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15 OCTOBER 2007 1 New process for the synthesi Sc’lgf Q%’ED BER, AO0T

1, 3,4,5-tetrahydro-2H 3- benzazepi n- 2- one conpoun :
application in the synthesis of ivabradine and addition
salts thereof mnth a harnaceutlcally accept abl e acid

ﬁ%tg 3 1%\‘)19 115 SR8 3 behessean 2 pos carasunds, and
RS NhGye bfagt”fsé‘ﬁ% i Fpls.heseqh wily 8 phasmeceytially

conpounds, and to the apPpFPeRtPdh thereof in the

synthesis of ivabradine and addition salts thereof

wi th a pharmaceutically acceptable acid. Mre
Thespressinf iahtiyn relhes o espotess foeittd gmtieslsatfel 3 4 -mirahydro-2H-3-
eI a5 st it 2065 U el PR E I b LI (pbradine
andtaﬂ(ﬁn&@gﬁts‘%er%ff vaﬁl‘i QEBmﬁéﬂhcﬁﬁyﬁﬁgﬁﬁlea&c d near or

branched oXy group or together with

t he carbon aton1carry|ng them a 1, 3- dloxane

1, 3-dioxel ane or 1, 3-di oxepane rin conpounds
MOTSfSP?%ﬁ?@ &*EHGSSBR%V%@%%@@F # %gfogesst FHE%%%S feoppaunds
of fb jon are useful in the synthesis of |vabradine of

formula (I1) : CH30 OCCH3 FI3 CH30 : Q ,-/N1I OC1-13

(1n,

CH,O

CH,O R

wherein R; and R, which may be the same or different, each represent a linear or branched
(Cy-Cg)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 (T) obtained according to the process of the invention are useful

in the synthesis of ivabradine of formula (IT) :

CH,O oCH,

&
Y

. (]I)Q
CH,0 N\/\/N = OCH

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

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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O or . -
3-{3-[{[(7S)-3, 4- di i net hoxybi cycl o[ 4. 2. 0] oct a- 1% L CBER R6OT
th

[
en-7-yl ] met hyl } (nmet hyl ) am no] -
propyl }-7, 8-di net hoxy-1, 3, 4, 5-tetrahydr o- 2H 3- benzazep
n-2-one, 15 addition salts thereof with a
phar maceuti cal |y acceptabl e dcid and hydrates thereof.
| vabradi ne, and addition salts thereof with a
prapeaiespesitciatial byidpeedpt mbbatias i dakia: ?dhéﬂér EomFSRRG I @i in the
its hydrochl oride, have very val uab har macol ogi ca
treafment 9B PAPEOEIE Ofs’am%ﬁlm\calql@laﬁor@ of W@ﬁ@fdl@é ischaemia such as
t hose
anﬁﬁﬂg%&%ll éﬁﬂgE?ﬂ%ﬁ??{fnfgﬂtc artf ?(g%:%téc‘ra’ﬁ hrlr? l(‘hs baé’ﬁﬁ 6‘Hd ]rso of various
pathaloigizys iabolningal rhgttinu atdlﬁﬁﬁ)aﬁxfes W@@@élﬂllﬁ' supaba@fit@ar rhythm
such as angina pectoris, nyocardial infarct and
dis g%@?%ted rhyt hm di st ur bances, and al so of various
pat hol ogi es i nvol ving rhyt hm di sturbances, especially
supraventricular rhythm 5 disturbances. The
The rprppmaidno andartbertiemria peset 6L ivsdbeadofe hivhdawion esa®B Ghereof with a

addition salts t erepf with a phannaceutically .
PhiFEEFHISAHY SSETRIRDIS Ao BB cRITA 15 Iyapcdtoridss ihwee been
d QPegnk{eat ent

m?gﬁ%??ﬁ?ﬂ??§§§%§‘%§g§3&%%%$°§ﬁgt pa?g%t speci fication

descri bes the synthesis of ivabradi ne hydrochl oride by

B e SR 1 s L 0 e by i

the compound of formula (IIT) :

o OCH;
| ()
=
CH,HN OCH,
with the compound of formula (IV) :
CH,O S

N~ Iv)

CH,O
O
to yield the compound of formula (V) :
CH,0 OCH
3
S T S
CH,O N _— V),
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CH30 QIV) CH30 O to yield the conpound of 0;‘2%“16&08&'( 2007F

(V) CH3 OCH3 Q\~~N CH3 CH30 Z OCH3 (V),

c(TOGF-iKc OO -3 the catalytic hydrogenat!on of which
yi el ds ivabradi ne, which is then converted into its
hydrochl ori de. That nethod has the di sadvant age of

yi el di ng ivabradi ne hydrochléride in only a very | ow
yield - less than 17 % over the 3 steps as a whole. 5

the Tdasdlyticehydrb ganagiome ol wiscldyieldsnviitding, Owhibe i§MetbnOdn®@erted into its
|eId f the step of catalytic hydrogenation of the
hydroehlefidfy dr o- 2H 3- benzazepi n- 2- one” function of the
compound of fornula (V) into the correspondi ng
1, 3,4, 5-tetrahydro- 2H 3- benzazepi n- 2- one. Under the

Thzxtoncdhdsd bssthe dishdyemchgt by by e atabadineatyatcaReidd $h BEYIOVES low
un1h droxide, at anbient tenperature, in
yle@i &E?Sé 1ana%et/‘i Q:Vehg}eoa) stepsifé agpYholyy of t hat reduction
reaction is in fact 10 only 40 % In view of the
phar maceuti cal value of ivabradine and its salts, it
Thdtagerpelew iyipériatdueeint gatteto 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

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 (D by

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

Considering the mediocre yield described in EP 0 534 859 for reduction of the 1,3-
dihydro-2H-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
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 (1) :
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able to obtain the = ¢ :
1, 3,4,5-tetrahydro-2H 3- benzazepi n- 2- one corrp‘{jlut%dOoTOB’E:R R00F

formula (1) by an effective industrial process, and
especially in a good yield. Considering the nmediocre
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 ytic hydrogenation would not be able
to meet sucbpgoset af Lrements. Neverthel ess, the

Appl i cant has’ f oyAd > singly, th sel ection of
very specific res
all ows the 334,’ e

condil+i_o1s) eci al [ sol vent,
ahydf o- 2H 3- b&nzazepi n- 2- one
compound of P@rnula (1) To Re obtained, in a very good
yi el d by catal ytic hydrogenafion of 20 the
correspondi ng 1, 3-di hydro- 2H 3- benzazepi n-2-one. Mre
specifically, the present invention relates to a
whete@CR S end RJ, wiiéh S b 8% samef i
: 15 éct oR& oo - ﬁ al S%m;é Oﬁgﬁf@%@a&@b@% eer%lcral&lngmnched
(CiR@s)akex Reroupter dbrmnagdnthar vdtlsthrmeabon didni eareying theacha 1,3-dioxane,
r ent l.i near _or branched (G -C8)al koxy group or
13?@?%]% oG dehdloXH R §e carbon at om carrying them a
1, 3-di oxane, 1, 3-di oxol ane or 1, 3-di oxepane ring, 5
whi ch process is characterised in that the conpound of
whichnEogess J(S\thractg;g@ i that the compound of formula (VI) :

CH,0 =

N\/\( Rl (VI):
CH,0 R,

O

wherein R; and R; are as defined hereinbefore,

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 (J).

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

and xylene.
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NRI (M), CH3O::CR O wherein Rl and R2 ars’l__%SOCIDBER 2007
Pc

defi ned hereinbefore, is subjected to a catal

hydr ogenati on reaction, in a non-acidic solvent, 10
and then the reaction mxture is filtered to yield the
conmpound of formula (l1). Anmong the preferred non-acidic
sol vents which can be used f-ér the process of the

i nvention, there may be nentioned, w thout inplying any

Anldngi thatdagilystacet ahtshe adedohplBe pravesf 6f abl hvehthd) Fhere may be
nmet hanol, or i sopropanol, tetrahydrofurane, toluene,

megtiotkdo e HOUh AR@LYing aand ﬁmj;tp.‘réqm . pailadiug, - plaaysppo nigkelh euthenium,

. f th f..t
o R i Rl G DR O eshbo RS 3e Sidb g
A meferrkd sathlgtt Brpallpéibhaei-taborpl at i num ni ckel , rut heni um

rhodi um and their compounds, particularly in supported
formor in oxide form A preferred catalyst is

' - . nper at_ f t he °

Thﬁ%&?@%@tﬁfg |8§ ﬁl?e?ég%]tgg%l?augg ers!}cg erlg 311%[6 arbgymfré)Bl t28 th]O(@, C, more

prefivatdy fipnedElodil°g, évenmd@ pideBPIg, el @h tae5g. pr ef er abl y
from45 to 65C. The hydrogen pressure during the

hydr ogenati on reacti on of the conpound of formula (V)

i r
T AR Ll hALSZb S S B v
is preferably from 1 to 220 bars, more preferably from 1 to 100 bars, even more preferably

from 1 to 30 bars.

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 Ry 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
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

CH,0 o

which is  reacted with (7S)-3,4-dimethoxybicyclo[4.2.0]octa-1,3,5-trien-7-y1]-N-

methylmethanamine under conditions of reductive amination to yield ivabradine.
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10 I'n the process according to the invention, .the

conpounds of fornula (VI) preferably used éL?r1

compounds of fornula (Vla), which are partlcular cases

of the conmpounds of formula (VI) wherein RL and R2

form together with the carbon atomcarrying them a

1, 3- dioxane, 1, 3-dioxol ane 6r 1, 3-di oxopane ring. The

compounds of fornula (1) are new products which are

useful as synthesis 15 internediates in the cheni ca

or Egharmaceutlcal I.ndust r especially in the synthesis
Th prelprproreoaTanfioamel (Thired RS Svi i dbfandi Rhiogn, together with

the@ﬁ?dbﬁ%&ﬁﬂtsér?ﬁ %}heﬁ? qapi. ?’MX 1ea§|3ddlo>§'c¥19neaosr lﬁ_f 8ﬁxe§a§§¥1\}\1,§y

forman integr art’o f'esent 1 nve
of exanpl e, deprotectlon of the di acetal of fornmula (1)

Th%h?e(%%&e epegg)gf ]%gt‘lr‘%fes thfca%vrgfll‘lclgn (VIT) =i H 2000

(75) -3, 4-di met hoxybi cycl o[ 4. 2. 0]octa-1, 3,5-trien-7-yl]-

N- net hyl r net hanam ne under conditions of reductive
EX2dVIRREF] :on 3-2-¢li,3Ddoxolab2ad)-athyl] 158-dGheth oky-1;3003-tetr Shydie-2 H-

preferred ounds of formula (1) are those wherein Rl

and R2 forfrs BGERMAOBE th the carbon atom carrying

them a 1, 3-di oxane, 1, 3-di oxol ane or 1, 3-di oxepane

ring. The Exanple herelnbeIOM/lllustrates t he
Intjodyemt 1Q§)n g EXAVBY B (1,3-dioxolan-2-yl)-ethyl]-7,8- dlmethoxy—l 3- dlhydro 2H-3-

berdanebit oo AR08 Piardhdafin s e ek fpRaUbeagy g gpce with
mtngériZar(dlth3n GiXRYy@Bget Kbat-18100YE ] anfl Bedl hBbBaeYe 4 Batheb¥rature
und%; g przessure of 1 bar for 4 hours.

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.

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

than 98 %.

DCTOBRER /007



benzazepi n-2-one, 500 m of isopropanol and AL gi BER XOOF -
an Chena

Pd/C into a hydrogenator. Purge wth nltroge

wi th hydrogen, heat to 60C, and then hydrogenate at
that tenperature under a pressure of 1 bar for 4
hours. 10 Filter the reaction m xture at 60C in order
to remove the catalyst. Rinse with 2 x 50 nl of
|50ﬁr|opangl. E:ool to 50C and add 200 m of tert-butyl
nmet hyl ether (MIBE). I 20C and then chill at 5C
for 1 hour O m nutes. g@@%ff the crystal s obtained
at 5 C Dry to constant weight. 15 The expected
compound is obtained in a yield of 88 %and with a
C%CE}O%@AS f@lulrh'etsyntgéﬁﬁ&edomﬁotlﬁdfh Soauld 1GCTA 3F- P1 arch
7 AIM5 A process for the synthesis of conpounds of
formula (1): CH3O CH30 ):DON R O wherein R and R,
which may be the sane or different, each represent
l'inear or branched (Cl-C8) al koxy or form together
with the carbon atomcarrying them a 1, 3-di oxane,

1, 3- BHeN di oxepane ring, wherein a conpound
of fornul : 19 R V), R, O,

R,

wherein R; and R,. which may be the same or different, each represent linear or
branched (C1-C8) alkoxy or form. together with the carbon atom carrying them. a
1,3-dioxane, 1,3-dioxolane or 1,3-dioxepane ring, wherein a compound of

formula (VI):

CH,O S
N\/\(Rl (VT):
CH,O R,
0]
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).

The process of claim 1, wherein the catalyst for the hydrogenation reaction of the

compound of formula (VI) is palladium-on-carbon.

The process of claim 1, wherein the hydrogen pressure during the hydrogenation

reaction of the compound of formula (VI) is from 1 to 220 bars.



10.

CH3OR 0 is subjected to a catalytic hyd i N
] yti y roQ?ﬂg'@%TD BER V007

reaction in a non-acidic %?Ivent, and t hen

reaction mxture is filtered to yield the conpound of
formula (1). 2. The process of claim1, wherein the

catal yst for the hydrogenation reaction of the

conpound of formula (Vi) is palladiumon-carbon. 3. The
process of claim 1, wherein the hydrogen pressure

during the hydrogenation reaction of the caonpound of

f dhaureeeps/p Claign fly BipprEin tedngraggrationyisactipy Giipg coppqundgof
4. - FRCESS; |- ai it t he hydrogenati on
rggg ﬁ%ﬁv§?§§ﬁ%&£gﬁﬁgEﬂhég?mnf%ﬁﬁﬁ?a (M) isgcarried

out in an alcoholic solvent. 5. The process of claim 4,
Wgke girbedshef aldohe| ivheisol thendlcdlslietshhrol is etbtrmdnolethanol or
i sopropanol . 6. The process of claim1l, wherein the

t SYAPEMRr e is from 20 to 100C. 7. The process of
claim®6. wherein the tenperature is from40 to 80C. 8.

T process. of. ¢l aj,m_ 1 ' . -qﬂ%]
tgg@ﬁ%%¥ﬁﬁf§§mphg\@5?%%Hﬁg?%§§g%£%?ylng%ﬁﬁégpﬁgl

1. 3-di oxane, 1, 3-di oxol ane or 1, 3-di oxepane ring. 9. A
conpound sel ected fromthose of fornula 8|): . RO
wHdegiroceRs ofarid nRB, Whititia hengipperaturhis fendl ée 8¢ f er ent .
each represent linear or

The process of claim 1, wherein R, and R, form. together with the carbon atom

carrying them, a 1,3-dioxane, 1,3-dioxolane or 1,3-dioxepane ring.

A compound selected from those of formula (I):
CH,O

CH,O R

wherein R; and R,. which may be the same or different. each represent linear or
branched (C1-C8) alkoxy or form. together with the carbon atom carrying them, a

1, 3-dioxane, 1.3-dioxolane or 1.3-dioxepane ring.

The compound of claim 9, wherein R, and R, form, together with the carbon atom

carrying them, a 1,3-dioxane, 1,3-dioxolane or 1,3-dioxepane ring.
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branched (C |-C8) al koxy or form together w Q;tgﬁtjaﬁyiR 00T

carbon atom carrying then]ga 1, 3-di oxane,

1, 3-di oxol ane or 1, 3-di oxepane ring. 10. The conpound
of claim9, wherein R and R3 form together with the
carbon atom carrying them a 1, 3-di oxane,

1, 3-di oxol ane or 1, 3-di oxepane ring. 1r OC-7013E-P' 9
It. A process for the synthesis of ivabradine,
pharmaceutically acceptable salts thereof and hydrates
t hereof, starting froma conmpound of fornmula (1),
wherein the conpound of fornmula (1) is obtained
according to the process of claiml1l, wherein the
cahpnmmﬁSdblﬂb&mwwheﬁiyﬁlwa@@®pecpemma@n@eﬁhome@mkéhtSmm

CO d' tJ or}ﬁh]ﬁfg?{e%lgle}%"écg%@%ﬁh%‘ 3 QO Jfoglrwglcj)f%l mul a)(l) 88

(z@ té”mgoﬂidnﬁf RQMNA (3 Gt @bthigdccording to the process of claim 1,
octa-1 trien- %yE@ N- et hyl met hanam ne under
h

r evdmm vke apmpeitido diat (nlbﬁssumcw &p dlepipatsiigaicqaditions to
1§d€ %F@RQ qﬁgggnﬂh& ?5|red into a pharmaceutically
able sa e.

accep
CH,0
N\\//“\X<”Q ()
CH,0 y
0

which is reacted with (7S)-3.4-dimethoxybicyclo[4.2.0] octa-1,3.5-trien-7-yl]-N-
methylmethanamine under reductive amination conditions to yield ivabradine,

which is converted, if desired, into a pharmaceutically acceptable salt or hydrate.



