NEW PROCESS FOR THE SYNTHESI S OF 7,8-DI | VI ET110XY-1, 3- DI HYDRO 21/ - 3-
BENZAZEPI N- 2- ONE, AND APPLI CATI ON I N THE SYNTHESI S OF | VABRADI NE AND
ADDI TI ON SALTS THEREOF W TH A PHARMACEUTI CALLY ACCEPTABLE ACI D The
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The compound of formula (I) obtained according to the process of the invention is useful

in the synthesis of ivabradine of formula (II)

CH,0 | : OCH

CH, X ’
| l (In
CH,0 N AN _ :
0

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

addition salts thereof with a pharrhaceuticaﬂy 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, especially bradycardic properties, making those compounds useful in the
treatment or prevention of various clinical situations of myocardial ischaemia such as
angina pectoris, myocardial infarct 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 pharmacol ogi cal and
t herapeutic 15 properties, especially b2adycardic properties, naking
_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 also in
vari ous pat hol ogi es invol ving rhythm di sturbances, especially
supr avent The pkaparationt i dhestpenbancesof antiradmenend tadfiaionusadts theof Fhigh a

rati and a eutl use. of ivabradi ne d.additi salts
her eof q?ﬁ“é"%‘h&%hc%&%?ﬁ 1§ 1351da G 05T eesa%qlﬁpy éﬁdgﬁféxp&q%%ecwm feen
its hydr O&E%I%édCiﬁthJ‘Equ%g@a?r@ﬁ‘at&ﬁ%ﬁéciﬁ&@ioh Rpte34Hopean pat ent '

specification EP 0 534 hat patent specification describes
the synthesis of ivabrad ne hydrochloride starting from 5t he corrpound
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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,O =
NH .
CH,0
O

The afore-mentioned publication describes the preparation of the compound of formula (I)
by using, 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 synthesis route described in that publication for the conmpound of
formula (111) uses an 10al kyl ati on reacBt on on the conpound of
formula (T): CH30 C -130 The af ore-nentioned publication describes
the preparation of the compound of formula (I) by using, as
i nternedi ate, AT-(2, 2-di met hoxyet hyl)-2-(3, 4-di net hoxyphenyeacet am de
obtained starting from (3, 4-di net hoxypheny-Hacetic acid. Cyclisation
of the 15 phenyl acetam de obtained is carried out in the presence of
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and its salts to industry, it has been inperative to find an
ef f ect i ve9dtomdsxith haltensisplapiridy Exeateakms 99t5 Possi bl e to obtain
7, 8- di met hoxy- 1, 3-di hydr 0202H- 3- benzazepi n- 2-one of fornmula (1) in an
excellent yield. -3- The Applicant has now found, surprisingly, that
by usi ng WRECishdEAQIMST Ahd PEsEANHVEMRIS rdlhtet So ROPPIREE fErOtHRDERIKEsIhEF the
conmpound of forrmula (1) on an industrial scale in a yield greater
t han5 92 wgaampupiloh fagmabeeh:cal purity greater than 99.5 % Mor e
specifically, the present &g%gntion relates to a process for the
synt hesis of the 5conpound-of :

NH @,

CH,0

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

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

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

10

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,

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

15 compound of formula (I).



CH30 characterised in that (3, 4-dinethoxyphenyl)acetic acid of
formula (1V): CH30 CH30OH is converted4into the conpound of fornula
(V): CH30R2 O CT-130 wherein the groups R1L and R2, which may be the
sanme or different, represent linear or branched (Cl-C6)al koxy groups
or, together with the carbon atomcarrying them fonn a 1, 3-di oxane,

1, 3-dioxolitne or 1, 3-dioxepane ring, -4- In one of the preferred
enmbodi mensomefoftthe prafsrest eraboditneats adnke iitention fihd fmvesigositle @bmpound of
formula (TV) onpound of formula (V) is carried out by neans

into the \ . :
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compound QfvEQIJRH3hd Mnkpound of formula (IV) into the compound of formula (VD):

CH,O
0]
(VD,
CH,0O X
5 wherein X represents a halogen atom or a group OCOR; wherein Ry 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

RI
HZN/Y v,

R
10 2

compound of formula (VII):

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):

CH,0 o R,
V).
CH,0 N
H



S5wherein X represents a hal ogen atomor a group OCOR3 wherein R3 is a

| i near or branched (Cl-C6)al kyl group, &-phenyl group, a benzyl group
~or an imdazole group, in an organic solvent, and then the conpound

of formula (VI) is subjected to a condensation reaction with a
conmpound of forrmula (VII): H2N---".,,. /R I(v1l), 10R2 wherein the
groups R1 and R2, which may be the sane or different, represent

| i near or IbeaetbéreprefdtiedCihbddimeyt gf chepmventiort, abe icheversibh loftthe compbord of

atom carrying,t farma 1, 3-di.oxane, .1,.3-di oxol ane or . .
T ol (STt i Gensiad oF Faof (A cETis onPeraainwih prempound
15to vyi el g tohgupqwrpund of formula (V): CH3ORIRZ2 00- CH30 -5-

Rl
HzN/\r VDD,

R,

5 wherein the groups R; and R,, which may be the same or different, represent linear or
branched (C;-C¢)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,
(V).
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 following 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.



I n anot her preferred enbodi ment of the invention, the conversion of

t he compound of formula (IV) into the césapound of formula (V) is
_carried out by reaction with a conpound of forrmula (V11): H2N R2
S5wherein the groups RL and R2, which may be the sanme or different,
represent l|inear or branched (Cl-C6)al koxy groups or, together with

t he carbon atomcarrying them forma 1, 3-dioxane, 1, 3-dioxol ane or

1, 3- di oxelpasme ofithg prefferrddheniprdiments ef dfe iaveniopl thegoagpentd bHfeamubyr (Hris aot
solvent, to yield the conmpound of forrmula (V): CH30 2 (V). CH30 10
Among t he'SeBlidt i ng agents that may be used for the condensation
reaction of the conpound of fornmula (VII) with the conpound formula
(I'V), there may be nentioned, without inplying any limtation, the

f ol | owi nglnraggdheprsferrsdi ensbodimengs gbthe snveBHR,, thEDBhpHEBTf fEDGkA KON TS not
EDUNHS, ch §CC/H03T, DCC/ HOAT, DCC/ NHS, 15HATU, HBTU, TBTU, BOP,
PyBOP, CDFO*Sp.

5 The group X in the compound of formula (VI) preferably represents a chlorine atom.

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

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.



Anong the organic solvents that may be used for the condensation
reaction of the conpound of formula (V1) with the conpound of
~formula (I'V) in the presence of a coupling agent, there may be
menti oned, without inplying any limtation, toluene, diehloronethane,
2-nmet hyl t et rahydr of uran, chl orobenzene, 1, 2-di chl oroet hane,
chl orof orm 20and di oxane. -6- In one of the preferred enbodi nents of
t he i nverithegmeferded ocgamposmders fforf the medction Vptwesn niod comspduakied . fotmule f€1)adnd

the preferred enb nt vention, the conpound of fornula
(V) |S|#ﬁ‘@¥mﬁ éﬁq%@$ﬂ%?gpg ﬁh§HWﬁnFﬂEm80npound of fornula (V)
preferably represents a chlorine atom Anong the organic solvents

that may be used for the reaction for conversion of the conpound of
formul a (The)temperturhef thempantiod b@twefeorthmbfanp(\nrm, oftfhvenea () 4md the compound

t d t t ol , dichl th ,
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chl or of orm and di oxane. 10The preferred organi ¢ solvent for the

reaction for conversion of the conpound of formula (IV) into the
conpdund Bt #meynilaf qomnound ofi fermvledivdbhiessd. inTthe reasiipe rvitiuthe efmpdvad of
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preferably used for carrying out conversion of the conpound of
formul a %Bl 15|nto t he conpound of fornula (VI) wherein X represents

a chl ori ndeaaeeHst Of bascorsed laﬁh%rfraaeon *rﬁf@veaﬁﬁlaﬁﬁorapowr Iriprmela) (3} aed the
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per nol e fofmdeBOund of formula (1V).

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).



20Anmong the organic solvents that may be used for the reaction
bet ween t he conpound of forrmula (VI) an® the conpound of fornula
(M), there may be nentioned, without inplying any limtation,
t ol uene, dichl oronet hane, 2-nethyltetrahydrofuran, chlorobenzene,
1, 2-di chl or oet hane, chl orof orm and di oxane. -7- The preferred
organi c solvent for the reaction between the conmpound of fornula (V)
and t he cldrgempdratire bbtheukactiowlfb) cydisatianhdfcthe vempeunel ofoemtlanye niatuned
of the react.ion beiwqﬁn t he cog&&gnd of fornmula (VI) and the conpound
of fornuﬂgg%wmﬂﬁp$’“% S iy mO to 40C. 5The ampunt of conpound
of formula (VIl1) used in the reaction wth the conmpound of fornula
(VM) is preferably from1l to 1.2 noles per nole of conpound of
fornul a (We)acidrpesferallyntsed forbeseyings et ¢yelisdtionradabe compbetdreformbia (V) to

d of f I I d . f .mul. VIT) i
or ot or abi 7 PETRuhd oG T ER G ehBtHA ol o mia (v1).

10Anpong the bases that may be used for the reaction between the
conmpound of forrmula (VI) and the conpound of formula (VII), there may

be rfent i oMben thgireassion inteamadiates anpot isphatedtin die, copyseiod itheeproivnphe aatount of

tertiary ] f - et hyl am ot hyl-pi.peri di n
o bR AIRUATRLR ek L0 PO R R BSEl R or
used for fofiruls €dyisieefcdlyngem 1.5eo 8 aiiflditrd pof gruineMBJ4adiiméthoxapigkntecetic
15conpound, of fornmula (VI1) is triethylam ne Anmong the acids that may
be used t36CAfPyYa{IOyclisation of the conpound of formula (V) to
formthe conpound of foimula (1), there nmay be nentioned, w thout
inmplying any limtation, concentrated sul phuric acid, poly-phosphoric
aci d, condertongioend by throwhd @y dletamed dceandiag ue thesprocdssbf G, present invention is
congentrated. hydrochloric acid in solution in acetic .agid,. .

0B hcent RIS My U RoTEests T RCSaie B FATESe iV shurdine. aition sals
met hanes yhgbémigh @fahahnamaic@n? Hidepibl Ak dakiPBflirktBs fBRofeaction for
cyclisation of the conpound of fornmula (V) to formthe conmpound of
formula (1) is preferably from5 to 15 noles per nole of conpound of

formila (B\Q way of example, alkylation of the compound of formula (I) with a compound of

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

(C-Ce)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 O



-8- The tenperature of the reaction for cyclisation of the conpound
of formula (V) in an acid mediumis pref-erably fromO to 40C. The
~acid preferably used for carrying out cyclisation of the conpound of
formula (V) to formthe conpound of fornmula (1) is concentrated
sul phuric acid. 5Wien the reaction internmedi ates are not isolated in
the course of the process, the anbunt of concentrated sul phuric acid
used i n thelyteacydrogenhtion ©f chhislatyicdds olie chieesponghiag rid/dedgehatedudoapovihd of
is preferabl from1.5 to 3 millilitres per gramof (3,4-dim
et hoxyphd®i§ %Q%}ic acid of formula (1V). The conpound of formul a
(1) obtained according to the process of the present invention is
10especial |y useful as syntheS|s internmediate in the synthesis of
i vabradi ne, addition SHLO it h a pharmaceutically acceptable
acid and hydrates thereof. algy Iat%%$ of the
conmpound of formula (1) mnt ta (VITP) - R5
15wherein R4 and R5, ay-bext he{sane or different, each
represent a linear or Fanched (Cf- (IQ\ koxy group or, together W th
t he carbon atom carrying them forn1a p , 3-di oxane or 1, 3-di oxol ane
ring, and Y represents a hal ogen atom preferably a brom ne atom or
a tosylate, nesylate or triflate group,

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,O

CH,O i

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



-9- catal ytic hydrogenati on of which yields the correspondi ng
hydr ogenat ed conpound of forrmula (X): @6€30 CFI30 (X), wherein R4
~and R5 are as defined for fonnula (VII1), 5deprotection of the
di acetal noiety of which yields the al dehyde of formula (XI): CH 30
CH30 which is reacted with
(75) -3, 4-di met hoxybi cycl o[ 4. 2. Olocta-1, 3,5-trien-7-y1]-Nnet hyl -
met hanamDBNuhdehazmbrgtlo{ohewh-F-ettuct i ve ami nation to yield

\iMy?Er Zdbﬁgﬁﬁgf@?@%ﬁﬁ%g@% ?_g_ee&g;)gver ted into its addition salts
DCC: dicyclohexylcarbodiimide
DIEA: N,N-diisopropylethylamine
5 DMAP: 4-dimethylaminopyridine

EDCI: 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride
HATU: O-(7-azabenzotriazol-1-y1)-1,1,3,3-tetramethyluronium hexafluorophosphate
HBTU: O-(benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
HOAT: 1-hydroxy-7-azabenzotriazole

10 HOBT: 1-hydroxybenzotriazole
NHS: N-hydroxysuccinimide
NMP: N-methylpyrrolidone
PyBOP: O-(benzotriazol-1-yl)-oxytripyrrolidinophosphonium hexafluorophosphate
TBTU: O-(benzotriazol-1-yl)-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-dihydre-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-



1 0 selected from hydrochloric acid, hydrobrom c acid, sul phuric
aci d, phosphoric acid, acetic acid, trilfltuoroacetic acid, lactic
~acid, pyruvic acid, malonic acid, succinic acid, glutaric acid,
fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid,
oxal i ¢ acid, nethanesul phonic acid, benzenesul phonic acid and
canphoric acid, and into hydrates thereof. 15Key to the abbreviations
used: BORlimbthoxgfitehgladetit -agld) oxdyilst miesftdinirgs thel madsnepbospbanilont. Stir the

hexat | uor ophosphat e CDI : rbonyl di.i m dazol e DABCO
1, 4- di az gm&gye EQ}FZZ}}@r%TtO]éﬁgn@he glo_ﬂ@t_iom@ined 1s used as such in the following Step.

1, 5-di azabi cy-cl o[ 4. 3. OMon- 5- ene DBU.

1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene DCC. di cycl ohexyl carbodii m de
DI EA:  NN-Xzi €0t Spyhetbmgl- Bridiky dDMBFEL-3-bertiacnetimpPl@re nopyri di ne EDCI:
1- (3-di net hyl am nopr opyl) - 3- et hyl - car bodi i m de hydrochl ori de HATU:
0- (7-azabenzotriazol -1-y1)-1,1, 3, 3-tetramet hyl uroni um

hexaf | uorpphesphadodtdiBibihe solution obtained in the preceding Step and cooled to 10°C, add
0- (benzotri azol - 1-y1) 1, 3, 3-tetranet hyl uroni unt hex

af | uor opﬁégpxhla@%3@@)$ulphi;rihwicbw;im araifenzgt theazmiperai@eidBioow 20°C. Stir the
1- hydr OX%%PquQ b 15658466 foll\flll_()lh%ﬁrsl,\lfh@é%[lg%%ﬁg %e%ict?(i)nmr-ngx%ure to separate and collect the
product-containing sulphuric acid phase.
The product is obtained by precipitation from a water/NMP mixture (4/1), filtration and
drying, in a yield of 92.9 % relative to the (3,4-dimethoxyphenyl)acetic acid and with a
10 chemical purity greater than 99.5 %.



CNMT" : AT- net hyl pyrrol i done PyBOP:

0- (benzotriazol -1-y1) - oxytrlpyrrolldlnééhosphonlum

hexaf | uor ophosphat e TBTU:
0-(benzotriazo|-1-y1)-1,1,3,3-tetrag§L$ﬁ@groniun1tetraf|uoroborate
15T3P: n-propane phosphoni ¢ anhydri Exanpl e her ei nbel ow
illustrates the invention. Preparation of 7

- di et hoxy- 1, 3-di | vt dro-211- 3- benzazepi n-2-one Step A

(3, 4- Danet hoxyphen c ac d.ch]oride Load.int reactor 135 g of
(3, 4- dlnetHoxy Hﬁﬂé??g ?éy@ P 9 %C?ﬁﬁoﬂi‘gf ﬂﬁ&khloronethane and

then bring the tenperature of the reaction m xture to reflux and add,

dropwi se, 90 g of thlonylcqlgrlde Stir m xture at reflux for 3
such y\n the fol l owing Step.

hours. The sol ution obtained*is
Step B : N-(2,2-dinethoryethyl)-2-(3,4{dinmeth ,phenycac¢§an1de
Load into a reactor 225 ni of di 44.15 g o

2, 2-di met hoxyet hyl am ne ag hyI am ne and t hen cool
the mixture to 10C and ad Hropvvlse 237.4 gNof the solution
obtained in the preceding Step (corresponding Eb 75 g of (3,4-

di not hoxyphenyl )acetic acid) whilst maintaining the mass tenperature
at 10C. Stir the mxture for 2 hours at 15C. The solution obtained is
used as such in the following Step. Step C

7, 8- Di et hakyrel 3;4timedticxygherdt)aesttaapofifodmongvh:n a react or
containing the solution obtained in the preceding Step and cooled to

10C, add
k v
C1LO OH

is converted into a compound of formula (V):

CH,O._
\‘ j/ V)
CH,0

wherein Ry and Ry, which may be the same or different, represent linear or branched (C;-

Cs) alkoxy groups or, together with the carbon atom carrying them, form a 1,3-dioxane,

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

wherein the conversion is carried out either:



.5 150 m of 36N sul phuric acid, whilst nmaintaining the tenperature
bel ow 20C. Stir the mixture at 15-20C fi8r 10 hours, then allow the
reaction mxture to separate and coll ect the product-containing

PP 3R ) AP OHR e SRR R P Rl o

of 92.9 %l%o%e&}i .to the (3, 4-dinethoxyphenyl)acetic acid and with a
10chem cal purlatéﬁ'reater than 99.5 % -12- CLAIMS A process for the

synt hesi s of a conpound of fornula (1) wherein
(3, 4-di net hoxyphenyl)acetic acid of formula (1V): ¢ 0 (I V)
CH,O
c ’ (VD),
N )
CH,O X

wherein X represents a halogen atom or a OCOR; group, wherein R; is a linear or
branched (C4-Cg)alkyl group, a phenyl group, a benzyl group or an imidazolyl group, in an

organic solvent,

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

compound of formula (VII);

N AR
HZN/Y VI,

wherein Ry and R;, which may be the same or different, represent linear or branched
(C4-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, to yield the compound of formula (V):

or



is converted into a compound of formula (v): C 1,0 CF [10 10 wherein
Rl and R2, which nmay be the sanme or diflferent, represent |inear or
branched (Cl- C6) al koxy groups or, together with the carbon atom
carrying them forma 1, 3-di oxan 1, 3- di oxol ane, or 1, 3-di oxepane
ring, wherei "F?‘é'o 8%&%%"39?“(‘30&9@9'@%&'%@ ?q@o_und_oi%@_rmﬂgg ns of

prelimnary conversion of the conpound of formula (I1V) into a

conpound of forrmula (VI). wherein X represents a hal ogen atomor a
OCOR3 group, wherein R3 is a |linear~0or br&nched (Cl-Ce)al kyl group, a
phenyl group, a benzyl group gy pan i zoI‘yI grou,g{ in an organic
sol vent, and the conpound of fdrmula (V1) is subjéotléd to a

condensation reaction wth a conmpound ]Qf formula (VII);
Sy

wherein R, and R, which may be the same or different, represent linear or branched
(C4-Co)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,0

(V).
CH,0

wherein the compound of formula (V) is not isolated and is directly subjected to a
cyclisation reaction in an acid medium, wherein the acid medium is selected from
concentrated sulphuric acid, polyphosphoric acid, concentrated hydrochloric acid in
aqueous solution, concentrated hydrochloric acid in solution in acetic acid, concentrated
hydrobromic acid in solution in acetic acid, and methanesulphonic acid, to yield, after

isolation, the compound of formula (I).

2. The process of claim 1, wherein the compound of formula (V1) is not

isolated.



_wherein Rl and R7, which may be the same or different, represent
| i near or branched (Cl-C6)al koxy group&-or, together with the carbon
atomcarrying them forma 1, 3- dioxane, 1, 3-dioxol ane or

1, 3- di oxepape ri in the resence of a base in an_organic _solve
to yield th nﬁ RI§CBts gt b vhegein. in thescomrpund S faraiagv ) %éepresentsa
conpound of for la (1V) with a conmpound of formula (VII): wherein

RL and R2, whi ch®HPe8%he sane or different, represent |inear or
branched (Cl C3) al koxy groups or, together with the carbon atom
carrying them forma 1, 3- dioxane 1, 3-di oxol ane or 1, 3-di oxepane

ring, in the presence of oupl in an organic solvent to
yi el d the compou PfPC‘?‘%?rﬁLﬂaém( hgm%&@ﬁ?h’teﬁbu% bR eSO ¢ thg Fempound

(V) is not |solat dandl jected to a cyclisatjon
reaction in an ﬂm?%%l iri”%v{t@r@i”%lp g"g@frﬂmﬁéw)ﬁr&%glo%‘l‘%ﬁ% from
concentrat ed sulphurlc aci d, pol yphosphoric acid, concentrated

hydr ochl ori c acid in aqueous sol ution, concentrated hydrochloric acid
in solution in |c aci concentr at drobrom_c¢ acid. in solution
in acetic atid prﬁﬁ?ﬁ? ‘%&ﬁﬁ’“ﬂhﬂ‘ﬁ‘@&e‘% ecfe Sr%}‘l"élocﬁtheaﬁe?@t‘ort obFtveEpn of
t he conpound of or mul a

conpound of for eé:owloyng sof m{fnuit%g%t; Ce%ﬁe %fg@gcundﬂo}formula (%/I) tstthom 20 to
40°C.

6. The process of claim 1, wherein the reagent used for conversion of the

compound of formula (IV) into the compound of formula (VI) is thionyl chloride.

7. The process of claim 6, wherein the amount of thionyl chloride used in the
reaction for conversion of the compound of formula (IV) into the compound of

formula (V1) is from 1 to 1.3 moles per mole of compound of formuia (IV).

8. The process of claim 1, wherein the solvent for the reaction between the

compounds of formulas (VI) and (VII) is dichloromethane.

9. The process of claim 1, wherein the temperature of the reaction between the

compounds of formulas (VI) and (VII) is from O to 40°C.

10. The process of claim 1, wherein 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).



..3. The process of claim11, wherein, in the conpound of formula (VT),
X represents a chlorine atom 4. The pitecess of claim1, wherein the
sol vent used for conversion of the conmpound of formula (1V) into the
conmpound of forrmula (VT) is dichloronethane. 5. The process of claim
1, wherein the tenperature of the reaction for conversion of the

conmpound of fornﬁlga é}lé:V%%into, t he conpound of formula (VlI) is from 20
to 40C. 6. The prBRELEEEt OlcdaiM. vheffiathg 3MUE of BRRFeHRed R Eg feggption between
conversion of the conmpound of fornula (IV) into the conpound of

formula (M) is ﬁﬁi B?T{T&POL{? P ¥ ifk .Urgs. (“’ﬁ&é‘”ﬁr(?f@éé%f@f“ ¢1tg; Ty gnolgih epleimgle of
the amount of thionyl chloride used in the reaction for conversion of
the conpound of FYPRRHY (M) into the conpound of formula (V) is
from1l to 1.3 noles per nole of conmpound of formula (1V). 8. The
process of claim1, wherein the solvent for the reaction between the
conmpounds of fornulas (VI) and (VI1) is dichloronethane. 9. The

process of ¢2ai mhe pigresaial daie flemberein dhe base tRed i dlee ireartigatedugen the

t he conmpounds of fornulas (VI) and (VI1) is fromO to 40C. 10. The
process of cl ai nfaAMPAHEE &f fPrinkiasdiband (81 sawpdinadPVIXP|or adsdiary #mippe

13. The process of claim 12, wherein the base used in the reaction between the

compounds of formulas (VI) and (VII) is triethylamine.

14. The process of claim 1, wherein the amount of acid used in the reaction for
cyclisation of the compound of formula (V) is from 5 to 15 moles per mole of

compound of formula (V).

15. The process of claim 1, wherein the temperature of the reaction for cyclisation of

the compound of formula (V) in an acid medium if from 0 to 40°C.

16. The process of claim 1, wherein the acid used for cyclisation of the compound of

formula (V) is concentrated sulphuric acid.

17. The process of claim 16, wherein 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-dimethoxyphenylacetic acid of formula (IV).



. reaction with the conpound of formula (VI) is from1 to 1.2 noles per
mol e of conpound of forrmula (VI). -16l7-11. The process of claim1,
wherein the anount of base used in the reaction between the conpounds
of formulas, (VI) and (VIIr) is from1l to 1.3 noles per nole of
conpound (Vi % 15 Pragess fprobe synigesis oh MeprRdingralidephiriRee Bigaly aecsataple salts
t he reaction between_the conpounds of fornulas (VI) and (VII) is
pyridi ne, DVAP df1ereof.d¥hereip @ compqend ¢5ormyla (Wocess of cl ai m 12,
wherein the base used in the reaction between the conpounds of
formulas (VI) and (VII) is triethylam ne. 14. The process of claiml,
wherein the anount of acid used in the reaction for cyclisation of
the compound of formula (V) iGHiOQM 5 15 nol es per nole of

conpound of formula (V). 15. The pruyeéss pf claim 1, wherein the
claim1, wherein the acid usddiif©Or cyctisati

tenperature of the reaction for cyclisati he conpoundjof)
formula (V) in an acid mediumif fY&Q\TO/
formula (V) is concentrated sul phuric acid.

. The process of
n of €Hé conpound of

is converted into a compound of formula (V):

CH,0

CH,O

wherein Ry and R,, which may be the same or different, represent linear or branched
(C4-Cq)alkoxy groups or, together with the carbon atom carrying them, form a 1,3-

dioxane, 1,3-dioxolane or 1,3-dioxepane ring,
wherein the conversion is carried out either:

by means of preliminary conversion of the compound of formula (IV) into a compound of

formula (VI):



.17. The process of claim 16, wherein the anount of concentrated

sul phuric acid used in the reaction fo¥-cyclisation of the conpound
of formula (V) is froml1l.5to 3 mllilitres per gram of
(3, 4-di net hoxyphenyl )acetic acid of forrmula (IV). -17- 18. A process
for the synthesis of ivabradi ne and pharmaceutically acceptable salts
t hereof, wherein a conpound of fornula (1V) is converted into a
conpound of forrmula (V): wherein RL and R2, which may be the sane or
different, represent ugﬁg hr anched ( Cl- C6) al koxy groups or,
together with the carbohs zarmying them forma 1,3- dioxane,
1, 3-di oxol ane or 1, 3-di oxepa g, Wwher{éin the conv ion is
carried out either: by neans .1 m ng conversidﬁhﬁf t he
conmpound of formula (Ié@ji { ednmpownd of~formula (VI):
.U

wherein X represents a halogen atom or a OCORagroup, wherein R is a linear or
branched (C4-Cg)alkyl group, a phenyl group, a benzyl group or an imidazolyl group, in
an organic solvent, and the compound of formula (VI) is subjected to a condensation

reaction with a compound of formula (VII):

R!
Iiﬁq/jﬂ\\fjf (VI),

R,

wherein Ry and R,, which may be the same or different, represent linear or branched
(C4-Cg)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, to yield the compound of formula (V):

CH,0 R, R,

| V),
CH,0

=z



.- 18- wherein X represents a hal ogen atom or a OCOR3group, wherein
R3 is a linear or branched (Cl-C6)al kyl9-group, a phenyl group, a
benzyl group or an imdazolyl group, in an organic solvent, and the
conmpound of forrmula (VI) is subjected to a condensation reaction with
a conmpound of formula (VI1): wherein RL and R2, which may be the
sanme or different, represent linear or branched (Cl-C6)al koxy groups
or, together with the carbon atomcarrying them forma 1, 3- dioxane,
1, 3- di oxol aflle or 1, 3-di oxepane ring, in the presence of a base in an
organic solvent, to yield the conpound of fornmula (V): or by
reaction of - f i fi,f | a
) unePbl BB Ry Rbop Rl ole ) i 3 BuRBIREHD R (Pl
represent linear or branched (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, in the pres e oupling agent in an organic
solvent, to yield the conpouﬁég f formula (V): (Vi),

R,

wherein Ry and R,, which may be the same or different, represent linear or branched
(C4-Cg)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 R~ R,
3 / 3 §) ‘j/ e
(V).
. P . V),
CH,O ‘%‘

wherein the compound of formula (V) is not isolated and is directly subjected to a
cyclisation reaction in an acid medium, wherein the acid medium is selected from
concentrated sulphuric acid, polyphosphoric acid, concentrated hydrochloric acid in
aqueous solution, concentrated hydrochloric acid in solution in acetic acid, concentrated
hydrobromic acid in solution in acetic acid, and methanesulphonic acid, to yield, after

isolation, the compound of formula (I):



.wherein the conmpound of formula (V) is not isolated and is directly
subjected to a cyclisation reaction in28n acid nedium wherein the
acid nediumis selected fromconcentrated sul phuric acid,

pol yphosphoric acid, concentrated hydrochloric acid in aqueous

sol ution, concentrated hydrochloric acid in solution in acetic acid,
concentrated hydrobromc acid in solution in acetic acid, and

met hanesul phonic acid, to yield, after isolation, the conpound of
formula (1): -20- which conpound of fornula (T) is alkylated with a
conmpound of forrmula (VII1): wherein R4 and R5, which may be the sane
or different, each represent a linear or branched (Cl-C6)al koxy group
or, together with the carbon atomcarrying them forma 1, 3-di oxane
or 1,3-dioxolane ring, and Y represents a hal ogen atom preferably a
brom ne atom or a tosylate, nesylate or triflate group, to yield a
conpound of formula (1)0: -@H,Oahich-eonpotad-of -formula (1X) is-
subjected to catal ytic hydrogehaticﬁ/ﬁonqltions to yield a conpound
of formula (X): which conpound of fiornul 4(X) is Eubjected (0.
appropriate de rotection conditiops3Q yteld an/al dehyde of formula
(XI): (XI) which conpound ofHEGY mul a~(XI) 'Vﬁégcted Wi th

(7S) -3, 4-di net hoxybi cl o ) O

[4.2.0joctal, 3,5-trien-7-ylj-N nethyl net hanam ne under conditions of
reductive amnation to yield ivabradine, which may optionally be
converted i [ b b I ' TRGH ' tabl e
aci d sel ect QEBP rcgmpﬁgg(? g{:@ﬂg@?éb}c%%l%gﬁ g%; om c“g?:?g#olr%ﬂ%gﬁgpl C
aci d, 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, nethanesulphonic‘ﬁQgSLHQ enesulﬁngnic acid and
canphoric acid, and into hydrate e?2§PnX<T
Rs

wherein Ry and Rs, which may be the same or different, each represent a linear or
branched (C4-Cg)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, to yield a compound of formula

(IX):

CHLO /\ S




221-

which compo'und of formula (IX) is subjected to catalytic hydrogenation conditions to

yield a compound of formula (X):

CH;0 '
N Ry,
CH;O \é \/\< '
R
0

3

)

which compound of formula(X) is subjected to appropriate de rotection conditions to

yield an aldehyde of formula (XI):

CH;0
.)\\{iif\\ﬂ:::::"\\
N 0
o :
CHO - \\ / /Q /\<
6]

which compound of formula (XI) is reacted with (7S)-3,4-dimethoxybiclo [4.2.0]octa-

(Xh

1,3,5-trien-7-yl)-N-methylmethanamine under conditions of reductive amination to yield
ivabradine, which may optionally be converted into its addition salts with a
pharrhaceuticany 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.



