gIE}N PROCESS FOR THE SYNTHESI S OF
- ( 2- BROWD- 4, 5- DI METHOXYPHENYL) PROPANENI TRI LE, AND APPLI CATI ON

, , IN T
SYNTHESI S OF | VABRADI NE AND ADDI TI ON SALTS THEREOF W TH A =
PHARMACEUTI CALLY ACCEPTABLE ACI D The present invention relates to a
process for the synthesis of (3-(2-brorp-4,5-

?' ttnﬁt hox \Dg’n anenl s e of zfg 1 4(50)1 1ETTonY M/Q)P RenARY.E
o e R A S L e b iR e o
S ere UFRGELN hCatrrxsaccapt abI e aC| d. The
conpound of forrmula (I) obtai ned in accordance with the process of
Elhf)l nventhboplcls@nugﬁ/%hldmﬂ rr[clahog syt hesdess ofor i thabsydhases of (Cot2nroao-4.5-
[(7S)-3, 4hxdq:thet>hvbﬁly)ﬂim9mﬂé{“4rﬂz obfgeda @):3, 5-trien-7-yl | met hyl |
(met hyl )am nol | Dpropyl [ -7,8-dinmeth o xy- 1
, 3,4,5-tetrahydro-211- 3- benzazepln- 2- One,

MeO CN
MeO Br

and to the application thereof in the synthesis of ivabradine and addition salts thereof with

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 (I1):

OMe
(1D,
OMe

MeO
N «—/___\N
MeO /

or 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa- 1,3,5-trien-7-ylJmethyl} (methyl)amino}-
10 propyl}-7,8-dimethoxy-1,3 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.



whi ch may be converted into an addition salt thereof with a
pharmaceutically acceptable acid selected from hydrochl oric acid,

hydr obrom ¢ aci d, sul phuric acid, phosphoric acid, acetic acid,
trilluoroacetic acid, lactic acid, pyruvic acid, malonic acid,
succinic acid, glutaric acid, fumaric atid, tartaric acid, maleic
acid, citric acid, ascorbic acid, oxalic acid, 15methanesul phonic
aci d, benzenesul phoni.c acj.d and canphoric acid, and into. hydrates
thereof IMVoRBdiag Ard ”én%ffq“t‘%“ égéﬁ it na%a%aw?@a ﬁ%ﬁ?%lfeﬁ?ﬁic%ﬂ yore
accept abl &,a6i) ian%ngfcﬁlo‘?glg,eq{a@U Yeryt $aRYBIE0phh@IdcERgichRVAdY @ligtapeutic
val uabl e phar col ogircal and therapeufic properties, especially .

br adycar diropgtieperspeas]y reddyegdichpseeommpowkde twst ompoupfe useful in the

treatnment or prevention. of various.clinical.situat|i Of - [

| Sonaon drSUEhN a8 Bt ToRt PSS st af g Y SRR LAHRERR A
assogi at %g{rﬁ}’;ﬁ]&mr@[ $hchANg ESfar@h A Bssbbiatedrhgthen plisrirbhiags,ead also in
i nvol ving rhythm di st urbances, especially supraventricul ar rhythm

di st ur bancesps gatholagi¢se ol ving fytem W@T%‘”r"éﬁhreéf’?%ﬁlyaﬁ‘dprﬁ‘@r“é At fhythm
use of iv Qr‘dine and %%%T%QRﬁéion salts with a pharmaceutically
accept abl BSHHA Y 'Rore  especial Iy its hydrochl oride, have been
described in the European patent specification EP 0 534 859. That

patent specification describes the preparation of jivabradjine starting
from 3, 4-Thii mserHesipBi @yé| Brmpouly] gt ad ,“3%3@@?? g %Sc&‘?‘gﬁ?ﬁ’ tsraﬁtF ewbt? 4

formul a (;% Jaboh: eu%ﬁ{' ﬁi;%gﬁl%ﬁkv%gd?gmidnﬁﬁré r&gp&moﬁgql)@frod'hﬂfrmé! ald WBeen

15 H CN/le resolved to yie the conmpound of formula
(Mo 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 (11I):

MeO
MeO
\\

N

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

OMe
(Iv),
\ \):O:
N OMe
H

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

OMe
W),
\
N OMe
H

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



Gvle OM (V), which is reacted with the conpound of forrmula (VI):

O to yield the conmpound of fornmula (VI1): ONle the catalytic
hydrogenation of which yields ivabrad. 0, which is then converted
into its hydrochloride. The preparation of the conpound of fornula
(111) starting fromthe conpound of fortula (1) is described in
Tetrahedron 1973, 29, pp 73-76. That same document al so describes a
synthesis route for the conpound of fornula (1), starting from

2- br ono- 4, 5- di net hoxybenzal dehyde, in three steps in an overall yield
of 65% More recently, Zhao et al. have described synthesis of the

conpound of forrmula (1), st art ) éngﬁethoxyhenzaldehyde in
101! 407 474 A and .1

three steps in an overall yield
Chem Res. 2009, 7, pp 420-422)~ goound of ttBPnul a (1) is a key

internmediate in the synthesis of vabradirfe.

to yield the compound of formula (VII):

OMe
(V1D),
OMe

MeO —
N——/~—\N
MeO /
(0]

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

5 hydrochloride.

The preparation of the compound of formula (III) starting from the compound of

formula (1) is described in Tetrahedron 1973, 29, pp 73-76.

That same document also describes a synthesis route for the compound of formula (1),
starting from 2-bromo-4,5-dimethoxybenzaldehyde, in three steps in an overall yield of

10 65 %.

More recently, Zhao et al. have described synthesis of the compound of formula (1),
starting from 3,4-dimethoxybenzaldehyde, in three steps in an overall yield of 51 %

(CN 101 407 474 A and J. Chem. Res. 2009, 7, pp 420-422).
The compound of formula (1) is a key intermediate in the synthesis of ivabradine.
15 In view of the industrial value of ivabradine and its salts, it has been imperative to find an

effective process allowing (3-(2-bromo-4,5-dimethoxyphenyl)propanenitrile of formula (I)

to be obtained in an excellent yield.



In view of the industrial value of ivabradine and its salts, it has
been inperative to find an effective process all ow ng

(3-(2- brono- 4, 5-di net hoxyphenyl) propanenitrile of fornula (1) to be
obtained in an excellent yield. The present invention relates to a
process for the synthesis of the conpoufrd of fonnula (1): Mc MeO CN
characterised in that the conpound of formula (VII1): Mee MO (M)
Sis subjected to the action of a base in the presence of acetonitrile
in an organic solvent to yield the conpound of formula (1).

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

MeO CN
MeO Br

characterised in that the compound of formula (VIII):

MeO
Br
MeO Br

is subjected to the action of a base in the presence of acetonitrile in an organic solvent to

(41

yield the compound of formula (I).

Among the bases that may be used to carry out the conversion of the compound of
formula (VIII) into the compound of formula (I), there may be mentioned, without
implying any limitation, n-butyllithium, lithium diisopropylamide, potassium

10 bis(trimethylsilyl)amide, potassium tert-butoxide and potassium hydroxide.

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

into the compound of formula (I) is n-butyllithium.

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

15 implying any limitation, tetrahydrofuran and acetonitrile.

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

into the compound of formula (I) is tetrahydrofuran.



Anong the bases that nay be used to carry out the conversion of the
conmpound of forrmula (VII1) into the conpound of formula (1), there
may be nmentioned, w thout inplyinganylimtation,n-butyllithi

um | it hi undi i sopropyl am de, pot assi um 10bi s(tri nmet hyl sil yOam de,

pot assi um tert-but oxi de and potassi um hydroxi de. The base preferably
used to carry out the conversion of the conmpound of formula (VIII)

i nt th d.of | I i - Qut ithi A th .
sol vent's | Waponayigeol Fetrpevat  Tolet hink M8 et LEF (R
of formul a6 bt h M iEroRERABNIILQvebiPleRut and 230C ihgigvéray be

mentioned, wthout 15inplying any lTimtation, tetrahydrofuran and
acetonitrile. -5- the conversion of the conpound of formula (VIII)
into the compound of fornula (1) is carrjed:ou - t .
pr ef er abl h%BVﬁE nmy%§8naﬁﬁﬁﬁ%&%oﬁﬂc?&@¥§%%ﬂ*h%mgégggﬁsqﬁﬁ@%ﬁ#ﬁ%ﬁund(ﬁ
rel ates afosQuiaO(If sRIrQEE ok Qhe tdMpSYIMt RESomelh (WIE),C cipautertkedfin that said
formula (I) starting fromthe conpound of fornula (VII

. . ! ) .
char &ct er ¢asepung of Framuds( V11 énpyseated Sarting i Qle(ogmpp)mé af forapladBY:
starting fromthe conmpound of formula (IX): which is converted, by a
brom nat on reaction, into the conpound of formula (VII1): MeO

Mel ) 0
MeO
H
e
MeO

which is converted, by a reduction reaction, into the compound of formula (X):

MeO
OH
(X3,
MeO

which is converted, by a bromination reaction, into the compound of formula (VIII):

MeO
Br
MeO Br

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

MeO CN
MeO Br

in accordance with the process described hereinabove.



CN (1) in accordance with the process described herei nabove. The
reduction reaction perfornmed on the conpound of fornula (IX) may be
carried out under the conditions described in the publication Og.

Bi onrol . Chem 2010, 8, 539-545. The brom nation reaction performed on
t he conpound of fornula (X) nmay be carrfed out under the conditions
described in the publication Chem Eur. J. 2010, 16, 9772-9776. 5The
present invention relates also to a process for the s hesis of .

i vabr adi nEhes tedpeiHgrRE PHEESHBURG %fnPPBPﬁflrﬁf dorppula éﬁ@p’gﬁ%i’eicﬁmed out
accor dancg W it 08 BEOGRSSH&S inltREp ISR OFy. FMIngOBYERI R 0] ALB9LS
conmpound o}d\% or r%uFa 1?{130? ?o‘f%ol\r/lvi ngpt he teac%’?né of the prior ’art9 '
(Tetrahedron 1973, 29, pp 73-76) by an intranol ecul ar cyelisation

reaction in a basic nmediu id d of for.oul i
Conver ¢ ed b HBRAR BN F DoREL o dneem e e Rpe Bl el R e
in EP 0 53%1.BBR coliiBofXAMRHES! hhBd pidHchiM ChdmShr-ar @othel 6, DVERYT TN
The nelting point was neasured using a BCICHL B-545 Melting Poi nt

Apparatus (Volt. 230VAC, Freq. 50/60 Hz, Power max. 220W. List of

abbrevi ations us | 5ni p. : i [ . . T e
5 Jic present gwegt%rp ielatts £|11£(% 9 Br Icef]sts 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 (I1I) following the teaching of the prior art
(Tetrahedron 1973, 29, pp 73-76) by an intramolecular cyclisation reaction in a basic
medium, said compound of formula (II[) then being converted into ivabradine in

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

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

List of abbreviations used

15 m.p.: melting point

THF: tetrahydrofuran

Preparation 1: (3,4-dimethoxyphenyl)methanol
Based on Org. Biomol. Chem. 2010, 8, 539-545

10 g (60.2 mmoles, 1 eq.) of 3,4-dimethoxybenzaldehyde are dissolved in 300 mL of
20 methanol and the solution is cooled to 0°C. 2.73 g (72.2 mmoles, 1.2 eq.) of NaBH4 are
added in portions and the reaction mixture is stirred for 20 minutes and then hydrolysed
using 10 mL of 1M aqueous HCI solution until the medium is at neutral pH. The solvent is

removed under reduced pressure and the residue is extracted using 3 x 50 mL of



T1111: tetrahydroffiran Preparation 1: (3, 4-dinmethoxyphenyi)netbanol
Based on Org. Mama Chem 2010, 8, 539-545 10 g (60.2 mmoles, 1 eq.)
of 3, 4-di net hoxybenzal dehyde are dissolved in 300 nL of 20 nethanol
and the solution is cooled to OC. 2.73 (72.2 moles, 1.2 eq.) of
NaBH4 are added in portions and the reaction mxture is stirred for
20 m nutes and then hydrol ysed using 10 niL of 1M aqueous HO sol ution

until the mediumijs a neutral H. The soI enyv de

reduced pﬁ"é‘%gﬁ‘r“éeﬂé%‘& & PesPiquasss &G F%’E‘ ’ugl %‘%’e&q\g%&ﬁt ﬁlftered and
di chl or Om&%g@xﬂ%'tcd-rtnﬁlcpfeﬂaﬂécpprgﬂﬁﬁee@ yH1€ 9‘8‘8"}?&%@& @il ed over MgSO4,
filtered and concentrated under reduced pressure to yield 9.88 g of a

clear oil. Yleld - 98 % Preparation 2:
1- bronD VVVVV gggpthyl) 4, 5-di net hoxybenzene 5Based on Chem Eur. 1
2010, 16 2 76 To a solution of (3,4-dinmethoxyphenyOnret hanol ( |

01.5 nnDIes 14.85 m, 1 eq.) in 80 nL of glacial acetic acid there
are added, at 0C, over 30 m nutes, of dibrornine (116.8

mol es, 1Pricpasation 2:nl- !I!BOIm)LZ (bGPmQFIUE@Hd) 4 5cdipiethoxybanzepse reacti on
Xt ure | 3,850, 3 BKY 3ganpaLgieq brovant back to anbi en

tenpératu I's'Stopped in order to allow in the
- br ono- 2- (bronnnethyl) 4,5- dlnethoxybenzene to precipitate conpletely

overnight. The precipitate is filter ed wi.ith a oI and .
recryst al T getp! W%"g&ﬁe{ﬁ@let hog ypheay mﬁ a@‘)lgw@?@ MY - ];/TEEH] Baf 209 in
powder. Y g 80Rh&e hre added, at 0°C, 30 minutes, 6 mL of dibromine
3-(2- bron%?&g(ﬂggungégéygﬁeny Srgb%ngnlﬁrlleOY%To %1solut|on of 0.3

nL of acetiofistminbks( 513 cqinnl é&mllotaglmpl)accptw apisl. fihe peaciprmixiyey is stifred for

added, at_-60C, L but yl.1 1t hi um cy.cl e

m nol es, 1ﬁWéd“§ﬂ“ﬁﬂ’mﬁ%ﬁ&?ﬁ%ﬂ‘wﬁ)gFg??%ﬁaﬁ ' Eg“ﬁggu?ggéﬁp‘n%%gpggﬁw
then,l g @ 1151%%011(@@&}%&%3@& B%lﬁmt‘ﬂm'éybedkél’ﬁt B PrydiginaenempRtedy overmght
nmol cs) dissolved in 5 THF i s added. The reaction gé ture

stirred fbbcmﬂhmuﬁwaﬁdﬂkﬁ@hﬂﬁyWﬁ%K9§@ﬂlﬂ@ﬂﬁ@ﬂf@>ﬁEmdﬂa“é IvthmHMHMtO
extracted t i §F§ @*} fate. The organic phases are
conbi ned Hﬁ evaﬁ8 dﬁced pressure. The crude reaction
product is purified by chronatography on silica gel (eluant:
met hyl eyel ohexanel et hyl acetate (70/30)). After evaporating off the
sol vent uhtd “Péduced pressure, 505 ng of an orange oil which
crystallises in the formof a beige solid are obtained. 25Yield = -
58 %

Example 1: 3-(2-bromo-4,5-dimethoxyphenyl)propanenitrile

15 To a solution of 0.3 mL of acetonitrile (5.8 mmoles, 1.8 eq.) in 15 mL of THF there are
added, at -60°C, 1.77 mL of n-butyllithium (2M in cyclohexane, 3.5 mmoles, 1.1 eq.). The
solution is stirred for 15 minutes at -60°C and then 1 g of 1-bromo-2-(bromomethyl)-4,5-
dimethoxybenzene (3.2 mmoles) dissolved in 5 mL of THF is added. The reaction mixture
is stirred for 1 hour and then hydrolysed using 10 mL of water and extracted twice with

20 ethyl acetate. The organic phases are combined and evaporated under reduced pressure.
The crude reaction product is purified by chromatography on silica gel (eluant:
methylcyclohexane/ethyl acetate (70/30)). After evaporating off the solvent under reduced

pressure, 505 mg of an orange oil which crystallises in the form of a beige solid are

obtained.

Yield = 58 %
m.p. = 74-81°C

[
wn



nip. = 74-81C -8- Example 2:

3,4-dinetti oxybi eyel o[ 4. 2. 0Jocta-1,3,5-triene-7-earbonitrile Based on
Tetrahedron 1973, 29, pp 73-76 To a solution of NaNl142, prepared
starting from200 nL of liquid N1-13 and 1 g of Na (catalyst: FeCl 3)
there are added, in portions, 5.4 g of -8-(2-brono-4,5-

di met hoxyphenyl ) propanenitrile and the reaction mxture is stirred at
anbi ent tenperature for 2 hours. After evaporating off the excess

NH3, 2 g of NH4C1 and 200 rnL of water are added in portions. The
grey crys . ged e ac ahd b dgigseet hanol to
i ol d 2. S O O 2T A S SR A e =

84- 85C Exmmgel enJetrahedron 1973, 29, pp 73-76

:éi:,40dl5§2t "gg)éys@[ll\{_gg;t ct]{y LJEH\J z,C Ll(‘)elpgfr'e 's?elrgref\gt ?roilﬁ 30(? HIIIE Io?qiqﬁi@m}ﬂean%als %doioﬂa
3, 4-di net %)Sjg{:cypé(ggﬂ. frefl 0GEA- AdddD- tiff | §drtiordm Bet hydr o hBqRibii@no-4,5-
312 m, of a’nolar solution of borane conplexed with THF are added

dr opwi sc, diarethortiplesy)) peoprieniiriigyand tharprcian nisheisatigied at pgbient smperagHe
of 25 g of 3,4-di haoxyhi cycl 2 - N ar
T 375 Or Plond e h oY MR b By et e 2 5 0 LNEGL Y 200 b flovier e
200 ni 1_, xdikd &t paiohs. ame gidiedryadld éstnasddirs télieaciedgnd searpstallisw foern efhenolio
hour. 100 nL of 13N ethereal HCl are added dropw se. 27.7 g of the
expect ed Yelddudt & aF hegppestererroduct.  yield - 90 “11/0 20m p. = 205C
Step 2: ethyl

(3, 4-di net hoxybi cyclo[4.2.0]octa-1,3,5-trien-7-ypearbamate 1.5 nl,

of ethyl ¥hldrdfidanate are poured into a suspension of 3.4 g of the
conpound obtained in Step 1 in 4.5 m, of triethylam ne and 50 nL of
di chPor onBthané-&hl 1 eft over ni ght, whilst stirring at anbient
tenperature; washing with water and with IN 75hydrochloric acid is
then carried out. Drying is carried out and the solvent is evaporated
of f to drEresple B 34-diréthany-O-metuibissgdoidl-flgctaol B BetrieRpEaMRE pr oduct

are obtaiped, o 534859

312 mL of a molar solution of borane complexed with THF are added dropwise, and whilst
15 stirring at ambient temperature, to a solution of 25 g of 3.4-dimethoxybicyclo[4.2.0]octa-
1,3,5-triene-7-carbonitrile in 250 mL of THF and left in contact for 12 hours; 200 mL of
ethanol are then added and stirring is carried out for 1 hour. 100 mL of 3.3N ethereal HCl

are added dropwise. 27.7 g of the expected product are obtained.

Yield = 90 %
20 m.p. = 205°C

1.5 mL of ethyl chloroformate are poured into a suspension of 3.4 g of the compound
obtained in Step 1 in 4.5 mL of triethylamine and 50 mL of dichloromethane and left
overnight, whilst stirring at ambient temperature; washing with water and with IN
25 hydrochloric acid 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 obtained.



Yield = 80% Step 3: 34-di net hox y-N net 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 m. of THF are added to a suspension of 0.9 g
of LiAlHA in 20 inL of THE Refluxing is carried out for 1 hour 5 30

m nutes, then hydrolysing using 0.6 m &f water and 0.5 nL of 20 %
sodi um hydr oxi de solution and, finally, 2.3 nL of water. The m neral
salts are then filtered off, rinsed with THE and then the filtrate
obtained is evaporated to dryness. 2.3 g of the expected conpound are
obt ai ned.Yi\QldeL(gOQ/g % 10Exanpl e 4:

(7S)-3, 4-di met hoxy- N- net hylbl eyel04. 2. 0loe a , 3,5-trien-7-am ne Based
on EP 0 534 859 The ami ne obtained in Exanple 3 is reacted with an

equi nol ar _amunt of (d nphor.sul i ci.d, in.ethanol. After
eyaporati%@EéffAﬁﬁ@eéﬁ%végFmpﬁhﬂgﬁﬁg8gﬁﬁ@§§3g%5%¥ﬁngwvgiaIIised

first fr Oﬂhﬁgby kh2E5hAS B deRHaih b T KEm aesbrBd tix id0emunéf THFheetaddgeto a
enantioner 15is obtained with an optical purity of nmore than 99 %

(eval uat eghshynsiRLE 08 @ ofHiindicar 20DnEcfubkly. Refluxpeds sarmed out for 1 hour
3- 13- 110 ({p)idndk: BlamRl ARNYRI £ ¥GhOb S Ar AARRE Ay Bs Bt bF BossohlRdro¥ide
) . .
(et hy panidigder say Ehally, 8 Minitebhexser. 171 diteyd rsak bte3hoe itazd Riff) rRsohwith
Based on EP 0 534 859

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

compound are obtained.
Yield =92 %

10 Example 4: (7S)~3,4—dimethoxy-N-methylbicyclo[4.2.0]0cta~1,3,5—trien—7«amine
Based on EP 0 534 859

The amine obtained in Example 3 is reacted with an equimolar amount of (d)
camphorsulphonic acid in ethanol. After evaporating off the solvent in vacuo, the salt is
recrystallised first from ethyl acetate and then from acetonitrile until the target enantiomer
15 is obtained with an optical purity of more than 99 % (evaluated by HPLC on a Chiralcel”

OD column).

Example 5: 3-{3-[{ [(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yllmethyl}-
(methyl)amino] propyl}-7,8-dimethoxy-1,3-dihydro-2 H-3-benzazepin-2-one
Based on EP 0 534 859

20 A solution of the (d) camphorsulphonate salt obtained in Example 4 in ethyl acetate is
brought to basic pH using sodium hydroxide and then the organic phase is separated off,
washed, dried over Na;SO4 and eVaporated.
A mixture composed of 5.6 g of potassium carbonate, 2.2 g of the above amine in 100 mL
of acetone and 4 g of 3~(3»iodopropyl)—7,8~dimethoxy—1,3—dihydro—ZH~3—benzazepin—Z—one

25 is then refluxed for 18 hours.



20A solution of the (d) canphorsul phonatc 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 over Na2SO4
and evapor at ed. A m xture conposed of 5.6 g of potassium
carbonate, 2.2 g of the above amine in-10 nL of acetone and 4 g of
3(3-iodopropyl)-7, 8-di net hoxy-1, 3-di hydr o- 2H 3- benzazepi n- 2-one 25i s
then refluxed for 18 hours.  -10- The solvent is eva‘gﬁrateg of f ind h
vacuo, andng paveneds aaBotatedoffk dhagpo.i and ihieFidug by ik Whid qind geetate and then
extract ed w. LR 3NYIHOGRIAIHE o8l d- The aqueous phase separated of f
is brought to basic pHusing sodium hydroxide and is then extracted
Wi t h et hyThaegiaue phivet spasatsthofigs britvight webrsicapHarsthadsogivry hydeaxide and is

MySH4, evaporation.in_mato.is carried out. to tain.4. _of an_aqj,l
which is Papigiaged i §ﬁthlyi AEEET (ST &”s"]s'u‘?fagél Qe a&’?’ Ghythg SVbr MeSOs,
g i C?l?jor % methenebaes hang is(QRd0dutas Blaants. g ¥r eh dilmvBrdltis puliianph @ sdica
R7S) - 3, 4- cilnwt sy i mixedre ph dizhBroeethaidnethengl 94 FO\as|caphy | | ( met hypa

m nol propyl | -7, 8-di met boxy- E3, 4, 5-t etrahydro- 2H 3- benzazepi n- 2- one

i nBased on EP 0 534 859 5 g of the conmpound obtained in Exanple 5 in
50 nth of ygdi@eicalo,acetic acid are hydrogenated in a Parr apparatus
under a hydrogen pressure of 4.9 bar at anbient tenperature for 24
hours in the presence of 1 g of palladi um hydroxide 10 % The

cat al yst 'E§a’§1'! 1&&%2%_%{7&{%%@(1&,%%?}1% 3%10?4’3{6?6&5?%,thxfien@Wi]ntl(l}.ﬁﬂ}l he

dry resid at er ethyl "acetate. The ‘organic
phase is @néthgl)ombro] ardpydy-28sdinetivest U saleptahy dro-2 Hrt-brnraaepior?-pre
vanto is cayrled,o¢1§ ggg then the residue is purified on a silica

col uftn usPREIE XY aF8°et di chl or omet hanel met hanol (95/5) as el uant.

After reckystal ihbS@idh Qunkir oFBEAYIh BEREAESS 7 ) GALIdregRXpRCkett acid are
conpound are obtained. Yield 40 % 20nip.101-103C CLA S ,

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

temperature for 24 hours in the presence of 1 g of palladium hydroxide 10 %. The catalyst

is filtered off, the solvent is evaporated off, and then the dry residue is taken up in water

15 and ethyl acetate. The organic phase is dried over anhydrous magnesium sulphate,

concentration in vacuo is carried out and then the residue is purified on a silica column

using a mixture of dichloromethane/methanol (95/5) as eluant.

After recrystallisation from ethyl acetate, 2 g of the expected compound are obtained.

Yield =40 %
20 m.p. = 101-103°C



|. Process for the synthesis of the conpound of forrmula (I): MO Me

5characterised in that the conmpound of formula (VIII1): is subjected
to the action of a base in the presence of aeetonitrile in an organic
solvent to yield the conpound of fornula (1). Process

according to claim1, characterised in-tlhat the base used to carry
out the 10conversion of the conmpound of forrmula (VII1) into the
conpound of formula (1) is

sel ectedf rom-butyl lithiumlithiundiisopropyl am de, potassi um

bi s(trimethylsilyOam de, potassiumtegrtsjgsoxi de and potassi um
hydroxi de. 3. Process according to claim 2, characterised in that the
base used to carry out the conversion of the conpound of formula

(M11) into the c und of .formula (1) Jis.71- yllithium 4.
Process atco @F?ﬁé%%%gﬁ%mg?ﬁés %fgtﬂléfgpﬁr%&"f Ot%(l)cmgfu}‘lgﬁ racterised in that
the organic solvent used to carry out the conversion of the conpound
of formula (VIIl) into the conpound of fimula (1) is tetrahydro
furan. 5. Process according touany gne of ctains 1 to 4,
characterised in that the conversi -@' t he corrpg}md of formula
(M11) into the conpound of fonpy)- Es carried out at a

t enper at ure between -65C and 25&2 i ncl usfVe. 6. Process

ding to claim1, characterised in. that d of formul
(T 19 spiepareed e g erbnnt e s st Tormita (130 :

MeO
Br
MeO Br

is subjected to the action of a base in the presence of acetonitrile in an organic solvent

to yield the compound of formula (I).

2. Process according to claim 1, characterised in that the base used to carry out the
10 conversion of the compound of formula (V1) into the compound of formula (I) is
selected from n-butyllithium, lithium diisopropylamide, potassium

bis(trimethylsilyl)amide, potassium fert-butoxide and potassium hydroxide.

3. Process according to claim 2, characterised in that the base used to carry out the
conversion of the compound of formula (VIII) into the compound of formula (1) is n-

15 butyllithium.

4. Process according to any one of claims 1 to 3, characterised in that the organic solvent

used to carry out the conversion of the compound of formula (VIII) into the compound

of formula (I) is tetrahydrofuran.



Me MO (DC), which is converted, by a reduction reaction, into the
compound of formula (X): Me (X), which is converted, by a brom nation
reaction, into the conpound of formula (VIIl): NNeO Me O El 7.
Process for the synthesis of ivabradine, pharmaceutically acceptable
salts thereof and hydrates thereof chardcterised in that the conpound
of formula (VIlI1) is converted into the conpound of fornula (I)
according to the process of claim1, and then the cogglglé]nd of formul a

(ldzi i s convePiogessiareRsdingdpaayions of Ghieh [ iay BRIAEHS af fliegeonversion of
addi tion sal t.s ke i I o6
selected fr ottrlﬁ§ ﬁ%%ﬁégﬁ 8}:\?%%5%} Q\hﬁ{%%ﬁ gtgé cc)gnﬁ b%%(?gp%gﬁla%h@r iﬁgdag[ézﬁiddo,Ut aa
phosphori ¢ aeingeraacebetweas 65°Ctandl 2500y iodlesvec acid, |actic acid,
pyruvic acid, malonic acid, succinic acid, glutaric acid, ftimric
acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic
aci d, nethangsptLhemirgindahHaikenzanaseliRaonitkatant Gompshrdastbanile (VII) is
acid, and into hydrates thereof

5 prepared starting from the compound of formula (IX):
0O
MeO
H
(IX),
MeO

which is converted, by a reduction reaction, into the compound of formula (X):

MeO
OH _
(X,
MeO

which is converted, by a bromination reaction, into the compound of formula (VIII):

MeO
Br
MeO Br

7. Process for the synthesis of ivabradine, pharmaceutically acceptable salts thereof and

10

hydrates thereof, characterised in that the compound of formula (VIII) is converted
into the compound of formula (I) according to the process of claim 1, and then the
compound of formula (I) is converted into ivabradine, which may be converted into
15 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,

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

20 thereof.



