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120C12007 1 New process for the synthesis of

1, 3-di hydr o- 2H 3- benzazepi n- 2- one conpounds, and 1 2 UCT 2007

application in the synthesis of ivabradine and addition
salts thereof wth a pharmaceutically acceptable acid
TN pipeass far theryethesisont 1 edidies? -Sbenzpzapinakanefcgmpeuigs, and
apPlcatpadn be synthests.qf VRYadiog 2d additipnsaity hiaispiivip.agigrmaceutically
conpounds, and to the &5FTA%3%n thereof in the
synthesis of ivabradine and addition salts thereof
with a pharmaceutically acceptable acid. Mre
The SP@€drt | @@bhtion tdl8tePri|osSenprocéteeftri e ERltiads8S of 01,3-dihydro-2H-3-
process for the synthesis of compounds 5 of fornula i
benzapgpin-2@u3ooNPernds, andieibe replication dresso IRfheyathrals ofyjabradine
iffer . ant a |linear or
and G GBS R o P B S s PRt G ¥ gecher it
the carbon atomcarrying them a 1, 3-di oxane,
1, 3-di oxol ane or 1, 3-dj oxepane ring. 10 The conpounds

Morg pgcafiGailly athe Pyesemitiny Feign selaiss i aipropess tprehp Fgithests Qffcoppgunds

| jon are useful in the synthesis of ivabradine of
Offﬁiﬁ%ﬁtﬂa(m © CH30 OCH3 i H3 CH30 | N~ ,N (11),

CH,O =

CH,O R

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

(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.

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

in the synthesis of ivabradine of formula (II) :

CH,O OCH

CH, N ’
! w .

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,

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



OCH3 O or
3-{3-[{[(7S)-3, 4-di net hoxybi cycl o[ 4. 2. 0] octa-1, 3, 5-t riel QCT 2007
n-7-yl ] met hyl } (et 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 maceutical |l y acceptabl e-zacid, and hydrates thereof.

| vabradi ne, and addition salts thereof with a

proﬂ%?tzé' ﬁ?o I'olfabﬂ Gﬁpféﬁ)*ﬂleﬁm@chﬁkl %nglogcprc%m PBRRAC LAY in the

or|d have very val uabl e pharnacol ogi ca
treatmsht tdnepframlmbn ofLlva2ioBETIR0RT situfziops @penydcesiialeisgeeingd lsych as

bradycardi c pr i es, .making .t d f ul .
g B RAR T BFCL B RN BT OB, iAo of various

path%'l&%i'@st | ARS 1R n'!ﬂ(ij’ﬁ%d' BsthBARAE M Bp&UAR aSupraR@titalar  rhythm
pectoris, nyocar i nfarct and aSSOC|ateé)rhythm

5 dmh@hﬂﬂ@%bances and al so of various pathol ogies
i nvol vi ng rhythn1disturbances, especially
supraventricular rhythm 5 disturbances. The

The%%%faﬁbh o dan@rdpBRi ARG tdfCivisadial dndabd@gén @adehercof with a
addition salts thereof with a pharmaceuti cal

phazmaeptictlye aa@p@bleaa@dmné @Q}fﬁe chrecially i s hyylmcbéhlldéx ihges been
descri at ent
¢”§ﬁ§§f?i5§?F8Wmﬁﬁagn %fc ébﬁﬁgagﬁggé t specification

descri bes the synthesis of ivabradine hydrochlorlde by

starting 10 fromthe conpound of farmula_( III%
Thagpajegt specHmtion degcribes the synthesis of ivabradine hydrochloride by starting

10 from the compound of formula (III) :

CH,O =

CH,O

A means of obtaining the compound of formula (IIT) has been described in the publication
J. Med. Chem 1990, Vol. 33 (5), 1496-1504, and also in the patent specification
EP 0 204 349, by alkylation of the compound of formula (IV) :

CH,O S

NH Iv)
CH,O

using 1-bromo-3-chloropropane, in dimethyl sulphoxide, in the presence of potassium tert-

butoxide.

The patent specification EP 0204 349 also describes a means of obtaining the diethyl

acetal of formula (Ia) :
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A means of obtaining the compound of formula (111) has

been described in the publication J. Med. CheleQ(;i,2 DCT 200]

Vol . 33 (5), 1496-1504, and also in the patent
specification EP 0 204 349, by al kylation of the
conmpound of formula (TV): CH30 CH30 15 O using

| - br ono- 3-chl or opropane, in-di nethyl sul phoxide, in the
presence of potassiumtert- butoxide. The patent
specification EP 0 204 349 al so descri bes a neans of
obtaining the diethyl acetal of fornmula (la) : 1 2 OCT
2001 - BHH3O N - 02 ~ Ca) CH30 OCH2CH3 0 by

\
al kyl ati on of compound of for V) using the
W B
Y

di et hyl acet 3 3- chl® opi ytle, under. the

same coagi i ofassium tert-Dbutoxide, dinet @I
sul phoxi é%. 5 The use of a stron@c%%ggssuch as
pot assi um tert - but oxi de Ebrresponds to the usua

conditions required for the deprotonation of an am de
function.

by alkylation of the compound of formula (IV) using the diethyl acetal of 3-
chloropropionaldehyde, under the same conditions (potassium tert-butoxide, dimethyl

sulphoxide).

The use of a strong base such as potassium tert-butoxide corresponds to the usual

conditions required for the deprotonation of an amide function.

However, alcoholates, and especially potassium tert-butoxide, have the disadvantage of
being extremely hygroscopic, which complicates their storage and makes them more

awkward to use on an industrial scale.

Another reagent often used for the deprotonation of an amide function is sodium hydride,

which is used in dimethylformamide.

However, the pairing of sodium hydride and dimethylformamide, besides the fact that it
too is highly hygroscopic, has the major disadvantage of being explosive at relatively low

temperatures.

Therefore, in view of the industrial value of ivabradine and its salts, it has been imperative
to find an effective process especially allowing the 1,3-dihydro-2H-3-benzazepin-2-one
compound of formula (I) to be obtained in a good yield whilst avoiding the use of

hygroscopic reagents.

The Applicant has found that the alkylation reaction of the compound of formula (IV) with
a brominated compound could also be carried out in the presence of sodium hydroxide,

potassium hydroxide, ammonia in aqueous solution, a carbonate or bicarbonate, especially
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However, al cohol ates, and especially potassium

tert-butoxi de, have the di sadvantage of being 11 QCT

extrenely hygroscopic, which conplicates their storage

and makes them nore awkward to use on an industria

scal e. 10 Another reagent often used for the

deprotonation of an am de fuhction is sodium hydri de,

whi ch is used in dinethylfornaini de. However, the

Inbicg 1R t R M), 9 AR BRL i, fIRTIRBS o f which is much

ac%ﬁ?& ges t%% act that i?% toonﬁg hfgﬁfy hygrggggﬁygflmlnuc
casibgssiichllpapan indwat acllage of bei ng expl osi ve at

.relatively.low tenperatures. 15 Therefore, . in view.of
Thig e o R ecgE B8 P YBIEH B 1S (oGuIL Py ghvEf it e case
of 118n O 8RN dp MR Ao\ wHih didufly AuBbs B LbY6r PHRMESase.

especially allowng the

|, 3-di hydr o- 2H 3- benzazepi n- 2-one conpound of formula

1) t. btained.in a go yi el d whilst avojdi.ng.the
Motysbegifical, SR vPalyeRes s et ol ey RiEh B flfpouncs
of fhit@fla tipe al kyl ation reaction of the conpound of formula

(I'V) with 20 a brom nated conpound coul d al so be
carried out in the presence of sodi um hydroxi de,
potassiun1g%9roxide, amoni a i n agueous solution, a
carbonat e 3 ; at’'e;—especially | 2 OCT 200T -4 a
carbonate or bica at e of \godi |assi um, or

cesium the hand [ I's mu easi er,
especi al | y @hQan i scale. Tl s fact is
surprising because it runs counter to that which is
usual ly observed in the case of lactans, the
deprotonation of which usually requires the use of a

MES TR G AR —

(C,OOAR&HSroup or form, together with the carbon atom carrying them, a 1,3-dioxane,

1,3-dioxolane or 1,3-dioxepane ring,
which process is characterised in that the compound of formula (IV) :

CH,O —

NH (Iv)
CH,O

is subjected to an alkylation reaction using the compound of formula (V) :

X\/\(RI ),

R,

wherein R; and R; are as defined hereinbefore and X represents a leaving group,

in an organic or hydroorganic solvent,

2007
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of formula (1) : CHBON\/R (1)> )::DCH3OR OZ :
wherein R and R2, which may be the sane or differeﬂtz OCT 200]
each represent a linear or branched (d -C8)ahkoxy
group or fora, together with the carbon atom carrying
therm a 1, 3-dioxane, 10 1, 3-dioxol ane or
1, 3-di oxepane ring, which prcess is characterised in
that the conpound of formula (IV) : CH30 / Q CH3O O
is subjected to an al kylation reaction using the
conpound of forrmula (V) XR (V), \RZ 15 wherein Rl
in tnpreRAcanfa dssedefdcteddidm sedinhefydrexidm oMssiepriggdentdes, anmonia

. leavin roup in an _argani ¢ or hydroorgani c sol vent,
1naﬂ“%“@ﬁ%”%@@fm%QBﬂF%w¥H%C%€@§@ﬁce of a base sel ected

from sodi um hydr oxi de, potassi um hydroxi de, ammonia in
aqueous sol ution, carbonates and bi carbonat es,
to yield, after isolation, the compound of formula (I).

Among the leaving groups there may be mentioned, without implying any limitation,

halogen atoms, preferably a bromine atom, and the groups tosylate, mesylate and triflate.

"Hydroorganic solvent" is understood to mean a mixture of water and of an organic

solvent.

Among the organic solvents that can be used in the process of the invention, there may be
mentioned, without implying any limitation, N-methylpyrrolidone (NMP),
dimethylformamide (DMF) and dimethyl sulphoxide (DMSO).

The organic solvent that is preferred for the process of the present invention is N-
methylpyrrolidone.
The hydroorganic solvent that is preferred for the process of the present invention is a

mixture of water and N-methylpyrrolidone.

The sodium hydroxide and potassium hydroxide can be used in the form of a solid or in the

form of aqueous or organic solutions.
When the base is sodium hydroxide, it is preferably used in aqueous solution.

The amount of sodium hydroxide is preferably from 1 to 2 mol per mol of compound of

formula (IV).

In the presence of sodium hydroxide, the reaction temperature is preferably from 20 to

100°C.
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to yield, after isolation, the conpound of fonnula (I).

Anong the | eaving groups there may be nentioned, T2 0CT 200F

wi thout inplying any limtation, 5 hal ogen atons,
preferably a brom ne atom and the groups tosyl ate,
nmesylate and triflate. "Hydroorganic solvent" is
understood to nean a m xtureé-of water and of an organic
sol vent. Anobng the organic solvents that can be used in

Prefe?r%ﬁ pcfa?éb%%‘és Qfr Bﬁ%b’oﬂé’t@@ [ @ochhfﬁe rp%te[ﬁﬁmb &r c@ﬁﬂfn‘ ef8Ghates or
W t implying any limtation, N nethyl pyrrolidone

bkiﬂ@ﬂﬁqs 10 di et hyl f oi mam de (DNF) and dlnethyl
hoxi de The organi c sol vent t i S.
In G aRaradecPlr SR ThH S 08 TORSTHE G Gt Trpeiqnpipgratue is
prefrabhibYLANLT §l-icdone. The hydroorgani c solvent that is
prefieried for the process of the present inventionis a

m xture of water and N—nethylpyrrolldone 15 The sodi um

dr oxi de a SsSi u oxide c
In Y Pt o OURE PN the i Br SR eL St Rs il gty used
are %1%@%% Rhe RNeorRAI8odRerspih Wl hyslioxbHecartfing $hem, a 1,3-
preferably used in aqueous sol ution. The anount” o

dioxandi Libndinrdtanziodé,3r&opereheriabl y from 1 to 2 nol per no
of conpound of forrmula (IV). 20 In the presence of
sodi um hydr oxi de, the reaction tenperature is

ThePé@hpgvabs Bf @12 O) tvwherdi@O€, ad ROET, GOdsther-WitlPred e4rb&d atom
car bonat es or. bicarbonates are sodi um potassi um or
caryag theme al Podiarae p-dioxolane or 1,3-dioxepane ring are new products which

are useful as synthesis intermediates in the chemical or pharmaceutical industry, and as

such they form an integral part of the present invention.
The compounds of formula (I) obtained in the process of the present invention are
especially useful as synthesis intermediates in the synthesis of ivabradine and addition salts

thereof with a pharmaceutically acceptable acid.

By way of example, catalytic hydrogenation of a compound of formula (I) yields the

corresponding hydrogenated compound of formula (VII) :

CH,O
N\/\(Rl (V]I):
CH,0 R,
0

wherein R; and R; are as defined for formula (I),

deprotection of the diacetal of which yields the aldehyde of formula (VIII) :
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bi carbonates. In the presence of sodi um carbonate or

pot assi um car bonate, the reaction tenperature is 2 UC X
preferably higher than 80C. 5 In the process according I 200?
to the invention, the conpounds of fornmula (V)

preferably used are those wherein Rl and R2 form

together with the carbon atem carrying them a 1, 3-

di oxane, 1, 3-di oxol ane or 1, 3-di oxepane ring. The

compounds ormyl a ( wherein Rl and R2 form

t oget her w t3h g~ carbon atom carrying them a

1, 3-di oxane 1,3 ol ane qr__1,3>di pane (Mli)g are new
products whic ¥0 are useful as syathesis

i nternnedi &%&8 in the ct cal or phatmaceuti cal

i ndustry, and as such theyoforman integral part of

the present invention. The conpounds of formula (1)

obtained in the process of the present invention are

whitg P€ ' alr!af}ét l'('is efvy lth as %t4 éax%/&%%dlggﬁ f@%%tta 1n3 B hEﬁen—%yl] -N-

synt Yesi & 01 iva rad

meﬂﬂytnlibﬂaan@ﬁmmmeﬂ&drmidny oﬁﬁdﬁ@pﬁx&iﬂnﬁn@@dxﬂo yidd Baabmmeof
exanpl e, catal ytic hydrogenation of a conpound of
formula (1) yields the corresponding hydrogenated

| O CBO)::DQR O
ThE IRt O Tl dd sy B0 SO0 ) aQ( 1,

deprotection of the dlacetal of mhlch yi el ds the

aldehﬁde of formula q % OoCr 2001 -7
EXAMPLE 1: 3-[2-(1,3-Dioxo an-2-y) ethyl] 7 8-dimethoxy-1, 3- ~dihydro-2H-3-

benzazepin-2-one — procedure in the presence of sodium hydroxide

Introduce 100 g of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepin-2-one, 200 ml of N-
methylpyrrolidone and 115 g of 2-(2-bromoethyl)-1,3-dioxolane into a reactor and then
bring the temperature of the reaction mixture to 40°C and add 71 g of 30 % sodium
hydroxide solution, while maintaining the temperature of the mixture at 40°C. Then heat
the mixture at 60°C and stir for 2 hours; then pour in 400 ml of water at 60°C and cool the
reaction mixture to 20°C and then, after 1 hour, to 2°C.

Filter off the precipitate obtained, wash it and dry it.

The title compound is obtained in a yield of 87 %.

EXAMPLE 2 : 3-[2-(1,3-Dioxolan-2-yl)-ethyl]-7,8-dimethoxy-1,3-dihydro-2 H-3-
benzazepin-2-one — procedure in the presence of potassium

carbonate

Introduce 100 g of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepin-2-one, 250 ml of N-
methylpyrrolidone and 180.4 g of potassium carbonate into a reactor and then stir the
mixture for 3 hours at 130°C. Then add 2-(2-bromoethyl)-1,3-dioxolane on three occasions
(90.8 g, 40.7 g and then 16.3 g) at intervals of 2 hours and at 130°C, whilst stirring

vigorously.



Cx30 ZON O (Vile, CH3OH O which is reacted with

(7S) -3, 4-dhnet hoxybi cycl o[ 4. 2. 0] octa-1, 3,5-tries-7-yl]-

N- net hyl met hanam ne under conditions of reductive ,
am nation to yield ivabradhre. The Exanpl es herei nbl:I?O\DCT Zm?
illustrate the invention. 5 EXAMPLE 1 :

3-12-(1, 3-Di oxol an-2-yl ) -et k¢l ] -7, 8-di net hoxy- 1, 3-di hyd

ro-2H 3- benzazepi n-2-one - procedure in the presence

Jordl .
AR o PR b R S e i rlared by prlpigicg fom
watelf chlinge fihdtiow and divdon e and 115 g of
2- br onoet d|o into a reactor and then
Theoﬁ“ier@n%ﬂ?@n égr%’é‘%“é?q}lné‘ Beld ok ggrg/éactl on nixture to 40C
and add 71 g of 30 % sodi um 10 hydroxi de sol ution,
whil e maintaining the tenperature of the m xture at
40C. Then heat the m xture at 60C and stir for 2
hours; then pour in 400 m of water at 60C and cool the
reaction m xture to 20C and then, after 1 hour, to 2C
Filter off the precipitate obtained, wash it and dry
it. The title conmpound is obtained in a yield of 87 %
15 EXAMPLE 2 :
3-[2-(1, 3-Di oxol an-2-yl)-ethyl]-7, 8 di net boxy-1, 3-di hyd
ro-2H 3- benzazepi n-2-one - procedure in the presence
of potassium carbonate Introduce 100 g of
7, 8- di nmet hoxy- 1, 3-di hydr o- 2H 3- benzazepi n- 2-one, 250 m
of N- nethyl pyrrolidone and 180.4 g of potassium
carbonate into a reactor and then stir the



20 m xture for 3 hours at 130C. Then add _
2- (2- bronoet hyl ) - 1, 3-di oxol ane on three occasions {.0{T 2007
g, 40.7 g and then 16.3 g) at intervals of 2 hours and
at 130C, whilst stirring vigorously. t 2 OCT 2001 -$
After returning to anbient tenperature, the conpound is
i sol ated by precipitation frdm water, chilling,
filtration and drying. The title conpound is obtained
inayield of 80 % t 2 CCLAAMY -9 CLAIMS 1. A
process for the synthesis of compounds of formula (I):

1. CA3Er@si3for B sy@thepih of edmpdRndapfifoRrRulfadb)m t oget her with
the carbon atomcarrying them a 1, 3-di oxane, 1-
, 3-di oxol ane or 1, 3-di oxepane ring, wherein a conmpound
of formula g\g: 1L NH CH3O O is subjected to an
al | cyl ati on réact I ng- R conpound of formula (V):

N R, @,
O\/\(R |

CH,O

wherein R; and R, 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 (IV):

CH,O =

NH Iv)
CH,O
0

is subjected to an alkylation reaction using a compound of formula (V):

wherein R; and R; are as defined hereinbefore and X represents a leaving group,
in an organic or hydroorganic solvent,
in the presence of a base selected from sodium hydroxide, potassium hydroxide,
ammonia in aqueous solution, carbonates and bicarbonates,

to yield, after isolation, the compound of formula (I).

2. The process of claim 1, wherein X represents halogen, tosylate, mesylate or triflate.

3. The process of claim 2, wherein X represents bromine.



M R2 wherein R and R2 are as defined herei nbefore
and X represents a |eaving group, 1in an organic or

hydr oorgani c solvent, in the presence of a base 1 Z OCT 20@]

sel ected from sodi um hydroxi de, potassi um hydroxi de,
amoni a i n aqueous sol ution, carbonates and
bi carbonates, to yield, aftei0-isolation, the conpound
of formula (I). 2. The process of claim1l, wherein X
4.1 &he peatsofhirndewhereosthb atgenicrsebyhtais N-methytdytlotitlene. 3.
The process of claim?2, wherein X represents bromne. 1
5. 2TREPro288 6f clalfl 14whét the baR9s scfiurt hed@kide ivB@IBUNsdIMGON.
organi c solvent is N nethylpyrrolidone. 5. The process
6. 0fThé bRicBIsbf charseivieleEhb as8uhtor SO LMMyAYSH @4k 4@l Dto 2 mol
aﬁ&ergbqsoﬁgé Srhind of ford A& cess of cllaim5, wherein
t

e anmount of sodium hydroxide is from1l to 2 nol per

e ; nd of fornul.a (1V). . 7. .The C of

7. Rlog S EPERS et bR b bl ot HRER0067:
100C 8. Th rocess of claim.,1, wherein the base is

8. SOBF BCERASRuRd: B eIGHY the B kogigg sabgnate ot Dofgium carbonate.
process of claim8, wherein the reaction tenperature is

9. hilhpBrocessa cloe 8, wherem e msstiomteawergire & ielnihand¥eC of
formula (1): ClLIBOR m CH30O

10. A compound selected from those of formula (I):

CH,O ~
CH,O R,
0]
Wherein R; and R, form, toghether with the carbon atom carrying them, a 1,3-dioxane,
1,3-dioxolane or 1,3-dioxepane ring.

11. A process for the synthesis of ivabradine, pharmaceutically acceptable salts thereof
and hydrates thereof, starting from a compound of formula (I), wherein the
compound of formula (I) is obtained according to the process of claim 1, wherein
the compound of formula (I) is subjected to catalytic hydrogenation to yield a
compound of formula (VII):

(VII)

CH,0

N \/\<R1
CH,0



O, - Werein R and R2 form toghether with th

carbon atomcarrying them a 1,3-dioxane, 1,3- dloﬂoQaBET 2007
or 1, 3-di oxepane ring. 11. A process for the synthesis

of ivabradi ne, pharmaceutically acceptable salts

thereof and hydrates thereof, starting froma conpound

of formula (1), wherein the -ébﬂpound of formula (I) is
obt ai ned according to the process of claim1l, wherein

t hehich npobiwdtedfto Heproitgctior ¢onditions tbyiekitanch dehydadbfoyhia (VIII):
hydrogenation to yield a conmpound of forrmula (VII):

(M1) CHIO N CH3O2 0 1 2 OCT 2007 which is

subj ected to deprotection conditions to yield an

al dehyde of forrmula (M1I1): (Vill) CH30 CH30 WVhBh

is related with

(7S) -3, 4-di mret hoxybi cycl o[ 4. 2.0]octa-1, 3,5-trien-7-yl]

- N nethylnethanan1ne under reductive arnination
conditions to vyi i ich is converted, if

desired, into a phar Ng&ggpggg%gqsalt and
R,
o 2

hydrate.
which is related with (75)-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 and hydrate.




