acid and hydrates thereof.

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

disturbances, and in heart failure.



especially its hydrochl oride, have very val uabl e pharnmacol ogi cal and

t herapeutic 15 properties, especially bfadycardic properties, making

. those conpounds useful in the treatnent or prevention of various
clinical situations of nyocardial ischaem a such as angi na pectoris,
nyocardi al infarct and associ ated rhyt hm di sturbances, and al so

i nvarious_ pathol ogi es involving rhyt hm di sturbances, especially
supr avent Fhicc preperating t #ndh therapeutibane ef | ivabrdding 4l pddifign | salte thergof i a

reparati and t.herapeutj ¢, use. ,of i.vabradi ne. and. additi sal ts
Pheraor vitrRatoh g REMblBId 6o nit BBLE KPSy i atdPoriR v hopn
i ts hydr ailtrhiddde thdBepLagatentdgscificeesh Ep ot33@ g59r opean pat ent '

specification EP 0 534 859. That patent specification describes the
synt hesi s of ivabradi ne hydrochloride starting from 5 the conpound

publ i cat | T e bRl arives P yhos 6t RS Eal B ERENHE Qaldd from
pr ep&r at i tha cahpolial offompan (dl): The synt hesis route described in that

publication for the conpound of formula (111) uses an 10 al kyl ation
reaction on the conpound of fornula (1): CH3ONH (n CH30 O

CH,0 ~

CH,O

0

and makes reference to the publication J. Med. Chem 1990, Vol. 33 (5), 1496-1504 for the
preparation of that compound.

The synthesis route described in that publication for the compound of formula (III) uses an

10 alkylation reaction on the compound of formula (I):
CH,0 S
NH -
CH,0
O

The afore-mentioned publication describes the preparation of the compound of formula (I)
by wusing, as intermediate, N-(2,2-dimethoxyethyl)-2-(3,4-dimethoxyphenyl)acetamide
obtained starting from (3,4-dimethoxyphenyl)acetic acid. Cyclisation of the

15 phenylacetamide obtained is carried out in the presence of hydrochloric acid in acetic acid
to yield the compound of formula (I) in an overall yield of 58 % relative to the (3,4-
dimethoxyphenyl)acetic acid.

In view of the value of ivabradine and its salts to industry, it has been imperative to find an
effective process that especially makes it possible to obtain 7,8-dimethoxy-1,3-dihydro-

20 2H-3-benzazepin-2-one of formula (I) in an excellent yield.



The af ore-nentioned publication describes the preparation of the
compound of fornula (1) by using, as i ernediate,

N (2, 2-di met hoxyet hyl ) - 2- (3, 4- di net hoxyphenyl ) acet am de obt ai ned
starting from (3, 4-di net hoxyphenyl)acetic acid. Cyclisation of the 15
phenyl acet am de obtained is carried out in the presence of
hydrochloric acid in acetic acid to yield the conpound of formula
(1) in an overall yield of 58 %relative to the (3, 4-

di met hoxyphe )acetic ac n view of the value q |vabrad|ne and .
its salts OK%/ U381 hag nopy flOH%%a Sﬂ%ﬁlqgl%éli‘aétbb’\}’émﬁép?‘il%ﬁl ORfTating aslitiaps it is
process t

B ndt RS gegLa v PRSI bf PARR) or 8 MM seal i 3 yield aregigy than
in an exc¥ Yoemtl withed chemial puihiey gyeptkei hamP9.hd6. now found, surprisingly,
that by using specific operating conditions it is possible to obtain
t he conpound of fornula (1) on an industrial scale in a yield greater
than 92 be%nﬁl%é@iﬁ&H? ahepisalt RY&dtion ML & at PaBesR%or the slyﬁﬂh@sm of the
specifically, resent invention relates to a process fof the
syntﬁe5|sxmﬂxmhéofgﬂmmhv§Und of formula (1): (-, :xllircll O
characterised in that (3, 4:€éyethoxyphen | )acetic aC|d of formula
(rvy: CH3O/ (M CH30 ™ o the conpound of formula
(\/) : CHOR R @] NH (I),

is converted into the compound of formula (V):
CH3omlj/R2
CH,0O N
H

wherein the groups R; and R,, which may be the same or different, represent linear or

10

branched (C;-Cg)alkoxy groups or, together with the carbon atom carrying them, form a

1,3-dioxane, 1,3-dioxolane or 1,3-dioxepane ring,

which is subjected to a cyclisation reaction in an acid medium to yield, after isolation, the

15 compound of formula (I).



(V), CH30 H 10 wherein the groups R, and R2, which nmay be the sane
or different, represent linear or branéhed (Cl-C6)al koxy groups or,
_together with the carbon atomcarrying them forma 1, 3-di oxane,

1, 3-di oxol ane or 1, 3-di oxepane ring, which is subjected to a ~
cyclisation reaction in an acid nediumto yield, after isolation, the
15 conpound of forrmula (1). -4- In one of the preferred enbodi nents
of the i nweniciddrthe preereainuebsiinantsiof tﬁlﬂn&éﬂtmuﬂﬂ whverkioh rafltiee ¢dnvpound of
into the npou of formula ( carried. out neans of

prelini nat?’§]‘nu}@c)@9 &P dhe G?mPﬁ‘El K of) Fo‘%a%ﬁ(glo‘{tl &y meapg, of peeliminary
conpound en
tom or ot eoR AR nlpoubd of RimINI®) ST RRLEREH Srfuitva
(Ct-Co6)al kyl group, a phenyl group, a benzyl group or an i m dazole
group, in an organic solvgﬁé and then the conpound of formula (V)

is subjected to a condens '% : ion wyth a conpound of fornula
(M1): R 142N -~Y (M), 10 erei il the groups Ri and R2, which
may be the sane or different, repres ear (¥Panched

(d - C6) al koxy groups or, ﬂ%@@ther Wi t T he Karbon atom carrying them

forma
5 wherein X represents a halogen atom or a group OCOR; wherein R; is a linear or branched

(C1-Ce)alkyl group, a phenyl group, a benzyl group or an imidazole group,
in an organic solvent,
and then the compound of formula (VI) is subjected to a condensation reaction with a
compound of formula (VII):

10 2
wherein the groups R; and R,, which may be the same or different, represent linear or
branched (C;-Ce)alkoxy groups or, together with the carbon atom carrying them, form a
1,3-dioxane, 1,3-dioxolane or 1,3-dioxepane ring,

in the presence of a base in an organic solvent,

15 to yield the compound of formula (V):

CH3Om1jR2
CH,0 N
H



1, 3-di oxane, 1, 3-di oxol ane or 1, 3-di oxepane ring, in the presence of

a base in an organic solvent, 15 to yr&ld the conpound of fornula
(V): CHBOR RZ CHON H-5- In another preferred enbodi nent of the
i nvention, the conversion of the conmpound of fornmula (1V) into the
conpound of forrmula (V) is carried out by reaction with a conpound

of formula (VH): RL H2N (M) R 5 wherein the groups R and R2,

whi ch nmayinbanothee sefierred renthioflfneent nitf | the epveationt thei coasersion ofbthanohgwdund of

(0 o)l ke, BTONEE Bl so PSSR L0 cocbon tomeatoxing, them,,

presence ¢Hro@nf®¥PI:Ng agent in an organic solvent, to yield the
conpound of formula (V): CHBOOR R2 CH3OH 10 Anong the coupling

agents that nay be used for the ensBtion reaction of the
conpound of fornula (VI1) wi tHXNhe cgnpound fo(r\)mla (1v), there may

be nmentioned, without inplying any kim'tation, t'he foll ow ng
reagents or pairs of reagents: EDCl, ™2

5 wherein the groups R; and R,, which may be the same or different, represent linear or
branched (C;-Ce)alkoxy groups or, together with the carbon atom carrying them, form a
1,3-dioxane, 1,3-dioxolane or 1,3-dioxepane ring,

in the presence of a coupling agent in an organic solvent,

to yield the compound of formula (V):
CH,O o R, R,
).
CH,O N
H

Among the coupling agents that may be used for the condensation reaction of the

10

compound of formula (VII) with the compound formula (IV), there may be mentioned,

without implying any limitation, the followiﬁg reagents or pairs of reagents: EDCI,

EDCIVHOBT, EDCI/HOAT, EDCI/NHS, DCC, DCC/HOBT, DCC/HOAT, DCC/NHS,
15 HATU, HBTU, TBTU, BOP, PyBOP, CDI, T3P.

Among the organic solvents that may be used for the condensation reaction of the
compound of formula (VII) with the compound of formula (IV) in the presence of a
coupling agent, there may be mentioned, without implying any limitation, toluene,
dichloromethane, 2-methyltetrahydrofuran, chlorobenzene, 1,2-dichloroethane, chloroform

20 and dioxane.



EDCUHOBT, EDCI/ HOAT, EDCJ/ NHS, DCC, DCC/ HOBT, DCC/ HOAT, DCC/ NHS, 15
HATU, HBTU, TBTU, BOP, PyBOP, CDI, T3P:-6-Anpbng the organic solvents
~that may be used for the condensation reaction of the conpound of
formula (M) with the conmpound of forrmula (IV) in the presence of a
coupling agent, there may be nentioned, w thout inplying any
limtation, toluene, dichloronmethane, 2-nethyltetrahydrofuran,
chl or obenneme of the2prdfeciet enbetinaents oftthe arehtiomthe Coapaindi b Xameula {6} islnot
one of thelgr ferred enbodi mrents of the invention, the conpound of
formula (%4“FE not isolated. In one of the preferred embodi nents of
the invention, the conpound of formula (VI) is not isolated. 5 The
group X in the conpound of formula (VI) preferably represents a
chl ori ne latonmof thenpeigred embodiartnts ofche mvestian, dte qomypobed 0§ Edmuby (MIhis not
reaction if qr onversion of the conpound of forrmula (TV) into the
conpound 8198 mul a (VI), there may be nentioned, wthout inplying
any limtation, toluene, dichloronethane, 2-nethyltetrahydrofixran,
chl or obenzene, 1, 2- di chl or oet hane, chl or of orm and di oxane. 10 The
pr ef &r r edhsrggaw & 18 dhacompouad of Femule(MD) prefarehly exmicsspisiaghlesinetaten.
compound of formula (1V) into the conmpound of formula (V) is
di chl oronet hane. The tenperature of the reaction for conversion of
t he conpoAmmdngfthd erganiasdivdfts ithitombee md?ﬁ)u HET @éacﬁ@icii rf]gf aofiMdrdion SHf the
preferably from?2Q to 40C. The reagent preferably use or carrying
out convé‘roériHS’Hn%P?th%ﬁWdt}H’d’ the cPBPRYIIGOY fov)nulal(s\’ D.fheret ey b msatiAwed:

of Tormul@igolk) ifIfihg! Mny< fRERRE Vofiche,C AT ARALRN b $ndihy 1R hydrofuran,

chl ori de.
chlorobenzene, 1,2-dichloroethane, chloroform and dioxane.

10 The preferred organic solvent for the reaction for conversion of the compound of

formula (IV) into the compound of formula (VI) is dichloromethane.

The temperature of the reaction for conversion of the compound of formula (IV) into the

compound of formula (VI) is preferably from 20 to 40°C.

The reagent preferably used for carrying out conversion of the compound of formula (IV)
15 into the compound of formula (VI) wherein X represents a chlorine atom is thionyl

chloride.

The amount of thionyl chloride used in the reaction for conversion of the compound of
formula (IV) into the compound of formula (VI) is preferably from 1 to 1.3 moles per mole

of compound of formula (IV).

20 Among the organic solvents that may be used for the reaction between the compound of
formula (VI) and the compound of formula (VII), there may be mentioned, without
implying any limitation, toluene, dichloromethane, 2-methyltetrahydrofuran,

chlorobenzene, 1,2-dichloroethane, chloroform and dioxane.



The amount of thionyl chloride used in the reaction for conversion of
the conpound of formula (1V) into the-&onpound of formula (V) is
_preferably fromi to 1.3 noles per nole of conpound of formula (1V).
20 Anong the organic solvents that may be used for the reaction
bet ween the conpound of formula (VI) and the conmpound of formula
(M1), there may be nentioned, wthout inplying any |limtation,

t ol uene, ieghtEredwrgrmmesolPentrfertihé resctiom Peimetu theencompminhd 06 banrdneVl) and

1, 2-di chl pr oet hane, chl or of arm a i oxane. -7- The preferred organic
so vent 10 SehB P ST BT L B ot B Bbtnd of formia (Vi) and
t he conpound of fornmula (VI1) is dichloronethane. The tenperature of
the reacti on between the conpound of formula (VI) and the conpound

of f or mulEhe(tempyrafuse pf teaeadbion betveen the eomgEnd BT Torerudaro\ih ané the compound

conmpound of. for Vi | ed in the reaction wth the conmpound of
formul a ((&f?mi“}sla rfaqerpé%q)eﬁla%?}'r%?nmg)tpgﬁlé‘z nol es per nole of conpound
of formula (VI). The anpunt of base used in the reaction between the
conpound of forrmula (VI) and the conpound of fornula (\/II% is

pr ef 2r abl $her amannt efcomppupg | of fopapla tNIB used dp it tadgtion Withothg qospoung of

comound 'SP aT e PG LT LS 2 hats bl b EPE PR eV

may be nentioned, without inplying any Ilimtation, pyridine, DVAP

and tertiary am nes, for exanple triethylamne, DIEA,
N- et hyl ph e%%ﬁtﬁé)? WS@@AB&PQ TRRIAPTH Rt RE Rt RSB A oI ifpren vl ¥ Diapdethe

pr ef er abl yi36Hd ©P1 ffnhg ¢Agd é?%lyfff‘d?n ihg £ 1Oh f%ﬂ%ﬁ)oﬁx}ﬂi) f
and the 15 corrp(g)un0 0 agor %gﬁfvu I'S t%etﬁ%ﬁ?ﬁ%. ,%ﬁong t he ©
aci ds t hdbrmely (W®.used to carry out cyclisation of the conpound of
formula (V)
10 Among the bases that may be used for the reaction between the compound of formula (VI)
and the compound of formula (VII), there may be mentioned, without implying any

limitation, pyridine, DMAP and tertiary amines, for example triethylamine, DIEA,
N-methylpiperidine, DBU, DABCO, DBN and N-methylmorpholine.

The base preferably used for the reaction between the compound of formula (VI) and the
15 compound of formula (VII) is triethylamine.

Among the acids that may be used to carry out cyclisation of the compound of formula (V)
to form the compound of formula (I), there may be mentioned, without implying any
limitation, concentrated sulphuric acid, polyphosphoric acid, concentrated hydrochloric
acid in aqueous solution, concentrated hydrochloric acid in solution in acetic acid,

20 concentrated hydrobromic acid in solution in acetic acid, and methanesulphonic acid.

The amount of acid used in the reaction for cyclisation of the compound of formula (V) to
form the compound of formula (I) is preferably from 5 to 15 moles per mole of compound

of formula (V).



to formthe conmpound of formula (1), there nay be nentioned, w thout
implying any linmitation, concentrated-%ul phuric acid, polyphosphorlc
. acid, concentrated hydrochlorlc acid in agueous solutlon
concentrated hydrochloric acid in solution in acetic acid, 20
concentrated hydrobrom c acid in solution in acetic acid, and
nmet hanesul phoni ¢ acid. The ampunt of .acid used in the reaction for
cycl i sat i’ tefapetasire oﬁﬁmun@btmh fhoeyelisaiion\gf the corfipgundt didomorp OMhth of acid
formula (| refer o 15 nol es per nole of conpound of
formula ( (ﬁmpg£p$ﬁ ﬁ%@ﬂggﬂ%@x%f the reaction for cyclisation of
t he conpound of fornula (V) inan acid nediumis preferably fromO
to 40C. The acid preferably used for carrying out cyclisation of the
conmpound Bte gcid pgferably)used forf erpyingheutcyripesting obthe empound(af)formgula (V) to
concentr u r n i ntermedi ates are
not i sol Zf%glg s 40?‘%36 u%:lgﬁfgoé% 8 Q%IS%O?%gggtsegg@he récrr%mc?lt of
concentrated sulphurlc acid used in the reaction for cyclisation of
t he conpound of formula ( is preferably from1.5 to 3 mllilitres
per Yram Whey éiezre%ﬁtlﬁéﬂrﬁé&@fﬁ?émry &@‘é‘ﬁ‘i’léteda‘éﬂ’& cgrrse 9f g Psogeps/the arpaunt of
conpound c%hcgana{le Qllf)l‘]‘t)fbco Q&ﬁ' Cﬁqgr {é?&%b it Port i;}echﬁﬁt%e§§ R chin ound of
present invention IS esp eC|aI y use as synthesis Interne
in the syftrhasi(¥) mfprefeaibﬂyaﬂbme], 5 ad8lintillibitres pért gamtdi€Bd ,éeﬁmwhbhy@enyl)acenc
pharnaceut&ﬁahj%P@'%ﬁgfable acid and hydrates thereof. By way of
exanpl e, KIKSA'QtTGA t he conpound of formula (1) with a conpound of
formula (VII1): y~R4 (MI1), R5 15 wherein R4 and R5i which nay be

the sane or different, each represent a linear or branched
The compound of formula (I) obtained according to the process of the present invention is

10 especially useful as synthesis intermediate in the synthesis of ivabradine, addition salts

thereof with a pharmaceutically acceptable acid and hydrates thereof.

By way of example, alkylation of the compound of formula (I) with a compound of

formula (VIII):
Y\/\( R4 (Vm)9
RS
15 wherein R4 and Rs, which may be the same or different, each represent a linear or branched

(C;-Co)alkoxy group or, together with the carbon atom carrying them, form a 1,3-dioxane
or 1,3-dioxolane ring, and Y represents a halogen atom, preferably a bromine atom, or a

tosylate, mesylate or triflate group,

yields the compound of formula (IX)

CH,0 =

CH.O R
20 0



(C-C6) al koxy group or, together with the carbon atom carrying them
forma 1, 3-di oxane or 1,3-dioxolane rithg, and Y represents a hal ogen
_atom preferably a bromne atom or a tosylate, nesylate or triflate
group, yields the compound of formula (I X) CH30 CH30 R5 20 0 -9-
catal yti c hydrogenati on of which yields the correspondi ng
hydr ogenat ed conpound of formula (X): CH30O CH3OR s O wherein R4
and R5 arcstadgicdbydmegchation dfowhneh ayi¢lds Ithg coFespepdiog dutdragenatbd tdogpound of
di acet al i et f which yields the al dehyde of fornmula (Xl): CH30O
NO (X ), flgo’é’-@é%ﬁ? O which is reacted with
(7S)-3, 4-di met hoxybi cycl o[ 4. 2. 0]octa-1, 3,5-trien-7-yl]-Nnethyl -
nmet hanam ne under conditions of reductive animation to yield

i vabradi ne, whi ch may CHypt | O“i I

salts with a pharmaceuti cal
wherein R4 and Rs are as defined for formula (VIII),

5 deprotection of the diacetal moiety of which yields the aldehyde of formula (XI):

CH,0
N\/\(O (XD,
CH,0 q
0]

which is reacted with (75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]-N-methyl-
methanamine under conditions of reductive amination to yield ivabradine, which may
optionally be converted into its addition salts with a pharmaceutically acceptable acid
10 selected from hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid, acetic
acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, glutaric
acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid,
methanesulphonic acid, benzenesulphonic acid and camphoric acid, and into hydrates

thereof.

15 Kev to the abbreviations used:

BOP: benzotriazol-1-yl-oxy-tris(dimethylamino)phosphonium hexafluorophosphate
CDI: carbonyldiimidazole
DABCO: 1,4-diazabicyclo[2.2.2]octane



10 selected from hydrochloric acid, hydrobrom c acid, sulphuric acid,
phosphoric acid, acetic acid, trifluorl®acetic acid, lactic acid,
_pyruvic acid, nalonic acid, succinic acid, glutaric acid, fumaric
acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic
acid, methanesul phonic acid, benzenesul phonic acid and canphoric
acid, and into hydrates thereof. 15 Key to the abbreviations used:
BOP: benﬂaBNtééeﬁaZﬂﬁqwkﬂ46ﬂﬂWmmibn$(dinethyl ami no) phosphoni um

hexaf | uor hat di i m dazol e DABCO
10t e P LS TR SicsPlors SR e
1,5-diaz @CGV@ﬂcgéléh&yma%ﬁn@é"e DBU. 1,
OJ undec-7-ene DCC. dlcyclohexylcarbodllnlde Dl EA

8- di azabi cycl o
N, N—diisd%ﬁﬁb At diyponrepsitethysanDe AP: 4- di met hyl ami nopyri di ne EDCI :
1-(3s d'”ﬁﬁﬁ%ﬁﬁqhyﬁglgﬂ¥n%f§%%§h | - car bodi i m de hydrochl ori de HATU:

O (7-azabéenzotriazo 3-tetramet hyl uroni um

hexaf | uorlﬂp@pap@aalmetﬁgl&wno@oﬁpmzahw@Z&Hmlﬁn&é hydtodhlsride t et r anet hyl
uroni um hexaf | uorophosphate HOAT: 1-h drox - 7-azabenzotriazole 10

HOBT: 1- hydfd¥y sbtzeaapeigpbiazol- hsd- 1. ASKy Bepmpw; hygaflygypphosphate

N-net hyl pyg }
O (benzotri azopj@)%% %((g;tl I’BI[ F3é3f feér Mo E)%‘érb’ lum hexaﬂuorop hosphate

hexaf | uoridphAds ﬂ)h@ﬁﬁ)xyfl’Bﬂibenzotriazole
C}(?SnonﬁbﬁﬁplJdemgbéu%h%aohtetranethyIuronlunltetrafluoroborate
NHS: N-hydroxysuccinimide |
NMP: N-methylpyrrolidone
PyBOP: O-(benzotriazol-1-yl)-oxytripyrrolidinophosphonium hexafluorophosphate
TBTU: O-(benzotriazol-1-y1)-1,1,3,3-tetramethyluronium tetrafluoroborate

15 T3P: n-propane phosphonic anhydride
The Example hereinbelow illustrates the invention.

Preparation of 7,8-dimethoxy-1,3-dihvdro-2H-3-benzazepin-2-one

Step A : (3,4-Dimethoxyphenyl)acetic acid chloride

Load into a reactor 135 g of (3,4-dimethoxyphenyl)acetic acid and 270 ml of
20 dichloromethane and then bring the temperature of the reaction mixture to reflux and add,
dropwise, 90 g of thionyl chloride. Stir the mixture at reflux for 3 hours. The solution

obtained is used as such in the following Step.

Step B : N-(2,2-dimethoxyethyl)-2-(3,4-dimethoxyphenyl)acetamide

Load into a reactor 225 ml of dichloromethane, 44.15 g of 2,2-dimethoxyethylamine and

25 44.35 g of triethylamine and then cool the mixture to 10°C and add, dropwise, 237.4 g of
the solution obtained in the preceding Step (corresponding to 75 g of (3,4-



15 T3P: n-propane phosphoni c anhydri de The Exanpl e herei nbel ow
illustrates the invention. Preparation-ldf
. 7, 8-di met hoxy- 1, 3-di hydro- 2H 3- benzazeui n-2-one Step A : (3,
4- Di net hoxyphenyl )acetic acid chloride Load into a reactor 135 g of

(3, 4-di net hoxyphenyl )acetic acid and 270 nil of 20 dichl oronet hane
and then bring the tenperature of the reaction mxture to reflux and
add,  dr opwetwxygienyladetic ticihywhitsh In@ﬁmtdléllngsthermaﬂsetempmune aptl 0¥@f $tirxthe
fS'?reps g?g&g(glrlq (l)u% Iap fg" Olﬁle SO gt?ori tamg is use gsc shuc &1h Et\"olflowlng\glte

N (2, 2- dlnethoxyethyl) 2- (3, 4-di net hoxyphenyl ) acetam de Load into a
react or 225 m of dichl oronet hane, 44.15 g of 2, 2-di net hoxyet hyl am ne
and 25 g7%ﬁ”@ﬂ%éﬂh&ﬁ&ﬁ@W@Oéﬁﬂ3ﬁﬁ@%M@@@V<Vﬁe m xture to 10C and
add, dropmnse 237.4 g of the solution obtained in the preceding

Step (corresponding to 75 g of (3,4 -11- di met hoxyphenyl)acetic acid)
whi | st nelinni reactongntdivingaisssdietigpertadinédinahe pRCedidl Ste tdﬂﬂ come&ttd;“l@"d Qdd

2 hours at_ 15C. The s?lutlon obtained . is used as suc
fol | OW n 915§trglpof ;@unc acid, whilst maintaining the temperature below 20°C. Stir the

7, 8- Di metfigxye bt §5 Qb‘k@' ro0didus; E‘@:ﬂzaﬁé hO 7t t5 9%)% da?% %nd[ co&lect the

conta|n|ng the solution obtainéd Int e precedi
| OC, addIxamkﬁﬁommnnﬁgﬁ%@Msmkmhuﬂm&:aC|d mhllst nalntalnlng t he

DT R SRR b RSl 65 S e il TN

product - capinal i agﬂaylo@@gw @ RfHide Rb @1%823 4 Gﬁn&ﬁ?ﬂ{ﬁﬁ&nﬁﬁas&% i gﬂd Rith a

precipitation froma water/NVP m xture 4/ 1 ration and rying,
in &0vyi eldrewicadpudtyogreas¢rghan/@9.5 6o.t he (3, 4- dlnethoxyphenyl)acetlc aci d
and with a 10 chem cal purity greater than 99.5 % -12-



CLAIM5S 1. Process for the synthesis of the conpound of formula (I):
CH30 NH (1), CH OO0 characterised if2that

. (3, 4-di met hoxyphenyl )acetic acid of formula (IV): CH3O/ O CH3O OH

5 is converted into the conmpound of formula (V): :::mx wherein the
groups R, and R2, which may be the sanme or different, represent

| i near or branched (d -C6)al koxy groups or, together with the carbon
atomcarrying them forma 1, 3-di ox@hAIMS 3- di oxol ane or

1, 3-di oxepane ring, 10 which is subjected to a cyclisation reaction
in an acid nediumto yield, after isolation, the conpound of fornula
(1). 2. Syntiee&dss (@1AE SThRRWINEN dtengdang bBfdinlila par act eri sed in that
the conversion of the conmpound of fornmula (IV) into the conpound of
formula (V) is carried outChp prel | m nary conversion of the
conpound of formula (1V) intot pound\of 15 forrmula (VI): -13-
CH30 O (VT), ZI~ CH3O OJ NH ®,

CH,0

characterised in that (3,4-dimethoxyphenyl)acetic acid of formula (IV):

CH,0

av)
CH,0 OH

5 is converted into the compound of formula (V):
CH,0 o R, R,
V),
CH,O N
H

wherein the groups R; and R,, which may be the same or different, represent linear or
branched (C;-Ce)alkoxy groups or, together with the carbon atom carrying them, form a

1,3-dioxane, 1,3-dioxolane or 1,3-dioxepane ring,

10 which is subjected to a cyclisation reaction in an acid medium to yield, after isolation, the

compound of formula (I).

2. Synthesis process according to claim 1, characterised in that the conversion of the
compound of formula (IV) into the compound of formula (V) is carried out by means
of preliminary conversion of the compound of formula (IV) into the compound of

15 formula (VI):



wherein X represents a hal ogen atomor a group OCOR3 wherein R3 is a
| i near or branched (d -C6)alkyl groupﬂ3a phenyl group, a benzyl
. group or an imdazolyl group, in an organic solvent, 5 and then the
conmpound of forrmula (VI) is subjected to a condensation reaction with
a compound of formula (M1): HZN~Ri (\) Rz wherein the groups R
and R2, which may be the sane or different, represent |inear or
branched (G -C6)al koxy groups or, together with the carbon atom
carrying them forma 10 §-di oxane, 1, 3-di oxepane or 1, 3-di oxepane
ring, in the presence of a bass an organi c solvent, to yield the
conmpound of forrmula (V): CH3O Q Y |CH3O H 3. §§nthesis process
according to claim1l, characte } rat_t he coﬁv tsion of the 15
conmpound of formula (I1V) FHQ a conpound of Xf or mul a (V) is carried
out by reaction wth a conmpound of fornmula (M1): -14- R HZN~
(M1), RR wherein the groups Rl and R2, which may be the sane or
differ entwhcrrﬁﬂr)ﬁ Pépdsehis R9RI0o0h atddf BPE g;%ﬁ Qﬁko&?%ﬁéﬂéi‘n RI¥% A RUPGr Bthnched
together with the carbon atom carryin tﬁen1 orma

(Cy-Ce)alkyl group, a phenyl group, a benzyl group or an imidazolyl group,

in an organic solvent,

5 and then the compound of formula (VI) is subjected to a condensation reaction with a

compound of formula (VII):

Rl
HZN/Y VD,

R,

wherein the groups R; and R;, which may be the same or different, represent linear or
branched (C;-Cg)alkoxy groups or, together with the carbon atom carrying them, form a
10 1,3-dioxane, 1,3-dioxolane or 1,3-dioxepane ring,

in the presence of a base in an organic solvent,

to yield the compound of formula (V):
CH,0 o R, R,
V).
CH,0 N
H

3. Synthesis process according to claim 1, characterised in that the conversion of the
15 compound of formula (IV) into a compound of formula (V) is carried out by reaction

with a compound of formula (VII):



1, 3-di oxane, 1, 3-di oxol ane or 1, 3-di oxepane ring, 5 in the presence
of a coupling agent in an organic solvedt, to yield the conpound of
.formula (V): CHOR R2 OV. CHO 0", 3 H4. Synthesis process
according to claim2, characterised in that the conpounds of
formulae (V) and (VI) are not isolated. 10 5. Synthesis process
according to claim3, characterised in that the conpound of formula
(V) is not isolated. 6. Synthesis process according to either claim2
or claim4, characterised in that, in tgg_ conmpound of formula (W),
X represents a chlorine atom 7y is process according to any
one of clains 2, 4 or 6, charaéterisgd in that(MlBe 15 solvent used
for conversion of the conpound of foRguIa (I'V) into the conpound of
formula (VI) is dichloronethane. -15-°8. Synthesis process according
to any one of clainms 2, 4, 6 or 7, characterised in that the
tenperature of the reaction for conversion of the conpound of formnula
(1'V) intovhérein orgroupscRofind Bp.nwhiwh (vhy be shd same 20 differd@Crepdesent linear or

Synt hesi ding to any one of.,clai 2, .4 or 6.t0,8,
Shar ot er R 1S ARy ol A0 loetlis ity b Bendardn Ghoginey piin, form o
;:g_rrpoulnd %{;-di@%ﬁy,l1@3-Gio¥&1ah@bpl,3ftﬁo>€e@a*mq@, of fornula (V) is

i onyl chloride.

5 in the presence of a coupling agent in an organic solvent,

to yield the compound of formula (V):
CH,0 o R, R,
' V).
CH,O N
H
4. Synthesis process according to claim 2, characterised in that the compounds of

formulae (V) and (VI) are not isolated.

10 5. Synthesis process according to claim 3, characterised in that the compound of

formula (V) is not isolated.

6. Synthesis process according to either claim 2 or claim 4, characterised in that, in the

compound of formula (VI), X represents a chlorine atom.

7. Synthesis process according to any one of claims 2, 4 or 6, characterised in that the
15 solvent used for conversion of the compound of formula (IV) into the compound of

formula (VI) is dichloromethane.



10. Synthesis process according to claim9, characterised in that the
amount of thionyl chloride used in thd5reaction for conversion of
.the conpound of fornmula (IV) into the conmpound of formula (VI) is
from1l to 1.3 noles per nole of conmpound of 10 forrmula (IV). 11.

Synt hesi s process according to any one of clains 2, 4 or 6 to 10,
characterised in that the solvent for the reaction between the
conpoundsB. of Syndhrasisl precesv/gcoeding {ovany) oriesof il 20# ofret hasheracteised in that the

Synt hesi s pr,ocess, accor,di hg .t o any one .of ainse 2, 4 ar. 6 to s

char acter | SdgPRARGET WesiioR, Bbamafyh o b Pt of Grinls adinpone
conpounds  ofcohiotiid 8eforMbila @M¥is(@\nh 20 k4090, 0m 0 to 40C. 13. Synthesis
process according to any one of clainms 2, 4 or 6 to 12, characterised

in that the anount of conpound (VII1) used in the reaction with the

conmpound f Vi | Sq: 1 | &S, pe | e of .conpound
of Tormi5 (VRlbrbefsd acdefubERThl bl G B ot RS (5, Byt o
claiss 2, 4 thé réghtm kdd fehamaeisihi galle comphaid oft emaaqIVY indd tHasepound
used in the reaction between the conpounds of fornulae (VI) and

(V1) is frothfarmpga (VB isdieyl plpride) e of conmpound (VI). 15. Synthesis
process according to any one of clains 2, 4 or 6 to 14, characterised
in that the base used in the reaction between the conpounds of

f or mul ae XOVISyn#redis(prbegss iascor@imgpyrdlain®, clakdRered an tiest tthamyoant ofthionyl

-16- 16. Synthesjs ocess according to.claim 15, characterised in
that the bas%i}? 1P 1 e TPRRHER e DR RiSBNP  B H%ﬁ Joggpulp fhphiptocthe
(M) and (Vidohofind rde it U8, isl FonSUNtHast SnMeOGRS Smaecor dbiBobfl of
any one of claﬁﬁ%nl to 16,Q€Ka§agtéfised i n that tﬁ% anount d@@ggﬁho
usetl0in t he fowadeiBH. f or cyclisation of the conpound of fornula (V)
i's

11. Synthesis process according to any one of claims 2, 4 or 6 to 10, characterised in that

the solvent for the reaction between the compounds of formulae (VI) and (VII) is

dichloromethane.

12. Synthesis process according to any one of claims 2, 4 or 6 to 11, characterised in that
15 the temperature of the reaction between the compounds of formulae (VI) and (VII) is
from 0 to 40°C.

13. Synthesis process according to any one of claims 2, 4 or 6 to 12, characterised in that
the amount of compound (VII) used in the reaction with the compound of formula (VI)

is from 1 to 1.2 moles per mole of compound of formula (VI).

20 14. Synthesis process according to any one of claims 2, 4 or 6 to 13, characterised in that
the amount of base used in the reaction between the compounds of formulae (VI) and

(VII) is from 1 to 1.3 moles per mole of compound (VI).

15. Synthesis process according to any one of claims 2, 4 or 6 to 14, characterised in that
the base used in the reaction between the compounds of formulae (VI) and (VII) is

25 pyridine, DMAP or a tertiary amine.



5 from5 to 15 nol es per nole of compound of fornmula (V). 18.

Synt hesi s process according to any one’l§f clainms 1 to 17,
«characterised in that the tenperature of the reaction for
cyclisation of the conpound of fornula (V) in an acid nmediumis from
0 to 40C. 19. Synthesis process according to any one of clains 1 to
18, characterised in that the acid 10 used for cyclisati on of the
conpound of fornmula (V) is concentrated sul phuri c aci d.

Synt hesi S14) r%ﬁfl’?e% & r%gésgl ng fig‘l Ctlé)a% 115 charac r1se h tﬁérlj[at#'l fage;i%%sel%g# fle

that the arno ORCent urit acl used

for cycli Satﬂeﬁn’no@fbet\b&nﬁmﬂp@nﬁﬁ of f(ﬁ)ﬂhﬁl&b avV\ondi(VIH iofethyiariiae.3
mllilitres per gram of (3, 4-dinmethoxyphenyl)acetic acid of formula
(V). 15 21. Process for the synt hesi s of ivabradi ne and

h I |
phar maceuts Cs%!nltﬁ/esﬁ Qésg cgortao g, tﬁ&e if0b¢ %1&1\3%6 ? g{; 2\?}, gﬁﬁ?‘&@%ﬁqﬂ @Rt the

formula (1V) T1s co npoun
accordance vdrhdunt bé a@dmaism the rezicabﬂinfdr @alisatibe of thecongppad pd fa@ula (V) is

formula (1) erted intq iyabradine, which y optionally be
converted .nilmn. Stig 13de1e o maele 0 C%pwngwféowiwg?euu cally
acceptabl e acid selected from hydrochloric acid, hydrobromc acid,

sul phuric acid, phosphoric acid, acetic acid, trifluoroacetic acid,
| actic acl$d, Syrxﬂwsmvprocasiadg:or@ﬂgdni anyawiedof slaimes hite 1&¢ichigragbugedrincthat the

e oo Bl I B B S AR S pi ei

acid and carmgygﬁmqs%hmtmg. nto hydrates thereof.

19. Synthesis process according to any one of claims 1 to 18, characterised in that the acid

10 used for cyclisation of the compound of formula (V) is concentrated sulphuric acid.

.20. Synthesis process according to claims 4 or 5 and 19, characterised in that the amount
of concentrated sulphuric acid used in the reaction for cyclisation of the compound of
formula (V) is from 1.5 to 3 millilitres per gram of (3,4-dimethoxyphenyl)acetic acid
of formula (IV).

15

21. Process for the synthesis of ivabradine and pharmaceutically acceptable salts thereof,
wherein the compound of formula (IV) is converted into the compound of formula (T)
in accordance with the process of claim 1 and then the compound of formula (I) is
converted into ivabradine, which may optionally be converted into its addition salts

20 with a pharmaceutically acceptable acid selected from hydrochloric acid, hydrobromic
acid, sulphuric acid, phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid,
pyruvic acid, malonic acid, succinic acid, glutaric acid, fumaric acid, tartaric acid,
maleic acid, citric acid, ascorbic acid, oxalic acid, methanesulphonic acid,

benzenesulphonic acid and camphoric acid, and into hydrates thereof.



