1 .New process for the synthesis of
1,3,4,5-tetrahydro-2H 3- benzazepi n- 2-one conpounds, and application in the
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i vabradi ne and addition salts thereof with a pharmaceutically

acceptabl e acid The present invention rdlates to a process for the
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pr esent

i nvention relates to a process for the synthesis of conpounds

formula (1) : CH3O CH3O m wherein R and R2, which may be the same or
di ff er ent Theaabsehf IVRAGSH related R @l prBEesh rfan eeegmteSs - 6£S), U |Soeit algydesHR Ho3 -

form together with the carbon atom carrél ng them a 1, 3-di oxane,
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More specifically, the present invention relates to a process for the synthesis of compounds

of formula (I) :
CH.,O

CH,O R,

wherein R; and R,, which may be the same or different, each represent a linear or branched

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

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

The compounds of formula (I) obtained according to the process of the invention are useful

10
in the synthesis of ivabradine of formula (II) :
CH,O
OCH
CH, N ?
CHO | ! » m,
3 N~ OCH,
0]
or 3-{3-[{[(7S)-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,
15 addition salts thereof with a pharmaceutically 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
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propyl } -7, 8-di net hoxy- 1, 3, 4, 5-tetrahydro- 2H 3- benzazepi n- 2-one, 15 addition
salts thereof with a pharmaceutically acceptable acid and hydrates thereof.
| vabradi ne, and addition salts thereof with a pharnaceutically acceptable
acid, and nore especially its hydrochloride, have very val uabl e

phar macol ogi cal and therapeutic properties, especially bradycardic
properties, making those conpounds usefub- in the treatnent or prevention
of various clinical situations of nyocardial ischaem a such as angina
pectori s, [ i r . a Iat.e : [ o)
O vari ouso oBETRG] SpedBh M R TR R, B0 SRR TR PR s
supr avent rtreatinant ohptelvantion df stuousacloesal sithatiqns effamgddandiabisdhidnen spetutas c
use of ivabradine and addition_.salts thereof with a pharmaceuticall)
hccept abl EHIAPECId MOPEUEBETGI T PV FHIER G PRI Ta08 Heppl varous
descri bed I_Bd?hélg eEULOREANS PhGifin SRRGirbfad, Ofp&dtal®y 5§§pr§5e%tri3{ﬁ§rt AstiRRt
speci fication describes the synthesis of ivabradine hydrochl oride by

react bng diStutbascesonpound of fornula (I11) : CH3HN with the conmpound of
formula (1V) : CH30 CH3O OCH3 OCH3

The preparation and therapeutic use of ivabradine and addition salts thereof 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 by reacting

10 the compound of formula (III) :
- OCH;
P Uiy
CH,HN OCH,
with the compound of formula (IV) :
CH,0 =S

N> av)

CH,0
O
to yield the compound of formula (V) :
CH,0 0K,
~ |CH3
CH,0 N Z V),
3 N " OCH,

15



to yield the conpound of fornmula (V) : CH30O CH3 OCH3 CH3O \i\ 15 OCH3 the
catal yti c hydrogenati on of which yields ivabradine, which is then converted
into its hydrochloride. That nmethod has the di sadvantage of yielding

i vabradi ne hydrochloride in only a very low yield - less than 17 % over
the 3 steps as a whole. 5 That very lowyield is due in part to the

medi ocre yield of the step of catal ytic-3-hydrogenation of the

1, 3-di hydro- 2H—3 benzazepin 2-one function of the conmpound of fornula (V)

[t o, the oRgKSaRARdlpdoddich Sr WM 9o Ahdnd SAaE Bplitn 2cDBed RitPl t e

condi tions enp rogenati on cata yse u5|ng % pal | adl um
hydrOX|delndakmaﬂhkent tenperature, in glacial acetic acid), the yield of
that reduction reaction is in fact 10 only 40 % In view of the
pharmaceuti cal value of ivabradine and its salts, it has been inperative to

be able tp phifdy ﬁa'afeheldéa(fbaérag%f ﬁ@»@ﬁgblv%t%a&n@%}a@ém@hae;’n 8RS aC\Q:‘H;’Wd of

formula (1) by an effective industrial process, and especially in a good
yi el d. yield - less than 17 % over the 3 steps as a whole.

5 That very low yield is due in part to the mediocre yield of the step of catalytic
hydrogenation of the 1,3-dihydro-2H-3-benzazepin-2-one function of the compound of
formula (V) into the corresponding 1,3,4,5-tetrahydro-2H-3-benzazepin-2-one.

Under the conditions employed (hydrogenation catalysed using 10 % palladium hydroxide,
at ambient temperature, in glacial acetic acid), the yield of that reduction reaction is in fact

10 only 40 %.

In view of the pharmaceutical value of ivabradine and its salts, it has been imperative to be
able to obtain the 1,3,4,5-tetrahydro-2H-3-benzazepin-2-one compound of formula (I) by

an effective industrial process, and especially in a good yield.

Considering the mediocre yield described in EP 0534 859 for reduction of the 1,3-
15 dihydro-2 H-3-benzazepin-2-one function, it seemed that catalytic hydrogenation would not

be able to meet such a set of requirements.

Nevertheless, the Applicant has found, surprisingly, that selection of very specific reaction

conditions, especially solvent, allows the 1,3,4,5-tetrahydro-2H-3-benzazepin-2-one

compound of formula (I) to be obtained in a very good yield by catalytic hydrogenation of
20 the corresponding 1,3-dihydro-2H-3-benzazepin-2-one.

More specifically, the present invention relates to a process for the synthesis of compounds

of formula (I) :



Consi dering the nediocre yield described in EP 0 534 859 for reduction of

the 1,3- 15 di hydro-2H 3-benzazepi n-2-one function, it seened that

catal yti c hydrogenati on would not be able to neet such a set of

requi rements. Neverthel ess, the Applicant has found, surprisingly, that

selection of very specific reaction conditions, especially solvent, allows

the 1, 3,4, 5-tetrahydro-2H 3-benzazepi n- 24-one conpound of formula (1) to be

obtained in a very good yield by catal ytic hydrogenation of 20 the

correspondi ng 1,3-dihyqﬁgtgH-3 benzazepi n-2-one. Mre specifically, the

present invention relates toy s or the synthesi s of conpounds of

formula (1) : CH30O CH3O wher ¢i RP ch nhy be flhe sane or

different, each represent atdwear\ or b anched Ci - Cs) al koxy group or

form together wi th t hée®B&t bon~at omtaiyyi ng them, a 1, 3- di oxane,

1, 3-di oxol ane or 1, 3-di oxepane ring, 5 which process is characterised in

that t he conpound of formula (VI) : wherein R1L and R2 are as defined

herei nbefore, is subjected to a catalytic hydrogenation reaction, in a

non- aci di ¢, t il eld

non Cmoung&t 3 Land K a@@%@g}téh@ shifi@61 biPfret $hiH Rptelerilal IMREES brifn¥d
(C1-Cg)alkoxy group or form, together with the carbon atom carrying them, a 1,3-dioxane,

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

5 which process is characterised in that the compound of formula (VI) :
CH,O —
CH,0 R,
O

wherein R; and R, are as defined hereinbefore,

is subjected to a catalytic hydrogenation reaction,

in a non-acidic solvent,

10 and then the reaction mixture is filtered

to yield the compound of formula (I).

Among the preferred non-acidic solvents which can be used for the process of the

invention, there may be mentioned, without implying any limitation, acetates, alcohols,

preferably ethanol, methanol or isopropanol, tetrahydrofurane, toluene, dichloromethane

15 and xylene.



Anong the preferred non-acidic solvents which can be used for the process
of the invention, there may be nentioned, wi thout inplying any limtation,
acetates, alcohols, preferably ethanol, nethanol or isopropanol,

t etrahydrof urane, toluene, dichloronethane 15 and xylene. Anbng the

catal ysts that can be used for the process of the invention, there may be
mentioned, without inplying any limtati-en, palladium platinum nickel,

r ut heni um rhodiun1 and their conpounds, particularly in supported form or

in oxide for A]HQ ! Etfa {seﬁ{laf; AL RYSTsel SoPld gl%cg@ Wt}%a{ngg ion é%é}?gne}%B&

tenperature genatlon reaction i ref erabl ront

nmore prefmeaingdf Mﬂﬁibéio nhply&fgc an@ Viemitaikong m[l@dlﬁmahjlaﬁlrfum m#kelf authbGum]he
hydr ogen pressure during the hydrogenation react on of the conpound of
fornul a (\Wihpdiums apd téregrcampyuw%ﬁ@mcrlaﬂz spsupppided foppOT i @¥1€F HBTY from | to

100 bars, X@gﬁggfgﬁgggfg %ﬁ&ﬁunﬁdﬂ%ﬁﬂ%n?o 30 bars. 10 In the process

accordlng t e 1 nve t|o e conpounds of fornmula (VI) preferably used
are the conpounds of fornula (Vla), which are particular cases of the

conpounds formula (VI rein.Rl and R2 fo 0 eth he carbon
at om tarr yf}?‘Fg tepReRA Uy éf §2 HY%Q%‘H‘&“OI?L r%acﬂ%%lpé‘?'@%t 2{)&%@ > NG,

The compoundeerMiy el B 80PC, &eR NGWpRIFGEMS oy s Qeace useful as synthesis
15 |nterned|ates in the chemcal or pharnaceutlcal i ndustry, especially in

the synthesis of ivabradine and addition salts thereof with a
phar rmcem"f}?ealll}!ﬂogaeﬁ gs%ur%'durm the’ hyd?cggeggtloshur%gction of the compound of formula (VI)

is preferably from 1 to 220 bars, more preferably from 1 to 100 bars, even more preferably

from 1 to 30 bars.

10 In the process according to the invention, the compounds of formula (VI) preferably used
are the compounds of formula (VIa), which are particular cases of the compounds of
formula (VI) wherein R; and R, form, together with the carbon atom carrying them, a 1,3-

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

The compounds of formula (I) are new products which are useful as synthesis
15 intermediates in the chemical or pharmaceutical industry, especially in the synthesis of
ivabradine and addition salts thereof with a pharmaceutically acceptable acid, and as such

they form an integral part of the present invention.

By way of example, deprotection of the diacetal of formula (I) yields the aldehyde of
formula (VII) :

CH,O

N\/YO (VID),

CH,0 q
20 0

which is reacted with (7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-yl]-N-

methylmethanamine under conditions of reductive amination to yield ivabradine.



they forman integral part of the present invention. By way of exanple,
deprotection of the diacetal of fornula (I) yields the al dehyde of fornula
(Vi) : CH3O (VIl), CH30O 20 which is reacted with

(7S)-3, 4-di met hoxybi cycl o[ 4.2.0]octa-1,3,5-trien-7-yl]-N nethyl net hanam ne
under conditions of reductive amnation to yield ivabradine. The preferred
conpounds of formula (1) are those whereé-n R, and R2 form together with

t he carbon atomcarrying them a 1, 3-di oxane, 1, 3-di oxol ane or

1, 3-di oxepane ring. The Exanple hereinbelow illustrates the invention.
EXAVPLE :

3-[ 2- (1, 3-Dhieoprefearad 2oypduretshof (pridyi8{Bi are tHoox ywhiredy R; 2nd &; rfatmy,dpogetRdd-with
3-benzazepj n-2-one | ntroduce 100 f ) . .

3 [2- (1. 3 F GABPHAOR SHYI e 8 ¥octinans: haxiexplanedr fyafigrenanering,

benzazepi n-2-one, 500 m of isopropanol and 10 g of Pd/Cinto a

hydr ogenator. Purge with nitrogen and then with hydrogen, heat to 60C, and
t hen hydr cferErtampa¢ herbiabelpwrestratesritbe inyaetem. a pressure of 1 bar for 4
hours. 10 Filter the reaction mxture at 60C in order to renove the
catalyst. Rinse with 2 x 50 ml of isopropanol.

EXAMPLE : 3-[2-(1,3-Dioxolan-2-yl)-ethyl]-7,8-dimethoxy-1,3,4,5-tetrahydro-2 H-

5 3-benzazepin-2-one

Introduce 100 g of 3-[2-(1,3-dioxolan-2-yl)-ethyl]-7,8-dimethoxy-1,3-dihydro-2H-3-
benzazepin-2-one, 500 ml of isopropanol and 10 g of Pd/C into a hydrogenator. Purge with
nitrogen and then with hydrogen, heat to 60°C, and then hydrogenate at that temperature
under a pressure of 1 bar for 4 hours.

10 Filter the reaction mixture at 60°C in order to remove the catalyst.
Rinse with 2 x 50 ml of isopropanol.
Cool to 50°C and add 200 ml of tert-butyl methyl ether (MTBE).
Cool to 20°C and then chill at 5°C for 1 hour 0 minutes.
Filter off the crystals obtained at 5°C. Dry to constant weight.

15 The expected compound is obtained in a yield of 88 % and with a chemical purity greater

than 98 %.



Cool to 50C and add 200 ml of tert-butyl nethyl ether (MIBE). Cool to 20C
and then chill at 5C for 1 hour O mnutes. Filter off the crystals obtained
at 5C. Dry to constant weight. 15 The expected conpound is obtained in a
yield of 88 %and with a chem cal purity greater than 98 % CLAIMS 1
Process for the synthesis of conmpounds of formula (1) : CH30 CH30 R2
wherein RL and R2, which may be the sane7-or different, each represent a

| i near or branched 5 (G -Cg)al koxy group or form together with the carbon
atomcarrying them a 1, 3-dioxane, 1, 3-dioxolane or 1, 3-dioxepane ring,
wherein the conpound of formula (VI) : CH30 CH30 wherein Rl and R2 are as
defined hereinbefore, 10 is subjectedClalMSat al ytic hydrogenati on
reaction, in a non-acidic solvent, and then the reaction m xture is
filtered

1. Process for the synthesis of compounds of formula (1) :

CH,0
N\/\<R1 (I)>
CH,O R,
0]

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

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

wherein the compound of formula (VIJ) :

N\/\<R1 (VD,
CH,0 R,
@)

wherein R; and R; are as defined hereinbefore,
10 is subjected to a catalytic hydrogenation reaction,

in a non-acidic solvent,

and then the reaction mixture is filtered

to yield the compound of formula (I).



to yield the conpound of fornmula (1). (VlI), -8 2. Synthesis process
according to claiml1l, wherein the catalyst for the hydrogenation reaction
of the compound of formula (VI) is palladiumon-carbon. 3. Synthesis
process according to either claim1 or claim2, wherein the hydrogen
pressure during the hydrogenation reaction of the conpound of forrmula (V)
is from1l 5 to 220 bars. 4. Synthesis ps-ocess according to any one of
claims 1 to 3, wherein the hydrogenation reaction of the conpound of

formul a (\QI') gcy%tlfe@lr E#rg sQlétcccirHi at% ﬂﬂ?l \v(l:ler%ﬂ'i Y}Enéatalgst fé};anoﬁfdﬁ & Sﬁss

according to clalm erern olic sol vent anol

or |sopropancrbacnibﬁoﬁthe&‘epmpioeﬁdsfﬁmums(sflmmrlammg dmocabyh. one of cl a| m 1to
5, wherein the tenperature is from20 to 100C. 7. Synthesis process
according to claim6, wherein the tenperature is from40 to 80C. 8.
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starting nat a conpound formula (Vla), a particular casé o
conpounds of pressungldaring tha/lh))drmgmaaomrdattuamf tRe componnd afferrmea (W)tih frpmel
car bon at om car. ?\%'b%‘g them a 1, 3- dioxane, 1, 3-dioxolane or 1, 3-di oxepane
ring.”9. Conpdd formula (1)

4. Synthesis process according to any one of claims 1 to 3, wherein the hydrogenation

reaction of the compound of formula (VI) is carried out in an alcoholic solvent.

5. Synthesis process according to claim 4, wherein the alcoholic solvent is ethanol,

methanol or isopropanol.

10 6. Synthesis process according to any one of claims 1 to 5, wherein the temperature is

from 20 to 100°C.
7. Synthesis process according to claim 6, wherein the temperature is from 40 to 80°C.

8. Synthesis process according to any one of claims 1 to 7, which uses, as starting
material, a compound of formula (VIa), a particular case of the compounds of formula
15 (VI) wherein Ry and R; form, together with the carbon atom carrying them, a 1,3-

dioxane, 1,3-dioxolane or 1,3-dioxepane ring.
9. Compound of formula (I) :

CH,0

CH,O R

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

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



CHBORCH3IO N i (1) RR 0 wherein R and R2, which may he the sane or
different, each represent a linear or 20 branched (G -C8)al koxy group or
form together with the carbon atomcarrying them a 1, 3-di oxane,

1, 3-di oxol ane or 1, 3-di oxepane ring. 10. Compound of fornula (l) according
to claim9, wherein R and R2 form together with the carbon atom carrying
them a 1, 3-di oxane, 1, 3-di oxol ane or 1,8-di oxepane ring. 11. Process for
the synthesis of ivabradi ne, pharmaceutically acceptable salts thereof and
hydrates thereof, wherein the conpound of forrmula (VI) is converted into
the 5 internedi ate conpound of formula (1) according to the process of
claim1l, ard Cdigpountlof foraiuda (Tpadécdtding angleind, whertiarRudnd K, fpri stogathstewitied

into ivabradipe. : _ . ,
tﬂe carbon atom carrying them, a 1,3-dioxane, 1,3-dioxolane or 1,3-dioxepane ring.

11. Process for the synthesis of ivabradine, pharmaceutically acceptable salts thereof and
hydrates thereof, wherein the compound of formula (VI) is converted into the
5 intermediate compound of formula (I) according to the process of claim 1, and then

the intermediate compound of formula (I) is converted into ivabradine.



