- | - NEW PROCESS FOR THE SYNTHESI S OF

3- (2- BROWD- 4, 5- DI METHOXYPHENYL) PROPANENI TRI LE, AND APPLI CATI ON I N THE
SYNTHESI S OF | VABRADI NE AND ADDI TI ON SALTS THEREOF W TH A |
PHARMACEUTI CALLY ACCEPTABLE ACID The present invention relates to a
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the invention is useful in the synthesis of ivabradine of fornula
(11): dlmethoxmhegyl)r{rgpa[nemtnle of formula (I):

{[(7S) -3, 4-di met hoxybi cyclo[4.2.0]octa-1, 3,5-trien-7-yl]nethyl }

(et hyDam nok 1

Opropyll -7, 8-di methoxy-1, 3, 4, 546t r ghydro- 2kk- 3- benzazepi n- 2- one,
whi ch may be converted into an ado' 3' salt thereof with a
ed ﬁ@

pharmaceutically acceptable acid from hydrochl oric acid,
hydrobrom c acid, sulphuric acMg9 phospﬁﬁrlc acid, acetic acid,
trifluoroacetic acrd | actic acid, pyruvic acid, rnalonlc aci d,
succini c acid, glutaric aci d, funaric aci d, tartaric aci d, naleic
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aci d, berd? u onlc acr oric acid, and into hydrates
5 a pharmaceutically acceptable acid.

The compound of formula (I) obtained in accordance with the process of the invention is

useful in the synthesis of ivabradine of formula (II):
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(I,
OMe
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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,

which may be converted into an addition salt thereof with a pharmaceutically acceptable
acid selected from hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid,
acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid,
glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid,
15 methanesulphonic acid, benzenesulphonic acid and camphoric acid, and into hydrates

thereof.

Ivabradine, and its addition salts with a pharmaceutically acceptable acid, and more
especially its hydrochloride, have very valuable pharmacological and therapeutic

properties, especially bradycardic properties, making those compounds useful in the



t hereof |vabradine, and its addition salts with a pharmaceutically

. acceptable acid, and nore especially its hydrochloride, have very
val uabl e pharmacol ogi cal and therapeutic properties, especially
bradycardi c properties, making those conpounds useful in the
treatnment or prevention of various clirAtcal situations of myocardi al
i schaernia such as angi na pectoris, nyocardial infarction and
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10 The preparation and therapeutic use of ivabradine and its addition salts with a
pharmaceutically acceptable acid, and more especially its hydrochloride, have been

described in the European patent specification EP 0 534 859.

That patent specification describes the preparation of ivabradine starting from 3,4-

dimethoxybicyclo[4.2.0]octa-1,3,5-triene-7-carbonitrile of formula (III):

MeO
MeO
\\

N
15

which is converted into the compound of formula (IV):

OMe
\):E:[ o
OMe

which is resolved to yield the compound of formula (V):

mz



(Iv), Ove which is resolved to yield the conmpound of formula (V): 3
.- Ove Owe (V), which is reacted with the conpound of fornula
(VI): MeO MeO to yield the conpound of fornmula (VII):

-3
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N OMe
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which is reacted with the compound of formula (VI):
MeO =
v’ N
MeO (VD
O

to yield the compound of formula (VII):
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MeO —
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5
the catalytic hydrogenation of which yields ivabradine, which is then converted into its
hydrochloride.
The preparation of the compound of formula (III) starting from the compound of
formula (I) is described in Tetrahedron 1973, 29, pp 73-76.

10 That same document also describes a synthesis route for the compound of formula (I),

starting from 2-bromo-4,5-dimethoxybenzaldehyde, in three steps with an overall yield of

65 %.

The preparation of the compound of formula (I) by performing a bromination reaction on
3-(3,4-dimethoxyphenyl)propanenitrile in the presence of dibromine in acetic acid is

15 described in J. Org. Chem 1972, vol. 37, no. 21, pp 3374-3376, with a yield of 48 %.



the catal ytic hydrogenation of which yields ivabradine, which is then
.converted into its hydrochloride. The preparation of the conmpound of

formula (I111) starting fromthe conmpound of fornmula (I) is described

in Tetrahedron 1973, 29, pp 73-76. 10That sanme docunent al so

descri bes a synthesis route for the coApound of formula (1), starting
from 2- brono- 4, 5- di net hoxybenzal dehyde, in three steps with an
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(I') by performng a brom nation reaction on
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descri bed synthesis of the conmpound of folinula (1), starting from

3, 4-di net hoxybenzal dehyde, in three steps in an overall yield of 51 %
(CNI 01 40le agmapoand e forandad]) Reskeydp@onediate pipthezgnipesy of ivperadivipound
of fornmula (1) is a key internediate in the synthesis of ivabradine.
5In view of the industrial value of ivabradine and its salts, it has

been i npRY dtwuE thoindusitlalovnlef beiehbrd@inphogd &S Sale ktdhak B@en imperative to find an
(3-(2-bron014,5-dinethoxypheQ%l)propanenitriIe of fornula.gl) to be
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tocharacterised int onpound of formula (VII

The present invention relates to a process for the synthesis of the compound of formula (I):
MeO CN
MeO Br
10 characterised in that the compound of formula (VIII):
MeO CN
K)A/ (VI
MeO
is subjected to the action of N-bromosuccinimide in the presence of an organic solvent to
yield the compound of formula (I).
Among the organic solvents that may be used to carry out the conversion of the compound
15 of formula (VIII) into the compound of formula (I), there may be mentioned, without
implying any limitation, N,N-dimethylformamide, tetrahydrofuran, acetonitrile, acetic acid,
methanol, dichloromethane and toluene.

The solvent preferably used to carry out the conversion of the compound of formula (VII)

into the compound of formula (I) is N,N-dimethylformamide.



MeO MeO (V111) is subjected to the action of N bronosuccinimde in
. the presence of an organic solvent to yield the conmpound of formula
(I'). Among the organic solvents that nay be used to carry out the
conversion of the compound 15 of fornmula (Vi) into the conpound of
formula (1), there may be nmentioned, wdPthout inplying any limtation,
N, N- di et hyl f or mar ni de, tetrahydrofuran, acetonitrile, acetic acid,
met hanol , di chl oronet hane and toluene. - 5 - The conversion of the
conmpound of forrmula (VII1) into the conpound of formula (1) is _
carried bt canvessiorenpdreacampoupdeffdoabily (Yéthwiwa thel o@npend3gGormula (I) is
inclusive. . . Th resent invention relat. al 10 a process for the
synt hesi §Hfd ?%t&?ég%%%ﬁtareoqle%@rb%p%fwfiirj @?&@5%8 @r%]ﬁﬁltsw " conpound

of formula (VIIl), characterised in that said 5conpound of formula
(M11) is prepared starting fromthe conpound of formula (IX): Me MeO
whi ch’ i sTeomsertethventian tdlelet olspoignd pspcesofpruthg gyxyhesiveef Mg compound of

formula (I) starting from the compound of formula (VII), characterised in that said

5 compound of formula (VIII) is prepared starting from the compound of formula (IX):
O
MeO
H
IX),
MeO

which is converted into the compound of formula (X):
MeO . CN
MeO
in the presence of a phosphorus ylide and a base in an organic solvent,

10 which is converted into the compound of formula (VIII):

by a reduction reaction in the presence of a hydride donor agent in an organic solvent or

mixture of organic solvents,

which is converted into the product of formula (I):



(X) in the presence of a phosphorus ylide and a base in an organic

. sol vent,

towhich is converted into the compound of formula (M11): M

M CN (VIED by a reduction reaction in the presence of a hydride

donor

agent in an organic solvent or mxture of organic solvents,

which is converted into the product of6formula (1): - 6 - MO MeO

CN

10

15

20

MeO CN
MeO Br

in accordance with the process described hereinabove.

Among the phosphorus ylides that may be used to carry out the conversion of the
compound of formula (IX) into the compound of formula (X), there may be mentioned,
without implying any limitation, diethyl cyanomethyl phosphonate and

(triphenylphosphoranylidene)acetonitrile.

The phosphorus ylide preferably used to carry out the conversion of the compound of

formula (IX) into the compound of formula (X) is diethyl cyanomethyl phosphonate.

Among the bases that may be used to carry out the conversion of the compound of
formula (IX) into the compound of formula (X), there may be mentioned, without implying
any limitation, potassium tert-butoxide, sodium hydride, triethylamine and potassium

hydrogen carbonate.

The base preferably used to carry out the conversion of the compound of formula (IX) into

the compound of formula (X) is potassium fert-butoxide.

Among the organic solvents that may be used to carry out the conversion of the compound
of formula (IX) into the compound of formula (X), there may be mentioned, without

implying any limitation, tetrahydrofuran, acetonitrile and toluene.

The organic solvent preferably used to carry out the conversion of the compound of

formula (IX) into the compound of formula (X) is tetrahydrofuran.

The conversion of the compound of formula (IX) into the compound of formula (X) is

preferably carried out at a temperature between -5°C and 120°C, inclusive.



(1) in accordance with the process descri bed herei nabove. Anpbng the
. phosphorus ylides that may be used to carry out the conversion of the
conpound of fornmula (1X) into the conmpound of formula (X), there may
be menti oned,

5wi t hout i npl yi nganyl i nmitation, di et hyl eyanonet hyl phosphonat eand
(triphenyl phosphoranylidene)acetonitrile. The phosphorus ylide
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mentioned, without inplying any limtation, tetrahydrofuran,
acetonitrile and toluene. The organic solvent preferably used to
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carry out the conversion of the conpound of

A mixture of organic solvents, preferably the mixture pyridine/methanol, may also be used
to carry out the conversion of the compound of formula (X) into the compound of

formula (VIII).

The conversion of the compound of formula (X) into the compound of formula (VIII) is

15 preferably carried out at a temperature between 25°C and 110°C, inclusive.

The present invention relates also to a process for the synthesis of ivabradine starting from
the compound of formula (I) prepared in accordance with the process of the invention and
converted into the compound of formula (III) following the teaching of the prior art
(Tetrahedron 1973, 29, pp 73-76) by an intramolecular cyclisation reaction in a basic
20 medium, said compound of formula (III) then being converted into ivabradine in

accordance with the process described in EP 0 534 859.
The Examples that follow illustrate the invention.

The melting points were measured using a BUCHI B-545 Melting Point Apparatus
(Volt. 230VAC, Freq. 50/60 Hz, Power max. 220W).



formula (X) into the compound of formula (VIII) is sodium

. borohydride. Anong the organic solvents that nmay be used to carry out
the conversion of the conpound of formula (X) into the conpound of
formula (M11), there may be nentioned, w thout inplying any
limtation, alcoholic solvents, such a8-nethanol and ethanol, and
tote trah ydrofu ran. A m xture of organic solvents, preferably the
m xture pytbELbsYevBlidadateq My al so be used to carry out the
conversion ol tne compound of forrmula (X) into the compound of

f or rul a PWIH:IN,N-dimethylfoffh@nidenver si on of the conpound of fornula (X)

into the of for a (MU1) is 15preferably carried out at a
temeratﬁ?gggg?é}g%%F%@@%%%mhq gﬂaé}?‘ge. The present invention

rel at es RBSOAKoRoRIRGESRIef Or the synthesis of ivabradine starting
fromthe conpound of formula (1) prepared in accordance with the
proéess wip-1meltingpemti on and converted into the conpound of formula

(rer) fa#. Wi the.teaching of the prior art (Tetrahedron 1973, 29,
pp 73-76 hg;\eegr%hﬁ%?f%%l ecul ar cyclisation reaction in a basic

20medi um said conpound of forrmula (111) then being converted into

i vabradi ne in accordance with the process described in EP 0 534 859.
The ExanBreparation At GH)oln(d.HdimethexephenyDproR-dtanghitrile g8 . | j st of

i qui o Chianat bar e R R bR A Bl in R T e
THF: t et goddtyeahr of usoated to 0°C. 8.2 g of diethyl cyanomethyl phosphonate (7.5 mL,
10 46.3 mmoles, 1.1 eq.) and subsequently 5.2 g of potassium tert-butoxide (46.3 mmoles,

1.1 eq.) are added little by little. The mixture is stirred for one hour at 0°C and then

overnight at ambient temperature. The reaction mixture is hydrolysed using 175 mL of

water and extracted twice with dichloromethane. The organic phases are collected and the

solvent is evaporated off under reduced pressure to yield 7.69 g of the title product in the

15 form of a beige solid.

Yield = 96.5 %
m.p. = 93-98°C

Preparation B: 3-(3,4-dimethoxyphenyl)propanenitrile

To a solution of 1 g (5.3 mmoles) of (2E)-3-(3,4-dimethoxyphenyl)prop-2-enenitrile in
20 9.3 mL of pyridine and 2.8 mL of methanol there is added, little by little, 0.24 g of NaBH4

(6.3 mmol, 1.2 eq.). The reaction mixture is heated at reflux (100°C) for 9 hours. After

cooling to ambient temperature, the reaction mixture is added to a solution of 9 mL of

hydrochloric acid 37 % in 24 g of ice. The solution is extracted twice with

dichloromethane. The organic phases are collected and the solvent is evaporated off under
25 reduced pressure to yield 0.82 g of a red-brown oil which crystallises.

Yield =82 %

m.p. = 45-48°C



Preparation A: (2E)-3-(3, 4-di net hoxyphenyl ) prop-2-enenitrile 7 g of

. 3, 4-di net hoxybenzal dehyde (42.1 nmmol es) are dissolved in 84 nL of THF
and the solution is cooled to OC. 8.2 g of diethyl cyanonethyl
phosphonate (7.5 nL, 10 46.3 mmles, 1.1 eq.) and subsequently 5.2 g
of potassiumtert-butoxide (46.3 mmple8; 1.1 eq.) are added little by
little. The mxture is stirred for one hour at OC and then overni ght
at - ami epkah PR RN Rmd AS-diffkeheQPhEhipioBahénifind ol ysed using 175
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acid 37 %in 24 g of ice. The solution is extracted twice with

di chl or oVABE- Wik evaprrabrgyaiithe pHxau sinderaredied gressireahddtened & eplowigss od
evapor at gg. of . 2hr .pr.essur. ovyield 0.82 g of a

r ed- br omﬁglgﬁl&ﬁwgﬁgé‘ﬁééﬁgﬁﬁesgle‘g?%\éi’gﬁ(@e&i 82 % mp. = 45-48C Exanple
1: 3-(2-brono-4, 5-di net hoxyphenyl ) propanenitrile A solution of | g
(5.3 mm] es) of 3-(3,4-di net hoxyphenyl ) propanenitrile in 42 nL of DWVF
i s 18ool ed®$=G8.%To the resulting soiution there is added, little by

little, pu&gégpgﬁ:gl\;%%@i mmoles, 1 eq.). After stirring for 30

m nut es at reaction mxture is 5 brought back to anbient

t enper at oupe =i8d8®Ci rred for two hours. It is then hydrol ysed using
170 nL of water and extracted twice with 130 nt of ethyl acetate. The
organi ¢ phases are collected and then washed, first with saturated

aqueous RRARIRD: I -Hith@Ro Wl disa. 201bbaves Sliriefb-TedarB¥@BGleat i ng of f
t he sol vent under reduced pressure, 1.29 g of a colourless oil which
cryst al | Baswed onffiegabedibin 187339 pp 23-€60bt ai ned.

15 To a solution of NaNH,, prepared starting from 200 mL of liquid NHj3 and 1 g of Na
(catalyst: FeCl;) there are added, in portions, 54 g of 3-(2-bromo-4,5-
dimethoxyphenyl)propanenitrile and the reaction mixture is stirred at ambient temperature
for 2 hours. After evaporating off the excess NHj, 2 g of NH4Cl and 200 mL of water are
added in portions. The grey crystals formed are collected and recrystallised from ethanol to

20 yield 2.38 g of the expected product.

Yield = 74 %
m.p. = 84-85°C

Example 3: 3,4-dimethoxy-N-methylbicyclo[4.2.0]octa-1,3,5-trien-7-amine
Based on EP 0 534 859

25 Step 1: 3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-amine hydrochloride
312 mL of a molar solution of borane complexed with THF are added dropwise, and whilst

stirring at ambient temperature, to a solution of 25 g of 3,4-dimethoxybicyclo[4.2.0]octa-



10Yield = 98 % Purity (HPLC): 96.8 % mp. = 78-80C Exanpl e 2:

. 3, 4-di met hoxybi cycl o[ 4. 2. 0] octa-1, 3,5-triene-7-carbonitrile Based on
Tetrahedron 1973, 29, pp 73-76 15To a solution of NaNH2, prepared
starting from200 inL of liquid NH3 and 1 g of Na (catal yst: FeCh)
there are added, in portions, 5.4 g of1®B-(2-brono-4, 5-

di met hoxyphenyl ) propanenitrile and the reaction mxture is stirred at
anbi ent r f C
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3, 4-di met hoxy- N- et hyl bi cycl o[ 4. 2. 0]octa-1, 3,5-trien-7-anm ne Based on
EP 0 534 859 25Step 1:

3, 4- di me¥ddkyBi0cHcl o[ 4. 2. 0] ceta- 1, 3, 5-tri en-7-anmi ne hydrochl oride 312
m. of a nolar Q%,n%:uti on of borane conplexed with THE are added

dro Wlsem%n | st stirring at ambient tenperature, to a solution
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27.7 g of St e QhoBhordidt 5 WHhEf efahodior TSR £1oP QY Efapoupa

205C St epbtdine@tif¥tep 1 in 4.5 mL of triethylamine and 50 mL of dichloromethane and left
(3, 4-di met hoxybi cyclo[4.2.0]octa-1, 3,5-trien-7-yllcarbamate 1.5 int
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Ioro ane an overni stirring at a
terrper at wrdrynesBsh2 pof wh bh cmﬁé@ronamg twnehxbwdcojsry)dn@mhd aisthinedci d is
then carried out. Drying is carried out and the solvent is evaporated
off to dryness. 3.2 g of an oil corresponding to the expected product

are obt aﬁ;&g&@._. 20 %

Step 3: 3,4-dimethoxy-N-methylbicyclo[4.2.0]octa-1,3,5-trien-7-amine

3.2 g of the compound obtained in Step 2 dissolved in 30 mL of THF are added to a
15 suspension of 0.9 g of LiAlH, in 20 mL of THF. Refluxing is carried out for 1 hour

30 minutes, then hydrolysing using 0.6 ml of water and 0.5 mL of 20 % sodium hydroxide

solution and, finally, 2.3 mL of water. The mineral salts are then filtered off, rinsed with

THF and then the filtrate obtained is evaporated to dryness. 2.3 g of the expected

compound are obtained.

20 Yield =92 %



Yield = 80 % Step 3:

. 3, 4-di met hoxy- N-rnet hyl bi cycl o[ 4. 2.0]octa-1, 3,5-trien-7-amne 3.2 g
of the conpound obtained in Step 2 dissolved in 30 nL of THF are
added to a 15 suspension of 0.9 g of LIAIR, in 20 nL of THE Refl uxi ng
is carried out for I hour 30 mnutes,-tlhen hydrol ysing using 0.6 nil
of water and 0.5 nL of 20 % sodi um hydroxi de sol ution and, finally,
2.3 inL (79NR 41H; sal fol 1 off . ~rd d

w th Tl oS A Ry S b e P e P B P nRe
g of theBesedeatERI0 684 B8UNd are obtai ned. 20Yield = 92 % Exanple 4:
(7S)-3, 4-di met hoxy- N-net hyl bi eyel o[ 4. 2. 0] octa-1, 3,5-trien-7-am ne
Based on EP 0 534 859 The amine obtained in Exanple 3 is reacted with
an equi Mphar, FIPUMiAtd () EXampROBSYL RBRREE Ao il RoBIRARMOlamofht &F (d)
evaporating off the solvent in vacua, the salt is g recrystallised
first frompmonyplphaost atié imadandlie Affer emapesingnoft thd solvent ik viedie, ther gt is

enantioner is.obtained with an optical purity of. re.than 99 % .
Coval uat BarssiReRest et Akl ped feaRois ity TERSie tayzet ehintiomer
343- Ul ( 7R)obdidedi TR Lh Ml eveitypbAmdrddhas Dwﬁga@datddecry APYC! oreh ylrhicer®
t hyDam noM opy1} -7, 8-di net hoxy-1, 3-di | | ydr o- 2H 3- benzazepi n- 2- one
10Based OR ®@hmgnk34 859 A sol-ution of the (d) canphorsul phonate salt
obtained in Exanple 4 in ethyl acetate is brought to basic pH using
sodi um hydroxi de and then the organic phase is separated off, washed,

dried OVExampRIDS-B[(@SRBA-dhRthoxybicydlo[d.2100cea-2 B P asad 79 nkethyly- of
pot assi um carbonate, 2.2 9 of the above amine in 100 ilk 150f acetone
and 4 g @pethyl)amino]propyl}-7,8-dimethoxy-1,3-dihydro-2H-3-benzazepin-2-one

3-(;-10 geggx%ggi§4 ggsgret hoxy- 1, 3- di hydr o- 2H- 3- benzazepi n-2-one is

then refl uxe ours. The solvent is evaporated off in yam and
t he resi duslitont akee (dp campledrylphaced sdleobahed heExaxipladtiadtivyl tdeetdi is
hydrochl ori c acid. The aqueg(#ls phase sep i S

1

basi ¢ pHTQUEHdO LHF IH RyBE Sxdae hlkioride b5 endhe BsaepRoTatE o Sieﬁgfgfeﬁﬁfﬂ
vapor ai A R e A bt ai 1 405 g of an of | which is
puri f i edAonixauirs compeased ®lf Brng o pcptgssiwmicmtbunme,o’ii g of the above amine in 100 mL
di CI? or Oo z;[cgt%plee:/an Elhgao ~(3(-190%/o%r%}>yﬁ—sl,8e—ld%e%dxy—1,3—dihydro—2H-3—benzazepin—2—one
is then refluxed for 18 hours.
The solvent is evaporated off in vacuo, and the residue is taken up in ethyl acetate and then
extracted with 3N hydrochloric acid.
The aqueous phase separated off is brought to basic pH using sodium hydroxide and is
20 then extracted with ethyl acetate. After washing until neutral and drying over MgSOy,
evaporation in vacuo is carried out to obtain 4.5 g of an oil which is purified on a silica

column using a mixture of dichloromethane/methanol (90/10) as eluant.
Yield = 64 %

Example 6: 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-ylJmethyl}-

25 (methyl)amino]propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2H-3-benzazepin-2-one
Based on EP 0 534 859
5 g of the compound obtained in Example 5 in 50 mL of glacial acetic acid are

hydrogenated in a Parr apparatus under a hydrogen pressure of 4.9 bar at ambient



Yield -= 64 % Exanpl e 6:

. 34341[ (7, S) -3, 4-di net hoxybi eyel o[ 4. 2. 0]octa-1, 3,5-trien-7-ylimethyl| -
25( met hyDam nel propyl | -7, 8-di net hoxy- E3, 4, 5-t et rahydr o- 2H 3- benzazepi
n- 2-one Based on EP 0 534 859 5 g of the conpound obtained in Exanple
5in 50 nL of glacial acetic acid are-Rydrogenated in a Parr
apparatus under a hydrogen pressure of 4.9 bar at anbi ent

tenperat ﬂéﬁ‘%e;a@t[re 26 DOMGEs i ihk PResBh&SENC opFalﬂadg.lr@ilycﬂl%Hd%ql()% The catalyst
hydroxi de 10 % The catalyst is filtered off, the Solvent is

evapor at sdilefdd offindie tshbant isevdporated offiaed ithentthk dry tgsidun isvaken varid water

ethyl acetate. The organic phase is dried, over aphydrous magnesi ym
sul phat e?nC‘ilSﬁ“é’érﬁthﬁfeT oS /Y chuBh'i‘lsg l:safl???ed)VSﬁtanaﬁ%o?%éﬂagPﬁ%uWeﬁ gote.
i s purifigde@RnShiaef &Otd#8d BUShmDthdn Thtddide s purified on a silica column
di chl or onet hane/ met hanol (95/5) as eluant. After recrystallisation

fr oM et hydingaa stistues of2dighlofomdieaneimpeibansd (¥VdpsuernarAfteyoeeaiyplalisatiqrefrem
=40 % m% 1. Pr RGEas for the synthesis of

- 101-103C.. - 13- CLALMNS
the conp B#c?cgtﬁéférgrﬂ%“&e TRPPetefEORiPudgre obtaite

Yield =40 %
m.p. = 101-103°C



characterised in that the conpound of fornmula (VIII): is subjected
.to the action of N-bronosuccinimde in the presence of an organic
solvent to yield the conpound of fornmula (1). 2. Process according to
claiml, characterised in that the organic solvent used to carry out
t he conversion of the conpound of form#-a (VIII) into the conmpound of
10fornmula (1) is selected from N, N-di net hyl f or mam de,

tetrahydrol uran, acetonitrile, acetic acid, nethanol, dichloronethane
and toluene. 3. Process according to claim?2, characterised in that

t he organi c solvent used to carry o@iLAMSconversion of the conpound
of formula (M 1I) into the conpound of formula (1) is

N, N- di net hyl f ormam de. 154. Process according to any one of clains |

to 3, charapiReds$6enk Rydchéxis bfBe QMY FPo@iuld 1§ conpound of formula
(M11) into the conpound of forrmula (1) is carried out-at a

tenperature between -10C and 30C, inclusive. - 14 - MeO MO (IX),

MeO CN
MeO Br

characterised in that the compound of formula (VIII):
MeO CN
D/\/ (vim
MeO

is subjected to the action of N-bromosuccinimide in the presence of an organic solvent

to yield the compound of formula (I).

2. Process according to claim 1, characterised in that the organic solvent used to carry
out the conversion of the compound of formula (VII) into the compound of
10 formula (I) is selected from N,N-dimethylformamide, tetrahydrofuran, acetonitrile,

acetic acid, methanol, dichloromethane and toluene.

3. Process according to claim 2, characterised in that the organic solvent used to carry
out the conversion of the compound of formula (VII) into the compound of

formula (I) is N,N-dimethylformamide.

15 4. Process according to any one of claims 1 to 3, characterised in that the conversion of
the compound of formula (VIII) into the compound of formula (I) is carried out at a

temperature between -10°C and 30°C, inclusive.

5. Process according to claim 1, characterised in that the compound of formula (VIII) is

prepared starting from the compound of formula (IX):



which is converted into the conmpound of formula (X): Me Me (X) in
. the presence of a phosphorus ylide and a base in an organi c sol vent,
5which is converted into the conpound of formula (VIIl): MeO Me CN

by a reduct
an organic
according t

ion reaction in the presence of a hydridc donor agent in
solvent or m xture of organi4c sol vents. 6. Process
o claim5, characterised in that the phosphorus ylide used

to carry 10out the conversion of the conpound of formula (1X) into

t he conpound of fornula (X) is diethyl
(tri phenyl phosphor anyl i dene) acéfeBni 4
claim®6, characterised in that the
the conversion of the conpoundneb-to

formul a (X)

5
6.

10
7.
15 8.

cyanonet hyl phosphonate or

e Process according to
sphor us (8X)j de used to carry out
la (I X) into the conpound of

i s diethyl cyanonethyl phosphonate. - 15 -

which is converted into the compound of formula (X):
MeO e L CN
MeO
in the presence of a phosphorus ylide and a base in an organic solvent,

which is converted into the compound of formula (VIII):
MeO CN
T
MeO

by a reduction reaction in the presence of a hydride donor agent in an organic solvent

or mixture of organic solvents.

Process according to claim 5, characterised in that the phosphorus ylide used to carry
out the conversion of the compound of formula (IX) into the compound of formula (X)

is diethyl cyanomethyl phosphonate or (triphenylphosphoranylidene)acetonitrile.

Process according to claim 6, characterised in that the phosphorus ylide used to carry
out the conversion of the compound of formula (IX) into the compound of formula (X)

is diethyl cyanomethyl phosphonate.

Process according to any one of claims 5 to 7, characterised in that the base used to

carry out the conversion of the compound of formula (IX) into the compound of



formula (X) is selected from potassiumtert-butoxide, sodium hydride,
. triethyl am ne and potassi um hydrogen carbonate. 9. Process according
to claim8, characterised in that the base used to carry out the
conversion of the compound of forrmula (IX) into the conpound of
formula (X) is 5potassiumtert-butoxidd.- 10. Process according to any
one of clainms 5 to 9, characterised in that the organic sol vent used
to carry oufyfhf (?(9'1%’%1%&9@ Rl ?Bﬁsﬁ&@@#&%t&ﬁd& Qb@hAn{diife, by thiife
conmpound of {orrm a I's seleCted fromtetrahydrofurahn,

acet oni t ri | sndgpudassmhuleytizogen ddrbdAa@cess according to cl ai m 10,
characterised in that the organic solvent used to can-y toout the
conversion of the conpound of fornmula (1X) into the conpound of

formul a §X) picsedselct@ivily &f BLaR. 8, lhardClePSE&P tn 806 AR&ibAG hRdaRYcARL off the
clains 5 to 11, characterised in that the conversion of the conpound
of formul a ¢dnxprsiant of theecosepapodrd fofmflar(h¥) anto Xhe icompapmiedl dermuda ) is
t enper at ure_bet ween gcf‘ ar(‘id 120C, inclusive. 1513. Process according
to any one BI¥UR REBUPHYS > characterised in that the hydride donor
agent used to carry out the conversion of the conpound of formula (X)
into the compound of fornmula (VIII) is selected from sodi um )

bor ohydr 1%eProgestaacarding ée ary eng of ¢lpiaspy @b sbaragieripd/itthag e qrgpie golvent

acid in the presence of P C): 4 I S. '

fo ol ai m 19 SHTGFAET ot WEE T hner e on b Er iRl R 5 REE S e
carry out téffoaaiyEXs isaaleofedtfiten eompodiothrad, ataomuila agKolugneo t he
conpound of formula (VII1) is sodium borohydride. 15. Process

accor di ngbto any one of clains 5 to 14, characterised in that the
or gani ¢ Eb| Rieaess usearding teataipn Hhtchameterssviartbatdhe ofganitesadmh gsaddlogrrry

LORERENE TR, i e R

pyri di ne/ meis h@ndlydrofurad.6- 16. Process according to claim 15,
characterised in that the organic solvent used to carry out the
conversi on of the conpound of fornula (X) into the conpound of i

f or mul a 12/ Priopess sicedydingity any engot ¢laintey ifet hghencterisedzn tipy gheeeapversion of

conversi on OF BIREUELREETHROT0 bR AL <o pBLAFKPRRR R g o aca

formul a (VItehpetasure Betnicesl -37@ arrlt 128°C, inclusive.

15 13. Process according to any one of claims 5 to 12, characterised in that the hydride donor
agent used to carry out the conversion of the compound of formula (X) into the
compound of formula (VIII) is selected from sodium borohydride, ammonium formate

in the presence of Pd/C, and formic acid in the presence of Pd(OAc)..

14. Synthesis process according to claim 13, characterised in that the hydride donor agent
20 used to carry out the conversion of the compound of formula (X) into the compound of

formula (VIII) is sodium borohydride.

15. Process according to any one of claims 5 to 14, characterised in that the organic
solvent used to carry out the conversion of the compound of formula (X) into the
compound of formula (VIII) is selected from methanol, ethanol, tetrahydrofuran and

25 the mixture pyridine/methanol.



tenperature between 25C and 110C, inclusive. 18. Process for the
.synthesis of ivabradine, pharmaceutically acceptable salts thereof
and hydrates thereof, characterised in that the conpound of formula
(VII'l1) is converted into the internediate of fornmula (1) according to
the process of claim1, and then the 1®-internmedi ate of formula (1)
is converted into ivabradine, which may be converted into addition

sal ts theg epnfocg\éstiacﬂ'dﬁﬁatﬁr@ﬁﬁpu Ccﬁbr'a&eﬁ%ﬂ%ﬁ&' the @ a@llc,s&)ll@é?ﬁ asbdf oAy
hydrochl ori c acid drobrom c acid, sulphuric acid, phosphoric acid,

aceti c aci doutt thef Icuovezraoet ok thei ebmpamodi of doimdylap@Xuvnto g dompaumﬁhqu
aci d, succi |c taric acid, fumaric acid, tartaric acid,
mal ei ¢ aci d'°F ?‘rd\&llégltge MUHES T ”}férpgt,%d alic acid,

15net hanesul phoni ¢ aci d, benzenesul phoni ¢ acid and canphoric acid,

and into hydrates thereof
17." Process according to any one of claims 5 to 16, characterised in that the conversion of

5 the compound of formula (X) into the compound of formula (VIII) is carried out at a

temperature between 25°C and 110°C, inclusive.

18. Process for the synthesis of ivabradine, pharmaceutically acceptable salts thereof and
hydrates thereof, characterised in that the compound of formula (VII) is converted
into the intermediate of formula (I) according to the process of claim 1, and then the

10 intermediate of formula (I) is converted into ivabradine, which may be converted into
addition salts thereof with a pharmaceutically acceptable acid selected from
hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid, acetic acid,
trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, glutaric acid,
fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid,

15 methanesulphonic acid, benzenesulphonic acid and camphoric acid, and into hydrates

thereof.



