1 - New process for the synthesis of 1, 3-di hydro-2H 3-benzazepi n-2-one
conpounds, and application in the synthesis of ivabradine and addition
salts thereof with a pharnaceutically cceptabl e acid The present
invention relates to a process for the synthesis of 1, 3-dihydro-2H 3-
benzazepi n- 2-Nswepreessp fon thg synthasis of 6.3tditgdrabl3-beteazenint2-amesompeunds.laad synt hesi s
of i vabradi AgP!icafien inihe PYsss ohivarsadingand gAditignisaitsthermefvith edheimaseytigally
acceptabl e acid. More specifically2%RE5P8%nt invention relates to a
process for the synthesis of conpounds 5 of formula (1) : wherein R and
R2, which may be the sanme or different, each represent a linear or branched
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5 of formula () :
CH,O.__~ =~
I N R, @
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CH,0 R,
- 0

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

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

in the synthesis of ivabradine of formula (II) :

CH,0 OCH,

CH,

CH,0 N N ocH,

/

(1D,

\

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-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



| vabradi ne, and addition salts thereof with a pharnmaceutically 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 useful in the treatnent or prevention
of various clinical situations of nyocardial ischaem a such as angina
pectoris, nyocardial infarct and associ a-ed rhythm di sturbances, and al so
of various pathologies involving rhythm di sturbances, especially
supravent r| b T e a i C
use of iv E&;ﬁ\ eQ%éémgdﬁagl ?\Jrgllal 58 lg? egﬁki\‘/&m&tﬁggé% P%eh%@%lapfgﬁ ¢ ,
accept abl greammeaht canglevantion efpeatioak Iqhmdals siyatiioos bf@mymtardldiai\smabm such as

described in the European patent specification EP.O 534 859. That. patent
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t he conpound of” formul has been described in the publication

Med. Themdig@banogs! . 33 (5) 1496- 1504, and also in the patent

specification EP 0 204 349, by al kylation of the conpound of formula (IV)
15 using 1-brono-3-chl oropropane, in dinmethyl sul phoxide, in the presence

of pot assiTwe pRpiration 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 starting

10 from the compound of formula (IIT) :
CH,O__~ =
| N—_~_-C  an.
A
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) :

Iv)

15

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

butoxide.

The patent specification EP 0 204 349 also describes a means of obtaining the diethyl

acetal of formula (Ia) :



but oxi de. The patent specification EP 0 204 349 al so descri bes a neans of
obtaining the diethyl acetal of fornmula (la) : CH30O CH30O by al kyl ati on of
t he conpound of fornula (1V) using the diethyl acetal of 3-

chl or opr opi onal dehyde, under the same conditions (potassiumtert-butoxide,
di ret hyl sul phoxide). 5 The use of a strong base such as potassium
tert-butoxide corresponds to the usual -wonditions required for the
deprotonation of an am de function. However, al cohol ates, and especially
pot assium tert-butoxi de, have the disadvantage of being extrenely
hygroscopi ¢, which conplicates their storage and nmakes them nore awkward
to use on an industcHg 1O-Anot her reagent often used for the
deprotonation of an am dg ion Ns sodium hydiidg, which is used in
di et hyl f or mani de. Howevg pai r¥ f I uny ﬁﬂi%&ﬁg

(]

I
di et hyl f or mam de, | eNact{that it Moo is highly fiygroscopic, has
the maj or disadvantggzﬁof bei ng é§§§85ive at Pgﬁéyiwely | ow tenperatures.

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

sulphoxide).

5 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.

10 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.

15 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
20 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



15 Therefore, in view of the industrial value of ivabradine and its salts,
it has been inperative to find an effective process especially allow ng
t he 1, 3-di hydro- 2H 3- benzazepi n-2-one conpound of fornula (1) to be
obtained in a good yield whilst avoiding the use of hygroscopic reagents.
The Applicant has found that the al kylation reaction of the conmpound of
formula (I1V) with 20 a brom nated conpeudnd could al so be carried out in
t he presence of sodi um hydroxi de, potassium hydroxi de, anmonia in aqueous
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of conpounds of fornula (I) : CH30% 0 Rz wherein R and R2, which may
be the sane or different, each represent a |linear or branched
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of formula (1) :
CH,O.__~ S
l N\/\(Rl @,
N
CH,0 R,
0]

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

(C1-Cs)alkoxy group or form, together with the carbon atom carrying them, a 1,3-dioxane,

10 1,3-dioxolane or 1,3-dioxepane ring,

which process is characterised in that the compound of formula (IV) :
3 =
I | NH av)
NS

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

X\\/\<R1 V),

R,

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

in an organic or hydroorganic solvent,



whi ch process is characterised in that the conmpound of formula (1V) : is
subjected to an al kyl ation reaction using the conpound of formula (V) :

X, /I~R (V), R2 15 wherein Rl and R2 are as defined herei nbefore and X
represents a |l eaving group, in an organic or hydroorganic solvent, in the
presence of a base selected from sodi um hydroxi de, potassium hydroxi de,
ammoni a i n aqueous sol ution, carbonates-and bicarbonates, to yield, after
i sol ation, the conmpound of forrmula (I). Anong the |eaving groups there nmay
be nentioned, without inplying any limtation, 5 halogen atons, preferably
a bromne atom and the groups tosylate, nesylate and triflate. _
" Hydr oor gamite mredenendf a baselsabbeted tiomil sodumetadraxide, potassumfhydeixéde, amdionfa an
organic solvent. Anpng the organi ¢ solvents that can be used in the
process off AHEOPHSRARHGTy RATDPRALY capRonalesnt i oned, without inplying any
limtation, N-nethylpyrrolidone (NW), 10 di nethylfornmam de (DW) and

di met hyl sul phoxide (DMSO). The organic solvent that is preferred for the
process ofto yiell, pftersieslation therdompound oNformmtaHy). pyr r ol i done.

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

5 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),
10 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.

15 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).

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

100°C.



The hydroorganic solvent that is preferred for the process of the present
invention is a mxture of water and N nethyl pyrrolidone. 15 The sodi um
hydr oxi de and pot assi um hydroxi de can be used in the formof a solid or in
the form of aqueous or organic solutions. Wen the base is sodi um
hydroxide, it is preferably used in aqueous solution. The amount of sodium
hydroxide is preferably from1l to 2 nol -eer nol of conpound of fornmula
(I'V). 20 In the presence of sodium hydroxi de, the reaction tenperature is

preferabl y {t0m %Qrb%ﬁatesl%gc%lcﬁﬁgﬁa%sr eR g@cﬁt@xﬁ ?aéémﬁ’ﬁl B casiPRAN&tEShatdsCor

sodi um potassium or cesium carbonates or rbonates. In the presence of
sodi um cabbartamnetesr potaSS|un1carbonate t he reaction temperature is

pr ef er abl i gher tha n the process accordi to. the invention,
Phe. compoddae BEssrsF Asasiitn CEPaaLs GpPyREREn cHpguen B R e RPRENE & o
form toggtdtefabMitither Man®aPOON atom carrying them a 1,3- dioxane,

1, 3-di oxol ane or 1, 3-di oxepane ring. The conpounds of fornula (I') wherein

Rl and R2 form together with the carbon aton1 carrylng them a 1, 3-di oxane

1, 3-dj oxol.ane or 1.3-digxepa rln HEMI gg C usef | as
synt Hesi s 1 NiecProssss Apcarding o te yerich, e b fortie O s e S5 2
are those wherein R; and R, form, together w1th the carbon atom carrying them, a 1,3-

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

The compounds of formula (I) wherein R; and R, form, together with the carbon atom

carrying them, a 1,3-dioxane 1,3-dioxolane or 1,3-dioxepane ring are new products which
10 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.

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

corresponding hydrogenated compound of formula (VII) :
CH,0
j@/\\N\/\(R | (VID,
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) :



such they forman integral part of the present invention. The conpounds of
formula (1) obtained in the process of the present invention are

especially useful as synthesis internediates in the synthesis of ivabradine
and addition salts thereof with a pharmaceutically acceptable acid. 15 By
way of exanple, catal ytic hydrogenation of a conmpound of forrmula (I) yields
the correspondi ng hydrogenat ed conpoundr-of fornmula (VI1) : CH30O (VII),
CH3O wherein R, and R2 are as defined for formula (1), deprotection of the
di acetal of which ylekgf t he aldgbydg\?f formula (M1I1) : -7 CH30 CH3O
which is reacted with ,
(7S) -3, 4-di met hoxybi cycl of 4 bct a- IN3 5 em -yl | -(NIDpet hyl net hanani ne
under conditions of reductitve.gaNpati n3?6/§r:%g'ivabradine. The Exanpl es
her ei nbel ow i | | ustrat &HRe i nventiom, EXAMPLEHL :

3-[2-(1, 3-Di oxol an-2-yl)-ethyl]-7, 8 di f&t hoxy-1, 3-di bydr o- 2H 3-

benzazepi n-2-one - procedure in the presence of sodi um hydroxi de

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.

The Examples hereinbelow illustrate the invention.

5 EXAMPLE 1: 3-[2-(1,3-Dioxolan-2-yl)-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
10 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 %.

15 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
20 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.



I ntroduce 100 g of 7, 8-dinmethoxy-1, 3-di hydro- 2H 3- benzazepi n- 2- one, 200 m
of N- nethyl pyrrolidone and 115 g of 2-(2-bronoethyl)-1, 3-di oxolane into a
reactor and then bring the tenperature of the reaction mxture to 40C and
add 71 g of 30 % sodi um 10 hydroxi de sol ution, while 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 mM of watex at 60C and cool the reaction

m xture to 20C and then, after 1 hour, to 2C. Filter off the precipitate
obt i ned, A&NchinyARdo dhbidrt-temBbiGidd, the ABBOHDNE 15512 B BRipithiéh Yiofd d of
3-[ 2- (1, 3-viterx chilmg2filftajier tnd Hyink. 8- di met hoxy- 1, 3- di hydr o- 2H 3-

benzazepi n-2- 0 - procedure in the pr e of potassium carbonate
Introducenrﬂﬁdl"[}"8?“9?3"3521-S %H%WKUQfJ”%BQ?gﬁyﬁydro-2F+3-benzazepin-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 (90.8 g, 40.7 g and then
16.3 g) at intervals of 2 hours and at 130C, whilst stirring vigorously.
After returning to anbient tenperature, the conpound is isolated by
precipitation from water, chilling, filtration and drying. The title
conmpound is obtained in a yield of 80 %



CLAIMS 1. Process for the synthesis of conmpounds of formula (1) : CH30O QN
RRm CH3OR 2z wherein R and R2, which nay be the sane or different,
each represent a linear or branched s (C -C8)al koxy group or form
together with the carbon atomcarrying them a 1, 3-dioxane, 1, 3-dioxol ane
or 1, 3-di oxepane ring, wherein the conmpound of formula (1V) : CH30 (N 10
is subjected to an al kyl ation reaction using the conpound of forrmula (V) :
X /~R] Rz wherein R, and R2 are as defined herei nbefore and X represents

a leaving group, in an organic or hydroorganic solvent, in the presence of
a base sel ected from sodi um hydr oxi de, potassi um hydroxi de, amoni a
CLAIMS

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

CH,O\__~ =

. N\/\< R, @,

CH3O R,
(@)

wherein R; and R;, which may be the same or different, each represent a linear or branched
5 (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,

wherein the compound of formula (IV) :
3 -
I | NH av)
NS

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

x\/\(Rl W),

R
10 2

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,



i n aqueous sol ution, carbonates and bicarbonates, -10 to yield, after

i solation, the conmpound of formula (1). 2. Synthesis process according to
claim1l1, wherein there is used a reagent of fornula (V) wherein X
represents a hal ogen atomor a tosylate, nesylate or triflate group. 3.
Synt hesi s process according to claim?2, wherein there is used a reagent of
formula (V) 5 wherein X represents a bt®m ne atom 4. Synthesis process
according to any one of claims 1 to 3, wherein the organic solvent is
N-net hyl pyrrolidone. 5. Synthesis process according to any one of clains 1
to 4, wherein there is used sodium hydroxide in aqueous solution. 10 6.
Synt hesi s tgyiokie sferasadatich, thy dompoliad of formuladf)ei n t he anmount of sodi um
hydroxide is from1l to 2 nol per nol of compound of formula (I1V). 7.
Synthesis process according to either claim5 or claim6, wherein the

reaction st e@%%lyﬁl%céé acE I Qo tRIkA0wheRin B¥FY B ASdSa Waé&ﬂ%? faaf® AHhg to
any one of clains 1 to 4, wheréin there is used sodium 15 carbonate or

pot assi um cammxreyes@m halegen b0 oe 8 Sosatabe mitisyigtetas taflate Br@p- wher ei n t he
reaction tenperature is higher than 80C.

3. Synthesis process according to claim 2, wherein there is used a reagent of formula (V)

5 wherein X represents a bromine atom.

4. Synthesis process according to any one of claims 1 to 3, wherein the organic solvent is

N-methylpyrrolidone.

5. Synthesis process according to any one of claims 1 to 4, wherein there is used sodium

hydroxide in aqueous solution.

10 6. Synthesis process according to claim 5, wherein the amount of sodium hydroxide is

from 1 to 2 mol per mol of compound of formula (IV).

7. Synthesis process according to either claim 5 or claim 6, wherein the reaction

temperature is from 20 to 100°C.

8. Synthesis process according to any one of claims 1 to 4, wherein there is used sodium

15 carbonate or potassium carbonate.

9. Synthesis process according to claim 8, wherein the reaction temperature is higher

than 80°C.
10. Synthesis process according to any one of claims 1 to 9, wherein as reagent there is
used a compound of formula (V) wherein R; and R, form, together with the carbon

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

11. Compound of formula (1) :



10. Synthesis process according to any one of clainms 1 to 9, wherein as
reagent there is used a conpound of forrmula (V) wherein R1L and R2 form
together with the carbon 20 atomcarrying them a 1, 3-di oxane,

1, 3-di oxol ane or 1, 3-di oxepane ring. 11. Conmpound of forrmula (1) : _It_
CH3O CH30 R2 O wherein R and R2 form together with the carbon atom
carrying them a 1, 3-di oxane, 1, 3-dioxél-ane or 1, 3-di oxepane ring. 12.
Process for the synthesis of ivabradine, pharmaceutically acceptable salts
t hereof and 5 hydrates thereof, wherein the conpound of formula (I1V) is
converted into the internedi ate conpound of fornula (1) according to the

process of claim1, andH,den e nmedi ate conpound of formula (1) is
converted into ivabradine. R
N 1 @
CH.O X
3 R,
0]

wherein R, and R; form, together with the carbon atom carrying them, a 1,3-dioxane,

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

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

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



