NOVEL: METHOD FOR SYNTHESI ZI NG | VABRADI NE AND THE ADDI TI ON SALTS
THERECF W TH A PHARMACEUTI CALLY ACCEPTABLE ACI D The present invention
relates to a process for the synthesis of ivabradine of fornula (I1):
or 3-13-R

[ (75) -3, 4-di net hoxybi cyclo[4.2.0]octa-1,3,5-trien-7-ylinethyll (methyD
am noj - '

propyl | - Richedi metis Kok RAINELSed Ak 3 e j 0-2-one
addition salts thereo%&mﬁgﬁggfF éi@@ﬁ% ?ﬁéégﬁgg- gﬁi}ﬁéﬁﬁqﬂHéﬁﬁPF
‘hydrates thereof |vabradine, and its addition saltSwth a
pharmaceutically acceptable acid, and nore especially 10 its
hydr ochl ori de, have very val uabl e pharnmacol ogi cal and therapeutic
proper t i ddie pesspricinedritipn belaidy taa pliocesriopthe sy @hesi@ii stgadiRosLioeaRRGDNDS
useful in the treatnent or prevention of various clinical situations

of nyocardi al i @enia such as angi na pectoris, nyocardial infarct
and associated r am di st ur bances, and al so in vaki ous@at hol ogi es

i nvolving rhythmdis anees,. especi al | ¢Hgup cul ar’ rhyt hm
di st ur bances, q)i- i hure. 15The prepar and theraQButic
use of ivabradrie’ and ~ i Ni-on-Sakts W a ically”
acceptabl e acid, and noreespécially its hydrochl oride,
described in the European patent specification EP 0 534 859. That
paten? specification descri beLthe synt hesi s of ivabradine
hydrochl ori de starting fromthe conpound of forrmula (I1): -2- which
is reacted with the conpound of formula CH30

or 3-{3-[{[(7S5)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5 -trien-7-yljmethyl} (methyl)amino]-

propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one,

addition salts thereof with a pharmaceutically acceptable acid, and hydrates thereof.

Ivabradine, and its addition salts with a pharmaceutically acceptable acid, and more especially

10 its hydrochloride, have very valuable pharmacological and therapeutic properties, 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 pathologies involving rhythm

disturbances, especially supraventricular rhythm disturbances, and in heart failure.

15  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 synthesis of ivabradine hydrochloride starting from the

compound of formula (II):

OCH
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| [ am,
P

20 CH,HN OCH,




CH30 to yield the conpound of formula (1V): CH30 CH3 Cl1130 t he
catal yti c hydrogenati on of which yields jvabradine, which is then
converted into its hydrochloride. The dﬁ%advantage of that synthesis
route is that it results in ivabradine in a yield of less than 17 %
over the three steps as a whol e. In view of the pharnmaceuti cal
val ue of this conmpound, it has been inportant to be able to 10o0btain
it by an véfiéletreactedsyhl iRompptRteSormeiaytitt ng i n i vabradine in a
good yield. The international application WD 2008/ 065681 di scl oses a
met hod of preparing ivabradi ne hydrochloride in which the conpound of
formula (11): CH3HN OQﬁ%OpCHS - 3-

~==
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CH,O
O
to yield the compound of formula (IV):
CH,0 0T,
~ (‘:H3
avy,
CH,O N N o

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

The disadvantage of that synthesis route is that it results in ivabradine in a yield of less than

17 % over the three steps as a whole.

In view of the pharmaceutical value of this compound, it has been important to be able to

10 obtain it by an effective synthesis process resulting in ivabradine in a good yield.

The international application WO 2008/065681 discloses a method of preparing ivabradine
hydrochloride in which the compound of formula (II):

- OCH;
| [ | @
=

OCH,

is reacted with 1-bromo-3-chloropropane in the presence of potassium carbonate to yield the

. CH,HN

15 compound of formula (V):



OCH3 .OCH3 (V), which, without being purified beforehand, is reacted
wi th the conpound of foirnula (VI): CH30 CH30 5in the presence of
potassiumtert-butylate in dinethyl sulghoxide, to yield ivabradine
of formula (1), which, without being purified beforehand, is then
converted into its hydrochlorlde The overall yield of t hat synt hesi s
route is not mentioned in the application WO 20081065681. The
Applicant has found, however, that it is not _posshblje to prepare

i vabr adi ne hydrochlorlde 10 by repgodu gt rocedure described in
t he application W2008/ 065681. The "present |nv ntlon rel at es to a
process for the syntﬁaskg/aﬁ\LyaHr di o] &é) d|t|on
salts thereof with a pharnmaceuticalTly acceptable @@ and hydrates

t her eof : whi ch process is characterised in that the conmpound of
formula (M11):

which, without being purified beforehand, is reacted with the compound of formula (VI):

CH,0
NH (VI

CH,O
O

5 inthe presence of potassium ferz-butylate in dimethyl sulphoxide,
to yield ivabradine of formula (I), which, without being purified beforehand, is then converted

into its hydrochloride.
The overall yield of that synthesis route is not mentioned in the application WO 2008/065681.

The Applicant has found, however, that it is not possible to prepare ivabradine hydrochloride
10 by reproducing the procedure described in the application WO2008/065681.

The present invention relates to a process for the synthesis of ivabradine of formula (I),

addition salts thereof with a pharmaceutically acceptable acid and hydrates thereof:

CH,0

oul
D),
L0 N SN “och, (

which process is characterised in that the compound of formula (VIII):

15



OCH3 -CH I 3(VU'), OCH3 wherein X represents a halogen atom a

nmesyl ate group or a tosylate group, is subjected to an alkylation

reaction with the conmpound of fornula (T°X): CH30 CH30 S wherein A

represents H2G-CH2 or HC=CH, in the presence of a base, in an organic

solvent, to yield the conmpound of formula (VII): OCH0 10wherein Ais

as defined hereinbefore, and then,CH
l ] (VIID),

N X

OCH,

wherein X represents a halogen atom, a mesylate group or a tosylate group,

is subjected to an alkylation reaction with the compound of formula (IX):

CH,0 A
(IX),
CH,O o

3

5 wherein A represents H,C-CH, or HC=CH,
in the presence of a base,
in an organic solvent,

to yield the compound of formula (VII):

CH,0

CH,0 . _OCH

\ 3
Ai (’:HS l [ (VID)
N \/\/N / ?

10 wherein A is as defined hereinbefore,

and then,

" in the case where A represents HyC-CH,, ivabradine of formula (I), a particular

case of the compounds of formula (VII) and product of the alkylation reaction of

the compound of formula (VIII) with the compound of formula (IX), is isolated

15 and purified and then may be converted ‘into its addition salts with a

pharmaceutically acceptable acid selected from hydrochloric acid, hydrobromic

acid, sulphuric acid, phosphoric acid, acetic acid, trifluoroacetic acid, lactic acid,

pyruvic acid, malonic acid, succinic acid, glutaric acid, fumaric acid, tartaric acid,

maleic acid, citric acid, ascorbic acid, oxalic acid, methanesulphonic acid,

20 benzenesulphonic acid and camphoric acid, and into hydrates thereof,



in the case where A represents H2C-CH2, ivabradine of fornmula (1), a
particul ar case of the conpounds of forgul a (VIl) and product of the

al kyl ati on reaction of the conpound of fornmula (V111) with the

conmpound of forrmula (IX), is isolated 15 and purified and then may be
converted into its addition salts with a pharnaceutically acceptable
acid selected from hydrochloric acid, hydrobrom c acid, sul phuric

aci d, phosphor fc iadhacasacdictecAaeprdsents CHFOH, dacainmpbuad iofl forkdd (IV), product
acid, pyruvic acidg, oni.e acid, succinic acid, glutaric acid,

fumari ¢ aci d, tarog éli‘qngl(géﬁ“&}} reggfion; of ‘g% cempeynd: oicfornyla (VAowihite enppund
oxal ic acid, net ) C;caG| z ' | d :
canphoric acid, 2)231% ?ﬁ{tﬂghﬁ&fr gt gisb?%cﬁ%glgg% , @a{{ﬁg{{é ?ﬁg%n%g}gere\%ﬁgorne t?A yield
represents CH CH,ivabnadino wpdarulef (IX, owhigh ais (sMated pamid potifiaf ahthethen may be

all cylation reaction of .t he caonpound. of .fornmula (VLIL) with the.
corrpo%nd of for nﬁpﬁve(r% ot aggg’jogcf?gﬁw tg aapq%m’ﬁq%f’?aé?ytﬁﬁ?ﬁﬁ%ﬁé‘flfiéﬁle"ted
reaction to yi el drdnyBidraehioge &fid,[HARbrénld doid, WbRRd soid, SAbAHRHC ABH, acetic
purified and then may be 5 converted into its addition'salts with a
phar maceut i cal | y agide Epfugspasctie peids bctie peid, bymwivichgaid, ooalovic asidciugginic acid,
hydr obrom c aci d, L [ 1d, . ori.¢ acid, acetic acjd .
trifluoroacetic §(1:1?[%J100P§§:’t ﬁngb %8?"’8@3@%‘3?&% iIB, ‘el icémﬁcaicgi,’ ascorbic acid,
succini c acid, gloublir addanettlandsulphonic adid] BendeAssufghosicaidand BdBploric acid,
acid,_ citric acid, ,asc {ﬁt}i c acid, oxalic acid, nethanesul phonic acid,
benzEhesul phoni c 28¢ fHo Brdeaiskeli ¢ acid, 10and into hydrates

t hereof. Anong the bases that may be used to carry out the al kylation
reaction of the conpound of formula (VIII) with the conmpound of

f or nul a QAmxngtthe besesdbatbrayrbn tisedriedsaryi dut dbe alkpiatiyn nepctiony of ke ¢ehpomngd of

di hydr i t | tert-b | di t hanol at e, . . .
pot ass! ul Ry A AR hE R A0 s 3D 2t ey s urdhiabeh rteudammlne
car bonat gny linffa€ibe esdiemi Bydtidee Potaasitie té?ﬁS@t?rH&EdsoHRm? E}ﬁétlriari?%ﬁte,t P&tassium

al kyl ation reaction of the conpound of formufa (VITI) with the

conpoundhwsioxide. pafiamy rydroxide. mgtasytmscsrhonatesr cadsuty catbenatt\nong t he
solvents that may be used to carry out the al kylation reaction of the
conmpound of forrmula (VII1) with the conpound of formula (1X) there

nmay Eﬁe nerefdrarmeds g?l\iehhowllhe i;]amplug?emg) ediy dl;ﬁtrﬂ;& a}ldymgorﬁf@tzcgaﬂwﬁﬁw ¢ndgbund of
1, 4-di oxane, . di net sul phoxi de, tert-butanol, N, I

di et hyl Hpﬂléi:vgﬁ) “’yﬂ,k‘l’ibeo‘ioﬁ%ﬁ"h‘?flo E‘é’méliﬁ @X) Beingpaiassym psri-puiviaione.
Preference is given to the solvent used to carry out the al kylation
reacti on of the conpound of formula (VII1) with the conmpound of

f or mul a Amxhg e sodvatiantbatmhy behpidoricdey oththecadingiationdsaafonfoftirit@npound of

(Villa), parti r. es of the_.co u of forgula (V1)) .wherein .

X repr es%ﬁ‘l“glaa(%gmtﬁgﬁ%?of?wﬁéfg‘%%ﬁ‘?a Q( %ﬁ? 5’%%1‘%&%‘0’6 & I%Ety‘lméﬁbémg

group, adn§y NeMitation, tetrahydrofuran, 1,4-dioxane, dimethyl sulphoxide, tert-butanol, N,N-
20 dimethylformamide, N,N-dimethyl acetamide or N-methylpyrrolidone.

Preference is given to the solvent used to carry out the alkylation reaction of the compound of

formula (VIII) with the compound of formula (IX) being dimethyl sulphoxide.

The compounds of formula (VIIIa), particular cases of the compounds of formula (VIII)
wherein X'represents a bromine or jodine atom, a mesylate group or a tosylate group, are new
25  products which are useful as synthesis intermediates in the chemical or pharmaceutical
industry, especially in the synthesis of ivabradine, addition salts thereof with a
pharmaceutically acceptable acid and hydrates thereof, and as such they form an integral part

of the present invention.



25 products which are useful as synthesis internediates in the

chem cal or pharmaceutical industry, especially in the synthesis of

i vabradi ne, addition salts thereof wthba phar maceutical |y acceptabl e
acid and hydrates thereof, and as such they forman integral part of
the present invention. -6- The Exanples hereinbelowillustrate the
invention. List of abbreviations used: DMF: N, N-di methyl formam de
DVSO:  di mat Bxhmpleb RARHbERwWoillRstratdfheahratidne mel ting points (mp.)
wer e nmeasured using a Kofler block. EXAVPLE 1:

3-{3-1{[(7S)-3, 4-di net hoxybi cycl o[ 4.2.0locta-1, 3,5-trien-7-yll methyl}

- (nethygﬂggpghgéﬁgyhgugﬁg di met hoxy-1, 3, 4, 5- tetrahydro 2H 3-
benzaz de 10Step 1

3- chIoroIBMELN]Emnﬁﬂﬂﬂﬁnﬁﬁhh@xyblcyclo[4 2.0]octa-1,3,5-trien-7-yllne
thyl }- N |.pr n-1-am ne Potassium carbonate (9.9 g; 72 mml) is
added toDﬁé@Mgﬁeﬁﬁw‘ewezx 5- di met hoxy- 1-

(et hyl am nepethyDbenzocycl obutane (10 g; 48 mmol) in

1- brono- 3-chl oropropane (30 nL) After being in contact overni ght at
anbi ent tenperature the reaction mxture is 15 poured into a
nixture tllle t nd di ¢hl.or t hane (30 nL) After
separ atl H‘gd%ﬁg“gﬁrfﬁp(é%émeés%%ﬁ%% ofiex gglfx'l 11 C1, and then the
aqueous phase is brought to pH 9-10 after treatnment with 28 % aqueous
ammoni a sol ution. The or anic‘ghase obt ai ned after extraction of the

basi ¢ aqhZAMPhliate Fi{3-hiliSoPodimethpuyicy doldst eetavl,3,b-triien7-y1jnmethyl}-

wat er and then dried S obt
concentrati on under ?Q%E%lg%{g%mg iégldsl sl édggi}e{a *’%‘i@t%rsaphy
over silica (dichIorbﬂﬁhﬂ@ﬁ@&ghhmb@asaﬂahae 80/20) and 7.7 g of the

title product are obtained in the formof crystals. Yield = 56 % m p.
= 42-45C

10 Step 1: 3-chloro-IV-{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yljmethyl}-N-

methylpropan-1-amine

Potassium carbonate (9.9 g; 72 mmol) is added to a solution of (18)-4,5-dimethoxy-1-

(methylaminomethyl)benzocyclobutane (10 g; 48 mmol) in 1-bromo-3-chloropropane

(30 mL). After being in contact overnight at ambient temperature, the reaction mixture is

15  poured into a mixture of distilled water (30 mL) and dichloromethane (30 mL). After

separation, the organic phase is extracted with 2N HCI, and then the aqueous phase is brought

to pH 9-10 after treatment with 28 % aqueous ammonia solution. The organic phase obtained

after extraction of the basic aqueous phase with dichloromethane is washed with distilled

water and then dried over MgSOy4. The residue obtained after concentration under reduced

20 pressure is purified by chromatography over silica (dichloromethane/ethyl acetate: 80/20) and

7.7 g of the title product are obtained in the form of crystals.

Yield =56 %
m.p. = 42-45°C



-7- Step 2:

3-{3-1{K7S) - 3, 4-di met hoxybi cycl o[ 4. 2. Olg}cta 1,3,5-trien-7-yll met hyl)(
nmet hy1) -

am tiol propyl }-7, 8-di net hoxy-1, 3, 4, 5-tetrahydro-2H 3- bcnzazepl n- 2- one

Potassw ert- byt X 133 PR dto

Potass! LT b ULl gl (AR Bine ey TR a9k o QW*}XTG%D-
mml) lnaa‘xﬁ@pa&pﬂ}m;sedﬁne&mmer s,uw@tra@dﬁf-lzﬁts behm.epxﬂ-z:@m act for
hour at anbient tenperature there is added a solution of 3.5 g (12. 3

mol ) of the product obtained in the Step above in DMSO (4.7 nL).

After bei t ' t &7 4. 1 -

i xt ur o FoRs i JEHREAGN U DS 5 HhmB) Sy IRRRTIH 7 S BI AT L3R5

phase i stmahyéotﬁﬂwaemzeplhﬂ oxmcél@tge llmemnmlrblmwmqamdnmmsmperature
th disti er and.then dried o

h
oncens r &heb behaqnrtontpet fog el a;saggw dempgrafineotictn s S0t APy of 3.5 ¢
puri fi e ed d(tors %&%T%%Bﬁﬁct%b%ﬁn&l o 6 el shbverianBiisened ptivonolidh b4 in

5/0.5) and 3 of the title product are obtained in the
for m of awtmtlovelluglw@cambrqnt jemgeatote, émdeassl@d mixturhés pewed Sttephstlﬁﬁfé Mchter
=66 % I R 164

3oas. 11] ERRED snging B Auscld DRaseas 3Rispad i ¥nd Betius T SFhniiaed grepnic

(et hyl ) phases are washed with distilled water and then dried over MgSOy. After concentration under
am nol propyl) -7, 8-di net hoxi/- 1,3,4,5-tetr ahydr 0- 2H- 3- benzazepi n- 2- one

hydr 8&hl uéﬁél ey the r uerﬁhﬂ%l Bofbis pWifind e clrematpgraphy qyge sidice édighloro-
sol utionyp P@th?ﬁ{gﬂiﬁﬁoﬁ ad, NGl sifs )t Ny §Is§ SORY "ﬁﬂéﬁn&ﬂ@t a{ 6 Shti in the

in aceton|tr| ter béing In con act over

suspensi torm of ap@dl E@PLIhp @y 298%) hrdiudedlih dieatbxt Steg. of the title
product are obtained in the form 20of white crystals. Yield = 78 %
mp. = 125-128C -8- EXAMPLE 2: '

343- 11[ ( ¥Rld 3.66¢i net hoxybi cycl o[ 4. 2. Olocta-L3,5-trien-7-yl |l methyl)-
(met hyl ) am no] propyl} -7, 8-di net hoxy-L3, 4i 5-tetrahydro-2H 3-
benzazeplh{uone hydhdbinri2de-1206, 832 cm™.

15  Step  3: 3-{3-[{[(7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yljmethyl}(methyl)-
aminojpropyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one hydrochloride

IN ethereal hydrogen chloride (12 mL) is added to a solution of the product obtained in the
Step above (3.6 g; 7.6 mmol) in acetonitrile (40 mL). After being in contact overnight, the
suspension is cooled to 0°C and then filtered. 3 g of the title product are obtained in the form

20  of white crystals.

Yield =78 %
m.p. = 125-128°C



Step.1: .

3-chl oro-N-W'S) - 3, 4- di net hoxybi cycl o[ 4. 2. Olocta-L3, 5-trien-7-yl]nethy
| )-N5 net hyl propan-1-am ne The title préduct is prepared by foll ow ng
the procedure described in Step 1 of Exanple 1. Step 2: :

132))1( g: ﬁ I[ g@.—@%% Hg%{?&%[ﬁﬁ)%?ﬁ? éfh%x;glli%gctlg[h?z.()]octa—l,3,5-trien-7-yl]methyl}-

am nol propyl ) -7, 8- di (methgRsiminedpeop¥ 7 8-dBhktioxen3,aseRirahyd QREH-3-
Potassiumtert-butylate (1.7 g; 15.15 nmmo|) is added to a sol ution of
7, 8- di met hoxy- 1, 3- 1@%@%%&%@%@1&2 8in-2-one (2.94 g; 13 4
mml) in DVSO (12 nL) at anbient tenperature. After being in contact
for 30 mnutes at anbient tenperature there is added a solution of 4

g (14.1 ey ) lof t¢idoxprNiFS)-3/4t dinrethbxybidylk A2 Opeti-bG,Strégn-T-y1] NSy 1} - V-
(10 ni). Afﬁ{eli3 bei ng in contact overnight at anbient tenperature, the
react? on THERYBF@PI:E38UPEd into distilled water (100 nmL) and then the
aqueous phase is extracted with ethyl acetate. The 15 conbined

organi ¢ phases are washed with distilled water and then dried over
MySO4. Affhetitle prrdant is ardperedinydelowiag dbepropedss deseribe®l it Sgepof of Freanyple [le
product are obtained in the formof an oil (HPLC purity: 88 % and

used in the next Step. Yield = 87 IR (pure): v = 2788, 1656, -

1510- 140 8tepB838: 7BOCH(Y.S)-3dAimpthdxybicyclo[4.2.0]octa-1,3,5-trien-7-yljmethyl} (methyl)-
3-{34([(75).-3, 4-di met hoxybi cycl o[ 4. 2. 0] oct a-L3, 5-trien-7-yl'l nethyl)(m
et hyl ) - amino]propyl}-7,8-dimethoxy-1,3-dihydro-2 H-3-benzazepin-2-one

am no] propyl | -7, 8-di net hoxy-1, 3, 4, 5-tetrahydro-2/ 1- 3- benzazepi n- 2- one
In a 250-m autoclave, 4 g of the product obtained in the Step above
and 2 g BbtafuirOHe2-Rote50. Dgyds. 15 anmohddedded ta asailutidnoof 3f3-ditethoal-1,3-

(90 L) ,an ic acid. (J0 nL). Afte eing.inc t for hours .
at aﬂ@i eﬂ?‘yg@%g%é%?f@e& P0G (ﬁfrA @ge{?'fgr dlo R’é&ga@? ¢ a ambient
react i ontegipeflitilel AGtel Befnb|ih QBEACONR30GRIHMR: at TARIER ThHHE QR BHeRef added a
after concentration under reduced pressure is taken up in :

di chl or osfdutiemef 4 2dbt-hmymeln @f theamodust Rbidingd tim theaireredingcSte ireBYESO (10 mL).

sodi um bi . t] . .Ihe oil tained after drying.of .the .
organi c éﬁgé géigg Eélr? c?fgg%gllld V%Bthtaaﬁ ﬁbﬁeeng Q%%e&tﬁfer’ A W@g&ﬁ’d‘@%ﬂf}? ¥ §prgd into
i's puri f dietilldly water 160 g2l tHevehe Siqhé®d phase is extracted with ethyl acetate. The

(di chl or onet hane/ et hanol / NHAOH 28 % 95/5/0.5) and 2.6 g of the title
prodirct  eebiget Q838K Phasesrge Meshgdopith slisilled whter apdthemdggd over MgSO,. After

concentration under reduced pressure, 6.2 g of the title product are obtained in the form of an

oil (HPLC purity: 88 %) and used in the next Step.

Yield =87 %
IR (pure): v = 2788, 1656, 1510-1401, 836-760 cm™.

20 Step 3: 3-{3-[{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yljmethyl} (methyl)-
amino]propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one '

In a 250-ml autoclave, 4 g of the product obtained in the Step above and 2 g of Pd(OH), 20%,
50 % wet, are added to a solution of ethanol (90 mL) and acetic acid (10 mL). After being in
contact for 5 hours at ambient temperature under a hydrogen pressure of 5 bar, the reaction
25 mixture is filtered over Celite. The residue obtained after concentration under reduced
pressure is taken up in dichloromethane (100 mL) and then washed with saturated aqueous

sodium bicarbonate solution. The oil obtained after drying of the organic phase over MgSQy4



5IR (pure): v = 2788, 1646, 1519-1461, 1245-1105 cml. Step 4: 3-
(3-[{[(79)-3,4-d inethoxybieyelo f4.2. 0}nethyl)(methyl)-

m nol propyl}-7, 8-d i methoxy-L3, 4, 5- t et rahyd ro-2H 3- benzazepl n- 2- one
hydr ochl ori de 2. 9N et hanol i ¢ hydrogen chI oride (3 nL) is added t?))a
sol ution t.a i : o1
in acetogﬁérp?g QB&QM&?”%?‘ﬁﬁgﬁd?%gn%% co ?gg?poyerﬁﬁaﬁ?gggﬁg§ OV8F sitica
10sus pengdiohlof@ndthdnestiedo ANH,QH2 8% D5tHES Y drtdl 226 groddhkctitlapmdobit aaé bbined

in the for white crystals. Yield =79 %% mp. = 123-125C

COVPAR Sé"j\ﬂ’]ﬁ%ﬂw %‘ ‘I’-%gp?/oducti on of the procedure described in the
appl i cat |Yori V\szé008/ 065681 15Step 1:

3-chl oro- RP{i 73, 4- di met hoxybi cycl o[ 4. 2. Oj oeta-L3, 5-trien-7- yl”reth
yll- a nate (9.9 g; 72 mmo is
2 aded t o 5 P Ee o FACTS p-ERETITEPGR"

(et hyl am nonet hyl ) - benzocycl obut ane (10 g; 48 mmol) in

1- brono- 3-chl groprgopane (30 nmlL) After being in contact overni

anbi ent at gre;[HHD-3:-&dimethexpbicy elp . 3.8l otz béérté@nr%yamaamtl})(geﬂyl)-
of disti 'ahﬁﬁio #% 1} @%Odlm&h(ﬁgdl 5'4@#&:@1(:1?1 ;'(;]QH@.’H()%%A%@IH ZA‘gﬁsﬁg‘ otc]%lé)ride

separati on, drgani ¢ phase 'S’ extrac

aqueous phase is brought to pH 9-10 after treatnent with 28 % aqueous
anmoni a sol ution. The organic phase obtained after extraction of the
basic aq Q@M&h@h}é&' Ehy‘dtotghn dhlotiie (DniEl) hamklet So waslgeh vf the (gﬂ(bcﬁict glbtéﬁ(ejd in the
water ang th r Qv After concentration under reduce
pressur eg 0%’? {? §55€ ng@m agefonisile (reml) nAfierching nw@trtact@rve@zgl% the

by wep g hEungWslcYﬂ s HilRrdaUnb Y2 6 B8 it pltRict ird BtalRAGH BRI YoRh Q8 WRlte Slystals

cont ai ns
(1.9)-4,5-di net hoxy- 1- (et hyl am nonet hyl ) - benzocycl obut ane. - 10-

Yield =79 %
m.p. = 123-125°C

COMPARISON EXAMPLE: Reproduction of the procedure described in the
application WO 2008/065681

15  Step 1: 3-chloro-N-{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]methyl}-N-
methylpropan-1-amine
Potassium carbonate (9.9 g; 72 mmol) is added to a solution of (1S)-4,5-dimethoxy-1-
(methylaminomethyl)-benzocyclobutane (10 g; 48 mmol) in 1-bromo-3-chloropropane
(30 mL). After being in contact overnight at ambient temperature, the reaction mixture is

20 poured into a mixture of distilled water (30 mL) and dichloromethane (30 mL). After
separation, the organic phase is extracted with 2N HCI and then the aqueous phase is brought
to pH 9-10 after treatment with 28 % aqueous ammonia solution. The organic phase obtained
after extraction of the basic aqueous phase with dichloromethane is washed with distilled -
water and then dried over MgSO,. After concentration under reduced pressure, the title

25 product is obtained in a crude yield of 82 % by weight and with a purity of 56 %. The crude
reaction product still contains 40 % (15)-4,5-dimethoxy-1-(methylaminomethyl)-benzo-

cyclobutane.



Step.2:

343-[{[(7S)-3, 4-di r net hoxybi cycl opl . 2. thcta 1,3,5-trien-7-ylimethyl k
t net hyl ) -

am nol propyl }-7, 8-di met hoxy-1, 3, 4, 5-di hydr o- 2H 3- benzazepi n- 2- one

Pot assiumten-butylate (1.49 g; 13 3 nunol) is added to a solution of
7, 8-di net hoxy- 1, 3, 4, 5- tetrahydro-2H 3-benzazepi n-2-one (2.6 g; 11. 75
nmmol ) in DVBO at anbi ent tenperature 5 After being in contact for

ol ) of St dt odiett 0ah e hahbieisiog-xfos- b sotish 7 (fiﬂ'?leﬂpé}j(meﬁwb

After beiffné] Br&%n}-mstdlﬁiéﬁwygm 435-dﬂ15"8f@2H 3-8BRARApIM2ond he reaction
m xture is poured into distil'l éd wat er (100 m.), and then the agqueous

phase is extracted with ethyl acetate. The conbi ned organi ¢ phases

are wash d}a\é\‘%ﬁxgl r{ggsbt brge}tggl Y@t eh3 %nrgmtog 1y t’:l%c’iedq'g Oé’o%tloWS dﬁ’gét%xy 1,3,4,5-

concentr UCE& pressur e conpou Ad i

obt ai nedtdtﬂth 1Or2 8- beh@dzd%mfz -8 8.60@Nd. 7§ inncl) mJIDMS{OOét eEﬁSi’entaEmperature

3-{3- L{R?S 4- di met hox cIo[4 2.0]octa-1,3,5-trien-7-yll R§
net hyp) - After being in contact for 1 our at amblent temperature there 1s added a solu tlon of 35¢g

ar nol P opyA kiufo § oHIfP hRGNY &btégéd B ! %?%?i%e@m 0%.3260). Nsigr Bfhg in

hydrochl tion of t ‘obtai ned in
t he Stepa@h@ﬁ&wenn@ﬁeﬁemﬂﬂmmkmnﬁ&ﬁunLﬂwhﬁwﬂhmnmuﬁmead@edeénﬁNdBUHai“mwr
cidin isopro

over i g0 PRNREReT thysahens rBess RERYaropH o hiactaicr Rie frifPied Organi

conpound ygids BRIwALEE Wth IRt Ble8 l%até%%dttﬁ@f S{Qrver MsD,! nﬁﬁelb&)ﬂcéxﬁfa@bﬁ @inder
Starting fron1the crude conpound obtained in the previous Step

was 1fposeiupecpressupbtthé fitle pempoundes pbtsinedtin byeridsi Yieldiof §ordhe q@riowélu@. parity
descri bed he application WO 2008/ 065681. CLAIMS 1. Process for

t he synt £§$ i vabradi ne of forrmula (1), addition salts thereof

with a pharnaceutically acceptabl e acid and hydrates thereof: CH30

CH | - CH30 .
Step _3:  3-{3-[{[(75)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]methyl} (methyl)-
amino]propyl}-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-3-benzazepin-2-one hydrochloride

To a solution of 5 g of the crude product obtained in the Step above in acetonitrile (15 mL)
15  there is added a 6N solution of hydrochloric acid in isopropanol. After being in contact
overnight at ambient temperature, the hydrochloride of the title compound did not precipitate
out and therefore could not be isolated. Starting from the crude compound obtained in the
previous Step, it was impossible to obtain the title product by following the procedure

described in the application WO 2008/065681.



characterised in that the compound of fornmula (M I11): wherein X

represents a hal ogen atom a nesylate g

up or a tosylate group, is

) - 4y P!
subjected to an al kyl ation reaction V\At?’l t he conmpound of formula

(I'X): CH30 CH30 wherein A represents H2CG-CH2 or HC=CH, 10in the

presence of a base, in an organic solvent, to yield the conpound of

felitila (VII): -12- O wherein A is as defined hereinbefore, and
t hen, CLAIMS

1. Process for the synthesis of ivabradine of formula (I), addition salts thereof with a

pharmaceutically acceptable acid and hydrates thereof:

CH,O

3 OCH
CH, | X [ ’
D,
CH3O N " N = OCH3 ®
0]
characterised in that the compound of formula (VII):
OCH,
CH, =
l | (VIT),
XN AN
5 | ~ "OCH,

wherein X represents a halogen atom, a mesylate group or a tosylate group,

is subjected to an alkylation reaction with the compound of formula (IX):

CH,0 A
(IX),
CH,0 0

3

wherein A represents H,C-CH, or HC=CH,
10 in the presence of a base,
in an organic solvent,

to yield the compound of formula (VII):



in the case where A represents 112C-Cl-12, ivabradine of fornula (1),
a particular 5 case of the conpounds gﬁ_fornula (VIl) and product of
the al kyl ation reaction of the conpound™f formula (MI1) wth the
conmpound of forrmula (IX), is isolated and purified and then nay be
converted into gfspaddition salts with a pharmaceutically acceptable
aci d sel ected frofm\hydrochloric acid, hydrobromic acid, sulphuric

aci d, phosphoric a acetic acid, trifluoroacetic acid, lactic
acid, 10 gyl mal oni ¢ aci d, succinic aeid, gP@Haric acid,
futnaric acid, ta jd, nmaleic dchld, ciTfic agid, ascorbic

acid, oxalic acid, é%ulphonic actd, benzgnesul|phoni c acid and:
canphoric acid, and i at h int re A
represents CH=CH, the ‘canpound of formula (1V), produc t he

al kyl ati on reaction of thg& conmpound of formula (VII1) with the

conmpound 15 of formula (pHhX), is subjected to a catalytic

hydr ogenation reaction to yield ivabradine of formula (1), which is

i sol at edwhadinpAlid 45 ddinadhHereindaforgy be converted into its addition

salts with a pharmaceutically acceptable acid selected from

hydr ochl 84 ®ehci d, hydrobrom ¢ acid, sul phuric acid, phosphoric acid,
acetic acid, tyi fiﬁg%%e% ofe AGkfresdn®CHLE-AE), gvabfb)ﬁirg;\’dfcfo?rﬁhqul)[@|pfaﬁicﬁlar
acid, succinic acid, 20 glutarit acid, funmaric acid, tartaric acid,

mal eit acid, citrcae dehagompmodd bt famuth (VReadndpredictiof the alkylation reaction of

met hanesul phoni c ,aci d, benzenesul 1.c_aci.d and ca ric.,acigd,.an
into hydrates t h e gipo 30%3%5?\2&9%@%&6 %Pé’@?ﬂu&aﬁ) (%?%mﬂ? m T,lsgated
characterised i naghfapuriftd RAGethds ehay Obé addnve@ddt ihfde i@l KydiBdh Odlts with a
reaction of the conpound of fornula (VIII) with the conpound, of .
25fornul a (1X) i Phaaleseuticdlly mecpptebln agid Isplgeted dromp by droshlgrie acid, hydrobromic
tert-butylate, sqdiu - 13- -an Sj L de e
sodiun1hydroxide?ggbggggﬁﬁﬁﬁggkggﬁg%gggﬂg’%gggkﬁﬁi%gg@gﬁgggf&ﬂg}mmcamd’
Syntfesi s pr ocespyasiodoid, agaléric ecithexcialcadcid, Lluvariccdcdd, fuBaric acid, tartaric acid,
characterised in that the hase 5used to carry out the al kylation . .
reaction of the EBWEBUARHE:ofRRG #S¢appicr feidy pﬁﬁi%éé%r%%}ﬁws‘&f’ﬂomc acid,
formula (1X) is potRARSMRhR doid4HddaftpBorié aciYRRD! 1y IPEQGRSSof
according to any one of clains 1 to 3, characterised’in that the
solvent used to carry out the allcylation reaction of the conpound of

formula (MII) with th d of I ' | ect ed. f
TR UHINRE T, TR ML AR T .
N, N-di met hyl f or mgfritgealkYathbricaBidhYof BE 8bRAPbEIR GMdrhla (VIII) with the compound

met hyl pyrrolidone. 5. Conpound of formula (Villa), a particular case
of t%% conpounds oﬁffotr@,tlmﬂlng),(m subjected to a catalytic hydrogenation reaction to yield

ivabradine of formula (I), which is isolated and purified and then may be

N

converted into its addition salts with a pharmaceutically acceptable acid selected
from hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid, acetic
acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid,
20 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.

2. Synthesis process according to claim 1, characterised in that the base used to catry out the
alkylation reaction of the compound of formula (VIII) with the compound of

25 ~ formula (IX) is selected from sodium hydride, potassium tert-butylate, sodium



OCH3 - CH 1 3(Villa), X-N OCH3 wherein X represents a brom ne or iodine
atom a nesylate group or a tosylate grpup. 15

methanolate and potassium hydroxide, sodium ‘hydroxide, potassium carbonate and

caesium carbonate.

3. Synthesis process according to either claim 1 or claim 2, characterised in that the base
5 used to carry out the alkylation reaction of the compound of formula (VIII) with the

compound of formula (IX) is potassium tert-butylate.

4. Synthesis process according to any one of claims 1 to 3, characterised in that the solvent
used to carry out the alkylation reaction of the compound of formula (VIII) with the
compound of formula (IX) is selected from tetrahydrofuran, 1,4-dioxane, dimethyl

10 sulphoxide, fert-butanol, N,N-dimethylformamide, N,N-dimethyl acetamide and N-
methylpyrrolidone. |

5. Compound of formula (VIIIa), a particular case of the compounds of formula (VIII):

OCH,
CH, =
N I - | (VIIa,
~ NS ocH,

wherein X represents a bromine or iodine atom, a mesylate group or a tosylate group.

15



