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DESCRIPTION

Field of Invention:

[0001] The present invention relates to the field of synthesis of Rivaroxaban formula (I), and more particular to novel
Rivaroxaban intermediate formula (A), and process for preparation thereof. Further the present invention relates to the process
for preparation of Rivaroxaban by using novel intermediate formula (A).

Formula (1)

/O o ‘%)\0 ) .

Formu.a (A)

Background of Invention:

[0002] Rivaroxaban, (5-chloro-N-{[(5S)-2-0x0-3-[4-(3-oxomorpholin-4-yl)phenylloxazolidin-5-yl}methyl]thiophene-2-carboxamide)
is a low molecular weight, orally administrable anticoagulant drug. The pharmaceutical directly inhibits the active form of serine
protease Factor Xa (FXa). Rivaroxaban can be used for the prevention and treatment of various thromboembolic diseases, in
particular of deep vein thrombosis (DVT), pulmonary embolism (PE), myocardial infarction, angina pectoris, reocclusions and
restenoses after angioplasty or aortocoronary bypass, cerebral stroke, transitory ischemic attacks, and peripheral arterial
occlusive diseases. Rivaroxaban firstly disclosed in WO01/47919, by Bayer AG, and has following structure:

(¢] o]
—~ Mg
O\JN‘—@‘N\)\/NH / S\ o

Rivaroxaban o

[0003] US 2007/0149522, relates to a method for producing 5-chloro-N-{(58)-2-0x0-3-[4-(3-0x0-4-morpholinyl)phenyl]-1,3-
oxazolidin-5-yl}-methyl)thiophene-2-carboxamide starting from 5-chlorothiophene-2-carbonylchloride and (2S)-3-amino-propane-
1,2-diol to obtain compound formula (VIIl), which further treated with 4 equivalent hydrobromic acid in presence of acetic
anhydride to get N-((S)-3-bromo-2-hydroxypropyl)-5-chlorothiophene-2-carboxamide; compound formula (IX). Further (4-
aminophenyl)-3-morpholinone (lll), treated with compound formula (IX), to obtain N-{(R)-2-hydroxy-3-[4-(3-oxomorpholin-4-
yl)phenylamino]propyl}-5-chlorothiophene-2-carboxamide; compound formula (X) finally compound formula (X), may treated with
phosgene or phosgene equivalent to give for example, phosgene replacements such as di- or triphosgene, or carbon monoxide
equivalents, N,N-carbonylbisimidazole.N,N-carbonylbisimidazole in a solvent mixture of 1-methyl-2-pyrrolidone and toluene to

obtain 5-chloro-N-({(5S)-2-ox0-3-[4-(3-0x0-4-morpholinyl)phenyl]-1,3-oxazolidin-5-yl}methyl)-2-thiophene-carboxamide (I).
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[0004] US2007/0066611, relates to a process for preparing 4-(4-aminophenyl)-3-morpholinone by reacting4-(4-nitrophenyl)-3-
morpholinone with hydrogen in the presence of a hydrogenation catalyst, characterized in that the reaction is effected in an
aliphatic alcohol.

[0005] US 7,598,378, relates to a process for preparing 4-(4-aminophenyl)-3-morpholinone by reacting 4-(4-nitrophenyl)-3-
morpholinone with hydrogen in the presence of a hydrogenation catalyst, characterized in that the reaction is effected in an
aliphatic alcohol.

[0006] US7,351,823, relates to a process for preparing 5-chloro-N-({(58)-2-o0x0-3-[4-(3-0x0-4-morpholinyl)phenyl]-1,3-oxazolidin-
5-yl}methyl)-2-thiophenecarboxamide starting from 2-[(2S)-2-oxiranylmethyl]-1H-isoindole-1,3-(2H)-dione, 4-(4-aminophenyl)-3-
morpholinone and 5-chlorothiophene-2-carbonyl chloride.

[0007] WO 2009/023233, relates to novel compounds that are substituted oxazolidinones derivatives and pharmaceutically
acceptable salts thereof. More specifically, this invention relates to novel oxazolidinone compounds that are derivatives of
Rivaroxaban. The invention also provides pyrogen-free compositions comprising one or more compounds of the invention and a
carrier, along with the use of the disclosed compounds and compositions in methods of treating diseases and conditions that are
beneficially treated by administering a selective inhibitor of factor Xa, such as Rivaroxaban.

[0008] By carefully inspection of above said patents and patent applications there is need to overcome the said drawbacks in
process so in this connection the instant invention concern about the novel intermediate with process for preparation which is
concomitantly used for the preparation of Rivaroxaban.

SUMMARY:

[0009] The main aspect of the present invention is to provide novel intermediate of formula (A), for Rivaroxaban, and process for
preparation thereof.

[0010] Another aspect of the present invention is to provide the novel process for the preparation of the Rivaroxaban formula (1)
by using novel intermediate of formula (A).

[0011] Yet another aspect of the present invention is to provide the process for the preparation of the novel intermediate formula
(A) by using intermediate formula (VII) in form of free base or acid addition salt.

[0012] Yet another aspect of the present invention is to provide novel intermediate of formula (A) in crystalline or amorphous
form.

[0013] Yet another aspect, the process for preparation of Rivaroxaban formula (l) can be carried out in single pot by using novel
compound formula (A) as a starting material.

[0014] Yet another aspect of the present invention is to provide a process for preparation of Rivaroxaban of formula (l), wherein
the obtained Rivaroxaban is substantially free from impurities and thereby eliminating the required purification steps and further
exert the efficient process for large scale preparation.

DETAILED DESCRIPTION OF THE INVENTION:



DK/EP 2895176 T3

[0015] Before the present invention is described, it is to be understood that this invention is not limited to particular
methodologies and materials described, as these may vary as per the person skilled in the art. It is also to be understood that the
terminology used in the description is for the purpose of describing the particular embodiments only, and is not intended to limit
the scope of the present invention.

[0016] Before the present invention is described, it is to be understood that unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Further, it is to be understood that the present invention is not limited to the methodologies and materials similar or
equivalent to those described herein can be used in the practice or testing of the present invention, the preferred methods and
materials are described, as these may vary within the specification indicated. Unless stated to the contrary, any use of the words
such as "including," "containing," "comprising," "having" and the like, means "including without limitation" and shall not be
construed to limit any general statement that it follows to the specific or similar items or matters immediately following it.
Embodiments of the invention are not mutually exclusive, but may be implemented in various combinations. The described
embodiments of the invention and the disclosed examples are given for the purpose of illustration rather than limitation of the
invention as set forth the appended claims. Further the terms disclosed embodiments are merely exemplary methods of the
invention, which may be embodied in various forms.

[0017] Aterm herein "reflux temperature” means the temperature at which the solvent or the solvent system refluxes or boils at
atmospheric pressure.

[0018] The term "substantially free of" in reference to a composition, as used herein, means that an absent substance cannot be
detected in the composition by methods known to those skilled in the art at the time of the filing of this application.

[0019] In one of the embodiments, the present invention provides an improved process for the preparation of Rivaroxaban of
formula (I) comprises:

1. (a) reacting, 4-(4-aminophenyl)morpholine-3-one of formula (Il) with 2-[(2S)-oxiran-2-ylmethyl]-1H-isoindole-1,3(2H)-dione
of formula (lll) in a suitable solvent to obtain 2-[(2R)-2-hydroxy-3-{[4-(3-oxomorpholin-4-yl)phenyllamino}propyl]-1H-
isoindole- 1 3 (2H)-dione of formula (IV);

ﬁ&gﬂgdm

Formula (If) Formula (1) Formula (IV) o]

2. (b) preparing compound of formula (VI) by reacting compound of formula (IV) using di-1H-imidazol-1-ylmethanone of
formula (V);

Formula (V)

in suitable solvent and optionally in presence of a base;

0.
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o’fj\) Formula (IV) 2\’1)] Formula (VI)
o

3. (c) eliminating the pthalamide group from compound of formula (VI), in suitable solvent using a suitable de-protecting agent
in order to get free base of compound formula (VII), and further treated with acid to get acid addition salt of 4-{4-[(55)-5-
(aminomethyl oxo-1,3-oxazolidin-3-yl]phenyl}morpholin-3-one formula (VII);
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O{j\)N . Formula (V1) OJ Formula - Vi

Ais acid addition salt; acid may be inorganic or organic acid;

4. (d) reacting compound of formula (VIl) or free base of formula (VIl) with inorganic or organic acid in suitable solvent,
optionally in the presence of a base to obtain novel intermediate formula (A), N-({(5S)-2-ox0-3-[4-(3-oxomorpholin-4-
yl)phenyl]-1,3-oxazolidin-5-yl}methyl)formamide;

L™ . & O

o\) Fomua-vi  Sovent Fomula (4)

5. (e) reacting novel compound formula (A) with compound formula (VIIl) or 5-chlorothiophene-2-carbonitrile in suitable
solvent and base in order to obtain the novel intermediate or precursor of Rivaroxaban formula (B), optionally in the
presence of catalyst and/or activating agents;

(U\N@/J‘/NHK Base JOJV\’//W

Formula (A)

: Formula (8) ©
O\) C ormula (B)
\ /

Formula (VIl1)

Optionally Rivaroxaban of compound of formula (1), can be directly prepared without isolation of compound of formula (B);

Q\Q# - O Odc e

NP

Formula (A]
o\) u c Formula (1)
\ /

Formula (V1)

Wherein;
Y is sulfonyloxy, imidazole, triazole, tetrazole, alkoxy, substituted alkoxy, tri-halomethoxy, N-hydroxysuccinamide, hydroxy,
esters, primary amine, secondary amine p-nitrophenol, N-hydroxythalamide, N-hydroxybenzotriazole, chlorine, fluorine,
bromine& iodine. Base used may be inorganic or organic.

6. (f) treating compound formula (B) with acid or base in suitable solvent in order to depart the aldehyde group from
compound formula (B) to obtain the title compound Rivaroxaban formula (1);

Fobl g GO0ynn

Rivaroxaban (1) ¢}
Formula (B)

[0020] The instant invention further extend to the preparation of acid addition salt of compound formula (VIl), in order to get the
purified compound formula (A) without any further purification by acid-base treatment, or solvent crystallization.

[0021] The solvent used in step (a) and step (c) may be same or different; wherein the said solvent is an organic solvent
selected from the group comprising aliphatic hydrocarbons, aromatic hydrocarbons, dialkylformamides, ethers, cyclic ethers,
substituted cyclic ethers, alcohol, ketones, dialkylsulfoxides, dialkylacetamides, nitriles, ionic liquids, halogenated aliphatic
hydrocarbons and water or mixtures thereof but more preferable solvent which is neutral towards the reactants.
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[0022] The step (a) is carried out at temperature in the range of 0°C to 95°C. Usually the reaction may be carried out at
temperature up to reflux temperature of the said solvent.

[0023] The solvent used in step (b) for the preparation of compound of formula (VI) is an organic solvent selected from the group
comprising of aliphatic hydrocarbons, aromatic hydrocarbons, dialkylformamides, ethers, cyclic ethers, substituted cyclic ethers,
ketones, dialkylsulfoxides, dialkylacetamides, nitriles, ionic liquids, halogenated aliphatic hydrocarbons or mixtures thereof.

[0024] The solvent used in step (c) is an organic solvent selected from the group comprising aliphatic hydrocarbons, aromatic
hydrocarbons, dialkylformamides, ethers, cyclic ethers, substituted cyclic ethers, dialkylsulfoxides, dialkylacetamides, nitriles, ionic
liquids, halogenated aliphatic hydrocarbons and water or mixtures thereof. Further the compound formula (VII) may be prepared
in terms of acid addition salt by using inorganic or organic acid.

[0025] In step (d), the compound of formula (VII), may be used in free base form or its acid addition salt. The solvent used in the
step (d) is an organic solvent, may be mixture or water | and organic solvent. Formylating agent used in the step (d) may be
formic acid, alkyl formate etc. The solvent used in the reaction may be selected for the aromatic hydrocarbons, nitriles, aliphatic
hydrocarbons, ethers, preferably aromatic hydrocarbon more preferably toluene and xylene. The base used in step (d), is
selected from organic or inorganic base.

[0026] In step (e), compound formula (A), may be treated with formula (VIl), optionally in the presence of base which may be
inorganic or organic in solvent selected from the group comprising aliphatic hydrocarbons, aromatic hydrocarbons,
dialkylformamides, ethers, cyclic ethers, substituted cyclic ethers, dialkylsulfoxides, dialkylacetamides, nitriles, ionic liquids, esters,
halogenated aliphatic hydrocarbons, ketones, cyclic amides and water or mixtures thereof to obtain Rivaroxaban precursor of
formula (B) . Activating agents used in the reaction of step (e) comprises CDI, DCC, HOBt, DMAP, EDCI, boric acid, boronic acid,
phenyl boronic acid etc. and mixture thereof.

[0027] In step (f) compound formula (B) treated with acid or base in the presence of absence of the solvent. Solvent, acid, and
base used in the reaction may be inorganic or organic. Suitable solvent selected for the step (f) from the group comprising
aliphatic hydrocarbons, aromatic hydrocarbons, dialkylformamides, ethers, cyclic ethers, substituted cyclic ethers, esters, alcohols
dialkylsulfoxides, dialkylacetamides, nitriles, ionic liquids, carboxylic acid, halogenated aliphatic hydrocarbons, ketones and water
or mixtures thereof or optionally step (f) carried out in biphasic medium and optionally in presence of phase transfer catalyst.

[0028] According to another embodiment, the present invention provides the process for preparation of compound formula (A)
comprises:

(0] (o}
/ \
S-O-ax

Formula (A)

[0029] treating formula (V) in form of free base or acid addition salt with formylating agent

\}:O)‘/NH?A
O\) Formula - VIi

Wherein;

A is acid addition salt and acid used may be inorganic or organic acid

[0030] The solvent used may be mixture or water and organic solvent. Formylating agent used may be formic acid, alkyl formate
etc. The solvent used in the reaction may be selected for the aromatic hydrocarbons, nitriles, aliphatic hydrocarbons, ethers
preferably aromatic hydrocarbon more preferably toluene and xylene. The base used is selected from organic or inorganic base.

[0031] According to another embodiment, the present invention provides the process for preparation of compound formula (B)
comprises:
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? o
oﬁ‘Q—N}j\Hf\f&c
Formula (B)

[0032] treating novel intermediate formula (A);

/ Y, Ho
e Tl

Formula {A)
W|th compound formula (VIII) OR (IX);

ANy

Formula (VII)
Wherein;

Y is sulfonyloxy, imidazole, triazole, tetrazole, alkoxy, substituted alkoxy, tri-halomethoxy, N-hydroxysuccinamide, hydroxy, esters,
primary amine, secondary amine p-nitrophenol, N-hydroxythalamide, N-hydroxybenzotriazole, chlorine, fluorine, bromine& iodine.
Base used may be inorganic or organic.

Zis electron withdrawing substituent.

[0033] According to yet another embodiment Rivaroxaban of compound of formula (l), can be directly prepared from compound
of formula (A), without isolation of compound of formula (B);

P
1T GOt

\) Formula (A) (e} Formula () o
¢} S. Ci z S, Cl
U U

Formula (VIIl)
Wherein;

Y is sulfonyloxy, imidazole, triazole, tetrazole, alkoxy, substituted alkoxy, tri-halomethoxy, N-hydroxysuccinamide, hydroxy, esters,
primary amine, secondary amine p-nitrophenol, N-hydroxythalamide, N-hydroxybenzotriazole, chlorine, fluorine, bromine& iodine.
Base used may be inorganic or organic.

Z is electron withdrawing substituent.

[0034] The solvents used from the group comprising aliphatic hydrocarbons, aromatic hydrocarbons, dialkylformamides, ethers,
cyclic ethers, substituted cyclic ethers, dialkylsulfoxides, dialkylacetamides, nitriles, ionic liquids, esters, halogenated aliphatic
hydrocarbons, ketones, cyclic amides and water or mixtures thereof to obtain Rivaroxaban precursor of formula (B) . Activating
agents used in the reaction of step (e) comprises CDI, DCC, HOBt, DMAP, EDCI, boric acid, boronic acid, phenyl boronic acid etc.
and mixture thereof. Optionally reaction may carried out in biphasic medium and preferably in the presence of phase transfer
catalyst.

[0035] According to yet another embodiment, the present invention provides the process for preparation of compound formula (1)
comprises:
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Formula (B)
with acid or base is selected from inorganic or organic to obtain compound formula (), and the solvent used for said reaction is an
organic solvent selected from the group comprising aliphatic hydrocarbons, aromatic hydrocarbons, dialkylformamides, ethers,
cyclic ethers, substituted cyclic ethers, esters, alcohols dialkylsulfoxides, dialkylacetamides, nitriles, ionic liquids, carboxylic acid,
halogenated aliphatic hydrocarbons and water or mixtures thereof and optionally reaction may carried out in biphasic medium and
optionally in presence of phase transfer catalyst.

[0036] The present invention is described in the examples given below; further these are provided only to illustrate the invention
and therefore should not be construed to limit the scope of the invention.

EXAMPLE-1

Preparation of 2-((2R)-2-Hydroxy-3-{[4-(3-0x0-4-morpholinyl)phenyl]amino}propyl)-1H-isoindole-1,3(2H)-dione (Stage-l)

[0037] In a four neck round bottom flask charged Isopropyl alcohol (135 ml), 4-(4-aminophenyl) morpholin-3-one (10 g), 2-[(2s)-
oxiran-2yl methyl]-1H-isoindole-1,3(2H) dione ((11.6 g) and water (15 ml) at 25 to 30°C. Slowly heated the reaction mixture to
reflux and maintained for 24 h at reflux temperature. Reaction mass is cooled to 25 to 30°C after completion of the reaction.
Reaction mass then maintained at 25 to 30°C for 30 minutes. Finally obtained solid is filtered off and washed by isopropyl alcohol
(25 ml)

Yield 87.5%

EXAMPLE-2

Preparation of 2-([(5S)-2-Ox0-3-[4-(3-0x0-4-morpholinyl)phenyl]-1,3-oxazolidin-5-yl}methyl)-1H-isoindole-1,3(2H)-dione
(Stage-Il)

[0038] In a four neck round bottom flask, charged dichloromethane (150 ml), 2-((2R)-2-Hydroxy-3-{[4-(3-0x0-4-
morpholinyl)phenyl]lamino}propyl)- 1H-isoindole-1,3(2H)-dione (15 g), N,N-dicarbonyldiimidazole (9.22 g), and powdered
potassium carbonate (5.24 g) at 25 to 30°C. The obtained reaction mass then stirred for 5 h at 25 to 30°C. Reaction mass then
filtered and obtained solid is washed the by dichloromethane. Separated filtrate is concentrated under reduced pressure to obtain
residue. Added tetrahydrofuran (30 ml) to residue. The obtained mixture is heated to 40 to 45°C for 30 minutes followed by
cooling to room temperature. Finally obtained solid is filtered off and washed by tetrahydrofuran. Yield 90%

EXAMPLE-3

Preparation of 4-{4-[(5S)-5-(aminome thyl)-2-oxo0-1,3-0xazolidin-3-yl)phenyl}morpholin-3-one hydrochloride (Stage-lil)

[0039] In a four neck round bottom flask, charged methanol (100 ml), 2-([(5S)-2-Oxo-3-[4-(3-0x0-4-morpholinyl)phenyl]-1,3-
oxazolidin-5-yl}methyl)-1H-isoindole-1,3(2H)-dione (10 g}, and 40% aqueous methylamine (5 g) at 25 to 30°C. Reaction mass is
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stirred for 1 h at 25 to 30°C. Added second lot of 40% aqueous methylamine (5 g) to reaction mass at 25 to 30°C. After complete
addition of methylamine solution, reaction mass is heated to 60 to 65°C, and maintained at same temperature for 4 h. Reaction
mixture then cooled to 25 to 30°C and added conc. hydrochloric acid (2 ml, pH should be 1 to 2). Finally reaction mass is cooled
to 10°C and stirred for 30 minutes. Obtained solid is filtered off and washed by chilled methanol (10 ml). Yield 80%

EXAMPLE-4

Preparation of N-({(5S)-2-ox0-3-[4-(3-oxomorpholin-4-yl)phe nyl]-1,3-oxazolidin-5-yl}methyl)formamide (aldehyde of
primaryamine; Stage-IV)

[0040] In a four neck round bottom flask charged 4-{4-[(5S)-5-(aminomethyl)-2-ox0-1,3-oxazolidin-3-yl]phenyl}morpholin-3-one
free base (50 g) toluene (350 ml) and formic acid (21.63 g). Reaction mass then heated azeotropically to 110-120°C employing
dean-stark apparatus for 3 to 4 h. (water removed azeotropically) Reaction mass is cooled to 25 to 30°C. Obtained solid is filtered
off and washed by toluene.

Yield 96%

EXAMPLE-5

Preparation of N-({(5S)-2-ox0-3-(4-(3-oxomorpholin-4-yl)phe nyl]-1,3-oxazolidin-5-yl}methyl)formamide (aldehyde of
primaryamine; Stage-IV)

[0041] In a four neck round bottom flask charged 4-{4-[(5S)-5-(aminomethyl)-2-ox0-1,3-oxazolidin-3-yl]phenyl}morpholin-3-one
free base (50 g) methylene dichloride OR ethylene dichloride (350 ml) and formic acid (21.63 g). Reaction mass then heated
azeotropically to 110-120°C employing dean-stark apparatus for 3 to 4 h. (water removed azeotropically) Reaction mass is cooled
to 25 to 30°C. Obtained solid is filtered off and washed by toluene.

Yield 90%

EXAMPLE-6

Preparation of N-({(5S)-2-oxo-3-[4-(3-oxomorpholin-4-yl)phe nyl]-1,3-oxazolidin-5-yl}methyl)formamide (aldehyde of
primaryamine; Stage-IV)

[0042] In a four neck round bottom flask charged 4-{4-[(5S)-5-(aminomethyl)-2-ox0-1,3-oxazolidin-3-yl]phenyl}morpholin-3-one
free base (50 g) ether (450 ml) and formic acid (21.63 g). Reaction mass then heated azeotropically to 110-120°C employing
dean-stark apparatus for 3 to 4 h. (water removed azeotropically) Reaction mass is cooled to 25 to 30°C. Obtained solid is filtered
off and washed by toluene.

Yield 85 %

EXAMPLE-7

Preparation of 5-chloro-N-formyl-N-({(5S)-2-o0x0-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-5-
yl}methyl)thiophene-2-carboxamide (Stage-V)

[0043] Added N-({(5S)-2-ox0-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-5-yl}methyl)formamide (1 g), dichloromethane (25
ml) in a clean dry 4 neck R.B. flask at 25 to 30°C. To this clear solution added potassium carbonate (0.89 g) and stirred at 25 to
30°C for 30 minutes. To this reaction mass, slowly added solution of 5-chlorothiophene-2-carbonyl chloride (1.0 g), and
dichloromethane (5 ml). The obtained reaction mass then stirred at 25 to 30°C for 5 to 6 h. Added water (25 ml) to reaction mass



DK/EP 2895176 T3

and separated organic layer. Obtained organic layer then washed by water (25 ml X 2). Finally organic layer is dried over sodium
sulfate and concentrated under reduced pressure to obtain residue. Added methanol (5 ml) to residue and heated to reflux to get
clear solution. The obtained clear solution gradually cooled to 15 to 20°C. The precipitated solid then filtered off and washed by
chilled methanol (1 ml).

Yield 0.3 g

EXAMPLE-8

Preparation of Rivaroxaban (Stage-VI)

[0044]  5-chloro-N-formyl-N-({(5S)-2-0x0-3-[4-(3-0xomorpholin-4-yl)phenyl]-1,3-oxazolidin-5-yl}methyl )thiophene-2-carboxamide
(1.0 g) taken in mixture of acetic acid (5 ml) and conc hydrochloric acid (0.25 ml).Obtained reaction mixture is heated to 70 to
80°C for 3 to 4 h. After completion of reaction, cooled reaction mixture 25 to 30°C and added methanol (5 ml). The precipitated
solid is filtered off and washed by methanol (3 ml).

Yield 0.6 g

EXAMPLE-9

Preparation of 5-chloro-N-({(5S)-2-0x0-3-[4-(3-0oxomorpholin-4-yl)phenyl]-1,3-0xazolidin-5-yl}me thyl)thiophe ne -2-
carboxamide (Nitrile route)

[0045] To a solution of 4-{4-[(5S)-5-(aminomethyl)-2-0x0-1,3-oxazolidin-3-yl]phenyl}morpholin-3-one hydrochloride (5.7 g) in
ethanol (70 ml) added potassium carbonate (7.1 g) and the mixture was stirred 2 h at 25 to 30°C then filtered to obtain 4-{4-[(5S)-
5-(aminomethyl)-2-oxo-1, 3-oxazolidin-3-yl] phenyl} morpholin-3-one (free base). In another flask charged solution of 5-
chlorothiophene-2-carbonitrile (2.9 g) under nitrogen in ethanolic HCl (12 ml) and stirred for 5 h at room temperature till white
precipitate was obtained. Distilled under nitrogen to avoid from moisture and obtained residue added in solution of 4-{4-[(58)-5-
(aminomethyl)-2-oxo-1, 3-oxazolidin-3-yl] phenyl} morpholin-3-one. The mixture was stirred for 16 to 18 h at reflux temperature.
Added aqg.ethanol (5ml) and again heat the mixture at reflux temperature for 10 to12 h to obtain 5-chloro-N-({(5S)-2-ox0-3-[4-(3-
oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-5-yl}methyl)thiophene-2-carboxamide (crud material) which further purified by column
Chromatography.

EXAMPLE-10

Preparation of Rivaroxaban

[0046] N-({(58)-2-0x0-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-5-yl}methyl)formamide (1 g) taken in a
dichloromethane(10 ml) and stirred reaction mass at 25 to 30°C for 30 minutes. To this mixture added solution of 4-nitrophenyl-
5-chlorothiophene-2-carboxylate (1.06 g) in a dichloromethane (10 ml) and sodium hydroxide (0.38 g) in water (5 ml)
simultaneously through addition funnel. Obtained reaction mass then stirred for 1 to 2 h at 25 to 30°C. After completion of
reaction, Separated organic layer and concentrated under reduced pressure to obtain residue. Added acetic acid and methanol
to residue stirred for 30 minutes and obtained solid is filtered off. Washed solid with methanol.

| yield 0.67g

EXAMPLE-11

Preparation of Rivaroxaban
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[0047] N-({(5S)-2-ox0-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-5-yl}methyl)formamide (1 g) taken in a mixture of
tetrahydrofuran (10 ml) and sodium hydride (0.11g) stirred reaction mass at 25 to 30°C for 30 minutes. To this mixture added 5-
chlorothiophene carbonyl chloride (0.86 g). Obtained reaction mass then stirred for 1 to 2 h at 25 to 30°C. After completion of
reaction, added ethyl acetate and water. Separated organic layer and concentrated under reduced pressure to obtain residue.
Added acetic acid and methanol to residue stirred for 30 minutes and obtained solid is filtered off. Washed solid with methanol
Yield 0.6g,

EXAMPLE-12

Preparation of 2-([(5S)-2-Ox0-3-[4-(3-0x0-4-morpholinyl)phe nyl]-1,3-oxazolidin-5-yl}methyl)-1H-isoindole -1,3(2H)-dione
(Stage-Il)

[0048] In a four neck round bottom flask, charged dichloromethane (3400ml), 2-((2R)-2-Hydroxy-3-{[4-(3-0x0-4-
morpholinyl)phenyllamino}propyl)-1H-isoindole-1,3(2H)-dione (340 g) and N,N'-dicarbonyldiimidazole (209.13 g) at 25 to 30°C.
The obtained reaction mass then stirred for 8hr. at 25 to 30°C. Reaction mass is concentrated under reduced pressure to obtain
residue. Added tetrahydrofuran (1700 ml) to residue. The obtained mixture is heated to 40 to 45°C for 30 minutes followed by
cooling to room temperature. Finally obtained solid is filtered off and washed by tetrahydrofuran(170 ml)

Yield =93.55%

EXAMPLE-13

Preparation of 4-{4-([5S)-5-(aminome thyl)-2-ox0-1,3-oxazolidin-3-yl]phenyl}morpholin-3-one hydrochloride (Stage-lil)

[0049] In a four neck round bottom flask, charged methanol (2900 ml), 2-([(5S)-2-Ox0-3-[4-(3-0x0-4-morpholinyl)phenyl]-1,3-
oxazolidin-5-yl}methyl)-1H-isoindole-1,3(2H)-dione (290 g), and 40% aqueous methylamine (265 g) at 25 to 30°C. Reaction mass
is stirred for 1 h at 25 to 30°C and then heated to 60 to 65°C, and maintained at same temperature for 4 h. Reaction mixture then
cooled to 25 to 30°C and added conc. hydrochloric acid (290 ml, pH should be 1 to 2) and stirred for 30 minutes. Obtained solid
is filtered off and washed by chilled methanol (290ml).

Yield=92.0%

EXAMPLE-14

Preparation of N-({(5S)-2-ox0-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-5-yl}me thyl)formamide (Stage-IV)

[0050] In a four neck round bottom flask charged 4-{4-[(5S)-5-(aminomethyl)-2-ox0-1,3-oxazolidin-3-yl]phenyl}morpholin-3-one
Hydrochloride (250g), Dichloromethane (1250 ml) and ammonia (250 ml) stir for 15 min and separate the layers , Take organic
layer and add toluene (1250ml),water(500 ml) and formic acid (140.6g). Reaction mass then heated azeotropically to 110-120°C
employing dean-stark apparatus for 3 to 4 h. (water removed azeotropically) Reaction mass is cooled to 25 to 30°C. Obtained
solid is filtered off and washed by toluene.

Yield =80.0%

EXAMPLE-15

Preparation of 5-chloro-N-formyl-N-({(5S)-2-0x0-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-5-
yi}methyl)thiophene-2-carboxamide (Stage-V)

[0051] Added N-({(5S)-2-ox0-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-5-yl}methyl)formamide (120 g), dichloromethane

10
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(2400 ml) in a clean dry 4 neck R.B. flask at 25 to 30°C.cool the reaction mass to 0 to 5°C. To this solution added dropwise
Diisopropylethyl amine (145.7 g) and solution of 5-chlorothiophene-2-carbonyl chloride (170g), and dichloromethane (240 ml)at 0
to 5°C. The obtained reaction mass then stirred at 25 to 30°C and heat to reflux for 12hr. cool the reaction mass to 25 to 30°C
.washed reaction mass with 10 %citric acid solution (2x360ml) and separated organic layer. Obtained organic layer then washed
by water (600 ml X 2). and concentrated under reduced pressure to obtain residue. Added methanol (600 ml) to residue and stir
for 20 min. The precipitated solid then filtered off and washed by methanol (240 ml).suck dry and take the wet cake into flask add
methanol (600ml) and stir the solution for 30 min. solid then filtered off and washed by methanol (240 ml).

Yield= 85.0%

EXAMPLE-16

Preparation of Rivaroxaban (Stage-VI)

[0052] In four neck round bottom flask charge 5-chloro-N-formyl-N-({(58)-2-oxo-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-
5-yl}methyl)thiophene-2-carboxamide (120 g), dichloromethane(2400ml) and 70% methanesulphonic acid (120 ml)at 25-30°C
Obtained reaction mixture is heated to reflux for 4 to 5 h. After completion of reaction, concentrate reaction mass under reduced
pressure to obtain residue. Added Dichloromethane (120 ml) and slowly added Methanol (600 ml) to the residue. The precipitated
solid is filtered off and washed by methanol (240ml)

Yield= 80%

Preparation of Rivaroxaban (Stage-VI)

[0053] In four neck round bottom flask charge 5-chloro-N-formyl-N-({(5S)-2-ox0-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-oxazolidin-
5-ylimethyl)thiophene-2-carboxamide (120 g), dichloromethane (2400ml) and hydrochloric acid OR sulphuric acid (120 ml) at 25-
30°C . Obtained reaction mixture is heated to reflux for 4 to 5 h. After completion of reaction, concentrate reaction mass under
reduced pressure to obtain residue. Added Dichloromethane (120 ml) and slowly added Methanol (600 ml) to the residue. The
precipitated solid is filtered off and washed by methanol (240ml)

Yield=75 %
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1
PATENTKRAV
1. Forbindelse med formlen (A):
0 B!
¢ \
s} /\; - N’%O
A v NN
b
Formel A (I)'
5
2. Fremgangsmadde til fremstilling af rivaroxaban ved anvendelse af forbindelse med formlen (A)
ifelge krav 1, hvilken fremgangsmade omfatter:
(a) behandling af 4-(4-aminophenyl)morpholin-3-on med formlen (II), med 2-[(2S)-oxiran-2-yl-
10 methyl]-1H-isoindol-1,3(2H)-dion, med formlen (III), i et egnet solvent for at opnd 2[(2R)-2-
hydroxy-3- {[4-(3-oxomorpholin-4-yl)phenyl]amino} propyl]-1H-isoindol-1,3(2H)dion med
formlen (1V);
NH,
7\ o
Q > , oM O
N . \
/ ) ' ] N—( - N N
A [> ) A_— \.....’/ ’ ~F
Formel (I) Formel (1ll) Formel (IV) 4
15
(b) omsetning af forbindelse med formlen (IV) med di-lH-imidazol-1-yl-methanon med
formlen (V);
]
N//\N/J\N’/\\\N
=/ =/
Formel (V)
20

i egnet solvent i nervar af en base for at opnd forbindelse med formlen (VI);
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OIH }’-‘/\. wéf O::{ \}/
/\/”\(\ 0o
S
1 = o
Formel (IV) ( ~n ~Formel (V1)
6’

\,

(c) eliminering af pthalamidgruppe fra forbindelse med formlen (VI) i egnet solvent ved
anvendelse af egnet afbeskyttelsesmiddel for at opnd forbindelse med formlen (VII), som
5 en fti base, der behandles yderligere med syre for at opna syreadditionsalt af forbindelse

med formlen (VII);

G \N . YO\ ;
O\)""/-&O —— g p’!’N\)‘/

A er syretilseetningssalt
10

(d) behandling af forbindelse med formlen (VII) med syre i egnet eller egnede solventer for
at opnd hidtil ukendt mellemforbindelse med formlen (A), N-({(5S)-2-0x0-3-[4-(3-
oxomorpholin-4-yl)pheny1]-1,30xazolidin-5-yl} methyl)formamid;

0 .

‘ NHE , Q ]
/T R O
(J‘ g J
Formel VII e ] \/L Formel (A)

(e) behandling af syretilsetningssalt af forbindelse med formlen (VII), med base 1 egnet eller

15

egnede solventer for at opnd base af forbindelse med formlen (VII), der behandles
yderligere med syre i egnet for at opnd en hidtil ukendt mellemformel (A), N-({(5S)-2-
20 0x0-3-[4-(3-oxomorpholin-4-yl)phenyl]-1,3-0xazolidin-5-yl} methyl)formamid;
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O\}:;;_./NHQ O H\<H

7 [ "

AN /[j
o e

o\) Formel - VII "~ Sovent Formel (A)

A er syretilsetningssalt;

) behandling af forbindelse med formlen (A) med forbindelse med formlen (VIII) eller 5-
chlorthiophene-2-carbonitril i egnede solventer udvalgt fra mehtylendichlorid, acetone,

toluen og ether eller blanding derafi neaerver af base for at opné forbindelsen med formlen

B),

\/k/ /\ Gt

l Base R \ /

=
HLN N .
\/‘ Formel (A) o Formel (B) o]

f S Cl NC S Ct
*@/ on "

Formel (VIII) |

Hvor

Y er sulfonyloxy, imidazol, triazol, tetrazol, alkoxy, substitueret alkoxy, trihalomethoxy, N-
hydroxysuccinamid, hydroxy, estere, primer amin, sekunder amin p-nitrophenol, N-

hydroxythalamid, N-hydroxybenzotriazol, chlor, fluor, brom og iod,

(2) forbindelsen med formlen (B) opnéet fra trin, opslemmes med methanol og filter, det
opndede faststof vaskes med methanol og terres for at opnd oprenset forbindelse med

formlen (B).

(h) behandling af forbindelse med formlen (B) med syre i egnet solvent for adgang af
aldehydgruppen fra forbindelse med formlen (B) for at opné rivaroxaban med formlen

(D).
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Rivaroxaban (i) o

Sodd g ot p.

Formel (B

Fremgangsmdde ifelge krav 2, hvor, trin (a) udferes i egnede solventer uathaengigt udvalgt fra

isopropylalkohol og vand eller blanding deraf.

Fremgangsméde ifelge krav 2, hvor, cyklisering i trin (b) udferes i methylendichlorid med

kaliumcarbonat som en base.

Fremgangsmade ifelge krav 2, hvor, eliminering af pthalamidgruppe i trin (c) udferes i methanol

med methylamin som en base for at opnd en fri base af forbindelse med formlen (VII).

Fremgangsmade ifolge krav 2, hvor, en forbindelse med formlen (VII), opnéet i trin (¢), behandles

med saltsyre for at opna saltsyre svovlsyresalt af forbindelse med formlen (VII).

Fremgangsmade ifolge krav 2, hvor, i trin (d), behandling af fri base af forbindelse med formlen
(VID) med myresyre i egnet solvent (s) udvalgt fra methylendichlorid, ethylendichlorid, ether og

toluen eller blanding deraf, men fortrinsvis toluen.

Fremgangsmade ifelge krav 2, hvor, i trin (), syretilseetningssalt af forbindelse med formlen
(VII) behandles med base for at opnd fri base af forbindelse med formlen (VII), og yderligere trin

udfores ifolge krav 6.

Fremgangsmade ifelge krav 2, hvor afgang af aldehydgruppe i trin (f) udferes i syre udvalgt

fra methansulfonsyre, saltsyre og svovlsyre eller blanding deraf.

Fremgangsmade ifelge krav 2, hvor, trin (h), rivaroxaban udfeldes ved tils@tning af methanol

som et antisolvent.
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