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TITLE OF THE INVENTION

PROCESS FOR THE PREPARATION OF BENZAZEPINE-2-ONE DERIVATIVE

FIELD OF THE INVENTION

The present invention relates to an efficient and industrially advantageous process for
preparation of benzazepine-2-one derivative of formula I. Benzazepine-2-one derivative
namely ' 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one, of formula I, is a key

intermediate in the preparation of ivabradine.

o) .
mﬂ* Formulal
O —

BACKGROUND OF THE INVENTION

Ivabradine, chemically known as (S)-7,8-dimethoxy-3-{3-{N-[(4,5-dimethoxy
benzocyclobut-1-yl) methyl-N-(methyl)amino)propyl)-1,3.4,5-tetrahydro-2H-3-
benzazepine-2-one is useful in many cardiovascular diseases such as angina pectoris,

myocardial infarction and associated rhythm disturbances and it is represented by

following structure.

Ivabradine and its pharmaceutically acceptable salts were first disclosed in US patent
5,296,482. The patent also discloses a process for the preparation of ivabradine and its

pharmaceutically acceptable salts by the process as shown in below scheme 1

| (o]

o
! 2 _)ﬂ; | 0 |

| ! Scheme 1
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As shown above, compound 7,8-dimethoxy—3—[3—chlorqpropyl]-1,3-dihydro—2H-3'-
benzazepin-2-one of. formula I, is an important intermediate in the preparation of
ivabradine. It is disclosed that 7,8-dimetho£y—3—[3—chlor0propyl]-l,3-dihydro-2H-3-
benzazepin-2-one of formula I is obtained using the method describes.in the l.iterature

Journal of Medicinal Chemistry 1990, Volume 33(5), 1496-1504, and the process is as

depicted in below scheme 2:

0} | |
soc,, © o O~
e \_~COOH ——— - m
! : 0 Cl 0 N/YOCH:
I H

| H N/\rOCHJ
2

OCH, OCHj; -

Conc.
HCVACcOH

| 0
o .
-
o —
| Scheme 2

As shown above,(3,4-dimethoxyphenyl)acetic acid is reacted with thionyl chloride to
'give (3,4-dimethoxyphenyl)acetic acid chloride. The resulting acid chloride is reacted
with N—(2,2-dimethoxyethyl)aminé to give N-(2,2-dimethox3;éthyl)—2—(3,4-dimethoxy--
phenyl)acetamide, followed by cyclisation of ghe resulting phenylacetamide in the
presence of concentrated hydrochldric acid and glacial acetic acid to give 7,'8-dimethoxy-
1,3-dihydro-ZH-3-benzazepine-2—§ne. | .

Sevenal other patents such as US 4,584,293; US 4,604,389; and US 4,737,495 also
disclose similar p'rocess. fo'f the preparation of 7,8-dimethoxy-1,3-dihydro—2H-3-
benzazépine-Z-one, wherein (3,4-dimethoxyphenyl)acetic acid chloride intermediate has
been prepared as intermediate using thionyl chloride/oxalyl chloride, during préparation
of 7,8-dimethoxy;3—[3—chléropr6pyl]—l,3-dihydro-2H-3-benzqzepin-2-one. All these
processes give overall low yields, [40-57%] with respect to (3,4-dimethoxyphenyl)acetic
acid.

US patent 7,928,223 and CA patent 1215045 disclose two approaches to prepare7,8-
dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one . One is Similar as above, i.e. through
the acid chloride intermediate. The second approach reported for the preparation of 7,8-
dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one, involves condensation of (3,4-

dimethoxyphenyl)acetic acid with N-(2,2-dimethoxyethyl)amine in the presence of

2
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condensing agent to give N-(2,2-dimethoxyethyl)-2-(3,4-dimethoxyphenyl)acetamide
and followed by cyclisation of the resulting phenylacetamide in the presence of acidic

cyclizing agents in acetic acid, as shown in below scheme 3

Codensing agent é (|) 0
0
—_ NH
j@k/com{ HzN ocHs . N /\rom3 S _
OCH3 1 o den, |
Scheme 3

The condensing agent can be selected from 1-(3- dimethylaminopropyl) -3-ethyl-
carbodiimide hydréchloride (EDCI), 1-(3- dlmethylammopropyl) -3- ethyl -carbodiimide
hydrochloride (.EDCI)/ l-’hydrokybenzotrnazole (HOBT), 1-(3- dlmethylammopropyl) 3-
ethyl-carbodiimide hydrochloride (EDCI)/1-hydroxy-7-azabenzotriazole (HOAT), 1-(3-
dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride (EDCI)/N-hydroxy
succinimide (NHS), dicyclohexylcarbodiimide (DCC), dicyclohexylcarbodiimide
(DCC)/1-hydroxybenzotriazole (HOBT), dicyclohexylcarbodiimide (DCC)/1-hydroxy-7-
azabenzotriazole - (HOAT), dicyclohexylcarbodiimide (DCC)/N-hydroxysuccinimide
(NHS), O-(7-azabenzo triazol-l—yl)—1,1,3,3—tetramethyluroni‘um hexafluorophosphate
(HATU), O-(benzotriazoi-l-’yl)-l, 1,3,3-tetramethyluronium hexaﬁuorophosphate
(HBTU), O-(benzotriazol-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU),
benzotriazol—1-yl—dxy—tl'is(dimethylamino)phbsphonium hexafluorophosphate (BOP), O-
(benzotriazol-1-yl)-oxytripyrrolidinophosphonium  hexafluoro  phosphate  (PyBOP),
carbonyldiimidazole (CDI), n-propane phosphonic anhydride (T3P).

US patent 7,928,223 shows advantage of.not isolating N-(2,2-dimethoxyethyl)-2-(3,4-
diméthoxyphenyl)acetamide, intermediate.

It has been observed that the above processes suffer from several drawbacks, such as a
need for a separate activating step in acid chloride intermediate process. Further, the use
of thionyl chioride, which i1s a hazardous chemical and is difficult to handle, is not an
attractive option for industrial use. During the synthesis of acid chloride using thionyl
chloride, an equivalent amount of hydrogen chloride gas formed, which is very dangerous
for the environment and to absorb and neutralize this hazardous gas, cost of production
of product - increases, economic point of view. Further its removal till trace amount,

from the reaction mass-is very difficult and if it remains in the reaction, it hampers the

3
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condensation reaction in next stage to prepare phenylacetamide, intermediate. The acid

chloride, formed in the reaction is found to be unstable and decomposes in the presence

of water and resulfs in yield-loss‘. Alternatively, each of condensing agents has their
own disadvantages being unstable, toxic, expensive or commercially unavailable, and
requires the removal of bye product.

Further it is also very cumbersome to carry out amidation reaction using condensing
agents like carbodiimide and carbonyldiimidazole on bigger scale, since carbodiimides
and carbonyldiimidazolesare unstable compounds and hydrolyze very easily. Another
drawback of using carbodiimide and carbonyldiimidazole is that byproduct generated
after their use is difficult to remove completely and these éompOLlnds are allergic in
nature. We have not found any reference, for the synthesis of 7,8-dimethoxy-1,3-
dihydro—2H—3—benzazepine—Z-one, Wherein (3,4-diméthoxyphenyl)acetic acid is reacted
with N-(2,2-dimethoxyethyl)amine to give N-(2,2-dimethoxyethyl)-2-(3,4-dimethoxy-
phenyl) dcetamide, without preparing acid halide [chloride] or without using condensing
agent.

In view of the above, there is an urgent need to develop an efficient, cost effective,
industrially viable process -for the synthesis of 7,8-dimethoxy-1,3-dihydro-2H-3-
benzazepine-2-one, wherein use of acid chléride or condensing agents can be avoided.
Therefore, the present invention fulfills the need in the art and.provides a cost effective,
environment friendly and industrially viable process for the preparation of 7,8-

dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one without using acid chloride intermediate

and condensing agent.

'OBJECT OF THE INVENTION

The main object of the present invention is to provide an efficient, environment friendly
and industrially advantageous process for the preparation of 7,8-dimethoxy-1,3-dihyuro-
2H-3-benzazepine-2-one of compound of formula 1.
| 0
o
N Formula I
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An another object of the present invention is to provide an efficient and industrially

advantageous process for the preparation of 7,8-dimethoxy-1,3-dihydro-2H-3--

benzazepine-2-one of compound of formula I,

y
NH Formula I
0 m—

and its application in the preparation of ivabradine or its pharmaceutically acceptable salt

5  thereof.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides an efficient, environment friendly and
industrially advantageous process for preparation of 7,8-dimethoxy-1;3-dihydro-2H-3-

10  benzazepine-2-one of compound of formula I,
! | :
NH Formulal
O —

1) reacting (3,4-dimethoxyphenyl)acetic acid of compound of formula II,

| ‘
o:©\/COOH Formula II

with N-(2,2-dimethoxyethyl)amine at a suitable temperature in a suitable solvent, in the

comprises:

absence of coupling/condensing agent to give N-(2,2-dimethoxyethyl)-2-(3,4-

15  dimethoxyphenyl) acetamide of compound of formula III,’

(0]
Qi
o) /\rOCH’ Formula I11

OCH;

11) cyclizing the resulting N-(2,2-dimethoxyethyl)-2-(3,4-dimethoxy phenyl)acetamide of

compound of formula I in the presence of a suitable acid,

iil) isolating 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one of formula I.
5
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In another embodiment, the present invention provides an industrially advantageous and

efficient process for preparation of ivabradine having structure,
| Y |
0 0
N
0 _\—\ J:< I
I N 0
A | |
or its pharmaceutically acceptable salt thereof comptises:

1) reacting (3,4-dimethoxyphenyl)acetic acid of compound of formula II,

o
O:Q/COOH Formula II

5 with N-(2,2-dimethoxyethyl)amine at a suitable temperature in a suitable solvent, in the
absence of coupling/condensing agent to give N-(2,2-dimethoxyethyl)-2-(3,4-

dimethoxyphenyl)acetamide of compound of formula III,

o
m
OCH )
0 /\r 3 Formula III

| H
OCH;

i1) cyclizing the resulting N-(2,2-dimethoxyethyl)-2-(3,4-dimethoxy phenyl)acetamide of
formula III in the presence of a-suitable acid,
10  1ii) isolating 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one of compound of

formula I,

0]
\H Formula I

o —
| .

iv) converting 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one of compound of

“formula I into ivabradine or its pharmaceutically acceptable salt thereof.

15
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DETAILED DESCRIPTION OF THE INVENTION

The present invention provides an iridtlstrially advantageous, environment friendly and
efficient process for preparation of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one
of compound of formula I by reacting (3,4-dimethoxyphenyl)acetic acid of formula II
with N-(2,2-dimethoxyethyl)amine at a suitable temperature in a suitable solvent, in the
absence of coupling/condensing agent to give a reaction mixture.

The suitable solvent used in the reaction mixture can be any suitable organic solvent,
which can form azeotrope with water. The suitable organic solvent can be selected from
toluene, cyclohexane; methyl ethyl ketone, methyl isobutyl ketone, di-isobutyl ketone
and a like or mixture thereof.

The suitable temperature used in the reaction can be in the range of 10°C to the reflux
temperature of the solv.ent and it takes about 5 hours to 30 hours for completion of
reaction.

The water generated in-situ during condensation reaction can be removed by using any

suitable means to give N-(2,2-dimethoxyethyl)-2-(3,4-dimethoxy phenyl) acetamide of

-compound of formula III. The resulting - N-(2,2-dimethoxyethyl)-2-(3,4-

dimethoxyphenyl)acetamide of compound of formula III can be isolated or can be AusAed as

such for next reaction without its isolation.

It has been observed that it is advantageous to remove the water, generated in-situ during

condensation reaction to avoid the backward reaction. The removal of water can be

accomplished by azeotropical distillation or using activated molecular sieves.

Generally, after completion of reaction, solvent may be distilled out from reaction mass’
to isolate N—(2,2—dimethoXyethyl)-2-(3,4-dimethoxyphenyl) acetamide. Alternatively,
reaction mass may be cooled to a temperature of below 35°C, and proceeded for further
cyclization step. The resulting reaction mass can be treated with a suitabie acid to
carried out cyclization reaction - of N-(2,2-dimethoxyéthyl)-2—(3,4—
dimethoxyphenyl)acetamide of compound of formula III. The compound of formula III,
prepared by direct condensation of (3,4-dimethoxyphenyl)acetic acid of compdund of
formula Il with N-(2,2-dimethoxyethyl)amine is of high synthetic applicability, since it
avoids use of toxic reagents.

It.is not Cl'LllCial for next ‘cyclization reaction, whether to isolate compound of formula III

or used as such from reaction mass.
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‘The suitable acid used for cyclization reaction can be selected from concentrated

hydrochloric acid in aqueous solution, concentrated hydrochloric acidin solution in
acetic acid, hydrobromic acid, hydrobromic acid solution in acetic acid, sulphuric acid,
methanesulphonic acid or a mixture thereof.

The suitable temperature to carry out cyclization reaction 1s preterably 10 to 40°C.
Generally, after comp'ietion of cyclization reaction, the reaction mixture is diluted with a
suitable medium. Preferably water is added to the reaction mixture and reaction mass is
further stirred for 2 to 10 hours for complete crystallization of desired product. The
resulting solid can optionally be purified by using a suitable solvent. The suitable solvent
includes but-hot limited to alcohols selected frorﬁ ethanol, methanol; éster and ether
solvent such as ethylactetate, diethyl ether and a like or mixture thereof. The compound
of formula I, can be isolated from reaction mass by using a suitable means known in the
art like filtration, centrifugation or the like.” The resulting solid product can be washed
with suitable solvent including demineralized water and then can be dried at a
temperature range of 40°C to 80°C to give" 7,8-dimethoxy-1,3-dihydro-2H-3-
benzazepine-2-one of compound of formula I. The completion of reaction can be
monitored by any one of chromatographic techniques such as thin layer chromatography
(TLC), high pressure liquid  chromatography (HPLO), Ultra-pressure  liquid-
chromatography (UPLC) and the like |

The 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one of compound of formula I,
prepared according to present invention is highly useful in the synthesis of ivabradine or
its pharmaceutically acceptable salt thereof, as it is an important intermediate.
Accordingly, the present invention provides a convenient, industrially aanntageous and
efficient process for preparation of ivabradine or its pharmaceutically 'acceptable salt
thereof by using 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one of compound of
formula 1 prepared by feactirig (3,4-dimethoxy phenyl)acetic acid of compound of
formula II 'with N-(2,2-dimethoxyethyl)amine at a. suitable temperature in a suitable
solvent, in the absence of coupling/condensing agent, to prepare N-(2,2-
dimethdxyethylj-2-(3,4—dimethoxyphenyl)acetamide of compound of formula III,
f_ollowéd by cyclization of N-(2,2-dimethoxyethyl)-2-(3,4-dimethoxyphenyl)acetamide
of compound of formula III in acidic mediuiﬁ to prepare 7,8-dimethoxy-1,3-dihydro-2H-

3-benzazepine-2-one of compound of formula I, and converting 7;8-dimetho>{y—l,3-
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dihydro-2H-3-benzazepine-2-one of compound of formula I to ivabradine or its
pharmaceuticaﬁy acceptable salt thereof by the methods known in the art or as described.
Generally 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one of compound of formula I
can be alkylated with 1-bromo-3-chloro-propane in presence of a suitable base in an
organic solvent to obtain 7,8-dimethoxy-3-[3-chloropropyl]-1,3-dihydro-2H-3-

benzazepin-2-one of compound of formula IV.

| o)
N Formula IV
: _ —\_\
Cl

The compound of formula IV. can be then condensed with methylamine derivative of

formula ,V or.salt thereof,

ngd
R 0 Formula V
|

to_prepare benzazepine intermediate of formula VI;

| (o}
(o)

I
‘ s
N Formula VI
?@C ~ ?
|

which is then reduced to prepare ivabradine and converting into ivabradine

pharmaceutically acceptable salt thereof.

Particularly  7,8-dimethoxy- l',3-dihydl'o—2H—37benzazepine—2—one. of compound of
formula I can be alkylated with l—bromo-3_—chloro—propané in presence. of a suitable base
in an-organic solvent to benzazepin-2-one compound of formula IV. The suitable base
includes potassium tertiary butoxide, alkali metal hydroxide such as sodium hydroxide,
potassium hydroxide. or the like. The organic solvent can be selected from acetone,
dimethylsulfoxide, dimethylformamide, etc. or mixtures thereof. Benzazepin-2-one
compound of formula IV can optionally be purified to achieve purity of greater than
99%w/w. Any suitable purification method can be employed for purification; preferably
benzizepin-2-one compound of formula IV can be crysta'llized by using suitable solvent

or a mixture of solvents or slurry washed in a suitable solvent. The suitable solvent can

9
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be selected from water, acetates, ketones and mixture thereof. Preférably water, acetone
and a mixture of acetone and ethyl-acetate have been used.

Thereafter benzazepin-2-one compound of formula IV can be then condensed with
methylamine derivative of formula V or salt thereof, to prepare benzazepine intermediate
of formula VI,

The methylamine derivative of formula V or salt thereof can be prepared by methods
known in literature. Specifically camphorsulphonic acid salt of methylamine derivative of
formula'V is used and treated with bdse‘to prepare methylamine derivative of formula V

The methyl,amine derivative of formula V can be isolated or used in situ for further
reaction. The condehsation reaction can be carried out in demineralized water and in the

presence of a base at 45-60°C preferably at. 50-55°C and it takes 10-20 hours for

completion of reaction. The progress of reaction can be monitored by high performance

liquid chromatog;raphy (HPLC). The suitable base used in the condensation step can be

selected from alkali metél carbonateé, alkali metal bicarbonates and alkali metal

hydroxides and preferably potassium carbonate is used. Benzazepine intermediate of

formula VI, pre_pared by process as given, can be hydrogenated and converted into highly

pure ivabradine or its pharmaceutically acceptable salt thereof.

Typically, the condensed product Benzazepine intermediate of formula VI is converted to
ivabradine or its pharmaceutically acceptable salt selected from hydr'ochloric acid,
hydrobromic acid, sulphuric acid, phosphoric acid, acetic acid, trifluoroacetic acid, lactic
acid, pyruvic acid, malonic acid, succinic acid, glutaric acid, fumaric acid, tartaric écid,
maleic acid,  citric acid, ascorbic acid, oxalic acid, méthanesulphonic acid,
benzenesulphﬁnic acid and camphoric acid, and hydratés thereof. Preferably
hydrochloride or oxalate salt is prepared. The compourlld of formula VI is catalytically
hydrogenated using palladium on carbon catalyst in suitable solvent such as alcohols
like: under hydrogen pressure of 3-10 kg/cmz.‘ The hydrogenation reaction is conducted
at ambient ‘temperature and it takes 4-12 hours for completion of reaction, which is
monitored by high performance liquid chromatography (HPLC). The catalyst is filtered
out and the product is isolated from reaction mass by removal of solvent by distillation
from the filtrate. Thereafter crude ivabradine is t,feated with suitable acid i.e.
hydrochloric acid or oxalic acid to prepare the desired salts. The acid salt is then purified

using a suitable solvent such as acetates, alcohols, nitriles, and the like and preferably

10
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ethyl acetate, acetonitrile are used. Purification steps can be repeated, if required, to
achieve the desired purity level. Ivabrdaine salts ¢an also be converted to one another
like ivabradine hydrochloride can be converted to ivabradine oxalate and ivabradine
oxalate can be converted to ivabradine hydrochloride. Preferably hydrochloride or
oxalate salt is prepared. In an alternate embodiment, compound of formula IV- can be

reduced before condensation with compound of formula V and results directly to prepare

ivabradine.

Ivabradine prepared by using the compound of formula I, prepared by using process of
present invention, can be converted in to pharmaceutically acceptable salt selected from
hydroéhloric ‘acid, hydrobromic acid, sulphuric acid, phosphoric acid, acetic acid,
trifluoroacetic acid, lactic acid,l pyruvic acid, malonic acid, succinic acid, glutaric acid,
fumaric acid, tartaric acid, ~maleic 'acid; citric acid, ascorbic acid, oxalic acid,
methanesulphonic acid, benzenesulphon_ic acid and camphoric acid, and hydrates thereof.
Ivabrdaine and its salts have been prepared in comparable purity and better yield by using
7,8—dimethoxy-l,3-dihydro-_2H-3-benzazepine-%one, prepared by using the process of
present invention.

Major advantages realized in the present invention are that yield of 7,8-dimethoxy-1,3-
dihydro-2H-3-benzazepine-2-one has been increased many folds, as thionyl chloride has
not been used. Further time cycle for preparation method has also been reduced. Since
time cycle is reduced, so in same time period more of the 7,8-dimethoxy-1,3-dihydro-2H-
3.:-benzazepin'e-2—one, with improved yield will be generated, so production cost will
down and hence process is cost effective.

EXAMPLES:

Example 1: Preparation of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one

To a suspension of (3,4-dimethoxyphenyl)acetic acid (50g) in toluene (175 ml) N-(2,2-
dimethoxyethyl)amine (32.5g) was added at 15-35°C, The resulting reaction mixture was
heated to reflux, and maintained at same temperature for 26 hours, with removal of water
azeotropically. After completion of reaction, the reaction mixture was cooled to a
temiperature of 20°C to 30°C. Concentrated hydrochloric acid (150ml) was added to the
reaction mixture and stirred. The layers were separated and toluene layer was further
extracted with concentrated hydrochloric acid (100ml). The acidic layers were combined

and concentrated sulphuric acid (25ml) was added to it. The resulting reaction mixture

11
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was stirred at a temperature of 25°C to 30°C for 17 hours. After completion of reaction,
demineralized water (250ml) was added at a temperature of 20°C to 30°C and reaction
mixture was further stirred for 4 hours for complete crystallization. Thereafter methanol
(25ml) was added, and reaction mixture was further stirred for 45 minutes. The resulting
solid was filtered and washed with demineralized water and dried at a 50-60°C. to obtain
44g of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one, having purity 97.18%
measured by HPLC.

Example 2: Preparation of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one

To a suspension of (3,4-dimethoxyphenyl)acetic acid (25g) in toluene (87.5ml) N-(2,2-
dimethoxyethyl)amine'(16.2g) was added at 15-35 °C. The resulting reaction mixture was .
heated to reflux, maintained ‘at reflux temperature for .further 30 hours, and water was
removed azeotropically. After completion of the reaction, reaction mixture waS cooled to
a tempefaturé of 25°C to 30°C. Concentrated hydrochloric acid (100ml) was added to the

reaction mixture and stirred. The layers were separated and toluene lz'lyer was further

extracted with concentrated hydrochloric acid. (25ml). The acidic layers were combined

and concentrated sulphuric acid (12.5ml) was added to'it. The resulting reaction mixture
was stirred at a temperature of 25°C to 30°C for 15 hours. After completion of reaction,
demineralized water (125ml) was added at a temperature of 20°C to 30°C and reaction

mixture was further stirred for 4 hours for complete crystallization. Thereafter, methanol

-(12.5ml) was added and reaction mixture was further stitcred for 45 minutes. The resulting

solid was filtered and washed with demineralized water and dried at 50-60°C to afford
22.2g of title compound, having purity 97.9% measured by HPLC.

Example 3: Preparation of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one

To a suspension of (3,4-dimethoxyphenyl)acetic acid (100g) in toluene (350ml) N-(2,2-
dimethoxyethyl)amine (65g) was added at 15-35°C. The resulting reaction mixture was
heated - to reflux, maintained reaction mixture at reflux temperature for 30 hours, and
water was removed azeotropically. After completion of the reaction, the reaction mixture
was cooled to a temperature of 20°C to 30°C. Concentrated hydrochloric acid (400ml)
was added to the reaction mixture and stirred. The layers were separated and toluene
layer was further extracted with concentrated hydrochloric acid (100ml). The acidic
layers were combined and concentrated s.ulphuric acid (50ml) was added to it. The

resulting reaction mixture was stirred at a temperature of 25°C tg 30°C for 15 hours.
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After complgtion of reaction demineralized water (500ml) was added at a temperature of
20°C to 30°C and reaction mixture was further stirred for 4 hours for complete
crystallization. Thereafter, methanol (50ml) was added and reaction mixture was further
stirred for 45 minutes, The resulting solid was filtered and washed with demineralized
water and dried "at 50-60°C to affordl 91g of - 7,8-dimethoxy-1,3-dihydro-2H-3-
benzazepine-2-one, having pur.ity 98.4% measured by HPL-C.

Example 4: Preparation of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one

To a suspension of (3,4-dimethoxyphenyl)acetic acid (10g) in methyl isobutyl ketoné
(40ml) N-(2,2-di'methoxyethyl)amine (6.5g) was added at 15-35°C. The resulting reaction
mixture was heated to reflux, maintained at ‘reﬂuk temperature for 27 hours, and water
was removed azeotropically. After completion of reaction, the reaction mixture was
cooled to a temperature of 20°C to 30°C. Concentrated hydrochloric acid (50ml) was
added to the reaction mixture and stirred. The layers were separated and the acidic layers
were combined and concentrated sulphuric acid (5 ‘ml) was added to it. The resulting
reaction mixture was stirred at a temperature of 25°C to 30°C for 16 hours. After
completion of reaction, demineralized water (50ml) was ddded at a temperature of 20°C
to 30°C and reaction mixture was further stirred for 4 hours for complete crystallization.
Thereafter methanol (Sml) was added, and reaction mixture was further stirred for 45
minutes. The resulﬁng solid was filtered and washed with demineralized water and dried
at 50-60°C to obtain the title éompound.

Example 5: Preparafion of 7,8-dimethoxy-1,_3-dihydro-2H-3-benzazepine-z-one ‘

To a suspension of (3,4—dimethoxyphenyl)acetié acid (50g) in toluene (175ml) N-(2,2-
dimethoxyethyl)amine (22.5g) was added at 15-35°C. The resulting reaction mixture was
reflux, maintained reaction mixture at reflux temperature for 29 hours, and water .was
removed azeotropically. After completion of reaction, the reaction rixture was cooled to
a temperature of 20°C to 30°C. Concentrated hydrochloric acid (200ml) was added to the
reaction mixture and stirred. The layers -were separated and toluene layer ‘was further
extracted with concentrated hydrochloric acid (50ml). The acidic layers were combined
and divided into two equal parts.

One part of acidic layér was stirred at a temperature of 25-30°C for 15-17 hours and
demineralized water (125ml) was added and reaction mixture was further stirred for 4

hours for complete crystallization. Thereafter methanol (12.5ml) was added and reaction
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mixture was further stirred -for 45 minutes. The resulting solid was filtered and -washed
with demineralized watér and dried at a 50-60°C to obtain 22g of title compound.

To the second part of acidic layer, concentrated sulphuric acid (12.5ml) was added
slowly at a temperature of 20-30°C and the resulting reaction mixture was stirred for 15-
17 hours. After completion of reaction, demineralized water (125ml) wés added at a
temperature of 20°C to 30°C and reaction mixture. was further s.tirr'ed for 4 hours for
complete crystallization. Thereafter methanél (12.5ml) was added, and reaction mixture
was further stirred for 45 minutes. The. resulting solid was filteréd and washed with
demineralized watér and dried at a 50-60°C to obtain 24.8g of 7,8-dimethoxy-1,3-
dihydro-2H-3-benzazepine-2-one having purity 99.03% measured by HPLC.

Example 6: Preparation of 7,8-dimethoxy-1,3-dihydro-2H-3-be’nzazepine-2-one

To a suspension of (3,4-dimethoxyphenyl)acetic acid (50g) in toluene (150ml) N-(2,2-
dimethoxyethyl)amine (32.5g) was added at 15-35°C. The resulting reaction mixture was
heated to reflux, maintain'ed at refluxi.tempe_ratﬁre for 30 hours, and water was removed
azeotropically. After completion of reaction, the reaction mixture Was cooled to a
temperature of 25°C to 30°C. Concentrated hydrochloric acid (250ml) was added to the

reaction mixture. The resulting reaction mixture was stirred at a temperature of 25°C to

30°C for .22 hours. After completion of reaction, demineralized water (150ml) was

added at a temperature of 20°C to 30°C and reaction mixture was further stirred for 3
hours for complete crystallization. The resulting solid was filtered and washed with
demineralized water and dried at a 50-60°C to obtain 7,8-dimethoxy-1,3-dihydro-2H-3-
benzazepine-2-one, having purity 98.07% measured by HPLC.

Example 7: Preparation of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one

a) Preparation of N-(2,2-dimethoxyethyl)-Z-(3,4-dimethoxyphenyl)acetamide

To a suspension of (3,4—dimethoxyphenyl)acetic acid (50g) in toluene (175 ml) N-(2,2-
dimethoxyethyl)amine (32.5 g) was added at 15-35 °C. The resulting reaction mixture
was heated to reflux, maintained reaction mixture at reflux temperature for 30 hours, and
water -was removed azeotropically. Thereafter, toluene was distilled to obtain N-(2,2-
dimethoxyethyl)-2-(3,4-dimethoxyphenyl) acetamide..

b) Preparation of 7,8-dimethoxy-1,37dihydr0-2H-3;benzazepine-Z-one

To the resulting N-(2,2-dimethoxyethyl)-2-(3,4-dimethox yphenyl)acetamide,

concentrated hydrochloric acid (250 ml) and concentrated sulphuric acid (25 ml) were
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added. The resulting reaction mixture was heated at-a temperature of 25°C to 30°C for 4
hours. After completion ‘of reaction, demineralized water (250 ml) was added at a
temperature of 20°C to 30°C and reaction mixture was further stirred for 4 hours for
complete crystallizatioh. Thereafter methanol (25 ml) was added, and reaction mixture

was further stirred for 45 minutes. The resulting solid was filtered and washed with

demineralized water and dried at a 50-60°C to obtain 43.6g of 7,8-dimethoxy-1,3-

dihydro-ZH-3‘-benzazepine—2—one, having purity 98.4% measured by HPLC.

Example 8: Preparation of 7,8-dimethoiy-3-(3-chloropropyl)-1;3-dihydro-2H43-
benzazepin-2-one

7;8—Dimethoxy-1,3-dihydro-2I—_I-3-benzaz’epine-’2-one (90 g) prepared as above, was.
takeﬁ in dimethylformamide (270 ml) and potassium hydroxide (45 g) was added. The
resulting reaction mixture was stirred at a temperature of 0°C to 5°C for 15 minutes.
Thereafter, 1-bromo-3-chloro-propane (67.5 ml) was added, and maintained the reaction
mixture at same témperature for 3 hours. After completion of reaction (monitored by
HPLC), demineralized water (270 ml) was slowly added at a temperature of 0°C to 5°C,.
and reaction mixture was further stirred at-a temperature of 25°C to 30°C for 1 hour. The
resultant. prodhct Was filtered, washed with demineralized water and dried at 50-60°C to
obtain 102 g of title combound, having purity 98.5% measured by HPLC.

Exampie 9: Purification of 7,8-Dimethoxy_-3-(3-chlbr0propyl)-1,3-dihyd'r0-2H-3-
benzazepin-2-one

7,8-Dimethoxy-3-(3-chloropropyl)-1,3-dihydro-2H-3-ber pin-2-one, prepared as
above was taken in acetorie (306 ml) and stirred at a temperature of 45°C to 55°C for 30
minutes . till complete dissolution. The resultant reaction mass was filtered through hyflo
and washed with acetone (102 ml). Combined acetone solution was distilled out till
acetone (120-125) remained. Thereafter demineralized water (612 ml) was added to the
resulting acetone solution at temperature 40-45°C and nﬁaintained the reaction. mixture at
ambient temperature for 1 hour. The resulting solid was filteréd, washed with
demineralized water and dried at 50-60°C to obtain 98 g of pure title compound, having
purity 99.81% measured by HPLC.

Example 10: Preparation of (S)-7,8-dimethoxy-3-{3-{N-[(4,5-dimethoxy benzo
cyclobut-1-yl)methyl]-N-(methylaminopropyl)-1,3-dihydro-2H-3-benzazepine-2-one
To a mixture of (S)-[(4,5-dimethoxy benzocyclobut-1-yl)-methyl]-N-(methyl amine
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camphorsulphonic acid (35 g) and water [ 47 ml], potassium carbonate (44.3 g) was
added at temperature below 30°C and stirred for 15-20 minutes. To this, 7,8-dimethoxy-
3-(3-chloropropyl)-1,3-dihydro-2H-3-benzazepin-2-one (23.8 g) was added and stirred
for further 30 minutes. Thereafter the reaction mixture was to 55-60°C and maintained
the temperature for 24-30 hours. After.co'mplet‘ion of reaction (monitored by HPLC),
eihyl acetate (175 ml) was added-at same temperature, and stirred for 15 minutes.
Thereafter water (70 ml) was added and cooled the reaction mixture to 30-35°C. The
layers were separated and the resulting aqueous layer was further extracted with ethyl
acetate. The combined ethyl acetate layer was washed twice with soaium hydroxide
solution (4 g sodium hydréxide + 105 ml water). The éthyl acetate was distilled
completely under vacuum at 55-66°C to obtain 36 g of the title compound as oil.
Example 11: Preparation of Ivabradine hydrochloride

Benzazepine compound (35 g) obtained as above, was taken in methanol [210ml] and
was hydrogenated in the presence of Pd/C [10% 7.0 g] under a hydrogen pressure of 7-8
kg/cm® at temperature of 25-30°C for about 8-10 hours. After completion of
hydrogenation, catalyst was filtered off- and washed with methanol. Methanol was
distilled out completely under vacuum at 25-30°C. The resulting reaction mass was taken
in dilute hydrochloric acid solution.[175 ml) and methylene chloride [230ml]. The layers
were separated and .the resulting aqueous layer was extracted twice with methyléne
chloride [2x140ml]. The combined methylene chloride was filtered, and distilled
completély under vacuum. To the residue, acetonitrile (70ml) was added and distilled to -
remove traces of methylene chloride. To the resulting reziction mass, acetonitrile (700ml)
was added and heated to reflux till clear solution. Thereafter 50% of acetonitrile was
distilled 6L1t and the reaction mixture was cooled to 25-30°C and stirred at same
temperature for further 2 hours. The- resultant product was filtered, washed with
acetonitrile and suck dried. The same purification was repeated again in acetonitrile.
Further the resulting wet material was taken in ethyl acetate (420ml) and heated to reflux
till clear splution. Distilled out one sixth of ethyl acetate, cooled the reaction mixture was
to 30-35°C and stirred at same temperature for further 1 hour. The product thus obtained
was filtered, washed with ethyl acetate and dried at 70-80°C to obtain the title compound
(28.48 g), having purity 99.90% w/w by HPLC.

16



10

15

20

25

30

WO 2017/138017 PCT/IN2017/000031

Example 12; Preparation of Ivabradine oxalate

Ivab.radir-l'_e (23 g) was taken in acetonitrile (230 ml) and the temperature was raised to 65-
70°C. To this, oxalic acid solution (7 g in 75 ml acetonitrile) was added and filtered the
reaction mixture and stirred for 15 minutes. The temperature of reaction mixture was
raised to 80-85°C and stirred for 2 hours. Cooled the resulting solution to ambient
temperature slowly and stirred for further 4 hours. The resulting solid was filtered and
washed with acetonitrile (10 ml). The wet cake was recrystallized in acetonitrile (230 ml)

and resulting product was dried under vacuum at 60-65°C to obtain 24.0 -g of title

compound.

‘Example 13: Preparation of Ivabradine oxalate

Ivabradine h_ydrochloride (25 g) was taken in demineralized water (75 ml) and sodium
hydroxide solution (6.25 g in 13 ml water) was added at temperature 25-30°C, to adjust
the pH above 11.5. Thereafter, -ethyl acetate (125 ml) was added, and stirred for ﬁu‘ther
30" minutes. The layers were séparated and the resulting aqueous layer was further
extracted With ethyl aéetate. The combined ethyl acetate layer was washed with sodium
hydroxide solution (1.5 g in 75 ml water), then with ethyl acetate and then treated with
sodium sulphate (2.5 g). The ethyl acetate was distilled completely under vacuum at 55-
60°C. To the residue, acetonitrile was added (25 ml) to remove the traces of ethyl acetate
from the solution. Acetonitrile (225 ml) was added and raised the temperature fo 65-
70°C, to this, oxalic acid solution (7 g in 75 ml acetonitrile) was added and filtered the
reaction mixture and stirred for 15 minutes. The temperature of reaction mixture was
raised to 80-85°C and stirred for 2 hours. Cooled the resul.ting solution to ambient
temperature slowly and stirred for further 4 hours. The resulting solid was filtered and
washed with acetonitrile (13 ml). The wet cake was recrystallized in acetonitrile (250 ml)
and resulting product was dried under vacuum at 60-65°C to obtain 24.1 g of title
compound.

It will be apparent to those skilled in the art that various modifications and variations can
be made in the present -invention and specific examples are provided herein without
departing from the spirit and scope of the invention. Thus, it is intended that the present
invention covers the modifications and variations of this invention that come within the

scope of any claims and their equivalents
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We claim

1. A process for preparation of 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one of

compound of formula I,

| (o}
[o)
:@ijm Formula I
I
comprises:
S 1) reacting (3,4-dimethoxyphenyl)acetic acid of compound of formula II,

O
ojg\'/COOH Formula II

with N-(2,2-dimethoxyethyl)amine. at a suitable temperature in a suitable solvent, in
the absence of coupling/condensing agent to give N-(2,2-dimethoxyethyl)-2-(3,4-

.dimethoXyphenyl) acetamide of compound of formula III,

O
m
0 N/\I/ OCH, Formula III

| H
OCH;

11) cyclizing the resulting N-(Q,2-dimethoxyethyl)-2-(3,.4-dimethoxyphenyl) acetamide
10 of compound of formula III in the presence of a suitable acid, -
111) isolating 7,8-dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one of formula L.

2. The process as claimed in claim 1, wherein in step i) the suitable temperature is from
10°C to the reflux temperature of the solvent used.

3. The process as claimed in claim 1, wherein in step 1) the suitable solvent is an organic

15 solvent that forms azeotrope with water.

4, The process as claimed in claim 1, wherein in step 1) the suitable solvent is toluene,
cyclohexane; ‘methyl ethyl ketone, methyl isobutyl ketone, di-isobutyl ketone and a
like or mixture thereof. |

S. The process as c_:laiméd in claim 1, wherein in step ii) the suitable acid is selected

20 from concentrated hydrochloric acid in aqueous solution, concentrated hydrochloric
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acid in solution in acetic acid, hydrobromic acid, hydrobromic acid solution in acetic
acid, sulphuric acid, methanesulphonic acid or a mixture thereof.
6.. The. process as claimed in claim 1, wherein in step-ii) the reaction is performed at
10°C to 40°C.
5 7. A process for preparation of ivabradine of following formula,

. | 0
0

?]@(;(NMN:

or its phzirmacepitically acceptable salt thereof comprises:

1) reacting (3,4-dimethoxyphenyl)acetic acid of compound of formula II,

o
Oj@/COOH Formula 11

with N-(2,2-dimethoxyethyl)amine at a.suitable temperature in a suitable solvent, -in

the absence of coupling/condensing agent to give N-(2,2-dimethoxyethyl)-2-(3,4~

10 di’methoXyphenyl)acetamide of compound of formula I1I,
I
0]
0]
o | N/YOCHs Formula III
| H
OCHj;

i) cyclizing resulting N-(2;2-dimethoxyethyl)-2-(3,4-dimethoxyphenyl) acetamide of
formula III in the presence of a suitable acid,

1i1) isolating 7,8-dimethoXy—l,3—dihydro-2H-3-benzazepine-2-one of compotund- of

formula I,
| 0
o
N1 Formula I
O —
| :
15 1v) converting 7,8—dimethoxy-1,34dih-ydro-2H-3—benzazepine-z-one of compound of

formula I into ivabradine or its-pharmaceutically acceptable salt thereof.
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8. The process as claimed in claim 7, wherein in step iv) the converting of 7,8-
dimethoxy-1,3-dihydro-2H-3-benzazepine-2-one of compound of formula I into
ivabradine or its pharmaceutically acceptable salt thereof comprises the step of
i) alkylating 7,8-dimethoxy-1,3-dihydro-2H-3—benzaiepine-?-one of compound of

5 formula I with l-bromo-B;Chloro—propane in 'p_resenée of a suitable base in an organic
solvent to obtain 7,8-dimethoxy-3-[3-chloropropyl]-1,3-dihydro-2H-3-benzazepin-2-

one of compound of formula IV.

0 .
:@(;/(N Formula IV
o _ —\_\

i) condensing of the resulting compound of formula IV with-methylamine derivative

of formula V or salt thereof,

o
|
H X 0 Formula V
1 |
10 to prepare benzazepine intermediate of formula VI;

| /0
0

|
(6]

j@:jq .O Formula VI
% = _\_\N”:O

ii1) reducing the benzazepine intermediate of formula VI by catalytic hydrogenation

to prepare ivabradine and
iv) converting ivabradine into ivabradine pharmaceutically acceptable salt thereof
by reacting with a suitable acid.

15 9. The process as claimed in claim 8, wherein in step i) the suitable base is selected from
‘potassium tertiary butoxide, alkali metal hydroxide such as sodium hydroxide,
potassium hydroxide; the. organic sdlvent is selected from acetone,

dimethylsulfoxide, dimethylformamide or mixtures thereof.
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10. The process as claimed in claim 8, wherein in step ii) condensation is carried out in
demineralized water and. in the presence of a base at 45-60°C; in step iii) reduction is
carried out using palladium on carbon catalyst in suitable solvent under hydrogen
pressure of 3-10 kg/em?; in-step iv) ivabradine is converted to suitable acid by

reacting with a suitable acid in a suitable solvent.
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