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PROCESS FOR THE PREPARATIONOF APIXABAN

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of earlier Indian provisional patent application
nos. 2035/CHE/2014 filed on April 21, 2014 and 4367/CHE/2014 filed on September 5,
2014.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

The present invention relates generally to pharmaceutical compositions and more
particularly to aprocess for the preparation of apixaban using novel intermediates.

BACKGROUND OF THE INVENTION

Apixaban is chemically known as I-(4-methoxy-phenyl)-7-oxo-6-[4-(2-
oxopiperidin-l1-yl)-phenyl]-4,5,6,7-tetrahydro-IH-pyrazol o] 3,4c] - pyridine-3-carboxamide

and has the following structural formula:

0
HN—g
}‘\\. RN
I
!‘k;’“"" e \rf.ﬁ@‘\\.ﬁ a
N 4 1
frrrrrm-"

Apixaban is adirect factor Xa (FXa) inhibitor, and is used as an anticoagulant for the
treatment of venous thromboembolic events. Apixaban is marketed by Bristol-Myers
Squibb under the brand name ELIQUIS®.

U.S. Patent Nos. 6,413,980 and 6,673,810, which are hereby incorporated by
reference, broadly disclose nitrogen-containing heterobicyclic compounds, derivatives
thereof, and pharmaceutically acceptable salts thereof, as inhibitors of factor Xa. U.S.
Patent Nos. 6,967,208; 6,989,391; and 6,919,451, which are al hereby incorporated by

reference, disclose processes for the preparation of apixaban.

There is a need to provide an improved process for the preparation of apixaban
which avoids the use of expensive chemicals and formation of impurities. The present
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invention provides a process for the preparation of apixaban and its intermediates which is
efficient and industrially viable.

SUMMARY OF THE INVENTION

One aspect of the present invention provides a compound of Formula D shown
5 below:

O

CE OCHj
| ] O Rr |: )
N N

_N

COOC,H;
H

FormulaD

where R may be N-methyl piperazine, N-ethyl piperazine, I-(2-pyrimidinyl)piperazine, 1-
(2-pyridyl)piperazine, or benzyl piperazine. Within the context of the present invention,

10  Formula D may be employed as anovel intermediate in the synthesis of apixaban.

Another aspect of the present invention provides a process to produce apixaban,
which may be prepared by the following Scheme-1, shown below:
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NH, o O,N o O,N °
Base Cl
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Acid Methylenedichloride cl
NO,

1-(4-Nitrophenyl)piperidine-2-one 3,3-Dichloro-I-(4-Nitro-
phenyl)piperidine-2-one

4-Nitro aniline

o o B SN
Piperazine derivative ‘ I\é( R Reduction }ij/ R Cl)'\/\/‘ X
» _— -
Base
Formula A Formula B
CZHSOOC\ﬁCI
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B ———
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1y COOC:Hs
FormulaC FormulaD
C,H,00C., H,NOC
b L
;NO i PRAGE
OCH; OCH,
Ester intermediate Apixaban

R is aPiperazine derivative such as
N-methyl piperazine,

N-ethyl piperazine,
1-(2-pyramidinyl)piperazine,
I-(2-pyridyl)piperazine, or benzyl piperazine;

X ischlorine or bromine.

Scheme-|



WO 2015/162551 PCT/IB2015/052894

One embodiment of the present invention provides a process for the preparation of
apixaban which may include the following steps (which shares some attributes of the
procession of Formula B to apixaban disclosed in Scheme-l above):

a) treating 4-nitroaniline with 5-chloro-pentanoyl chloride in the presence of abase to

5 obtain 1-(4-nitrophenyl)piperdin-2-one

NH
2 0O OzN\©\ o
+ Cl)l\/\/\X R I\é

NO,
4-Nitro aniline I-(4-Nitrophenyl)piperidine-2-one

b) converting I-(4-nitrophenyl)piperdin-2-one to 3,3-dichloro-1-(4-
nitrophenyl)piperidin-2-one

LS RNV,
N _—l
9 S

I-(4-Nitrophenyl)piperidine-2-one 3,3-Dichloro-I-(4-Nitr o-phenyl)piperidine-2-one

10 c) treating 3,3-dichloro-1-(4-nitrophenyl)piperidin-2-one with N-methyl piperazine to
obtain a N-methyl piperazine nitro compound (“NM P Nitro compound", an example

of Formula A from Scheme-1)

L

3,3-Dichloro-I-(4-Nitro-phenyl)piperidine-2-one NMP Nitro compound

O,N O,N CH;

O\ :‘jN\)

d) reducing the N-methyl piperazine nitro compound to obtain an N-methyl piperazine
15 amino compound ("NMP Amino compound’, an example of Formula B from
Scheme-l)

NMP Nitro compound NMP Amino compound
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e) converting the N-methyl piperazine amino compound ("NMP Amino Compound")
to an N-methyl piperazine cyclic intermediate ("NMP Cyclic Intermediate”, an
example of Formula C from Scheme-1)

H2N /CH3 C( CH
N
At ¢
I
NMP Amino compound NMP Cyclic Intermediate
5 f) treating the N-methyl piperazine cyclic intermediate with ahydrazine intermediate

to obtain an apixaban ester intermediate ("NMP Ester Intermediate”, an example of
Formula D in Scheme-Il), and

C,H;00C(C1

Y
NnH

o) o o
C(Qﬁdi O@%J@r

Base

l; COOC,H,

NMP Cyclic Intermediate NMP Ester Inter mediate

g) converting the NMP Ester intermediate to apixaban.

H,NOC
N N N N
o ( .
O3S0y Y0
N N © N
_N S

COOC,H
H 2 OCH,

10 NMP Ester Intermediate Apixaban
h) optionally purifying the obtained apixaban.
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a process for the preparation of apixaban using

novel intermediates.

15 In one aspect, the present invention provides a compound of Formula D shown
below:
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FormulaD

where R may be N-methyl piperazine, N-ethyl piperazine, I-(2-pyrimidinyl)piperazine, 1-
(2-pyridyl)piperazine, or benzyl piperazine. Within the context of the present invention,

Formula D may be employed as anovel intermediate in the synthesis of apixaban.

In another aspect, the present invention provides a process to produce apixaban,
which may be prepared by the following Scheme-1, shown below:
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Acid Methylenedichloride cl
NO,
4-Nitro aniline I-(4-Nitrophenyl)piperidiiie-2-one 3,3-Dichloro-I-(4-Nitro-

phenyl)piperidine-2-one
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| I
N. N
NN NO 0 N \©\ o
OCH;4 OCHj;3
Ester intermediate Apixaban

R is aPiperazine derivative such as
N-methyl piperazine,

N-ethyl piperazine,

1-(2-pyramidiny l)piperazine,
|-(2-pyridyl)piperazine, or benzyl piperazine;

X is chlorine or bromine.

Scheme-1

According to the present disclosure, 4-nitroaniline is reacted with a 5-
chloropentanoyl halide in the presence of a base and an acid to result in I-(4-
nitrophenyl)piperidin-2-one.  Within the context of the present invention, the 5-
chloropentanoyl halide may be 5-chloropentanoyl chlorine or 5-chloropentanoyl bromine.
Within the context of the present invention, the base may be, for example, methylamine,

ethylamine, dimethylamine, triethylamine, trimethylamine, or isopropylethylamine. The
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acid may be an inorganic acid, for example, hydrochloric acid, sulfuric acid, or phosphoric

acid.

Next, |-(4-nitrophenyl)piperidin-2-one is reacted in the presence of phosphorous
pentachloride and suitable solvent selected from chlorinated solvents (such as chloroform,
dichloromethane, dichloroethane) or ether solvents (such as tetrahydrofuran), to result in
3,3-dichloro- 1-(4-nitrophenyl) pi peridin-2-one. Next, 3,3-dichloro- 1-(4-
nitrophenyl)piperidin-2-one without isolation is reacted with a piperazine derivative to get
Formula A. Within the context of the present invention, the piperazine derivative may be,
for example, N-methyl piperazine, N-ethylpiperazine, |-(2-pyramidyl)piperizine, |-(2-
pyridyl)piperazine, or benzyl piperazine. Formula A may then be reduced to obtain
Formula B. Within the context of the present invention, suitable reagents for reducing
Formula A include, for example, sodium sulfide, and Raney nickel, though other well-

known reducing agents from the art may also be employed.

Next, Formula B is converted to Formula C. This reaction may be carried out by
treating Formula B with a 5-chloropentanoyl halide in the presence of suitable organic or
inorganic base and a solvent. Within the context of the present invention, the 5-
chloropentanoyl halide may be 5-chloropentanoyl chlorine or 5-chloropentanoyl bromine.
Examples of suitable organic bases include methylamine, ethylamine, dimethylamine,
triethylamine, trimethylamine, and isopropylethylamine. Examples of suitable inorganic
base include sodium carbonate, potassium carbonate, sodium bicarbonate, and potassium
bicarbonate. Examples of suitable solvents include chlorinated solvents such as chloroform,

dichloromethane, dichloroethane or ether solvents such as tetrahydrofuran.

Next, Formula C may be reacted with a hydrazine intermediate in presence of an
organic or inorganic base and a solvent to yield Formula D. Within the context of the
present invention, the hydrazine intermediate may be Z-ethyl-2-chloro-2-[2-(4-
methoxyphenyl)hydrazono] acetate. The organic base may be, for example, pyridine,
piperidine, N-methyl morpholine, N-methylpiperidine, N-phenylpiperidine, or an akyl
amine. Examples of suitable akyl amines include diethylamine, triethyl amine, di-
isopropylethylamine, and diphenylamine. Examples of suitable inorganic bases include
potassium hydroxide, sodium hydroxide, potassium carbonate, and sodium carbonate.
Examples of suitable solvents include ethyl acetate, butyl acetate, isopropyl acetate, methyl

acetate, tetrahydrofuran, methylene dichloride, and mixtures thereof. Within the context of
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the present invention, an ester solvent was found to be particularly useful in carrying out

this step of the reaction.

Formula D is then treated with a suitable acid to result in an ester intermediate.
Suitable acids include, for example, hydrochloric acid, sulfuric acid, trifluoroacetic acid,

nitric acid, and mixtures thereof.

The ester intermediate may then be treated with a suitable amine source in the
presence of a suitable solvent to produce apixaban. Examples of suitable amine sources
include ammonia gas, liquid ammonia, and ammonium formate. Generaly, acoholic
solvents may be employed in this step of the reaction. Suitable alcoholic solvents include,
for example, methanol, ethanol, isopropanol, n-propanol, n-butanol, tert-butanol, amyl
alcohol, methylene chloride, ethylene chloride, tetrahydrofuran, or mixture thereof.
Apixaban may be optionaly purified by recrystalization in a suitable solvent, such as
methanol, ethanol, isopropyl alcohol, water, or mixtures thereof. Apixaban may then be
isolated, for example, through filtration, distillation, spray drying, or tray drying to obtain
substantially pure apixaban.
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One embodiment of the present invention provides a process for the preparation of
apixaban which may include the following steps (which shares some attributes of the
procession of Formula B to apixaban disclosed in Scheme-l above):

a) treating 4-nitroaniline with a 5-chloropentanoyl halide in the presence of a base
5 to obtain |-(4-nitrophenyl)piperdin-2-one.  Within the context of the present
invention, the 5-chloropentanoyl halide may be 5-chloropentanoyl chlorine or 5-
chloropentanoyl bromine. The base may be, for example, methylamine,
ethylamine, dimethylamine, triethylamine, trimethylamine, or
isopropylethylamine. Examples of suitable acids include inorganic acids such as

10 hydrochloric acid, sulfuric acid, and phosphoric acid.

NH
2 %) O2N\©\ o
+ 01)Wx —_— I\é

NO,
4-Nitro aniline I-(4-Nitr ophenyl)piperidine-2-one

b) converting I-(4-nitrophenyl)piperdin-2-one to 3,3-dichloro-I-(4-

nitrophenyl)piperidin-2-one. This reaction may be carried out in the presence of

AL

15 I-(4-Nitr ophenyl)piperidine-2-one 3,3-Dichloro-1-(4-Nitr o-phenyl)piperidine-2-one

methylene dichloride.

O,N O,N

c) treating 3,3-dichlori-I-(4-nitrophenyl)piperidin-2-one with N-methyl piperazine
to obtain an N-methyl piperazine nitro compound ("NMP Nitro compound”, an
example of Formula A from Scheme-l).

O,N CH,;
AeS VR e S ¥ e
N
3,3-Dichloro-I-(4-Nitr o-phenyl)piperidine-2-one NMP Nitro compound

20 d) reducing the N-methyl piperazine nitro compound to obtain an N-methyl
piperazine amino compound ("NMP Amino compound”, an example of Formula

B from Scheme-l). Within the context of the present invention, suitable reagents

10
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for reducing N-methyl piperazine include, for example, sodium sulfide or Raney

nickel.
O:N CH
\CL N\) HzN\@\ 0 N2
—_—
VY o
NMP Nitro compound NMP Amino compound
5 e) converting the N-methyl piperazine amino compound ("NMP Amino

Compound") to an N-methyl piperazine cyclic intermediate ("NMP Cyclic
Intermediate”, an example of Formula C from Scheme-1).

Cf on,
O:j - Qéw

H,N

NMP Amino compound NMP Cyclic Intermediate

This reaction may be carried out by treating the NMP Nitro compound with a 5-

10 chloro-pentanoyl halide in the presence of suitable organic or inorganic base and a
solvent. Within the context of the present invention, the 5-chloropentanoy! halide
may be 5-chloropentanoyl chlorine or 5-chloropentanoyl bromine. Examples of
suitable organic bases include methylamine, ethylamine, dimethylamine,
triethylamine, trimethylamine, and isopropylethylamine. Examples of suitable

15 inorganic base include sodium carbonate, potassium carbonate, sodium bicarbonate,
and potassium bicarbonate. Examples of suitable solvents include chlorinated
solvents such as chloroform, dichloromethane, dichloroethane or ether solvents such

as tetrahydrofuran.

f) treating the N-methyl piperazine cyclic intermediate with ahydrazine
20 intermediate to obtain an apixaban ester intermediate ("NMP Ester

Intermediate”, an example of Formula D in Scheme-I),

11
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CoH;00C(C1

Y
NnH

O
O
CH;
Cg ~CHs @ C;f N
o N OCH, 0 Q OCH
o L Oyroo
N | Base N I\II\I
H COOC,H;
NMP Cyclic Intermediate NMP Ester Intermediate

This reaction may be carried out in the presence of an organic base and suitable
solvent. Within the context of the present invention, the hydrazine intermediate may
be Z-ethyl-2-chloro-2-[2-(4-methoxyphenyl)hydrazono] acetate. The organic base
may be, for example, pyridine, piperidine, N-methyl morpholine, N-
methylpiperidine, N-phenylpiperidine, or an alkyl amine. Examples of suitable alkyl
amines include diethylamine, triethyl amine, di-isopropylethylamine, and
diphenylamine. Examples of suitable inorganic bases include potassium hydroxide,
sodium hydroxide, potassium carbonate, and sodium carbonate. Examples of
suitable solvents include ethyl acetate, butyl acetate, isopropyl acetate, methyl
acetate, tetrahydrofuran, methylene dichloride, and mixtures thereof.

g) converting the NMP Ester intermediate to apixaban.

C\/o cu, H,NOC —
tefo- o
gy COOC,H; den,
NMP Ester Intermediate Apixaban
The NMP ester intermediate may be converted to apixaban by first treating with
suitable acid to result in an ester intermediate, as well understood in the art (step not shown
above, but represented in Scheme-l). Suitable acids may be, for example, hydrochloric
acid, sulfuric acid, trifluoroacetic acid, nitric acid, and mixtures thereof. The ester
intermediate may then be treated with a suitable amine source in the presence of a suitable
solvent to result in apixaban. Examples of suitable amine sources include ammonia gas,
liquid ammonia, and ammonium formate. Suitable solvents include, for example, methanal,

ethanol, isopropanol, n-propanol, n-butanol, tert-butanol, amyl alcohol, methylene chloride,

12
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ethylene chloride, tetrahydrofuran, or mixtures thereof. In some embodiments of the
present invention, an acoholic solvent was found to be particularly useful for execution of

this step of the reaction.
h) optionally purifying the obtained apixaban.

Apixaban may be optionally purified by recrystallization in a suitable solvent.
Suitable solvents include, for example, methanol, ethanol, isopropyl acohol, water, or
mixtures thereof. Apixaban may then be isolated, for example, through filtration,

distillation, spray drying, or tray drying to obtain substantially pure apixaban.

In view of the above description and the examples below, one of ordinary skill in the
art will be able to practice the invention as claimed without undue experimentation. The
foregoing will be better understood with reference to the following examples that detail
certain procedures for the preparation of molecules, compositions and formulations
according to the present invention. All references made to these examples are for the
purposes of illustration. The following examples should not be considered exhaustive, but
merely illustrative of only afew of the many aspects and embodiments contemplated by the

present disclosure.

Example 1: Preparation of |-(4-nitrophenyl) piperidin-2-one

5-chloropentanoyl chloride (140.3 g, 0.91 moles) was dissolved in methylene
dichloride (2000 ml). 4-nitroaniline (100 g, 0.72 moles) and triethylamine (147.7 g, 1.46
moles) were added at 0-5 °C under nitrogen atmosphere. The reaction mass was stirred at
room temperature. After completion of the reaction, the reaction mass was cooled to 0-5 °C
and potassium tert-butoxide (223.5 g, 1.99 moles) was added at 0-5 °C over a period of
about 3 hours. Thereafter, the reaction mass temperature was raised slowly to 25-35 °C.
After completion of the reaction, the reaction mass was poured into ice water. The organic
layer was separated and aqueous layer was extracted with methylene dichloride (300 ml).
After washing with water (2000 ml), the combined organic layers were concentrated and

crystallized from isopropy! alcohol to afford I-(4-nitrophenyl) piperidin-2-one.
Example la: Preparation of 1-(4-nitrophenyl) piperidin-2-one

To a cooled mixture of 4-nitroaniline (100 g, 0.72 moles), methylene dichloride
(1300 ml), tetrahydrofuran (100 ml), a solution of potassium carbonate (130.08 g (0.94

moles) potassium carbonate dissolved in 400 ml of water), and 5-chloropentanoyl chloride

13



10

15

20

25

30

WO 2015/162551 PCT/IB2015/052894

solution (140.29 g (0.72 moles) 5-chloropentanoyl chloride mixed in 100 ml of methylene
dichloride) was added at 5-10 °C, and the reaction mass was heated to 27 to 32 °C. The
reaction mixture was stirred until the reaction was completed, as monitored by HPLC. The

reaction mass was then cooled to 10 to 15 °C.

Tetrabutylammonium bromide (TBAB) (2.33 g) and a sodium hydroxide solution
(202.72 g, 5.06 moles sodium hydroxide dissolved in 500 ml of water, cooled to 25-30 °C
(Slight exothermic addition)) was added to this reaction mass a 10 to 15 °C, and the
reaction mass was heated to 27 to 32 °C. The reaction mass was stirred until the reaction
was completed as monitored by HPLC. The reaction mass was then cooled to 10 to 15 °C.
After completion of the reaction, the organic layer was separated and agueous layer was
extracted with methylene dichloride (300 ml). After washing with water (500 ml), the
combined organic layers were concentrated and crystallized from isopropyl alcohol to

afford |-(4-nitrophenyl) piperidin-2-one.

Example 2: Preparation of 5, 6-dihydro-3-(4-methylpiperazin-I-yl)-I-(4-nitrophenyl)
pyridin-2(IH)-one

[-(4-nitrophenyl) piperidin-2-one (100 g, 0.45 moles) was dissolved in methylene
dichloride (1200 ml) and phosphorus pentachloride (288.3 g, 1.36 moles) was added slowly.
The resulting mixture was heated to reflux. After completion of reaction, the reaction mass
was poured into ice water. The organic layer was separated and the aqueous layer was
extracted with methylene chloride (300 ml). The combined organic layers were washed
with water (1000 ml), dried over anhydrous sodium sulfate, and concentrated in vacuum.
The obtained residue was dissolved in N-methyl piperazine (500 ml) and the reaction
temperature was raised slowly to 120-130 °C. After completion of the reaction, the reaction
mixture was cooled to 100 °C, concentrated under reduced pressure, and water was added to
precipitate the product. After filtration, the obtained product was recrystallized from
isopropyl alcohol to afford 5, 6-dihydro-3-(4-methylpiperazin-I-yl)-I-(4-nitrophenyl)
pyridin-2(IH)-one.

Example 3: Preparation of I-(4-aminophenyl)-5, 6-dihydro-3-(4-methylpiperazin-I-yl)
pyridin-2(IH)-one (an example of Formula B)

5, 6-dihydro-3-(4-methylpiperazin-I-yl)-1-(4-nitrophenyl)pyridin-2(IH)-one (100 g,
0.32 moles) and sodium sulfide nonahydrate ( 151.7 g, 0.63 moles) were dissolved
sequentially in water (400 ml). Thereafter, the reaction mass temperature was raised to 35-

14
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40 °C and stirred. After completion of the reaction, the reaction mass was cooled to 15-20
°C and filtered to afford I-(4-aminophenyl)-5,6-dihydro-3-(4-methyl-piperazin-I-
yl)pyridin-2(IH)-one.

Example 3A: Preparation of I-(4-aminophenyl)-5, 6-dihydro-3-(4-methylpiperazin-I-

yhpyridin-2(IH)-one (an example of Formula B)

5,6-dihydro-3-(4-methyl piperazin-1-yl)-I-(4-nitrophenyl)pyridin-2(IH)-one (100 g,
0.32 moles), methanol (1500 ml) and methanolic ammonia (50 ml) were stirred and Raney
nickel (15 g) was added at 27 to 30° C. The autoclave/pressure vessel was filled with
hydrogen gas to attain a pressure of 2-3 kg/cm?®. Thereafter, the reaction mass temperature
was raised to 42 to 45 °C while stirring. After completion of the reaction, the reaction mass
was cooled to 27 to 30 °C, filtered, and crystallized from isopropyl alcohol to afford |-(4-
aminophenyl)-5,6-dihydro-3-(4-methyl-piperazin-1-yl)pyridin-2(IH)-one.

Example 4: Preparation of 5, 6-dihydro-3-(4-methylpiperazin-l-yl)-1-(4-(2-

oxopiperidin-1-yl)phenyl)-pyridine-2(IH)-one (an example of Formula C)

5-chloropentanoyl chloride (67.67 g, 0.44 moles) and I|-(4-aminophenyl)-5,6-
dihydro-3-(4-methylpiperazin-1-yl)pyridin-2(IH)one (100 g, 0.35 moles) were dissolved in
methylene dichloride (2000 ml). Triethylamine (70.0 g, 0.69 moles) was then added at 0-5
°C. Thereaction mass temperature was raised to 25-35 °C and stirred. After completion of
the reaction, the reaction mass was cooled to 0-5 °C and potassium tert-butoxide was added
(116 g, 1.04 moles). Again, the reaction mass temperature was raised to 25-35 °C and
stirred. After completion of the reaction, the reaction mass was poured into ice water. The
organic layer was separated and agqueous layer was re-extracted with methylene dichloride.
The combined organic phases were washed with saturated sodium chloride solution (800
ml), dried over anhydrous sodium sulfate, and concentrated under reduced pressure to
obtain 5, 6-dihydro-3-(4-methyl-piperazin-1-yl)-I-(4-(2-oxopiperidin-1-yl) phenyl)pyridin-
2(IH)-one.
Example 4a: Preparation of 5, 6-dihydro-3-(4-methylpiperazin-I-yl)-1-(4-(2-
oxopiperidin-1-yl)phenyl)-pyridine-2(IH)-one (an example of Formula C)

5-chloropentanoyl chloride (67.67 g, 0.44 moles) was added to a cooled mixture of
[-(4-aminophenyl)-5,6-dihydro-3-(4-methyl pi perazin-1-yl)pyridin-2(IH)one (100 g, 0.35
moles), methylene dichloride (2000 ml), and potassium carbonate solution (62.73 g K,CO4

dissolved in 125 mL water). The reaction mass temperature was raised to 27 to 32 °C and
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stirred. After completion of the reaction, the reaction mass was cooled to 0 to 5 °C.
Potassium tert-butoxide (117.52 g) was added to the reaction mass. The temperature of the
reaction mass was raised to 27 to 32° C and stirred. Water (300 ml) was slowly added to
this reaction mass and the mass was stirred until the product precipitate was obtained. The
product was filtered and washed with water to obtain 5, 6-dihydro-3-(4-methyl-piperazin-I-
yl)-1-(4-(2-oxopiperidin-l-yl)  phenyl) pyridin-2(IH)-one.

Example 5: Preparation of ethyl |-(4-methoxyphenyl)-7-oxo-6-(4-(2-oxopiperidin-I-yl)
phenyl)-4, 5, 6, 7-tetrahydro-IH-pyrazolo [3, 4-c] pyridin-3-carboxylate (an example of

Formula D)

5,6-dihydro-3-(4-methyl piperazin-I-yl)-I-(4-(2-oxopiperidin-1-yl)phenyl)pyridin-

2(IH)-one (100 g, 0.27 moles), triethylamine (82.4 g, 0.81 moles), and potassium iodide
(4.4 g, 0.026 moles) were added sequentially to a solution of (Z)-ethyl 2-chloro-2-(2-(4-
methoxyphenyl)hydrazono acetate (83.6 g, 0.33 moles) in ethyl acetate (2000 ml) at 25-35
°C. The reaction mass temperature was raised to reflux. After completion of the reaction,
mass was cooled to 0-5 °C and 6.0 N hydrochloric acid (180 ml) was added slowly. Stirring
of reaction mass was continued at 25-35 °C. After completion of the reaction, the organic
phase was separated and the agueous phase was extracted with ethyl acetate (300 ml). The
combined organic phase were washed with water (500 ml) followed by a saturated sodium
chloride solution (500 ml). The organic layer was concentrated under vacuum and
crystalized with ethanol to afford ethyl 1-(4-methoxyphenyl)-7-oxo-6-(4-(2-oxopiperidin-
[-yhphenyl)- 4,5,6,7-tetrahydro-IH-pyrazol o] 3,4-c]pyridin-3-carboxyl ate.

Example 6: Preparation of [|-(4-methoxyphenyl)-7-oxo-6-(4-(2-oxopiperidin-I-yl)
phenyl)-4,5,6,7- tetra-hydro-IH-pyrazolo [3, 4-c] pyridine-3-car boxamide (apixaban)

Ethyl [-(4-methoxyphenyl)-7-oxo-6-(4-(2-oxopiperidin-1-yl)phenyl)-4, 5,6,7-
tetrahydro-IH- pyrazolo[3,4-c]pyridine-3-carboxylate and methanol (1500 ml) were added
to a autoclave vessel, and the vessel was flushed with nitrogen. After feeding anhydrous
ammonia gas (8.0 kg/cm? 99.99%), the reaction mass temperature was raised to 45 °C and
stirred.  After completion of the reaction, the ammonia was vented to a scrubber.
Thereafter, the reaction mass was cooled to 35 °C and concentrated under reduced pressure
to dryness. Methylene dichloride (2000 ml) and ethyl acetate (2000 ml) were added to the

concentrated mas and the contents were heated to 50 °C. The resulting mixture was cooled
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to 25-35 °C and filtered to afford I-(4-methoxy-phenyl)-7-oxo-6-(4-(2-oxopiperidin-I-
yhphenyl)- 4,5,6,7-tetrahydro-I1H-pyrazol o-[ 3,4-c] pyridine-3-carboxamide.

The obtained solid was recrystallized in a mixture of methanol (800 ml) and water (2400
ml) to produce apixaban.

Example 7: Preparation of (Z)-ethyl 2-chloro-2-(2-(4-methoxyphenyl) hydrazono)
acetate.

Part-A

Hydrochloric acid (35% wi/w, 229 g, 2.2 moles) was added to a solution of 4-
methoxyaniline (100 g, 0.81 moles) in water (320 ml) at 0-5 °C. Sodium nitrite (67.6 g, 0.98
moles) was added slowly to the reaction mixture at -5 to 0 °C and stirred for -30 min at the

same temperature.

Part-B

Water (320 ml) and sodium acetate (153.2 g 1.86 moles) were added sequentially to
a solution of ethyl 2-chloroacetoacetate (134.26 g, 0.82 moles) in ethyl acetate (650 ml).
The resulting mixture was cooled to 0-5 °C and stirred for 1 hour. The solution prepared in
Part-A was added slowly over a period of 1 hour at 0-5 °C. Thereafter, reaction mass
temperature was raised to 25-30 °C and stirred for 1 hour. The organic layer was separated
and aqueous phase was extracted with ethyl acetate (350 ml). The combined organic layers
were washed with water (500 ml) and concentrated. Finally, the obtained concentrated mass
was crystalized in ethanol/water to afford (Z)-ethyl 2-chloro-2-(2-(4-methoxyphenyl)

hydrazono) acetate.
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CLAIMS:

1. A compound of formula:

L
N OCH,
| | 0 g |: )
NN
_N
COOC,H
H

where R is selected from the group consisting of N-methyl piperazine, N-
5 ethyl piperazine, 1-(2-pyrimidinyl) piperazine, I-(2-pyridyl) piperazine, and

benzyl piperazine.
2. A process for the preparation of apixaban, comprising the steps of:

a. treating 4-nitroaniline with 5-chloropentanoyl halide in the presence of afirst
base to obtain I-(4-nitrophenyl)piperdin-2-one, wherein X is chlorine or

10 bromine;

NH, o O,N o
oKy . L
Cl X I\é

NO,

4-Nitro aniline 1-(4-Nitrophenyl)

piperidine-2-one

b. converting I-(4-nitrophenyl)piperdin-2-one to 3,3-dichloro010(4-nitro-

phenyl)piperidin-2-one;

O,N O,N
2: O\ o 2 \@ o) cl
N
O— "~
15 1-(4-Nitrophenyl)piperidine-2-one 3,3-dichloro-1-(4-nitro-phenyl)piperidin-2-one
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c. treating 3,3-dichloro-1-(4-nitro-phenyl)piperidin-2-one with apiperazine

derivative to obtain Formula A ;

3,3-dichlor o-1-(4-nitr o-phenyl)piperidin-2-one Formula A

O2N 02N

d. reducing Formula A to obtain Formula B with areducing agent;

O2N\©\ H2N
é/ Reductlon O é/

5 Formula A FormulaB

e. converting Formula B to Formula C in the presence of a second base;

0]

H,N _CH,

Formula B Formula C

f. treating Formula C with Z-ethyl-2-chloro-2-[2-(4-
methoxyphenyl)hydrazono] acetate in the presence of a third base to obtain

10 FormulaD; and

C,H;00C__Cl

A1
O NNH O CH
CE (\ CH3 © C:I/@ o] (:5/ 3 OCH
(0] N
\©\ N OCH,4 N NN’@ ’
N | . N

4 COOC,H;

FormulaC FormulaD
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g. converting Formula D to apixaban

H,NOC
g A 1 )
N N N. N
O 2 @‘@’ OCH, N o O 2
2N

1 COOC,H ocH,

FormulaD Apixaban

3. Theprocess according to claim 2, further comprising purifying apixaban after

converting the Formula D to apixaban.

4. The process according to claim 2, wherein the first base and the second base are
independently selected from the group consisting of methylamine, ethylamine,

dimethylamine, triethylamine, trimethylamine, and isopropylethylamine.

5. The process according to clam 2, wherein the piperazine derivative is N-
methylpiperazine, N-ethylpiperazine, [-(2-pyramidyl)piperazine, I-(2-

pyridyl)piperazine, or benzyl piperazine.

6. The process according to clam 2, wherein the reducing agent is selected from

sodium sulfide or Raney nickel.

7. The process according to claim 2, wherein the third base is an organic base or an
inorganic base.

8. The process according to claim 6, where the organic base is selected from the group
consisting of pyridine, piperidine, N-methyl morpholine, N-methylpiperidine, N-

phenylpiperidine, and an alkyl amine.
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9. The process according to claim 8, wherein the alkyl amine is selected from the group
consisting of diethylamine, triethyl amine, di-isopropylethylamine, and

diphenylamine.

10. The process according to claim 7, where the inorganic base is selected from the
group consisting of potassium hydroxide, sodium hydroxide, potassium carbonate,

and sodium carbonate.

11. The process according to claim 2, wherein R is N-methylpiperazine.

12. The process according to claim 3, further comprising the steps of:

h. dissolving apixaban in a solvent; and

i. isolating substantialy pure apixaban,

after step g.

13. The process according to claim 12, wherein the solvent is selected from the group

consisting of methanol, ethanol, isopropy! acohol, water, and mixtures thereof.

14. The process according to clam 12, where the isolation step is carried out by

filtration, distillation, spray drying, or tray drying.
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