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AN IMPROVED PROCESS FOR THE PREPARATION OF APIXABAN AND

INTERMEDIATES THEREOF
FIELD OF THE INVENTION

The present invention relates to an improved process for the preparation of apixaban
and intermediates thereof. In particular, the invention relates to an improved process
for the preparation of an amorphous form of apixaban. The invention also relates to a
pharmaceutical »composition ‘comprising an amorphous form of apixaban for oral

administration as an antithrombotic agent.

BACKGROUND OF THE INVENTION

‘The foll’oxving discussion of the prior art is intended to present the invention in an

appropriate -technical context and allow its significance to be properly appreciated.
Unless clearly indicated to the contrary, however, reference to any prior art in this
speciﬁcatioh should be construed as an admission that such’art is_widely known or

forms part of common general knowledge in the field.

“Api'xaban’; is chemically known as 4,5,6,7-tetrahydro-1-(4-methoxyphenyl)-7-oxo-
6-[4-(2-oxo-1-piperidinyl)phenyl]-1H-pyrazolo[3,4-c]pyridine-3-carboxamide (CAS
name) or 1-(4-methoxyphenyl)-7-ox0-6-[4-(2-0x0-1-piperidinyl)phenyl]-4,5,6,7-
tetrahydro-lH—pyrazolo[3,4—c]pyridine—3;carb0xamide (IUPAC name) of Formula
D). '

0]

- OMe

@
International (PCT) publication No. WO 2003/026652 Al (the WO ‘652 Al)

discloses the process for the preparation of pyrazole-pyridine derivatives. U.S. Patent
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No. 6,967,208, the family equivalent of WO 652 A1l discloses apixaban, has utility

~as a factor Xa inhibitor, and is developed for oral administration in a variety of

indications that require the use of an antithrombotic agent.

US. Patent Nos. 7,005,435 B2, 6,989,391 B2, 6,995,172 B2, 7,338,963 B2,
7,371,761 B2, 7,531,535 B2, 7,691,846 B2 and 7,960,411 B2 disclose various
analogues compounds of apixaban. All the patents are incorporated herein by

reference in their entirety.

International (PCT) publicafion No. WO 2003/049681 A2 and its corresponding U.S.
Patent Nos. U.S. 6,919,451 B2 and U.S. 7,153,960 B2 disclose process for the

preparation of apixaban and other pyrazole-pyridine derivatives.

International (PCT) publication No. WO 2007/001385 A2 and its corresponding U.S.

Patent No. 7,396,932 B2 (the US ‘932 B2) discloses the process for the preparation
- of pyrazole-pyridine derivatives as depicted in scheme-1. The US 932 B2 also

disclose crystalline form N-1 and form H2-2 of apixaban alongwith the unit cell data

thereof.

Scheme-1
whereiﬁ Z is selected from Cl, Br, I, 0SOpMe, OSO,Ph, and OSOpPh-p-Me;

ring D is selected from phenyl, 2-ﬂﬁorophenyl, 3-chlbrophenyl, and 4-
methoxyphenyl; |

R12 is selected from CHj3, CHpCH3, CHpCHpCH3, OCH3, OCHpCHs,

OCHCHpCH3,  OCH(CH3)2, OCHCHpCHpCH3,  OCH(CH3)CH)CH3,
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OCH2CH(CH3)2, OC(CH3)3, O-phenyl, OCHp-phenyl, OCH7CHj-phenyl, and
OCHpCHH2-phenyl; ‘

R is selected from Cl, Br, and I; ring A is substituted with 0-1R4; B is NO».

~ International (PCT) publication No. WO 2003/048081 A2 and WO 2003/048158 Al

discloses the process for the preparation of pyrazole-pyridine derivatives by reacting
the 3-morpholino-1-(4-nitrophenyl)-5,6-dihydropyridin-2( 1H)-one and (Z)-ethyl 2-
chloro-2—(2-(4-chlorophenyl)hydrazono)ac,etate to  obtain  pyrazole-pyridine

derivative as depicted in scheme-2.

a ’ ci
Scheme-2

Journal of Labelled Compounds and Radiopharmaceuticals Vol. 54 (8) Pg. 418-425
(2011) discloses a nine-step synthesis for the preparation of [*Clapixaban with the
label in the central lactam ring and three-step synthesis for the preparation of

[MC]apixaban \}yith the label in the outer lactam ring starting from 4-nitroaniline.

IP.com Journal Vol. 12(11A) Pg. 10, (2012) discloses the synthesis of apixaban by
reduction  of nitro group of ethyl 1-(4-methoxypheny1)-6-(4—nitrophényl)-?-oxo-
4,5,6,7-tetrahydr0—1H—pyrazolo[3,4-c]pyridihe-3-carboxylate by usage of 10% Pd/C
catalyst in presence of formic acid and potassium formate and amidation with

ethylene glycol saturated with ammonia to obtain 6-(4-aminophenyl)-1-(4-

“methoxyphenyl)-7-0x0-4,5,6,7-tetrahydro-1 H-pyrazolo[3,4-c]pyridine-3 -

carboxamide followed by MN-acylation with 5-bromovaleroyl chloride and

intramolecular heterocyclization of the intermediate 6-(4-(5-bromopentanamido)

phenyl)-1-(4-methoxyphenyl)-7-0x0-4,5,6,7-tetrahydro-1 H-pyrazolo[3,4-c] pyridine-

3-carboxamide.
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IP.com Journal Vol. 12(12A) Pg. 21 (2012) discloses the preparation of apixaban, _
i)recursor ' 6-(4-aminopheny])-1-(4-methoxyphenyl)-7—0x0-4,5,6,7-tetrahydro-lH-'
pyrazolo[3,4-c] pyridine-3-carboxamide by treatment of ethyl 6-(4-aminophenyl)-1-
(4-methoxyphenyl)-7-0x0-4,5,6,7-tetrahydro-1H-pyrazolo[3,;1-c]pyridine-3¥

carboxylate with ammonia. The cfystalline forms of intermediates are also reported

and characterized by the powder x-ray diffraction analysis.

CN 102675314 A discloses the process for the preparation of apixaban by cyclization
of p-nitroaniline with 5-chloro—peﬁtanoyl chloride or 5-bromo-pentanoyl chloride;
the' resulting 1-(4-nitrophenyl)-2-piperidinone underwent dichlorination with
phosphorus pentachloride followed elimination; the resultingi 3-chloro-5,6-dihydro-1-
(4-nitropheny1)-2(1H)-pyridinoné underwent reaction witf_l ethyl (2Z)-chloro[(4-
methéXypheny])hydrazono]acetate; the resulting e.thyl‘ i‘4,‘5,6,7-tetrahydro—l-(4-
methoxypheﬁyl)-6-(4-nitrophenyl)-7-oxo- 1H-pyrazolo [3,4-c] pyridine-3 -carboxylate
underwent reduction followed By cyclization with S-chlorovalaroyl chloride or 5-
bromovalaroyl chloride; the resulting intermediate underwent amidation to give

apixaban.

Journal of Medicinal Chemistry (2007), 50(22), 5339-5356 discloses the process for
the preparation of apixaban and other derivatives. The reaction scheme-7 in the’
reference article discloses the preparation of compound 47a which is outlined herein

scheme-3.
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U.S. Patent Application Publication No. 2007/0203178 Al discloses crystalline

solvates of apixaban viz. dimethyl fonna.tnide“sc')lvate DMF-5 and formamide solvate

Form FA-2 of apixaban characterized by unit cell parameters.

- WO 2011/0106478 A2 discloses a composition comprising crystalline apixaban

‘particles having a mean particle size equal to or

pharmaceutically acceptable diluent or carrier.

WO 2012/0168364 A1l discloses a process for the pr
10

less than about 89 um and a

eparation of apixaban via novel

‘intermediate and crystalline form a of apixaban which is designated as sesqﬁihydrate

having water content between about 4.5 and 6.5%. The crystalline form a of

apixaban is characterized by x-ray powder diffraction and differential scanning

calorimetry.
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WO 2013/119328 Al discloses crystalline Form-I, Form-II and Form-III of apixaban.

WO 2013/164839 A2 discloses amorphous form of apixaban and process for

preparation and composition thereof.

U.S: Pub. No. 2013/0245267 Al discloses amorphous form of apixaban and process

for its prepara(i_on.

WO0:2014/056434 A1 discloses crystalline form and amorphous form of apixaban.

" Polymorphism is the occurrence of different crystalline forms of a single compound

and it is a property of some compounds and complexes. Thus, polymorphs are
distinct solids sharing the same molecular formula, yet each polymorph may have
distinct physical properties. Therefore, a single compound may give rise to a variety
of pblymorphic forms where each férm has different and distinct physical properties,

suc}ji‘ as different solubility profiles, different melting point temperatures and/or

different x-ray diffraction peaks. Since the solubility of each polymorph may vary, o

identifying the existence of pharmaceutical polymorphs is essential for providing
pharmaceuticals with predicable solubility profiles. It'is desiréble to investigate all
soli_d-state forms of a drug, including all polymorphic forms, and to determine the
stabilify, dissolution and flow properties of each polymdrphic form. The polymorphic
forms of a compound can be distinguished in a laboratory by X-ray diffraction
spe¢troscopy and by other methods such as, infrared spectrometry. For a general
review of polymorphs and the pharmaceutical applications of polymorphs, See G. M.
Wall, Pharm Manuf. 3, 33 (1986); J. K. Halebliani and W. McCrone, J. Pharm. Sci.,
58,911 (1969); and J. K. Haleblian, J. Pharm. Sci., 64, 1269 (1975), all of which are

incorporated herein by reference.

In view of the above, discovering new polymorphic forms and solvates of a

‘pharmaceutical product can provide materials having desirable processing properties,’

such as ease of handling, ease of processing, storage stability, and ease of
purification or as desirable intermediate crystal forms that facilitate conversion to

other polymorphic forms. New polymorphic forms and solvates of a
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pharmaceutically useful compound thereof can also provide opportunities to improve
the performance characteristics of a phafrﬁaceutical product. They can also enlarge |

the repertoire of materials available to a formulation scientist for formulation

~ optimization, for example by proyiding a product with different properties, e.g.,

better processing or handling characteristics, improved dissolution profile, or

improved shelf-life. For at least these reasons, there is a need for additional

- polymorphs of apixaban.

The reported processes herein involve complex synthesis which is expensive and

danger of reagents and the drastic reaction conditions are required. In the view of the

above, it is therefore, desirable to provide an efficient, more economical, less

hazardous and eco-firiendly process for the preparation apixaban.

SUMMARY OF THE INVENTION

In one embodiment,bthere is provided a crystalline form of apixaban of Formula (I)

O

@Oo@

OMe
@

In another embodiment, there is provided an intermediate of apixaban comprises

compounds of Formula (IIA), (IIB) and (IVA).

In another embodiment, there is provided isolated compounds of Formula (I1A),

(IIB) and (IVA).

In another embodiment, the isolated intermediates are compounds of Formula (II),

Formula (ITA), Fonﬁula (IIB) and Formula (IVA).
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apixaban of Formula (1)

0O
N

a

the process comprising:

10 (a) reacting  (Z)-ethyl  2-chloro-2-(2-(4-methoxyphenyl)hydrazono)acetate  of
Formula (V) with '3-morpholinoj-l -(4-nitrophenyl)-5,6-dihydropyridin-2(1 H)-one
of Formula (VI) in one or mofe organic solvents in the presence of a base to

obtain compound (IV);
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(b) reducing the compound (IV) with a reducing agent to obtain compound (III);

OMe’

5. | | (11m)

(c) amidating the compound (III) with an amidating source in one or more organic

solvents to obtain compound (II);

o an - :
10  (d) reacting the compoﬁnd (II) with 5-chlorovaldroyl chloride in the presence of a

base to obtain compound (IIB);

, o
M
o /©/N N L
O o

OMe A (11B)
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(e) cyclizing of compound (IIB) in the presence of a_basé_ in one or more organic_

solvents to obtain apixaban of Formula (‘I)‘; and
(f) optionally, converting apixaban of Formula (I) to an amorphous form,
5 provided that the compound (IIB) is isolated as crystalline solid.

In another embodirﬁeht, 5-chlorovalaroyl chloride in step (d) may __Be replaced by 5-

~ bromovalaroyl chloride to obtain compdund of Formula (I1A).

OMe

(IXA).

10 In another embodiment, there is provided an improved process for fhe preparation of

apixaban of Formula (I)

o o . -
Nera
o N N,N
' - OMe
@O

the process comprising:

15 (a) reacting  (Z)-ethyl 2-chloro-2-(2-(4-methoxyphenyl)hydraiono)acetate of
Formula (V) with 3-morpholin0-1-(4-nitrophenyl)—5,6-dihydropyridin-2(lH)-one
of Formula (VI) in one or more organic solvents in the presence of a base to

obtain compound (IV);
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(b) amidating the compound (IV) with an amidating source in one or more organic

solvents to obtain compound (IVA);

5 | OMe
(IVA)

(c) reducing the compound (IVA) with a reducing agent to obtain compound (II);

OMe

am

10 (d) reacting the compound (II) with 5-chlorovalaroyl chloride in the presence of a

base to obtain compound (1IB);

11
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(IIB)

(e) cyclizing the compound (IIB) in the presence of a base in one or more organic

0

solvents to obtain apixaban of Formula (I); and
(f) optionally, converting apixaban of Formula (1) to an amorphous form,
provided that the compound (IIB) is isolated as crystalline solid.

In another embodiment, there is provided polymorphic forms of isolated

intermediates of Formula (IT), Formula (IVA), Formula (IIA) and Formula (I1IB).

In another embodiment, there is provided use of isolated intermediates of Formula
(ID), Formula (IVA), Formula (IIA) and Formula (IIB) in their polymorphic forms for

the preparation of apixaban of Formu]a D.

In another embodiment, there is provided a crystalline apixaban prepared by the
process of the present invention having purity of at least about 99% by area

percentage of HPLC.

In another embodiment, there is provided an amorphous apixaban prepared by the

process of the present invention having purity of at least about 99% by area

percentage of HPLC.

In another embodiment, there is provided crystalline apixaban prepared by the
process of the present invention having a particle size distribution having (Djo) of
about 50 pum or less, (Dso) of about 100 pm or less and (Dyg) of about 150 pm or less.
In a further émbodiment, the apixaban may be micronized .to achieve the better

particle size distribution in order to make suitable Formulation.
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In another embodiment, there is provided a pharmaceutical composition comprising

crystalline apixaban together with one or more pharmaceutically acceptable

excipients, diluents and carriers.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

FIG 1:

FIG 2:

. FIG 3:

FIG 4:
FIG 5:

FIG 6:

- FIG7:

FIG 8:
FIG 9:

F1G 10

FIG 11:
FIG12:
FIG 13:
FIG 14:
FIG 15:
' FIG 16:
FIG 17:
FIG 18:

FIG 19:

[lustrates XRPD of crystalline apixaban (I).

Ilustrates DSC of crystalline apixaban (I).

[Nustrates XRPD of crystalline form of compound (IV).
Tlustrates DSC of crystalline form of compound (IV).
I'llus‘trates TGA of crystalline form of compouﬁd avy. .
[Hustrates XRPD of crysfalline form of compound (IVA).
Illustrates DSC of crystalline form of compound (IVA),
Hlustrates TGA of crystalline form of compound (IVA). |
Illustrates XRPD of compound (III). |

: Illustrates DSC of compound (111).

Hlustrates TGA of compound (III).

Illustrates XRPD of crystalline form of compound (II). |
lustrates DSC of crystalline comf)ound (In.

Hlustrates TGA of crystalline compound (II).

Illustrétes XRPD of compound (IIA).

Hlustrates DSC of .compoun.d (IIA). |

Illustrates XRPD of crystalline form of compound (1IB).
lustrates DSC of crystalline compqund (IIB).

Nlustrates XRPD of amorphous form of apixaban (I).

13
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DETAILED DESCRIPTION OF'THE INVENTION

The above and other objects of the present invention are achieved by the process of
the present invention, which leads to an improved process for the preparation of

apixaban of Formula (I) and intermediates thereof.

Optionally, the solution, prior to any solids formation, can be filtered to remove any
undissolved solids, solid impurities prior to removal of organic solvents. Any

filtration system and filtration techniques known in the art can be used.

All ranges recited herein include the endpoints, including those that recite a range
“between” two values. Terms such as “abbut”, “generally”, “substantially,” are to be
construed as modifying a term or value such that it is not an absblute. This includes,
at very least, t}le degree of expécted experimental error, technique error and

instrument error for a given technique used to measure a value.

As used here in the term “obtaining” includes filtration, filtration under vacuum,
centrifugation, and decantation for isolation of the product. The product obtained

fnay be further or additionally dried to achieve the desired moisture values.

For example, the product may be dried in a tray drier, dried under vacuum and/or in a
Fluid Bed Drier. The product may be proceed for further reaction with or without

isolation and with or without drying in case of the product was isolated.

As used-herein the term “substantially pure” means a compound having a purity of at

least about 98%, by area percentage of HPLC. In particular, the compound is-having

~a purity of at least about 99%, more particularly, a purity of at least about 99.5%,

further more particularly, a purity of at least about 99.8%, most particularly, a purity
of at least about.99.9% by area percentage of HPLC.

As used hereiﬁ the term “substantially amorphous™ herein means amorphous.
compound having less than about 25% of crystalline compound. In particular, the
amorphous compound having less than about 20%, more particularly less than about

15%, most particularly less than about 10% of crystalline compound.
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As used herein the term “substantially crystalline” herevi'nA means crystalline
compound having less than about 20% of amorphous compound. In particular, the
crystalline compound having less than about 20%, more particularly less than about

15%, most particularly less than about 10% of amorphous compound.

As used herein, the term “stable apixaban” means the amorphous apixaban does not
convert to any other solid form when stored at a temperature of up to about 40°C and

at a relative humidity of about 25% to about 75% for about three months or more.

As used herein, the term “solid dispersion” means any solid composition having at

least two components. In certain embodiments, a solid dispersion as disclosed herein

-includes an active ingredient apixaban dispersed among atleast one other component,

for example a polymer.

The term “immobilize” as used herein with reference to the immobilization of the
active compound i.e. apixaban in the polymer matrix, means that molecules of the
active compound interact with molecules of the polymer in such a way that the
molecules of the apixaban are held in the aforementioned matrix and prevented from

crystal nucleation due to lack of mobility.

The terms herein below are interchangeable and used in thé description.
“TEA?” refers to triethylamine

“TBA” refers to tert-butyl amine.

“DIPA” refers to diisopropyl amipe

“DIPEA” refers to diisopropyl ethylamine

- “DBU?” refers to 1,8-dia2abicyclo[5.4‘.O]undec-7—ene

“DABCO” refers to 1,4-diazabicyclo[2.2.2]octane

“DBN” refers to 1,5-dia2abicyclé[4.3.O]non-S-ene

In one general aspect, there is provided a crystalline form of apixéban of Formula (I)

15
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In another general aspect, there is provided a cfystalline form of apixaban (I)
characterized by X-ray powder diffraction” pattern 'having characteristic peaks '

expressed in degrees 20 (£0.2°20) at 5.9°, 6.9°, 13.4°, 14.9°, 16.0°, 17.3°,21.4°,22.5°,

. 24.2° and 25.8°+0.2 26.

In general, the crystalline form of apixaban of F(;_rmula (1) is further characterized by
X-ray powder diffraction pattern having characteristi»c peaks expressed in degrees'29
(£0.2° 20) at 5.9° 6.9° 12.6°, 13.4°, 14.9°, 1 5.4", 16.0°, 17.3°, 17.9°, 19.0°, 19.7°,
20.3°,21.0° 21.4°, 22.5°, 24.2°, 25.8°, 26.5°, 27.0°,29.7°, 30.2° and 30.9°+0.2 26 and
having X-ray powder diffraction pattern substantially the same as that ‘shown' in

FI1G.1.

In general, the crystalline form of apixaban of Formula (I) is characterized by a
differential scanning calorimetry having endothermic peak at about 103+5°C and at
about 151+5°C and differential scanning calorimetry substantially the same as that

shown in FIG.2.

In another general aspect, there is provided an intermediate of apixaban comprising

- compounds of Formula (I1A), (IIB) and (IVA). In another general aspect, there is
~ provided an isolated compound of Formula (ITA), (I1B) and (IVA).

In another general aspect, the isolated intermediates are compounds of Formula (II),

Formula (I1A), Formula (IIB) and Formula (IVA).
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5 In another general aspect, there is provided a crystalline form Qf compound (IV)
characterized by X-ray powder diffraction pattern having characteristic peaks
expressed in degrees 26 (£0.2° 26) at 3.8° 7.5°, "13.5°, 18.6°, 19.8°, 21.7°, 23.8°, and
25.5°20.

In general, crystalline form of compound (IV) is. further characterized by X-ray
10  powder diffraction pattern having characteristic peaks expressed in degrees 20 (£0.2°

20) at 3.8°, 7.5° 13.5° 15.0° 15.4°, 18.6° 19.8° 21.7°, 22.8° 23.8°, 24.1°, 24.4°,

25.0°, 25.5°, 29.2° and 29.4°_ 26 and having the X-ray powder diffraction pattern

substantially the same as that shown in FIG.3.

In general, crystalline form of compound (IV) is characterized by a differential
15 scanning calorimetry having endothermic peak at about 189+5°C and differential
scanning calorimetry substantially the same as that shown in FIG.4._
In general, crystalline form of ccmpound -(I V) is further: characterized by a
thermogravimetric analysis substantially the same as that shown in FIG.5. -

Ih another general aspect, there is provided a crystalline formf_ of compound (IVA)

20  characterized by X-ray powder diffraction pattern having characteristic peaks

17
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expressed_in degrees 20 (+0.2° 26) at 10.8°, 15.5°, 18.6°, 20.1°, 22.6°, 24.0°, and 27.4°
0. o _ o ,

In general, the crystalline form of compound (IVA) is further characterized by X-ray
powder diffraction pattern having characteristic peaks expressed in degrees 26 (+0.2°
20) at 6.6°, 7.7°, 10.8°, 12.8°, 15.5°, 17.0° 18.6°, 19.0°, 20.1°, 22.6°, 23.2°, 24.0°,
25.5° and 27.4° 20 and having X-ray powder diffraction pattern substantially the

: sam'¢ as that shown in FIG.6.

In generél, the crystalline form of compound (IVA) is further characterized by a

differential scanning calorimetry having endothermic peak at about 152+5°C and at

- about 168+5°C and differential scanning calorimetry substantially the same-as that

shown in FIG.7.

In general, the crystalline form of éompound (IVA) is further characterizéd by a

thermogravimetric analysis substantially the same as that shown in FIG.8.

In another general aspect, there is provided a substantially amorphous form of
compound (III) characterized by X-ray powder diffraction pattern having

characteristic peaks expressed in degrees 26 (+0.2° 20) at 4.8°, 9.4°, and 24.5° 26.

In general, the substantially amorphous form of compound (III) 1s further
characterized by X-ray powder diffraction pattern having X-ray powder diffraction

pattern substantially the same as that shown in FIG. 9. -

In general, the crystalline form of compound (III) is further characterized by a
differential scanning calorimetry having endothermic peak at about 149+5°C and

differential scanning calorimetry substanﬁal]y the same as that shown in FIG.10.

In general, the crystalline form of compound (IIl) is further characterized by a

thermogravimetric analysis substantially the same as that shown in FIG.11.

In another general aspect, there is provided a substantially crystalline form of

compound (II) characterized by X-ray powder -diffraction pattern having
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charactgistic peaks expressed in degrees 20 (£0.2° 20) at 18.4°, 21.2° 22.4° and
23.6° 20.

In genéral, the substantially crystalline form of compound (II) is further

v charactérized by X-ray powder diffracfion pattem‘ having éharactéristic peaké

5 expresséd in degrees 26 (+0.2° 260) at 10.1°, 10.5% 14.0°, 14.7°, 16.2°, 16.7°, 17.5°,

18.4°, 1i8.9°, 19.8°, 20.3°, 21.2°, 22.4°, 23.6°, 24.8°, 25.5°, 26.3°, 28.4° and 28.8° 20

and ha\;ing X-ray powder diffraction pattern substantially the same as that shown in
FIG. 12.

In general, the crystalline form of compound (II) is further characterized by a
10. . differedtial scanning calorimetry. having . endothermic peak at about 132+5°C and

differer{tial scanning calorimetry substantially the same as that shown in FIG.13.

In general, the crystalline form of compound (II) is further characterized by a

thermogravimetric analysis substantially the same as that shown in FIG.14.

In another general aspect, there is provided an improved process for the preparation

15 of apixaban of Formula (I)

the process comprising:
(a) reacting  (Z)-ethyl - 2-chloro-2-(2-(4-methoxyphenylhydrazono)acetate  of
20 Forfllula (V) with 3-morpholino-1-(4-nitrophenyl)-5,6-dihydropyridin-2(1H)-one
of Formula (VD) in one or more organic solvents in the presence of a base to

obtain compound (IV);
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(b) reducing the com}iound (IV) with a reduéing agent to obtain compound (111);
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(c) amidating the compbund (III) with an amidating source in one or more organic

solvents to obtain-compound (II);

(In
10 (d) reacting the compound (II) with 5-chlorovalaroyl chloride in the presence of a

base to obtain compéund (1B);
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(e) cyclizing of compound (IIB) in the presence of a base in one or more organic

- solvents to obtain apixaban of Formula (I); and
(f) optionally, converting apixaban of Formula (I) to an amorphous form,
‘provided that the compound (IIB)is isolated as crystalline solid.

In general, the organic solvents comprise one or more of alcohols, nitriles, ketones,
esters, ethers, amides, sulfoxide, water or mixtures thereof. In particular, alcohols
comprises one or more of methanol, ethanol, n-propanol, isoprepanol, an‘d n-butanol;
nitriles comprises one or more of acetonitrile, propionitrile, butyronitrile, and

valeronitrile; ketones comprises one-or more of acetone, methyl ethyl ketone, and

“methyl isobutyl ketone; esters compri%ses one or more of ethyl acetate, propyl acetate,

isopropyl acetate, and butyl acetate; chlorinated solvents comprises one or more of
methylene dichloride, chloroform, e_fhylene dichloride, and chlorobenzene; ethers
comprises one or more of diethyl efher, diisopropyl ether, methyl tert-butyl ether,
tetrahydrofuran, and dioxane; amides comprises one or more of dimethylformamide,
dimethylacetamide, and  N-methylformamide;  sulfoxide cemprises of

dimethylsulfoxide.

In general, the base comprises one or more of sodium hydroxide, potassium-
hydroxide, lithium hydroxide, sodium carbonate, potassium carbonate, lithium
carbonate, sodium bicarbonate, potaSsium bicarbonate, sodium hydride, potassium
hydroxide, sodium methoxide, sodium ethoxide, potassium tert-butoxide, ammonia,

TEA, DIPA, DEA, DIPEA, DBU, DABCO, and DBN.

The embodiments of the process involves reacting (Z)-ethyl 2-chloro-2-(2-(4-
methoxyphenyl)hydrazono)acetate of Formula (V) with 3-morpholino-1-(4-
nitrophenyl)‘S,6-dihydropyridin-2(1H)-One of Formula (VI) in the presence of a base

in one or more organic solvents.
The base comprises use of TEA or DIPEA.

In general, the reaction may be optionélly performed in the presence of an alkali

metal halide such as sodium iodide or potassium iodide.
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In general, the Qrganic solvents for the reaction of (Z)-ethyl 2-chloro-2-(2-(4-
methoxyphenyl)hydrazono)acetéte of Formula (V) with 3-morpholino-1-(4-
nitrophenyl)-S,6-dihydr0pyridin—2(1H)-one of Formula (VI) comprises one or more

of methanol, ethanol, isopropanol, n—butap_ol;;'e:thyl éce_tate_,_ isoprdp_yl_ acetate, butyl

‘acetate, acetone, methylethyl ketone, methylisobutyl ketone, acetonitrile,

dimethylformamide, dimethylacetamide, dimethylsﬂfoxide, N-methyl pyrrolidone,
tetrahydrofuran, 2-methyl tetrahydrofuran, toluene,fxylene, methylene dichloride,

“and ethylene dichloride. In particular, ethyl acetate and dimethylformamide may be

used to obtain the compound (IV). .

In another general aspect, the reractiopi of (Z)-ethyl 2échloro-2-(2-(4—m¢thoxyphenyl)
hydrazono)acetate of Formula (V)-v with 3-m6rpholino-1;(4-nitrophenyl)-5,6-
dihydropyridin-2(1H)-one of Formula (VI) may i)e optionally performed in a
biphasic solvent medium in the presenceiof a base and a phase transfer catalyst to
obtain the compoﬁnd (IV). The solvent medium comprises one or more of water-
toluene, watef—xyléne, water-ethylacetate, methanol-cyclohéxane, and water-

methylene dichloride.

In general, the phase transfer cataljrst comprises tetrabutyl ammonium bromide
(TBAB), tetrabutyl ammonium iodide (TBAI), benzyl triethyl ammonium chloride
(TEBAC), polyethylene Glycbl (PEG-200, 400, 600, 800, 1000), crown ethers such
as 12-crown-4, 15-crown-5, 18-crown-6', dibenio-lS-cfown46, and diaza-18-crown-

6.1In particulér, the phase transfer catalyst may be TBAB.

In general, the reducing agent comprises one or more of Raney Nickel, Pd/C, Pt/C,
Platinum oxide, Fe-HCl, Fe-NH4Cl, Sn-HC], and Nasz. In particular, Fe-NH4Cl

may be used.

In general, the reduction of compound (IV) is done m one or more organic solvents
comprises of methanol, ethanol, isopropanol, ethyl acetate, isopropyl acetate,
acetonitrile, acetone, methylene dichloride, tetrahydrofuran, and water or mixture

thereof. In particular, water, methanol, ethanol, acetone, ethyl acetate, methylene
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dichloride, - water-methanol or water-ethanol, water-acetone, methanol-
tetrahydrofuran may be used. |

In general, the amidating source comprises contacting the ester compound (III) with

a formamide and a base in the presence in one or more organic solvents or ammonia. --

‘The formamide comprises N-ethyl-formamide, N-methyl-fomamide, and

formamide. The base comprises one or more of sodium carbonate, potassium
carboriate, cesium carbonate, sodium bicarbonate, potassium bicafbonate, sodium
hydride, potassium hydride, sodium hydroxide, potassium hydfoxide, lithium
hydroxide, sodium methoxide, sodium ethoxide, and potassium tert-butoxide. In
particular, sodium methoxide may be used. | |

Alternatively, the afnidation is also doné uSing‘ammoriia 1n pfeéencé of one o.r‘ more.
orgénic éolvents comprises of alcohols, ketones or esters. In particular, methanol,
ethanol, isopropanol, butanol, acetone, methyl ethyl ketone, methyl isobutyl ketone,

ethyl acetate, isopropyl acetate, and butyl acetate may be used.

The embodiments of the process further comprise, reacting the compound (IT) with 5-
chlorovalarbyl chloride in the presence of a base to obtain cbmpound | (IIB).
Altemaﬁvely, the amide compound (II) may also be reacted with 5-bromovalaroyl
chloride in the presencé of g_base to obtain compound (IIA) in one or more organic

solvents.

In general, the base comprises one or more of sodium hydroxide, potassium
hydroxide, lithium hydroxide, sodium carbonate, p'otéssiﬁm cé:rbonate,' lithium
carbonaté, sodium bicarbonate, potassium- bicarbonate, sodium hydride, potassium
hydroxide, sodium methoxide, sodium ethdxide, potassium tert-butbxide, ammonia, -
TEA, DIPA, DEA, DIPEA, DBU, DABCO, and DBN. In particular; TEA or DIPEA -

may be used.

In general, the organic solvents for the reaction of 5-chlorovalaroyl chloride or 5-
bromovalaroyl chloride comprises one or more of methanol, ethanol, isopropanol, n-

butanol, ethyl acetate, isopropyl acetate, butyl acetate, acetone, methylethyl ketone,
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methylisobutyl ketone, acetonitrile, dimethylformamide, dimethyl- acetamide,
dimethylsulfoxide, N-methyl pyrrolidone, tetrahydrofuran, 2-methyl tetrahydrofuran,
toluene, xylene, methylene dichloride, and ethylene dichloride. In particular,

tetrahydrofuran may be used.

The embodiment of the process comprises obtaining the compound of Formula»(IIA)
or (IIB) by addition of water to the reaction mixture. The compounds of Formuila

(IIA) or (IIB) may be obtained by filtration of the reaction mixture.

In another general aspect, there is provided a substantially amorphous form of

compouﬁd (IIA) characterized by X-ray powder diffraction pattern having

‘substantially the same as that shown in FIG. 15.

In general, the substantially amorphous form of compound (IIA) is further
characterized by a differential scanning calorifnetry substantially the same as that
shown in FIG.16. R -

In another general aspect, there is provided a crystalline form of compound (IIB)
characterized by X-ray powder diffraction pattern having characteristic peaks

expressed in degrees 20 (+0.2° 28) at 7.9°, 10.9°, 15.8°, 16.2°, 19.6°, 21.8°, and 28.9°
20.

In general, the cryétalline form of comp.oun:d (IIB) is fufthef charactéfized by X-ray
powder diffraction pattern having characteristic peaks eXpressed in degrees 20 (x0.2°
20) at 7.9° 10.9° 13.8 °, 15.3 °, 15.8°, 16.2° 16.8°, 18.4° 19.6°, 20.8°, 21.0°, 21.8°,
23.8°, 24.0° and 28.9° 20 and having X-ray powder diffraction pattern substantiaily

the same as that shown in FIG. 17.

In general, the crystalline form of compound (IIB) is further characterized by a
differential scanning calorimetry having endothermic peak at about 183+5°C and

differential scanning calorimetry substantially the same as that shown in FIG.18.

In another general aspect, there is provided an improved process for the preparation

of apixaban of Formula (I)
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10 (b) amidating the compound (IV) with an amidating source in one or more organic

solvents to obtain compound (IVA);

OMe

(IVA)

(¢) reducing the compound (IVA) with a reducing agent to obtain compound (1D);
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'(d) reacting the compound (II) with 5-chlorovalaroyl chloride in the presence of a

base to obtain compound (IIB);- .

(1IB)

(e) cyclizing the compound (IIB) in the presence of a base in one or more organic

solvents to obtain apixaban of Formula (I); and
(f) optionally, converting apixaban of Formula (I) to an amorphous form,
10  provided that the compound (IIB) is isolated as crystalline solid.

In another general aspect, there is provided an improved process for the preparation

-apixaban of Formula (I)

OMe _

1y

15 the process comprising:
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(a) reacting a compound (III) with an amidating source to obtain compound of

Formula (II)

N,N
OMe '

.- (b) reacting :the compound (II) with 5-chlorovalaroyl chloride in the presence of a

O/\ /
N
HoN o @ HN °
OMe

(1 o (In

base to ébtain compound (1IB);
(c) optionally, isolating the compound (IIB) as crystalline solid; and
(d) in-situ cycliiing the compound (IIB) to obtain the apixaban.of Formula (I).

In general, the amidating source comprises contacting the ester compound (III) with

a formamide and a base in the presence in one or more organic solvents or ammonia.

The formamide comprises N-ethyl-formamide, = N-methyl-formamide, and
formamide. The base comprises one or more of sodium carbonate, potassium
carbonate, cesium carbonate, sodium bicarbonate, potassium- bicarbonate, sodium
hydride, potassium hydride, sodium hydroxide, potassium hydroxide, lithium
hydroxide, sodium methoxide, sodium ethoxide, and ‘pot.assium tert-butoxide. In

particular, sodium methoxide may be used.

Alternatively, the amidation is also done using ammonia in presence of one or more
organic solvents comprises of alcohols, ketones or esters. In particular, methanol,
ethanol, isopropanol, butanol, acetone, methyl ethyl ketone, methyl isobutyl ketone,

ethyl acetaté, isopropyl acetate, and butyl acetate may be used.

The embodiments of the process further comprise, reacting the compound (II) with 5-
chlorovalaroyl chloride in the presence of a base to obtain compound (1IB).

Alternatively, the amide compound (II) may also be reacted with 5-bromovalaroyl
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chloride in the presence of a base to obtain compound (IIA) in one or more organic

solvents.

In general, the base comprises one or more of sodium hydroxide, potassium

hydroxide, lithium hydroxide, sodiumcarbonate, potassium carbonate, lithium

- carbonate, ‘sodium bicarbonate, potassium bicarbonate, sodium hydride, potassium

hydroxide, sodium methoxide, sodium ethoxide, potassium tert-butoxide, ammonia,
TEA, DIPA, DEA, DIPEA, DBU, DABCO, and DBN. In particular, TEA or DIPEA

may be used.

In general, the organic solvents for the reaction of S-chlorovalaroyl chloride or 5-
bromovalaroyl chloride comprises ohe-or more of methanol, ethanol, isopropanol, n-
butanol, ethyl acetate, isopropyl acetate, butyl acetate, acetone, methylethyl ketone,

methylisobutyl ketone,i acetonitrile, dimethylformamide, dimethyl- acetamide,

- dimethylsulfoxide, N-methyl pyrrolidone, tetrahydrofuran, 2-methyl tetrahydrofuran,

toluene, xylene, methylene dichloride, and ethylerie dichloride. In particular,

tetrahydrofuran may be used.

The embodiment of the process comprises obtaining the compound of Formula (11A)

or (IIB) by addition of water to the reaction mixture. The compounds of Formula

~ (IIA) or (IIB) may be obtained by filtration of the reaction mixture.

- In general, there is provided reduction of compound of Formula (1V) and compound

:o‘f Formula (IVA) by a reducing agent. The reducing agent comprises one or more. ,Qf .

Raney Nickel, Pd/C, Pt/C, Platinum oxide, Fe-HCl, Fe-NH,4Cl, Sn-HCl, and Na,Sx.
In particular, Fe-NH4Cl may be used.

In another general aspect, there is provided a crystalline apixaban prepared by the
process of the present invention having purity of at least about 99% by area
percentage of HPLC. In particular, the crystalline apixaban having purity of at least
about 99.5%, or having purity of at least about 99.8%, or having purity of at least
about 99.9% by area percentage of HPLC.
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In another general aspect, there is provided crystalline apixaban prepared by the:
process of the present invention having a particle size distribution having (D1o) of

about 50 pm or less, (Dso) of about 100 pm or less and (Dgg) of about 150 pm or less.

In further aspect, the apixaban may be micronized to achieve the better particle size

distribution in order to make suitable Formulation.

In another general aspect, there is pfovided an amorphous apixaban prepared by the
process of the present invention having purity of at least about 99% by area
percentage of HPLC. In particular, the amorphous apixaban having purity of at least .
about 99.5%, or having purity of at least about 99.8_%, or haying purity of at least

..about 99.9% by area percentage of HPLC.

In general, the apixaban prepared by the processiof present invention may be
converted to an amorphous form by the process disclosed herein after or by the

process disclosed in WO 2013/164839 A2.

In another general aspect, there is provided a composition comprising an amorphous
form of apixaban. In particular, the composition is a solid dispersion that includes

apixaban and a polymer.

In general, the polymér is a non-ionic polymer‘or an'iohio' bolymér. The polymer
comprises of hydroxypropylmethyl cellulose acetate succinate, hydroxypropylmethyl
cellulose, methacrylic acid copolymers, and polyvinylpyrrolidone (PVP). In
particular, PVP of different grades such as K-15, K-30, K-60, K-90 and K-120 may
be used for the preparation of amorphous composition. ‘More particular,

hydroxypropylmethyl cellulose acetate succinate and PVP K-30 may be used.

In some embodiments, the apixaban of Formula (I) may be dispersed within a matrix
formed by a polymer in its solid state such that it 1s immobilized in its amorphous
form. The polymer may prevent intramolecular hydrogen bonding or weak dispersion
forces between two or more drug molecules of apixaban. The solid dispersion
provides for a large surface area, thus-further allowing for improved dissolution and

bioavailébility of apixaban.
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In some embodiments, the ratio of the amount of weight of apixaban within the solid
dispersion to the amount by weight of the polymer therein is from about 1:1 to about

1:10. The composition of apixaban with polymer, preferably PVP K-30 or HPMC-

AC may be prepared by using about 1:1 to about 1:10 polymers with respect to

apixaban. The usage of higher molar amount of polymier increases the amorphous

character of the drug substance.

In another general aspect there is provide a process for the _preparation of

composition of amorphous apixaban having at least one polymer, the process

 comprises mixing apixaban with a polymer in one or more organic solvents and

obtaining amorphous composition of apixaban by removal of solvent.

The compound aplxaban and a polymer (for example HPMC-AC or PVP K-30) may
be dissolved in one or more organic solvents comprises of methanol, ethanol,
isopropanol, acetone, and ethyl acetate. The amorphous solid dispersion may be
obtained by removal of solvent (for example by spray drying, lyophilization, flash
evaporation, and vacuum distillation) thereby leaving the amorphous solid dispersion

precipitated in a matrix formed by the polymer.

The invention provides stable amorphous form of apixaban of Formula (I) having

water content from about 0.5% to about 5% wt/wt and does not convert to any other

solid form when stored at a temperature: of up to about: 40°C and at a relative

humidity of about 25% to about 75% for about three months or more. -

In another general aspect, there is provided a pharmaceutical composition comprising
crystalline apixaban characterized by X-ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 (£0.2° 28) at 5.9°, 6.9°ﬁ, 13.4°, 14.9°,
16.0°, 17.3°, 21.4° 22.5° 24.2° and 25.8°+0.2 20 ‘together ‘-withione or more

pharmaceutically acceptable excipients, diluents and carriers.

In another general aspect, there is provided a pharmaceutical composition comprising
an amorphous form of apixaban together with one or more pharmaceutically

acceptable carriers, excipients or diluents.
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o In anothe_f general aspect, there is provided a pharmaceutical composition comprising
 an amorphous apixaban having at least one polymer together one or more of

- pharmaceutically acceptable carriers, excipients or diluents

- Powder X-ray diffraction of apixaban and intermediates thereof can be' obtained

under following conditions.

(i) Characterization by Powder X-ray diffraction: The X-ray powder diffraction
spectrum was measured using X-Ray Diffractometer, D/Max-2200/PC Make or

equivalent and having CuKoa source.

(i) Characterization by Differential Scanning Calorimetry (DSC): Analytical
method: Differential scanning calorimetric analysis was performed 'us.iiig a Perkin
Elmer Diamond DSC control unit and a DSC 300°C differentiél scamiﬁg
calorimeter. 2-5 mg samples were placed in crimped aluminum pans and heated from |
50°C to 300°C in a liquid nitrogen-atmosphere at a heating rate of 10°C/minute. Zinc-

Indium was used as the standard substance.

The invention also encompasses pharmaceutical compositions comprising apixaban
of the invention. As used herein, the term "pharmaceutical compositions” includes
pharmaceutical formulations such as tablets, pills, powders, liquids, suspensions,

emulsions, granules, capsules, suppositories, and injection preparations.

Pharmaceutical compositions comprising an apixaban of the invention may be
prepared by' using diluents or excipients such as fillers, bulking agents, bindefs,
wetting agents, disintegrating agents, surface active agents, and lubricants. Various
modes of administration of the pharmaceutical compositions of the invention can be’
selected depending on the therapeutic purpose, for example tablets, pills, powders,
liquids, suspensions, emulsions, granules, capsules, suppositories, or injection

preparations.

In another general aspect, there is provided process for the preparation of apixaban of -

Formula (1) according to the reaction scheme-1 substantially as depicted herein after.
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X = Br (lA) OMe
X=Cl(lIB)

Scheme-1

Having described the inventionr with reference to certain preferred embodiments,
other embodiments, reaction conditions, temperature control and solvent system may
5 become apparent to one skilled in the art from consideration of the examples

provided herein after.
- EXAMPLES -

Preparation of starting materials:

32



WO 2014/203275 PCT/IN2014/000401

15

20

Example-1: Preparation of (Z)-ethyl 2-chloro-2-(2-(4-methoxyphenyDhydrazono)
acetate (V)

. 0
. , . o .l _
. "o o : - \II/U\O/'\'
: NaNO, N=NC HN’
Water : Na,OAc

HCI

OMe

In first 500 mL 3-neck round bottom flask equipped with mechanical stirrer, .
thermometer and addition funnél water (85 mL) and p-anisidine (25 gm) were added
at 25°C to 30°C. The reaction mlxture was cooled to 0°C to 5°C. Con. HCl (50 mL)

was added to the reaction mlxture and stirred for 15 min.

In second 500 mL 3-neck round bottom flask equipped with mechanical stirrer,
thermometer and addition funnel, water (43 mL) and sodium nitrite 16.9 g were
added at 25°C to 30°C. The reéction mixture was cooled to 0°C to 5°C and above
prepared reaction mixture was ‘added to it. The reaction mixture was stirred for 1

hour at 0-5°C.

In third 500 mL 3-neck round bottom flask equipped with mechanical stirrer,

' thermometer and addition funne] water (81 mL) and sodlum acetate (38. 4 g) were

added at room temperature. The. reaction mixture was cooled to 0°C to 5°C and ethyl
2-chloroaceto acetate (33.5 gm) and ethyl acetate (162.5 mL) were added and stirréd
for 15 min. The above reaction mixture prepared in second 500 mL 3-neck round
bottom flask was added at 0° to 5°C and stirred for 30 min. The reactlon mixture was
warmed to 25°C to 30°C for 30 mins. The separated organic layer was charcoalized
and filtered. The filtrate was distilled to remove ethyl acetate under vacuum at 45°C -
to 50°C and cooled to 25°C. Méthanol (50 mL) was added and cooled to 0°C to 5°C.
The reaction mixture was stirred for 30 mins and filtered. Th‘e solid obtained was
washed with methanol and dried under vacuum at 45°C to 50°C to obtain 28.2 g of

titled compound.
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Example-2: Preparation of 3-morpholino-i-(4-nitrophenyl)—5,6-dihydroeridin-

. 02N

(A) Preparation of 5-bromo-N-@-nitrophenyl)pehtanamide

In 1 L 3-neck round bottom flask equipped \with mechanical stirrer, thermometer and
addition funnel, 4-nitroaniline (50 gm) and tetrfahydroﬁmin (250 mL) were taken at
25°C and cooled to 0° to 5°C. 5-bromovalaroyl chloride (101.09 gm) and a solution
of triethylamine (65.81 gm) in tetrahydrofﬁran:(SO mL) were added at 0°C to 5°C.
The reaction mixture was stirred at 25°C for 1-2 hours and cooled to 0°C to 5°C. The
reaction mixture was stirred at 5°C to 10°C for 1 hour and water (1500 mL) was
added. The reaction mixture was filtered and the wet-cake was washed with water
and dried at 55°C to 60°C undef vacuum for § hours to obtain 1018.2 gof 5-br01ﬁo-N-
(4-nitrophenyl)pentamide. |

~ The reaction may be repeated to obtain 5-chloro;N-(4-f1itropheny1)péntamidé by

replacing 5-bromovalaroyl chloride with 5-chlorovalaroyl chloride.

(B) Preparation of 1-(4-nitrophenyl)piperidin-2-one

In 3 L 4-neck round bottom flask equipped with mechanical stirrer, thermometer and
addition funnel, 60% sodium hydride (23.9 gm) and THF (450 mL) were added at
25°C and stirred for 15 min to obtain reactioﬁ mixture. The reaction mixture was
cooled to 0°C to 5°C and 5-bromo-N-(4-nitrdphényl)pentamide (100 gm) was added.
The reaction mixture was stirred for 30 mins. Water (1250 mL) and MDC (750 mL)
were added at 5°C to 10°C and warmed to 25°C and stirred for 1 hour. The reaction

mixture was filtered and the filtrate was distilled under vacuum at 45°C to 50°C.

34



WO 2014/203275 PCT/IN2014/000401

10

15

20

Toluene (100 mL) was added and stirred for 30 min. The reaction mixture was
filtered and washed with toluene. The product was dried under vacuum at 50°C to

55°C for 6-8 hours to obtain 52.5 gm of '1'-(4-hitrophenyl)piperidin¥2-0neﬁ '

(C) Preparation of 3-morpholino-1-( 4-nitr’ophenyl)—5,6-dihvdrdpyridin—2( 1H)-one

In 3 L 4-neck round bottom flask equipped with mechanical stirrer, thermometer and

- addition funnel, methylene dichloride (120 mL) and PCls (85:15 gm) were added at

25°C. The reaction mixture was stirred for 15 min and cooled to 0°C to 5°C. A
solution of 1-(4-nitrophenyl)piperidin-2-one (30 gm) in me;phylene dichloride (120

ml) was added and stirred for 30 min. The reaction mixture was raised to 25°C to

30°C, stirred for 2 hours and cooled to 0°C to 5°C. Water (6QO mL) was added and

stirred to separate the layer. The separated methylene dichioride was dried over

anhydrous sodium sulphate and distilled under vacuum at 45°C to 50°C. Morpholine

~ (156 mL) was added and stirred for 30 min followed by heatiflg at 125-130°C for 30

min. The reaction mixture was cooled to 70°C to 75°C and distilled to remove excess
morpholine under vacuum at 70°C to 75°C and cooled to 55°C to 60°C. Methanol
(120 mL) and water (60 mL) was added at 55°C to 60°C and cooled to 25°C to 30°C.
The reaction mixture was stirred for 30 mins'and filtered. The solid was washed with
water and dried at 50°C to 55°C under vacuum to obtain 16 gm of 3-morpholino-1-

(4-nitrophenyl)-5,6- d1hydr0pyr1d1n 2(1H)-one (VI).
Preparation of Apixaban

Example-3: Preparation of ethyl l-(4-meth0xyphenvl)-6;-(4-nitrophenvl)-7-oxo-
4,5.6.7-tetrahydro-1H-pyrazolo[3.4-c]pyridine-3-carboxylate (IV)
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In 500 mL 3-neck round bottom flask equipped with mechanical stirrer, therrﬁ_ometer
and addition funnel, 3‘-morpholino-1-(4-nitrophenyl)-5,6-dihydropyridin-2(lfH)-one
(VI) (8.44 g) and (Z)-ethyl 2-ch19ro-2-(2-(4-methbxyphenyl)hydrazono)acetate V)
(10 g) and ethyl acetate (50 mL) were added at 25°C to 30°C. Triethylamine;(6.6 2)
was added to the reaction mixture and heated to 75°C to 80°C for 6 hours. The
reaction mixture was distilled to remove ethyl acetate. The residue was dilutéd with
water (30 mL). at 25°C to 30°C and 4N HCl (70 mL) solution was addéd. The
reaction mixture was stirred for 2 hours at 25°C and filtered. The wet-cake was
washed with water and dried at 60°C to 65°C for 5-6 hours under vacuum tc; obtain

12.3 gm (86% yield) of titled compound.

Example-4: Preparation of 1-(4-metf10xyphenyl)-6-(4-nitrophenvl)-7—oxo-4:1,5,6,7—

tetrahydro-1H-pyrazolo[3.4-clpyridine-3-carboxamide (IVA)

N

ey
O,N ©

)

N

OMe (IVA)
In 250 mL 3-neck round bottom flask equipped with mechanical stirrer, thermometer
and addition funnel, compound (V) and formamide (4.43 gm) in 20ml DMF in 250ml
3N RBF at 25°C. Sodium methoxide (2.65 gm) and methanol (4 mL) were added to
the reaction mixture and heated to 65°C to 70°C for 1 hour. The reaction mixture was
cooled to 25°C and water (80 mL) was added at 0-5°C. The reaction mixtt}re was
stirred at 5°C to 10°C for 1 hour and filtered. The reaction mixture was filtered and
the wet-cake was washed with water and dried under vacuum at 60°C to 65°_C? for 6-8

hours to obtain 2.5 gm of titled compound.

Example-5: Preparation of ethvl‘6-(4-aminophenyl)-1-(4-methoxyphenyl)—7-oxo-

4,5,6,7-tetrahydro-1H-pyrazolo[3.4-c]pyridine-3-carboxylate (111)
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In 500 mL 3-neck round bottom ﬂask eQuipped with mechanical stirrer, thermometér
and addition funnel, compound V) (23 g), iron (11.77 g) in methanol:water (7:3)
(60 mL) were added at 25-30°C. Ammonium chloride (6.20 g) was added and the
reaction mixture was heated-at 65°C to 70°C for 5 hours, cooled to 25°C to 30°C and
methylene dichloride (100 mL) was added. The reaction mixture waé ﬁltefed and
washed with methylene dichloride. The reacﬁon mixture was distilled and methylene
dichloride (45 mL) was added. The combined organic layer was washed with water
and distilled under vacuum at 45°C to 50°C to obtain residue. Cyclohexane (160 mL)
was added to the residue and stirred for 30 nﬁns. The reaction mixture was filtered
and wet-cake was washed with cyclohexane, dried at 50°C to 55°C for 3 to 4 hours

under vacuum to obtain 18.4 g (86% yield) of titled compound.

Example-6: Preparation of 6-(4-aminophenyl)-1-(4-methoxyphenyl)-7-0x0-4.5.6.7-
tetrahydro-1H-pyrazolo[3.4-c]pyridine-3-carboxamide (1)

OMe In

In 250 mL 3-neck round bottom flask equipped with mechanical stirrer, thermometer
and addition funnel, compound (III) (4.0 gm) and formamide (4.43 gm) in
dimethylformamide (20 mL) were added at 25°C. Sodium methoxide (2.65 gm) and

methano! (4 mL) were added to the reaction mixture and heated to 65°C to 70°C for 1
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-hour. The reaction mixture» was cooled to 25°C and water (80 mL) was added at 0-

5°C. The reaction mixture was stitred at_S"C to 10°C for 1 hour and filtered. The

. reaction mixture was filtered and the wet-cake was washgd- with water and dried... .

under vacuum at 60°C to 65°C for 6-8 hours to obtain 2.5 gm of titled compound.

Example-7: Preparation of 6-(4-aminophenyl)-1-(4-methoxyphenyl)-7-6x0-4L5¢6‘7- '

tetrahydro-1H-pyrazolo[3.4-c]pyridine-3-carboxamide (1I) .

N

OMe I

In 250 mL 3-neck round bottom flask equipped with mechanical stirrer, thermometer

- and addition funnel, compound (III) (20 g) and 18% methanolic ammonia solution

(300 mL) were heated at 4 Kg pressure in autoclave at 60°C to 65°C for 15 hours.
The reaction mixture was distilled under vacuum to obtain residue. Water (140 mL)
was added and stirred for 30 min at 25°C. The reaction mixture was cooled at 5°C to
10°C and filtered. The wet-cake was washed with water to obtain titled compound

16.8 g (90% yield) of titled compound.

~ Example-8: Preparation of compound (I1A)

. Br /©/ N
@
(@]
OMe (I1A)

In 250 mL 3-neck round bottom flask equipped with mechanical stirrér, thermometer

and addition funnel, compound (III) (2.5 gm) and THF (25 mL) were added at 25-
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30°C and cooled to 0°C to 5°C. 5-bromovalaroyl chloride (1.85 g) and a solution of
triethylamine (1.23 g) in THF (2.5 mL) was added at 0°C to 5°C. The reaction
mixture was stirred for 1 hour and water (50 mL) was added. The reaction mixture

was filtered and the wet-cake was washed with water and dried at 55°C to 60°C under

. vacuum for 8 hours to obtain 5.1 g of compdund (I1a).

Example-9: Preparation of compound (I1IB)

)

N
OMe (I1B)

~0

In 250 mL 3-neck round bottom flask equipped with mechanical stirrer, thermometer
and addition funnel, compound (III) (10 g), S-chlorovalaroyl chloride (10.27 g),
triethylamine (9.4 g) and THF (70 mL) were heated at 60°C to 65°C for 4 hours. The
reaction mixture was cooled at 25°C to 35°C and water (200 mL) was added. The
feaction mixture was distilled to remove THF and cooled to 25°C to 35°C. The

reaction mixture was stirred for 1 hour and filtered. The wet-cake was washed with

“watér and dried to obtain 5.1 g of compound (IIB). The compound (IB) was

characterized by X-ray powder diffraction pattern (FIG.17). The solid compound was
recrystallized in ethyl acetate at 65°C to obtain pure compound (I1IB).

Example-10: Preparation of Apixaban ()

OMe

@

39



WO 2014/203275 PCT/IN2014/000401

10

15

20

25

In 250 mL 3-neck round bottom flask equippedAwith mechanical stirrer, thermometer
and addition funnel, compound (IH) (2:5 gm) and THF (25 mL) were added at 25-
30°C and cooled to 0°C to 5°C. 5-bromovalaroyl chloride (1.85 g) and a solution of
triethylamine (1.23 g) in THF 2.5 niL) was added at 0°C to 5°C. The reaction
mixture was stirred for 1 hour and 60% sodium hydride (1.58 gm) was added at 0° to
5°C. The reaction mixture was heated to 25°C to 30°C and stirred for 2 hours. Water

(50 mL) was added and stirred for 1 hour. The. reaction mixture was filtered ax_id

- washed with water. The wet-cake was dried at 60°C to 65°C for 8 hours under_

vacuum to obtain 1.8 of apixaban.

Example-11: Preparation of Apixaban (1)

In 250 mL 3-neck roundi bottom flask equipped with mechanical stirrer, thermometer
and addition funnel, con_dpound (IIA) (5 g), THF (50 mL) and 60% sodium hydride
(1.2 g) were added at 25-30°C and cooled to O"C to 5°C. The reaction mixture was
stirred for 2 hours. Water (20 mL) was added and stirred for 1 hour. The reaction
mixture was extracted with methylene dichloride (20 mL) and organic layer was
separated. The separatéd organic layer was distilled to obtain the residue.
Cyclohexane (20 mL) was added and stirred for 30 min. The reaction mixture was

filtered and the wet-cake was dried at 60°C_to 65°C for 8‘hours under vacuum to

“obtain 32 g of crystalline apixaban characterized by X-ray powder diffraction

substantially as same as shown in FIG.1.

Example-12: Preparation of Apixaban (1) .

In 250 mL 3-neck round bottom flask equipped with mechanical stirrer, thermometer
and addition funnel,. cofnpound (ITA) (5 g), dimethylacetamide (50 mL) and 60%
sodium hydride (1.2 g)} were added at 25-30°C and cooled to 0°C to 5°C. The
reaction mixture was stifred for 2 hours. 10% aqueous acetic acid was added to the
reaction mixture to adjﬁét the pH 6 to 6.5. The reaction mixture was diluted with

water (100 mL) was stirred for 1 hour. The reaction mixture was filtered at 0°C to
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5°C. The wet-cake was washed with water to obtain 3.1 g of apixaban. The apixaban

obtained was recrystallized in methanol at 65°C to obtain pure apixaban.

Example-13: Purification of Apixaban (I)

In 250_ri’1v1v,v3-neck round bottom flask equipped with mechanical stirrer; thermometer
and addition funnel, apixaban (I) (5v g), methylene dichloride (50 mL) and methanol
(20 mL) were added at 25-30°C. The rea_ction mixture was heated at 40°C to 45°C to
obtain the clear solution. Methyl tert-butyl ether (60 mL) was added to the reaction
mixture. The solid obtained was ﬁltered. and washed with methyl tert-butyl ether to

obtain 3.1 g apixaban.
Preparaﬁon of Amorphous Apixaban
Example-14:

10 mg of apixaban and 15 mL methanol were taken in round bottom flask at 25-
30°C. The reaction-mixture was heated at 45-50°C to obtain clear solution. 100 mg
of PVP-K30 polymer was added and stirred at 45-50°C for 2 hours. The reaction
mixture was distilled under vacuum zit 60-65°C. The product was dried under

vacuum at 55-60°C to obtain 120 mg amorphous apixaban.
Example-15:

100 mg of api}{aban and 15 mL metha‘nol‘v‘vere taken in round bottom flask at 2’5-'-
30°C. The reaction mixture was heated at 45-50°C to obtain clear solution. 200 mg
of PVP-K30 polymer was added and stirred at 45-50°C for 2 hours. The reaction
mixture was distilled under vacuum ét 60-65°C. The product was dried under

vacuum at 55-60°C to obtain 155 mg amorphous apixaban.
Example-16:

50 mg (0.108 mmol) of apixaban and lb mL methanol were taken in round bottom
flask at 25-30°C. The reaction mixture was heated at 45-50°C to obtain clear
solution. 200 mg of PVP-K30 polymer was added and stirred at 45-50°C for 2 hours.
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The reaction mixture was distilled under vacuum at'60-65°vC. The product was driéd

under vacuum at 55-60°C to obtain 125 mg amorphous apixaban. (XRD: FIG.19).

Example-17:

40 mg of apixaban and 10 mL methanol were taken in round bottom flask at 25-

30°C. The reaction mixture was heated at 45-50°C to obtain clear solution. 320 mg
of PVP-K30 polymer was added and stirred at 45-50°C for 2 hours. The reaction
mixture was distilled. under vacuum at 60-65°C. The product was dried under

vacuum at 55-60°C to obtain 145 mg amorphous apixaban. (XRD: FIG.19).

While the present invention has been described in terms of its specific embodiments,
certain modifications and equivalents will be apparent to those skilled in the art and

are intended to be included within the scope of the present invention.
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We Claim:

1. A crystalline form of apixaban of ZFo'rrr.lu'l'a:(I) characterized by X-ray powder
diffraction pattern having characteristic peaks expressed in degrees 26 (£0.2° 20)
s Cat5.9° 6.9° 13.4° 14.9°, 16.0°, 17.3°, 21.4°, 22.5%, 24.2°, and 25.8°£0.2 20. |

2. The crystalline form of apixaban as claimed in claim 1 is further characterized

by: | |
(a) X-ray pt)wder diffraction pattern having chafacteristic peaks expressed in.
degrees 20 (£0.2° 20) at 5.9° 6.9°, 12.6" 13.4°, 14.9°, 15.4° 16.0°, 17.3°,
10 17.9°,19.0°% 19.7°, 20.3° 21.0°, 21.4°, 22.5°, 24.2°, 25.8°, 26. 5° 27.0%,29.7°,
30.2° and 30.9°+0.2 29 and having X-ray powder dlffractlon pattern

substantlally the same as that shown in FIG.1; or

(b) A differential scanning calorimetry having endothermic peak- at about
103+5°C .and at about 151+5°C and differential scanning calorimetry

15 substantially the same as that shown in FIG.2.

-

3. An isolated intermediate of apixaban comprising compounds of Formula (11A),
(IIB) and (IVA).

" "NH,

0
OMe OMe
(I1A) S(IB)
4 0
T NH,
ISR S
20 » ‘ . OMe
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4 A crystalline form of compound (IV) characterized by X-ray powder diffraction -

pattern having characteristic peaks expressed in degrees 20 (£0:2° 26) at 3.8°,
7.5°% 13.5° 18.6° 19.8° 21.7°,23.8° and 25.5° 26.

5. The.crystalline form of compound (IV) as claimed in claim 4 is further

characterized by:

(a) X-ray powder diffraction pattern having characteristic peaks expressed in _
degrees 20 (£0.2° 20) at 3.8°, 7.5° 13.5° 15.0° 15.4°, 18.6° 19.8° 21.7°,
22.8°,23.8°% 24.1°, 24.4°, 25.0° 25.5°, 29.2° and 29.4° 26 and having the X- |
ray powder diffraction pattern substantially the same as that shown in

E FIG.3; or

(b) A differential scanning calorimetry having endothermic peak at about
189:*:5°C and differential scanning calorimetry substantially the same as that -

shown in FIG.4; or

() A themiogravimetric analysis substantially the same as that shown in FIG.S.

6. A crystalline form of compound (IVA) characterized by X-ray powder diffraction

pattern having characteristic peaks expressed in degrees 20 (+0.2° 20) at 10.8°,
15.5°,18.6°, 20.1°, 22.6°, 24.0°, and 27.4° 26. |

7. The crystalline form of compound (IVA) as claimed in claim 6, is further

characterized by:

(a) X-ray powder diffraction pattern having characteristic peaks expressed. n
degrees 20 (£0.2° 20) at 6.6° 7.7°, 10.8°, 12.8° 15.5°, 17.0°, 18.6° 19.0°,
20.1°,22.6°, 23.2° 24.0°, 25.5° and 27.4° 28 and having X-ray powder -

diffraction pattern substantially the same as that shown in FI1G.6; or |

(b) A differential scanning calorimetry having endothermic peak at about
15245°C and at about 168+5°C and differential scanning calorimetry »

substantially the same as that shown in FI1G.7; or

(c) A thermogravimetric analysis substantially the same as that shown in FIG.8.
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8. A substantially amorphous form of compound (II) characterized by X-ray
powder drffractron pattern havmg characterlstrc peaks expressed in degrees 26
@0 29) at 4.8°,9.4° and 24.5° 20. '

9. The substantlally amorphous form of compound (III) as claimed in claim 8 is

further characterized by:

(a) X-ray powder diffraction pattern having X-ray powder diffraction pattern

substantially the same as that shown in FIG. 9; or

(b) A differential scanning calorimetry having endothermie pealr at about
149+5°C and differential scanning calorimetry substéntially the same as that
shown in FIG.10; or

' A(c) A t}rerrnogravimetric analysis sdbstantially the same as that shown in
FIG.11.

10. A substarrtially crystalline form of compound (II) characterized by X-ray powder
diffractiorr pattern having characteristic peaks expressed in degrees 26 (+0.2° 26)
at 18. 4°,21.2°,22. 4° and 23 6° 20.

11. The substantrally amorphous form of compound (II) as clalmed in clarm 10 is

further characterrzed by:

(a) X-ray powder drffractron pattern having characteristic peaks expressed in
degrees 20 (0.2° 20) at 10.1°, 10.5° 14.0° 14.7°, 16.2°, 16.7°, 17.5°, 18.4°,
18. 9° 19.8°,20.3° 21.2°, 22.4°, 23.6°, 24 8°,25.5° 26.3° 28.4° and 28.8° 26 |
and havmg X-ray powder dlffractlon pattem substantrally the same as that

shown in FIG. 12; or .

(b) A d-i;fferential- scanning “célorimetry having endothermic peerk at about
132+5°C and differential scanning calorimetry substantially the same as that

shown in FIG.13; or

(c) A thermogravimetric analysis substantially the same as that shown in

FIG.14.
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12. An improved process for the preparation of apixabah of Formula (I)

| - 'QQNHOLNHZ' :
» @O o© |

OMe

o

the process comprising:

5 (a) ;reaéting (Z)-ethyl  2-chloro-2-(2-(4-methoxyphenyDhydrazono)acetate  of
Formula (V) with 3-morpholino-1‘—(4-nitrophenyl)-5,6-dihydropyridin-
2(1H)-one of Formu}a (VD) in one or more organic solvents in the presence

of a base to obtain compound (IV);

(o} 1)

Cl ] O/\ — o~

AN : | N NN
e ION
© @\N/\l O,N
o L_o
OMe OzN OMe
10 W vy )
(b) reducing the compouxid (IV) with a reducing agent to obtain compound (III);
- _ o
o™

(1)

" (c) amidating the compound (III) with an amidating source in one or more

15 organic solvents to obtain compound (II);

46



WO 2014/203275 PCT/IN2014/000401

CH,NT ~°}©
: ~ OMe

an

(d) reacting the compound (If) with 5-:chlorovalaroyl chloride in the présence of

a base to obtain compound (1IB); :

5 ' : - OMe
uB)

(e) cyclizing of compdund (IIB) in-the presence of a base in one or more

organic solvents to obtain apixaban of Formula (I); and
(f) optionally, _co_n_veging apixaban _of Formula (I) to an érnorphous,,form,
10 " provided that the compound (IIB) is igblated as crystalline solid.

13. The process as claimed in claim 12 Wherein reducing agent comprises one or
more of Raney Nickel, Pd/C, PUC, Platinum oxide, Fe-HCI, Fe-NH4Cl, Sn-HCl,
and Nazsx. l :

14. The process as claimed in claim 12 WHerein the base c;)mprises one or more of

15 sodium hydroxide, potassium hydroxfde, lithium hydroXide, sodium carbonate,

- potassium carbonate, lithium éarﬁonate, sodium bicarbonate, potassium

bicarbonate, sodium hydride, potassium hydroxide, sodium methoxide, sodium

ethoxide, potassium tert-butoxide, ammonia, TEA, DIPA, DEA, DIPEA, DBU,-
DABCO, and DBN. :
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15. The process as claimed in claim 12 an amorphous form of apixaban is obtained
by preparing a composition comprising a solid disp’ets’ifbn that includes apixaban

and a polymer.

16. The process as claimed in claim 15 wherein the polymer is a non-ionic polymer
or an ionic polymer comprises of hydroxypropylmethyl cellulose acetate
succinate, hydroxypropylmethyl cellulose, methacrylic acid copolymers, and

polyvinylpyrrolidone (PVP).

17.A substantially amorphous form of compound (IIA); characterized by X-ray

powder diffraction pattern having substantially the same as that shown in FIG. 15
and a differential scanning calorimetry substantially the same as that shown in
_FIG.16. S

18. A crystalline form of compound (IIB) characterized by X-ray powder diffraction
pattern having characteristic peaks expressed in degrées 20 (£0.2° 20) at 7.9°,
10.9°, 15.8°,16.2°, 19.6°, 21.8°, and 28.9° 26.

19. The crystalline form of compound (IIB) as claimed in claim 16 is furtherb

characterized by:

(a) X-ray powder diffraction pattém having characteristic ‘peaks expressed in
- degrees 26 (£0.2* 20) at-7.9°, 10:9° 13.8 °; 153 °,’j 15:8%,16.2° 16:8° 18.4°%
19.6°%, 20.8°, 21.0°, 21.8°, 23.8°, 24.0°, and 28.9° 20 and having X-ray
powder diffraction pattern substantially the same é_ns that shown in FIG. 17;

~or '
(b) A differential scanning caldfimetfy havinbg.‘ éin'dbt’hefr’ni‘cv peak va-t about
183+5°C and differential scanning calorimetry subétantially the same as that

" shown in FIG.18. :

20. An improved process for the preparation of apixaban of :Formula O
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OMe

the process comprising:
@ reactihg (Z)-ethyl 2-chloro-2-(2-(4-methoxyphenyl)hydrazono)acetate of
5 Formula (V) with 3-morpholino-l-(4-nitrophenyl)-5,6-d_ihydropyridin-2(1H)-
one of Formula (VI) in one or more organic solvents in the presence of a base

to obtain compound (I1V);

O

C'j)\o/\ - -0
| ‘ ‘ O/\

-N ‘ _ | 1
HN _ N "
l 0 N/C ©
r1‘?\|\1/\| 2!
o L o -'
OMe O;N OMe
V) | (V) av)
10 : ‘(b)amidating the compound (IV) .Wi'th an arri_idating Source _ih one or mee

organic solvents to obtain compound (IVA);

OMe

(IVA)

(c) reducing the compound (IVA) with a reducing agent to obtain compound (11);
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OMe
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(d) reacting the Compouhd (II) with 5-chlorovalaroyl chloride in the presence of a

(@]
N2
u/@” SN
6]

5 OMe

base to obtain cqmpoﬁnd (I1B);

(11B)

() cyclizing the compound (IIB) in the presence of a base in one or more organic

solvents to obtain apixaban of Formula (I); and
(f) optionally, converting apixaban of Formula (I) to an amorphous form,
10 provided that the compound (IIB) is isolated as crystalline solid.

21. An improved process for the preparation apixaban of Formula (I)
. ’ [o) - N
N
SORSY
ShgNe
OMe
M

the process comprising:
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(a)reacting a compound (III) with an amidating source to obtain compound of

Formula (II);

(11) . -

(b)reacting the comp'ound (IT) with 5-chlorovalaroyl chloride in the presence of a

w

base to obtain compound AIB);, = - .
(c)optionally, isolating the compound (IIB) as crystalline solid; and
(d)in-situ cyclizing the compound (IIB) to obtain the apixaban of Formula (I).

22. The crystallline apixaban as claimed in claim 1 hav.i»ng .puri"ty of at least about

10 . 99% by area percentage of HPLC.

23. The crystalline apixaban as claimed in claim 1 having a particle size distribution
having (D10) of about 50 pm or less, (D50) of about 100 pm or less and (D90) of

about 150 um or léss.

' 24. The amorphous apixaban as claimed in claim 12 having purity of at least about

15 99% by area percentage of HPLC. |

25. A pharmaceutical composition comprising crystalline apixaban characterized by

X-ray powder diffraction pattern having characteristic peaks expressed in degrees

20 (+0.2° 26) at 5.9°, 6.9° 13.4°, 14.9°, 16.0° 17.3°, 21.4°, 22.5°, 24.2°, and

25.8°£0.2 20 together with one or more pharmaceutiéally aéceptable excipients,

20 diluents and carriers.

26. A pharmaceutical composition comprising an amorphous apixaban having at
least one polymer together one or more of pharmaceutically acceptable carriers,

excipients or diluents.
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