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(57) Abstract: The present invention also relates to process for the prepara-
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tion of N-(4-(6,7-dimethoxy quinolin-4-yloxy)phenyl)-N' -( 4-fluorophenyl)cyc
lopropane-1, 1-dicarboxamide (S)-malate compound of formula-1a and its poly-
morphs thereof, represented by the following structural.
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Process for the preparation of N-(4-(6,7-dimethoxyqu}nolin-4-y|oxv)phenj/l)-N’-(.4-ﬂuor0

phenyl)cyclopropane-1.1-dicarboxamide, (2S)-hydroxybutanedioate and its polymorphs

thereof

Related Applications:
This application claims the benefit of priority of our Indian patent application numbers
201641041767 filed on 7" December 2016 and 201741020998 filed on 15" June 2017 which
are incorporated herein by reference. -
Field of the Invention:

The present invention relates té novel crystalline forms of N-.(4-(.6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate

compound of formula-la.

H3CO
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H;co” Y TN HO OH
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The present invention also relates to novel crystalline forms of N-(4-(6,.7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride
salt compound of formula-1b. |
Background of the Invention:

Cabozantinib (S)-malate is a kinase inhibitor indicated for the treatment of patients
with progressive, metastatic medullary thyroid cancer and advanced renal cell carcinoma in
people who have received prior anti-angiogenic therapy. «

Cabozantinib has been approved by the US FDA as COMETRIQ for the treatment of
patients with progresswe metastatic medullary thyroid cancer.

COMETRIQ has also been approved by the European Commission for thc Treatment
of adult patients with progressive, unresectable locally advanced or metastatic medullary

thyroid carcinoma.
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Cabozantinib chemically known as N-{4-[(6,7-dimethoxyquinolin-4-yloxy]phenyi}-
N'-(4-fluorophenyl) cyclopropane-1,1-dicarboxamide. .

International (PCT) publication No. WO 2005030140 A1 first disclosed Cabozantinib
and process for its preparation. ' |

International (PCT) publication No. WO 2010083414 Al discloses amorphous forms
of Cabozantinib L- and D-malate as well as the N-1 and N-2 polymorphs of crystalline
Cabozantinib L- and D-malate and process for its preparation. .

International (PCT) publication No. WO 2016150966 Al discloses crystalline
Cabozantinib hydrochloride as well as crystalline Cabozantinib phosphate and process for its
preparation. .

CNI104961680 A discloses crystal A and crystal B of hydrochloride salt of
Cabozantinib and process for its preparation. ' .

CN104961681 A discloses various acid addition salts of Cabozantinib and process for
its preparation.

Brief description of the Invention:

The first aspect of the present invention is to provide novel crystalline form of N-(4-
(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1- .
dicarboxamide hydrochloride salt compound of formula-1b, herein after designated a;s form-
M and process for its preparation. -

The second aspect of the present invention ié to provide an improved process for the
preparation  of  N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyljcyclo
propane-l,l-dicarboxamide (S)-malate compound of formula-1la.

The third aspect of the present invention is to provide novel crystalline form of N(4
(6,7-dimethdxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂuoropheriyl)cyclopropane- 1,1-
dicarboxamide hydrochloride salt compound of formula-1b, herein after designated as form-S
and process for its preparation.

- The fourth aspect of the present invention is to provide novel crystalline form of N-(4-
(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂuoxl'ophenyl)cyclopropane-l ,1-
dicarboxamide hydrochloride salt compound of formula-1b, herein after desi gnatéd as form-N

and process for its preparation.
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The fifth aspect of the present invention is to provide novel crystalline form of N-(4;
(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-
dicarboxamide hydrochloride salt compound of formula-1b, herein after deéignated as form-R
and process for its preparation. ‘

The sixth aspect of the present invention is to provide novel crystalline form of N-(4-
(6,7-dimethoxyquinolin—4-yloxy)pheny|);N’ -(4-11 uorophenyl)cyclopropane- 1;1-
dicarboxamiae (S)-malate compound of formula-1la, herein after designated as form-M and
process for its preparation.

The seventh aspect of the present invention is to provide novel crystalline form of N-
(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂuoropheny1)cycloprolt;ane— 1,1-
dicarboxamide (S)-malate compound of formula-lé, herein after designated as form-S and
process for its preparation.

The eighth aspect of the present invention is to provide a process for the preparation of
crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)
cyclopropane-1,1-dicarboxamide (S)-malate compound of formula-1la. ‘
Brief description of the Drawings: ,
Figure 1: lllustrates the PXRD pattern of crystalline form-M of N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride
salt compound of formula-1b.

Figure 2: Illustrates tmhe PXRD pattern of crystalline form-S of N-(4-(6,7-dimethoxy quinolin-
4-yloxy)phenyl)-N’-(4—ﬂuorophe.nyl)cyclopropane-},l-dicarboxamide hydrochloride  salt
compound of formula-1b. '

Figure 3: lllustrates the PXRD pattern of crystalline form-N of N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride
salt compound of formula-1b.

Figure 4: Illustrates the PXRD pattern of crystalline form-R of N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1 -dicarboxamide hydrochloride

salt compound of formula-1b.
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Figure 5: Illustrates the PXRD pattern of crystalline' form-M of N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate
compound of formula-la. | »

Figure 6: Illustrates the PXRD pattern of crystalline form-§ of N-(4-(6,7-dimethoxyquinolin-
4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane- 1,1 -dicarboxamide (S)-malate compound
of formula-la. '

Detailed description of the Invention:

* As used herein the term “suitable solvent” used in the present invention refers to
“hydrocarbon solvents” such as n-hexane, n-heptane, cyclohexane, pet ether, toluene, pentane,
cycloheptane, methylcyclohexane, m-, o-, or p-xylene, and the like; “ether solvents” such as
dimethoxy methane, tetrahydrofuran, 1,3-dioxane, 1,4-dioxane, furan, diethyl ether, ethylene
glycol dimethyl ether, ethylene glycol diethyl ether, diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, triethylene glycol diméthyl ether, anisole, t-butyl methyl ether,
1,2-dimethoxy ethane and the like; “ester solvents” such as methyl acetate, ethy! acetate,
isopropyl acetate, n-butyl ac;eta'te and the. like; “polar-aprotic solvents such as
dimethylacetamide (DMA), dimethylformamide (DMF), dimethyl sulfoxide (DMSO). N-
methylpyrrolidene (NMP) and the like; “chloro solvents” such as. dichloromethane,
c_iichloroethane, chloroform, carbon tetrachloride and the .like; “ketone solvents” such as
acetone, methyl ethyl ketone, methyl isobutylketone and the like; “nitrile solvents” such as
acetonitrile, propionitrile, isobutyronitrile and the like; “alcoholic solvents” such as methanol,
ethanol, n-propanol, isopropanol, n-butanol, isobutanol, t-butanol, 2-nitroethanol, 2-
fluoroethanol, 2,2,2-triflucroethanol, ethylene glycol, propylene glycol, 2-methoxyethanol, |,
2-ethoxyethanol, diethylene glycol, 1, 2, or 3-pentanol, neo-pentyl alcohol, t-pentyl alcohol,
diethylene glycol monoethyl ether, cyclohexanol, anisole, benzyl alcohol, phenol, or glycerol
and the like; “polar solvents” such as water or mixtures thereof.

The term “suitable base” used herein the bresent invention until unless specified is
selected from inorganic bases like “alkali metal hydroxides” such as lithium hydroxide,
sodium hydroxide, potassium hydroxide and the like; “alkali metal cafbonates" such as
sodium carbonate, potassium carbonate, lithium carbonate and the like; “alkali metal-

bicarbonates” such as sodium bicarbonate, potassium bicarbonate, lithium bicarbonate and the
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like; “alkali metal hydrides” such as potassium hydride_, lithium hydride and the like;
ammonia; and organic bases such “alkali metal alkoxides™ such as sodium methoxide, sodium
ethoxide, sodium tert-butoxide, potassium methoxide, potassium ethoxide, potassium tert-
butoxide and the like; triethyl amine, methyl amine, ethyl amine, 1,8-diazabicyclo
[5.4.0]undec-7-ene (DBU), 1,5-diazabicyclo(4.3.0)non-5-ene (DBN), lithium dioisoprbpyl
amide (LDA), n-butyl lithiu.m,. tribenzylamine, isopropyl amine, diisoprdpyl amine, diiso
propylethylamine, N-methylmorpholine, N-ethylmorpholine, piperidine, dimethylamino
pyridine, morpholine; pyridine, ‘2,6-lutidine, 2,4,6-cdllidine, imidazole, 1-methyl imidazole.

1,2,4-triazole, 1,4-diazabicyclo[2..2.2]octane (DABCO) or mixtures thereof.

The “hydrochloric acid source" used herein the present invention is selected from
hydrochloric acid gas, aqueous hydrochloric acid, ethanolic-HCI, methanolic-HCl, ethyl
acetate-hydrochloric acid, isopropanol-hydrochloric acid, diisopropyl- ether-hydrochloric acid, .

diethylether- hydrochloric acid, and trimethylchlorosilane.

The first aspect of the present invention provides a crystalline form-M of N—(4-f6,7-
dimethoxyquinolin-4-y10xy)pheﬁyl)-N’-(4—ﬂuorophenyl)cyclopropane- 1,1-dicarboxamide
hydrochloride salt compound of formula-1b, characterized by its powder x-ray diffraction
pattern having peaks.at 6.4, 7.8, 86,95,104, 108, 12.0, 12.7, 13.4, 14.7, 16.0, 17.2, 175,
| 18.6, 20.2, 20.8, 21.5, 22.1, 22‘7"', 23.2,24.1, 26.5,26.8 and 27.2 £ 0.2 degrees two theta as
depicted in figure-1. '

Further, In an embodiment of the present invention also provides. a process for the
preparation of crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt compound of formula-ib,
comprising of: '

a) Addihg a suitable solvent to N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N"-(4-
ﬂuorophenyl)cyclopropane-1,l-dicarboxarﬁide hydrochloride salt of compound of
formula-1b,

b) stirring the reaction mixture for 3 hours at 2SI-30°C,
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¢) filtering the reaction mixture and drying to get crystalline form-M of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide hydrochloride salt compounci of formula-1b.

Wherein, in step-a) the suitable solvent is ‘selecte.d from chloro’ solvents, alcohol
solvents, ester solvents, nitrile solvents, polar aprotic solvents, hydrocarbon solvents, ether

solvents, ketone solvents, polar solvents such as water or mixtures.

The .preferred embodiment of the present invention provides a ‘process for the
preparation of crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt compound of formuia-1b,
comprising of:

a) Adding isopropanol " to  N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N'-(4-
ﬂuorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt of compound of
formula-1b, )

b) stirring the reaction mixture for 3 hours at 25-30°C, -

c) filtering the reaction mixture and drying to get crystalline form-M of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide hydrochloride salt compound of formula-1b.

The second aspect of tﬁe present invention provides an improved process for the
preparation  of  N-{4-(6,7-dimethoxyquinclin-4-yloxy)phenyl)-N’-(4-flucrophenyl)cyclo
propane—l,1-dicarbox-amide (S)-malate compound of formula-la, comprising of the following
steps: | |

a) Reaéting l~((4-ﬂuorophenyl)carbamoyl)cyclopropane carboxylic acid compound of
formula-2 with chlorinating agent in a suitable solvent to provide !-(4-fluorophenyl
carbamoyl)cyclopropanecarbonylchloride compound of formula-3,

b) reacting the compound of formula-3 in-situ with 4-(6,7-dimethoxyquinolin-4-yloxy)
aniline compound of formula-4 in the presence of a suitable base in a suitable solvent
to . provide N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-'(4-ﬂuor0phe‘nyl)

cyclopropane-1,l-dicarboxamide compound of formula-1,
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c) treating the compound of formula-1 in-situ with a suitable hydrochloric acid source in
a suitable solvent to provide N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N;-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt compound of
formula-1b, _

d). purifying the compound of formula-1b using a suitable solvent,

e) treating the compound olf formula-1b with a suitable base in a suitable solvent 1o
provide . N-(4-(6,_’/‘-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂuorobheny1)cyclo
propane-1,1-dicarboxamide compound of formula-1 which on in-situ treating with
(L)-malic 'acid in a suitable solvent to provide N-(4;(6,7-dimeth0xyquinolin-4-yloxy)
phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound of

formula-la.

Wherein, in step-a) the suitable chlorinating agent- is selected from pivaloyl chloride,
thionyl chloride, sulfuryl chloride, phosphorus oxychloride, oxalyl chloride, phosphorus
trichloride, phosphorus pentachloride; in step-b} & step-¢) the suitable base is selected from
inorganic or organic base; in step-c) the suitable hydrochloric acid source is selected from
hydrochloric acid gas, aqueous hydrochlioric acid, ethyl acetate-hydrochloric acid, ethanolic-
HCI, methanolic-HCI, isopropanol-hydrochloric acid, diisopropyl ether-hydrochloric acid,
diethylether-hydrochloric acid, and trimethylchlorosiliane;
in step-a) to step-e) the suitable solvent is selected from chloro solvents, alcohol solvents,
ester solvents, nitrile solvents, polar aprotic solvents, hydrocarbon solvents, ether solvents,

ketone solvents, polar solvents such as water or mixtures.

* The preferred embodiment of the present invention provides an improved process for
the preparation of N-(4-(6,7-dimethoxyquinolin-4-y|oxy)phenyl)-N’-(4-ﬂuoropheny])cyelo
propane-1,1-dicarboxamide (S)-malate compound of formula-1a, comprising of the following
steps: ‘

a) Reacting l-((4-ﬂuorophenyl)carbambyl)cyélopropane carboxylic acid compound of
formula-2 with thionyl chleride in-tetrahydrofuran to provide 1-(4-fluorophenyl

carbamoyl)cyclopropanecarbonylchloride compound of formula-3,
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b) reacting the compound of formula-3 in-situ with 4-(6,7-dimethoxyquinolin-4-yloxy}
aniline compound of formula-4 in the presence of potassium carbohéte in a mixture of
water and tetrahydrofuran to provide N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-
N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide compound of formula-1,

¢) treating the compound of formula-1 in-situ with aquéous hydrochloric acid to provide
N-(4—(6,7-dimethoxyquinolin-4-yioxy)phenyl)-N’-f4-ﬂuorophenyl)cyclopropane-l -
dicarboxamide hydrochloride salt compound of formula-1b,

d) purifying the compound of formula-1b using isopropanol and then followed by using
dimethyl sulfoxide and ethyl acetate,

e) treating the compound of formula-1b with aqueous sodium carbonate solution to
provide N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclo
propane-1,1-dicarboxamide compound of formula-1 which on in-situ treating with
(L)-malic acid in a mixture of tetrahydrofuran, water and methyl isobutyl ketone to
provide N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclo

propane-1,1-dicarboxamide (S)-malate compound of formula-1a.

US7579473 B2 involves purification of crude Cabozantinib by preparative column
chromatography which is expensive, tedious, time consuming and inevitably decrease yield of
the product. Hence this process is not suitable for commercial scale. Therefore, there is an

unmet need to develop a purification process which can be performed at industrial scale.

The present invention have overcame the problems associated with the prior art, by
simply converting the crude Cabozantinib into its acid addition salt and then treating the acid
addition salt of Cabozantinib with a suitable base to provide Cabozantinib free base

compound of formula-1 with enhanced purity.

N-(4:(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1, 1-
dicarboxamide (S)-malate corﬁpound of formula-la obtained according to the present
invention is having 1-((4-((6,7-dimethoxyquinolin-4-yloxy)phenyl)carbamoyl)cyclopropane
carboxylic acid {M-Acid Impurity}; 1-{((4-fluorophenyl)carbamoyl)cyclopropane carboxylic
acid  {Acid  Impurity};  N-(4-fluorophenyl)-N-(4-hydroxyphenyl)cyclopropane-1,1-di
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carboxamide {Hydroxy Impurity}; N-(4-((6,7-dimethoxyquinolin-4-yloxy)phenyl)-N-phenyl

cyclopropane-1,1-dicarboxamide {Desfluoro Impurity}; N-(4-((6,7-dimethoxyquinolin-4-yl

oxy)phenyl)-N-(2-fluorophenyl)cyclopropane-1,1-dicarboxamide {2-Fluoro Impurity}; 4-(4-

(1 -((4-ﬂuorophenyl)carbamoyl)cyclopropanecarbokamido)phenoxy)-6,7-dimethoxyquinoline

l-oxide {N-Oxide Impurity}; N-(4-((6,7-dimethoxyquinolin-4-yloxy)phenyl)-N-(3-fluoro

phenyl)cyclopropane-1,1-dicarboxamide {3-Fluoro Impurity}; and N-('4-((6,7-dimethoxy

quinolin-4-yloxy)phenyl)-6,7-dimethoxyquinolin-4-amine {Dimer Impurity} less than 0.05%

as measured by HPLC.
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N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyI)-N’-(4-ﬂu0rophenyl)cyciopropane- 1,1-
dicarboxamide (S)-malate compound of formula-la obtained according to the present

invention is having particle size distribution Dso< 100 pm.

The third aspect of the bresent invention provides a crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide
hydrochloric acid salt compound of formula-1b, characterized by its powder x-ray diffraction
pattern having peaks at 5.1, 6.5, 7.9, 8.6, 9.7, 10.5, 12.8, 134, 15.2, 16.1, 17.2, 17.9, 18.5,
19.1, 19.4,20.4, 20.9, 22.0, 23.0, 23.7, 24.8, 26.8, 28.4, 29.1, 29.8 and 40.6 = 0.2 degrees two
theta as depicted in figure-2. -

In another embodiment of the present inveﬁtion provides a process for the preparation
of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)
cyclopropane-1,1-dicarboxamide hydrochloride salt compound of formula-1b, comprising of
the followiné steps: , '

a) Adding a suitable solvent to N-(4-(6,7-dimethoxyquinolin-4-yloxy)pheny!)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride compound of formula-

Ib, '

b) stirring the reaction mixture,

¢) filtering the reaction mixture,

d) adding a suitable solvent to the filtrate obtained in steﬁ-c),

¢) stirring the reaction mixture, |

f) filtering the precipitated solid and drying to get the crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide hydrochloride salt compound of formula-1b.

Wherein, in step-a) and step-d) the suitable solvent is selected from chloro solvents,
alcohol solvents, ester solvents, nitrile solvents, polar aprotic solvents, hydrocarbon solvents,

ether solvents, ketone solvents, polar solvents such as water or mixtures.

The preferred embodiment of the present invention provides a process for the

preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-

10



WO 2018/104954 PCT/IN2017/000139

ﬂuorophenyl)cyclopropane-1,l-d'icarboxamide hydrochloride salt compound of formula-1b,
comprising of the following steps:

a) Adding dimethyl sulfoxide to N-(4-(6,7-dimethoxyquinolin-4-quxy)phenyl)-N’-(;l-
fluorophenyl)cyclopropane-1,t-dicarboxamide hydrochloride co.mpou.nd of formula-
1b,

b) stirring the reaction mixture,

¢) filtering the reaction mixture,

d) adding ethyl acetate to the filtrate obtained in step-c),

e) stirring the reaction mixture,

f) filtering the precipitated solid and drying to get the crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide hydrochloride salt compound of formula-1b.

The fourth aspect of the present invention provides a crystalline form-N of N-(4-(6,7-
dimethoxyquinolir1-4-yloxy)phenyl)-N’-(4-ﬂuorophenyl)Cyclopropané-l ,1-dicarboxamide
hydrochloric acid salt compound of formula-1b, characterized by its powder x-ray diffraction
pattern having peaks at 4.0, 5.1, 6.3, 7.5, 8.0, 8.6, 9.4, 10.5, 11.2, 11.8, 12.6, 13.3, 13.5, 15.0,
15.3,16.0, 16.3, 17.5, 17.9,189,19.9,20.5,21.2,22.3,22.7,23.2,23.8,25.8, 26 4 and 274+
0.2 degrees two theta as depicted in figure-3.

In another embodiment of the present invention provides a process for the preparation
of crystalline form-N of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluoropheny!)
cyclopropane;-l ,1-dicarboxamide hydrochloride salt compound of formula-1b, comprising of:

a) Adding a suitable solvent to N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt "of compound of
formula-1b,

b) stirring the reaction mixture for 5 hours,

¢) filtering the reaction mixture and drying to get crystalline form-N of N-(4-(6,7-
dimeihoxyquinolin-4-ylo.xy)phenyl)-N’-(4-ﬂu0rophenyl)cyclopropane-l -

dicarboxamide hydrochloride salt compound of formula-1b.

11
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Wherein, in step-a) the suitable solvent is selected from chloro solvents, alcohol
solvents, ester solvents, nitrile solvents, polar aprotic solvents, hydrocarbon solvents, ether

~ solvents, ketone solvents, polar solvents such as water or mixtures thereof.

The preferred embodiment of the present invention provides a process for the
preparation of crystalline form-N of N-(4-(6,7-dimethoxyquinolin-4-yloxy)ptieny})-N’-(4-
ﬂuorOphenyl)cyclopropane-1,.1 -dicarboxamide hydrochlpride salt compound of formula-1b,
comprising of:

' a) Adding isopropanol to N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluoro
phenyl)cyclopropane-1,1 -dicarboxamide _hydroc'hloride salt of compound of formula-

b, . ‘ |

b) stirring the reaction mixture 5 hours,
c¢) filtering the reaction mixture and drying to get crystalline form-N of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

" dicarboxamide hydrochloride salt compound of formula-1b.

The fourth aspect of the present invention provides a crystalline form-R éf N-(4-(6.7-
dimethoxyquinolin-4-yloxy)pheny!)-N’-(4-fluorophenyl)cyclopropane-1,1 -dicarboxamide
hydrochloride salt compound of formula-1b, characterized‘ by its powder x-ray diffraction
pattern having peaks at 8.5, 9.3, 10.5, 11.6, 11.8, 12.1, 12,5, 12.9, 13.2, 13.7, 14.5, 15.5, 16.1,-
16.8, 17.2, 17.6, 17.8, 19.3, 19.7, 20.0, 20.4, 21.3, 21.8, 22.2, 22.7, 23.2, 23.7, 24.0, 25.2,
25.7,25.9,27.0,27.4,27.6, 28.5, 30.0, 30.6, 31.9 and 32.3 £0.2 degrees two theta as depicted
in figure-4. '

In another embodiment of the present invention provides a process for the preparation
of crystalline form-R of N-(4-(6,7-dimethoxyquinolin-4-yloxy)ph§:nyl)-N’-(4-ﬂuor0phenyl)
cyclopropane-1,1-dicarboxamide hydrochloride salt compound of formula-1b, comprising of
the following steps: .
a) Adding a suitable solvent to N-(4-(6,7-dimethoxyquinolin-4-yldxy)phenyl)—N’-(4-

fluorophenyl)cyclopropane-1,1-dicarboxamide compound of formula-1,

b) adding suitable hydrochloric acid salt to the reaction mixture,
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stirring the reaction mixture,

filtering the reaction mixture,

adding a suitable solvent to the compound obtaired in step-d),

stirring the reaction mixture, ,

filtering the reaction mixture and drying to get the crystalline form-R of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide hydrochloride salt compound of formula-1b.

Wherein, in step-a) and step-e) the suitable solvent is selected from chloro solvents,

alcohol solvents, ester solvents, nitrile solvents, polar aprotic solvents, hydrocarbon solvents,

ether solvents, ketone solvents, polar solvents such as water or mixtures thereof’

in step-b) the suitable hydrochloric acid source is same as defined in step-(¢c) of the second

aspect of the present invention.

The preferred embodiment of the present invention provides a process for the

preparation of crystalline form-R of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-

fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt compound of formula-1b,

' comprising of the following steps:

a)

Adding a mixture of tetrahydrofuran and ethyl acetate to N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N ’-(4-ﬂuorophenyl)cyclopropane- 1,1-dicarboxamide
compound of formula-1,

adding aqueous hydrochloric acid salt to the reaction mixture,

stirring the reaction mixture,

filtering the reéction mixture,

adding isopropanol to the compound obtained in step;d),

stirring the reaction mixture,

filtering the reaction mixture and drying to get the crystalline form-R of N-(4-(6,7-
dimethoxyquinolin-4-y16xy)phenyl)—N ’-(4-fluorophenyl)cyclopropane-1, 1 -

dicarboxamide hydrochloride salt compound of formula-1b.

. The crude compound of formula-1 was treated with a suitable acid selected from
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inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid or
phosphoric acid; and organic acids such as- oxalic'acid, maleic acid, malonic acid, tartaric
acid, fumaric acid, citric acid, malic acid, succinic acid, mandelic acid, lactic acid, acetic acid,
_ propionic acid, 2-chloromaﬁdelate, p-toluene sulfonic acid, ethane-1,2-disulfonic acid,
camphor sulfonic acid, ethane sulfonic acid, methane sulfonic acid, naphthalene-2-sulfonic
acid, benzene sulfonic acid, adipic acid, glutaric acid, glutamic acid, palmitic acid or aspartic
acid to provide its corresponding acid addition salt of compound of formula-1 and further
neutralizing the acid addition salt of compound of formula-1 with a suitable base selected
from a group consisting of atkali metal carbonates like sodium carbonate, lithium carbonate,
“potassium carbonate; or an alkali metal hydroxide like sodium hydroxide, potassium
hydroxide, lithium hydroxide; or alkali metal bicarbonates like sodium bicarbonate, potassium
bicarbonate; or an organic base like triethylamine, tributylamine, diisopropylethlyamine 1o

provide pure compound of formula-1.

The sixth aspect of the present invention provides novel crystalline form-M of N-(4-
(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’ -(4-fluorophenyl.)cyclop'ropane- 1,1-
dicarboxamide (S)-malate compound of formula-la, characterized by its powder x-ray
diffraction pattern having peaks at 7.0, 7.4, 7.8, 9.4, 11.0, 11.4, 11.9, 12.6, 13.6, 14.0, 15.4,
15.6, 16.1, 17.2, 18.4, 19.2, 19.9, 21.1, 21.8, 22.1, 22.4, 23.1, 24.0, 24.2, 25.8, 26.2, 27.1,
27.6,28.9,293,29.9,30.1, 31.6, 32.5, 33.8, 35.3, 36.8, 37.6 and 39.9 +0.2 degrees two theta

as depicted in figure-5.

In another embodiment of the present invention provides a process for the preparation
of crystalline form-M of N-(4-(6,7-dimethoxyquiholin-4-yloxy)phenyl)-N’-(4-ﬂuorophenylj
cyclopropane-1,1-dicarboxamide (S)-malate compound of formula-la, comprising of the
following steps: ' '

a) Adding a suitable solvent to N-(4-(6,7-dimethoxyquinolin-4-yloxj)phenyl)—N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide compound of formula-1,

b) heating the reaction mixture to a suitable temperature,

c) addiﬁg (L)-malic acid to the reaction mixture, '

d) stirring the reaction mixture,
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e) cooling the reaction mixture to a suitable temperature and stirring the reaction mixture,
f) filtering the precipitated solid and drying to get the crystalline form-M of N-{4-[(6,7-
dimethoxyquinolin-4-yloxy}phenyl}-N'-(4-fluorophenyl)cyclopropane-1i,1- '

dicarboxamide (S)-malate compound of formula-1a.

Wherein, in step-a) the suitable solvent is selected from chloro solvents, alcohol
solvents, ester solvents, nitrile solvents, polar aprdtic solvents, hydrocarbon solvents, elhef
solvents, ketone solvents, polar solvents such as water or mixtures thereof; ‘
in step-b) the suitable temperature is ranging from 30°C to reflux temperature of the solvent
used in the reaction; |

in step-e) the suitable temperature is ranging from -50°C to 0°C.

The preferred embodiment of the present invention provides a process for. the
preparation of crystalline form-M of N-(4-(6,7-dimethdxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide  (S)-malate compound of formula-la,
comprising of the following steps:

a) Adding xylene to N-(4-(6,7-dimethoxyquinolin-4-yloxy)pheny!)-N’-(4-fluorophenyl)
cyclopropane-1,1-dicarboxamide compound of formula-1,

b) heating the reaction mixture to 70-75°C,

¢) adding (L)-malic acid to the reaction mixture,

d) stirring the reaction mixture,

e) cooling the reaction mixture to -50°C and stirring the reaction mixture,

f) filtering the precipitated solid and drying to get the crystalline form-M of N-(4-(6,7-
dimeihoxyquinolin-4-ylo‘xy)phenyl)-N’-(4;ﬂuorophenyl)cyclopropane- 1,1- '

*dicarboxamide (S)-malate compound of formula-la.

The another preferred embodiment of the present invention provides a process for the
preparation of crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide ~ (S)-malate  compound of - formula-ia,

comprising of the following steps:
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Adding n-heptane to N-(4-(6,7-dimethoxyquinolin-4-yloxy)pheny])-N’-(4-ﬂuoro
phenyl)cyclopropane-1,1 Tdicarboxamide compound of formula-1,

heating the reaction mixture to 65-70°C, '

adding (L)-malic acid to the reaction mixture,

stirring the reaction mixture,

cooling the reaction mixture to -50°C and stirring the reaction mixture.,

filtering the precipitated solid and drying to get- the crystalline form-M of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide (S)-malate compound of formula-1a.

The another preferred embodiment of the present invention provides a process for the

preparation of crystalline form-M of N-(4-(6,7-dimeth0xyquinolin-4-yloxy)pheny'l)-N’-(4-

fluorophenyl)cyclopropane-1,1-dicarboxamide (S);malate_ compound = of formula-ia,

comprising of the following steps:

a)

b)

c)
d)

e).

f)

Adding methyl tert-butyl ether to N-(4-(6,7-dimethoxyquinolin-4-yloxy)pheny!)-N’-
(4-fluorophenyl)cyclopropane-1,1-dicarboxamide compound of formula-1,

heating the reaction mixture to 50-55°C,

adding (L)-malic acid to the reaction mixture,

stirring the reaction mixture,

cooling the reaction mixture to -50°C and stirring the reaction mixture,

filtering the precipitated solid and drying to get the crystalline form-M of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N ’-(4-ﬂuorophenyl)cyclopropaﬁe- 1,1-

dicarboxamide (S)-malate compound of formula-1a.

The preferred embodiment of the present invention provides a process for the

preparation of crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-

ﬂuorophenyI_)cyclopropane-1,]-dicarboxamide (S)-malate compound of formula-la,

comprising of the following steps:

a)

b)

Adding toluene to N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide compound of formula-1,

heating the reaction mixture to 70-75°C,
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c) adding (L)-malic acid to the reaction mixture,

d) stirring the reaction mixture, |

€) .cooling the reaction mixture to -50°C and stirring the reaction mixture,

f} filtering the precipitated solid and drying to get the crystalline form-M of N-(4-(6,7;
dlmethoxyqumolm -4-yloxy)phenyl)-N’-(4- ﬂuorophenyl)cyclopropane-1 1-

dicarboxamide (S) malate compound of formula la.

N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1, i -
dicarboxamide (S)-malate compound of formula-la and hydrochloride salt compound of -
formula-1b respectively produced according to the present invention are useful in the

preparation of pharmaceutical formulation.

The seventh aspect of the present invention provides novel crystalline form-S of N-(4-
(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide (S)-malate compound of formula-1a,

OH

Formula-la
characterized by its powder x-ray diffraction pattern having peaks at 6.6, 7.6, 8.2, 10.0, 10.5,
12.5,13.3,15.1,16 4, 18.2,19.0, 20.2, 20.6, 21.6, 22.6, 25.1, 26.1, 27.0, 28.1, 29.8 and 32.8 =
0.2 degrees two theta as depicted in figure-1.

In an embodiment of the present invention provides a process for the preparation of
crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclo

propane-1,1-dicarboxamide (S)-malate compound of formula-1, comprising of;
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a) Adding a suitable solvent to crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yl
oxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate
compound of formula-1a,

b) heating the reaction mixture to a suitable temperature and stirring the reaction mixture,

c) optionally, filtering the reaction mixture,

d) adding the obtained filtrate in step-c) to a pre-cooled suitable anti-solvent at suitable
temperature, '

e) stirring the reaction mixture, :

f) filtering the precipitated solid and drying to get crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyljcyclopropane-1, 1 -di

carboxamide (8)-malate compound of formula-1a.

Wherein, in step-b) the suitable temperature is ranging from ambient temperature to
the reflux temperature of the solvent used in the reaction;
in step-d) the suitable anti-solvent is selected from chloro solvents and hydrocarbon solvents;
the suitable terriperature 1s ranging from -10°C to 20°C;
in step-a) and d) the suitable solvent is selected from chloro solvents, alcohol solvents, ester
solvents, nitrile solvents, polar aprotic solvents, hycirocarbon solvents, ether solvents, kelone

solvents, polar solvents such as water or mixture thereof.

The preferred embodiment of the present invention provides a process for the
ﬁreparation of crystalline form-S8 of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate  compound of formula-la,
comprising of; '

a) Adding a mixture of tetrahydrofuran and water to crystalline form-M of N-(4-(6,7-
dimethoxyquinolin~4-yloxy)pheny1)-N’-(4-ﬂuorephenyl)cyclopropane-l .- .
dicarboxamide (S)-malate compound of formula-1a,

b) heating the reaction mixture to 60-65°C and stirring the reaction mixture,

¢) filtering the reaction mixture through hyflow bed,

d) adding the obtained filtrate in step-c) to a pre-cooled dichloromethane at 0-5°C,

‘e) stirring the reaction mixture,
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f) filtering the precipitated solid and drying‘to get crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1, I-di

carboxamide (8)-matate compound of formula-1a.

The crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluoro
phenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound of formula-la obtained
according to the present invention can be prepared by using .crystalline form-M of compound
of formula-la disclosed in the present invention or any of the free base compound of

frormula-1 or compound of formula-1a known in the prior art.

Thermal stability at 60°C:

Samples of crystalline form-S of Cabozantinib (S)-malate (3.0 gms) is subjected 10
heating in a vacuum dryer at 60°C for 24 hours. The P-XRD pattern was results to show that
crystalline form-S of Cabozantinib (S)-malate is stable.

Hyvgroscopic stability for 24 hours:

Samples of crystalline form-S of Cabozantinib (S)-malate (3.0 gms) is kept in the
desiccator for 24 hours. The P-XRD pattern was results to. show that crystalline form-S of

Cabozantinib (S)-malate is stable.

The eighth aspect of the present invention provides a process for the preparation of
crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclo
propane-1,1-dicarboxamide (S)-malate compound of formula-1a, comprising of:

a} Treating N-(4-(6,7-dimelhoxyquinolin-’4-y]oxy)phenyl)-N’-(4-ﬂuorophenyl)cyclé
propane-1,i-dicarboxamide hydrochloride salt with a suitable base in a suitable
solvent,

b) adding a suitable solvent to the reaction mixture and stirring the reaction mixture,

c) separating both the organic and aqueous layers,

d) optionally treating the organic layer with carbon,

e) optionally filtering the organic layer through hyflow bed,

f) optionally heating the obtained filtrate to a suitable temperature,

g) adding malic acid to the filtrate,
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h) adding a suitable anti-soivent to the reaction mixture and stirring the reaction mixture,

i) cooling the reaction mixture to a suitable temperature,

j) filtering the precipitated solid and dried to provide crystalline form-S of N-(4-(6,7- '
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide (S)-malate compound of formula-la.

Wherein, in step-a) the suitable base is selected from organic or inorganic bases;
in step-b) the suitable solvent is selected from alcohol 'solvents, ester solvents, ketone
solvents, ether solvents, hydrocarbon solvents, polar aprotic solvents, nitrile solvents, polar
solvents like water or mixture thereof; in step-f) the suitable temperature is ranging from 30°C
to reflux temperature of the solvent used; in step-h) the suitable anti-solvent.is selected from

chloro solvents; in step-i) the suitable temperature is ranging from 20°C to -20°C.

Thé preferred embodiment of the present invention provides a process for the
preparation of crystélline form-S of N-(4-(6,7-dimethoxyquinclin-4-yloxy)phenyl)-N’-(4-
ﬂuorophenyl)cyclopropane-l,l-dicarboxamide (S)-malate  compound of formula-la,
comprising of:

a) Treating N-(4-(6,7-dimethoxyquinolin-4-.yloxy)phenyl)-N’-(4-ﬂuorophenyl)cyclo
propane-1,1-dicarboxamide hydrochloride salt with' aqueous sodium carbonate and
water,

b) adding a mixture of ethyl acetate and tetrahydrofuran to the reaction mixture and
stirring the reaction mixture,

¢) separating both the organic an~d aqueous layers,

d) treating the organic layer with carbon,

e) filtering the organic layer through hyflow bed,

f) heating the obtained filtrate to 40-45°C,

g) adding malic acid to the filtrate at 40-45°C,

h) adding dichloromethane to the reaction mixture and stirring the reaction mixture at 40-
45°C,

i) cooling the reaction mixture to 0-5°C,
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j) filtering the precipitated solid and dried to provide'crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1 -

dicarboxamide (S)-malate compound of formula-1a.

The preferred embodiment of the present invention provides a .process for the
preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)pheny!)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide  (S)-malate compound of formula-la,
comprising of: |

a) Treating N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂuor0phenyl)cyclq
propane-1,1-dicarboxamide hydrochloride salt with aqueous sodium carbonate and
water,

b) adding a mixture of ethyl acetate and tetrahydrofuran to the reaction mixture and
stirring the reaction mixture, |

c) separating both the organic and aqueous layers,

d} treating the organic layer with carbon,

€} ﬁltering the organic layer through hyflow bed,

f) heating the obtained filtrate to 40-45°C,

g) adding dichloromethane to the reaction mixture and stirring the reaction mixture at 40-
45°C, , | |

h} adding malic acid to the filtrate at 40-45°C, -

1) cooling the reaction mixture to 0-5°C,

J) filtering the precipitated solid and dried to providercrystalline form-S of N-(4-(6,7-

dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1, 1-

dicarboxamide (S)-malate compound of formula-1a.

The preferred embodiment of the present invention provides a process for the
preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide  (S)-malate compound of formula-la,

- comprising of:
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Treating N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclo
propane-1,1-dicarboxamide hydrochloride salt with aqueous sodium carbonate and
water, |

adding a mixture of ethyl acetate and tetrahydrofuran to the reaction mixture and
stirring the reaction mixture,

separating both the organic and aqueous layers,

treating the orgﬁnic layer with carbon,

filtering the organic layer through hyflow bed,

adding a mixture of ethyl acetate, tetrahydrofuran and malic acid to the filtrate,

adding dichloromethane to the reaction mixture and stirring the reaction mixture,

cooling the reaction mixture to 0-5°C,

‘ ﬁlteﬁng the precipitated .solid and dried to provide crystalline form-S of N-(4-(6,7-

dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide (S)-malate compound of formula-1a.

In another embodiment of the present invention proﬁides a process for the preparation

of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl!)

cyclopropane-1,1-dicarboxamide (S)-malate compound of formula-1a, comprising of:

a)

Treating N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclo
propane-1,1-dicarboxamide hydrochloride salt with a suitable base in a suitable
solvent,

adding a suitable solvent to the reaction mixture and stirring the reaction mixture,
separating both the organic and aqueous layers,

optionally treating the organic layer with cafbon,

optionally filtering the organic layer through hyflow bed,

optionally heating the obtained filtrate to a suitable temperature,

adding malic acid to the filtrate,

adding the reaction mixture obtained in step-g) to a pre-cooled solvent and stirring the

reaction mixture,
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i)

filtering the precipitated solid and dried to provide crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-ylo.xy)pheny1)-N’-(4-ﬂu0rophenyl)cyclopropane- t1-

dicarboxamide (8)-malate compound of formula-1la.

Wherein, in step-a) the suitable base is selected from organic or inorganic bases; in

step-b) the suitable solvent is selected from alcohol solvents, ester solvents, ketone solvents,

ether solvents, hydracarbon solvents, polar aprotic solvents, nitrile solvents, polar solvents

like water or mixture thereof; in step-h) the suitable solvent is selected from chloro solvents.

The preferred embodiment of the present invention provides a process for the

preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenYl)—N’—(4-

- fluorophenyl)cyclopropane-1,1-dicarboxamide  (S)-malate- compound of formula-la.

comprising of:

a)

b)

d)
€)

g)

h)

Treating N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-

fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt with aqueous

~ sodium carbonate in water,

adding a mixture of ethyi acetate and tetrahydrofuran to the reaction mixture and
stirring the reaction mixture,

separating both the oréanic and aqueous layers,

treating the organic layer with carbon,

filtering the organic layer through hyflow bed,

adding malic acid to the filtrate, '

adding the reaction mixture obtained in step-f} to a pre-cooled dichloromethane and
stirring the reaction mixture at 0-5°C,

filtering the precipitated solid and dried to provide crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1 -

dicarboxamide (S)-malate compound of formula-1a.

The crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluoro

phenyl)cyclopropane-1,1-dicarboxamide (8)-malate c'ompound of formula-la according to the

present invention is having purity greater than 99.95% by HPLC.
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The starting materials compound of formula-2 and compound of formula-4 used in the

present invention can be prepared by any of the prior known process.

Crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluoro
phenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound of formula-ia obtained

according to.the present invention is having particle size distribution Do < 100 um.

N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

. dicarboxamide compound of formula-la and formula-1b produced by the present invention
can be further micronized or milled in a conventional techniques to get the .de‘sired particle
size to achieve desired solubility profile based on different forms of pharmaceutical
composition requirements. Techniques that may be used for particle size reduction include,
but not limited to ball, rolier and hammer mills, and jet mills. Milling or micronization may be

performed before drying, or after the completion of drying of the product.

The invention also encompasses pharmaceutical compositions comprising compound
of formula-1 or salts fhereof of the present invention. As used herein, the term
"pharmaceutical compositions" or "pharmaceutical formulations" include tablets, pills,
. powders, liquids, suspensions, emulsions, granules, capsules, suppositories, or injection

preparations.

The N-(4-(6,7-dimethoxyquinolin-4-yloxy)ﬁhenyl)-N’-(4-ﬂuoropheny])cyclopropane4
I,1-dicarboxamide (S)-malate compound of formula-1a obtained according to the present
invention is having purity greater than 99.9 % by HPLC.

P-XRD Method of Analysis:

PXRD analysis of compounds produced by the preseht invention were carried out
using BRUKER D8 ADVANCE/AXS X-Ray diffractometer using Cu Ka radiation of
wavelength 1.5406 A° and continuous scan speed of 0.03°/min.

PSD method of Analysis: |
Particle size distribution (PSD) analysis was performed using Malvern Mastersizer

2000 instrument.
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The process of the present invention can be represented schematically as follows:

THF, SOCIZ Formula-2

N%CI

H,CO

S

e + LTJT7
P F

]'[3CO ' N KzCOJ,
Water, THF

H H s
NW;(FN
/Q/ O 0 \O\
&) F

Formula-4 Formula-3

Aqu. HCI, IPA H;CO

DMSO, Ethyl acetate o~
b NayCO,, Water - =
2. (L)-Malic acid H;CO N

THF, MIBK . . Formula-1
H\%/H
N N
0] F
0
H;CO-_ .
Ry .
HO
L Ol']

Formula-1b =
Formula-1a _ Hydrochloride salt

Cabozantinib (S)-Malate

The process described in the present iﬁvention was demonstrated in exzimples :
illustrated below. These examples are provided as illustration only and therefore should not be
construed as limitation of the scope of the invention. |
Examples:

Example-1:

Preparation of crystalline form-M of Cabozantinib hydrochloride salt (Formula-1b):
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Thionyl chloride (180.4 gms) was slowly added to tl.1e mixture of 1-((4-fluorophenyl)
carbamoyl)cyclopropane carboxylic acid (112.9 gms) and tetrahydrofuran (600 ml) at 25-
30°C and stirred for 5 hours at the same temperature. The reaction mixture was slowly added
to a pre-cooled mixture of 4-((6,7-dimethoxyquinolin-4-yloxy)aniline (100 gms), aqueous
potassium carbonate solution (418.5 gms of potassium carbonate in 600 ml of water) and
tetrahydrofuran (600 ml) at 0-5°C. Raised the temperature of the reaction mixture to 25-30°C
and stirred for 2 hou}s at the same temperature. Both the organic and aqueous layers were
separated. Extracted the aqueoﬁs layer with ethyl acetate. Combined the organic layers.
Aqueous hydrochloric acid solution (75 ml of HCI in 725 ml of water) was added to the -
organic layer at 25-30°C and stirred the reaction mixture for 3 hours at the same temperature.
Filtered the precipitated solid, washed with tetrahydrofuran and ethyl acetate, To the obtained
éompound, isopropanol (22.0 Its) was added at 25-30°C and stirred for 3 hours at the same
temperature. Filtered the solid, washed with isopropanol and _di'ied to get the title compound.
Yield: 152 gms; Chloride content: 7.0%. |
The P-XRD pattern of the obtainied compound was depicted in figure-1.

Example-2: Preparation of crystalline form-S of Cabozantinib hydrochloride salt
(Formula-1b): .

Dimethy! sulfoxide (700 ml) was added to the obtained compound in example-1 at 25-
30°C and stirred for 45 minutes at the same temperature. Filtered the reaction mixture. Ethyi .
acetate (2.1 Its) was added to the obtained filtrate at 25-30°C and stirred for 3 hours at the
same temperature. Filtered the precipitated solid, washed with ethyl acetate and dried to get
the title compound.

Yield: 169.3 gms;'M.R: 185-190°C; Chloride content: 7.3%; Purity by HPLC: 99.83%.
The P-XRD pattern of the obtained compound was depicted in figure-2.
Example-3:‘Preparati0n of Cabozantinib (S)-malate (Fbrmula-la):

A mixture of water (840 ml) and N-(4-((6,7-dimethoxyquinolin-4-yloxy)pheny!)-N-(4-
~ fluorophenyl) cyclopropane-1,1-dicarboxamide hydrochloride (120 gms) was stirred for 10
minutes at 25-30°C. Aqueous sodium carbonate solution was added to the reaction mixture at
25-30°C and stirred for 10 minutes at the same tefnperature. Tetrahydrofuran (.900 ml) and

ethyl acetate (900 ml) were added to the reaction mixture at 25-30°C and stirred for 10
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minutes at the same temperature. Both the organic and aqueous layers were separated and
aquéous layer was extracted twice with tetrahydrofuran and ethyl acetate mixture. Combined
the organic layers and washed with aqueous sodium chloride solution. Cal-‘bon powder was
added to the organic layer at 25-30°C and stirred f;)r 15 minutes at the same temperature.
Filtered the reaction mixture through hyflow bed and washed with tetrahydrofuran. Distilled
off the solvent completely from the obtained filtrate under reduced pressure and co-distilled
wﬁh tetrahydrofuran. To the obtained compound, tetrahydrofuran (1300 mi) and water (14
ml) were added at 25-30°C. Heated the reaction mixture to 60-65°C and stirred for 15 minutes
at the same temperature. The reaction mixture was slowly added to a solution of L-malic acid
(34.5 gms) and methyl isobutyl ketone (3.0 Its) and seeding crystals of compound of formula-
la at 25-30°C and stirred the reaction mixture for 3 hours at the same temperature. Filtered
the reaction mixture and washed with methjrl isob'utyl ketone. T‘o the obtained compound,
methy!l isobutylketone was added at 25-30°C and stirred for 3 hours at the same .temperature.
Filtered the reaction mixture, washed with methyl isobutylketone and dried to get the title
compound.

Yield: 113.2 gms; M.R: 182-187°C; Purity by HPLC: 99.98%; M-Acid impurity: Not
detected; Acid impurity: Not detected; Hydroxy impurity: Not detected; Desfluoro impurity:
0.04%,; 2-fluoro impurity: Not detected; 3-fluoro impurity: Not detected; N-oxide impu'ri_ty:
Not detected and HIUI: 0.05%.

Before micronization: Particle size distribution: Dgg: 47.97 um; Dsg: 8.82 um; Dyg: 3.26 'pm. :
After micronization: Particle size distribution: Dgg: 15.5 pm; Dso: 7.4 um; Dyg: 2.8 um.
Example-4: Preparation of crystalline form-N of Cabozantinib hydrochloride salt
(Formula-1b):

Aqueous hydroch]oric. acid solution was added to N-{4-((6.7-dimethoxyguinolin-4-y]
oxy]pheny!}-N'-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide - compound of formula-1
(163 gm) at 25-30°C and stirred for 3 hours at the same temperature. Filtered the precipitated
solid, washed with tetrahydrofuran and ethyl acetate, To the obtained compound, isopropanol
(2.2 lts) was added at 25-30°C and stirred for 5 hours at the same temperature. Filtered the
solid, washed with isopropanol and dried to get the title compound.

Yield: 152 gms; Chloride content: 6.4%.
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The P-XRD pattern of the obtained compound was depicted in figure-3.
Example-5: Preparation of érystalline form-R of Cabozantinib hydrochloride salt
(Formula-1b):

. Tetrahydrofur;'m (1080 ml) and ethyl acetate (720 ml) were added to N-{4-[(6,7-
dimethoxyquinolin-4-yloxy]pheriyl }-N'-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide
(150 gms) at 25-30°C. Aqueous hydrochloric acid (67.5 ml of hydrochloric acid in 900 ml of
water) was added to the reaction mixture at 25-30°C and stirred for 3 hours at the same
temperature. Filtered the reaction mixture and washed with a mixture of ethyl acetate and
fetrahydrofuran. Washed the obtained compound with water and isopropanol. To the obtained
compound, isopropanol (2.0 Its) was added at 25-30°C and stirred for 3 hours at the same
temperature. Filtered the solid, washed with isopropanol and dried to get the title compound.
Yield: 149.02 gms; M.R: 240-245°C; Chloride content: 6.3%; Purity by HPLC: 99.80%.

The P-XRD pattern of the obtained compouﬁd was depicted in figure-4.
Example-6: Preparation of crystalline form-M of Cabozantinib (S)-malate:

A mixture of toluene (50-ml) and N-{4-[(6,7-dimethoxyquinolin-4-yloxy]phenyl}-N'-
(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (5 gms) was stirred for 10 minutes at 25-
30°C. Heated the reaction miixture to 70-75°C. L-malic acid (1.6 gms) was added to the
reaction mixture at 70-75°C and stirred for 60 minutes at the same tempe}'ature. Cooled the
reaction mixture to -50°C and stirred for 60 minutes at the same temperatdre. Filtered the
precipitated solid and dried to get the title compound. Yield: 4.0 gms; Malate content: 23.6%.
The P-XRD pattern of the obtained compound was depicted in figure-5.
Example-’l:‘Preparation of crystalline form-M of Cabozantinib (S)-malate:

A mixture of xylene (50 ml) and N-{4-[(6,7-dimethoxyquinolin-4-yloxy]phenyl}-N'-
(4-fluorophenyl) cyclopropane-1,1-dicarboxamide (5 gms) was stirred for 10 minutes at 25-
30°C.- Heated the reaction mixture to 70-75°C. L-malic acid (1.6 gms) was 'added to the
reaction mixture at 70-75°C and stirred for 60 minﬁtes at the same temperature. Cooled the
reaction mixture to -50°C and stirred for 60 minutes at the same temperature. Filtered the
precipitated solid and dried to get the title compound. Yield: 4.5 gms; Malate content: 22.8%.
The P-XRD pattern of the obtained compound was depicted in figure-5. |

Example-8: Preparation of crystalline form-M of Cabozantinib (S)-malate:
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A mixture of n-heptane (20 ml) and N-{4-[(6,7-dimethoxyquinolin-4-yloxy]phenyl}-
N'-(4-fluorophenyl) cyclopropane-1,1-dicarboxamide (2 gms) was stirred for 10 minutes at
25-30°C. Heated the reaction mixture to 70-75°C. L-malic acid (0.64 gms) was added to the
reaction mixture at 70-75°C and stirred for 60 minutes at the same temperature. Cooled the
reaction mixture to -50°C and stirred for 60 minutes at the same temperature. Filtered the
precipitated solid and dried to gét the title compound. Yield: 1.2 gms; Malate content: 22.8%.
The P-XRD pattern of the obtained compound was depicted in figure-5.

Example-9: Prepara-tion of crystalline form-M of Cabozantinib (S)-malate: -

A mixture of methyl teﬁ-butyl ether (20 ml) and N-{4-[(6,7-dimethoxyquinolin-4-
yloxy]phenyl}-N'-(4-fluorophenyl) cyclopropane-1,1-dicarboxamide (2 gms) was stirred for
10 minutes at 25-30°C. Heatea the reaction mixture to 50-55°C. L-malic acid (0.64 gms) was
added to the reaction mixture at 50-55°C and stirred for 60 minutes at the same temperature.
Cooled the reaction mixture to -50°C and stirred for 60 minutes at the same temperature.
Filtered the precipitated solid and dried to get the title compound.

Yield: 1.2 gms; Malate content: 23.1%. _ .

The P-XRD pattern of the obtained compound was depicted in figure-5.

Example-10: Preparation of crystalline form-M of Cabozantinib (S)-malate:

' A mixture of xylene (250 ml) and N-{4-[(6,7-dimethoxyquinolin-4-yloxy]phenyl}-N'-
(4-ﬂuof0phenyl) cyclopropane-1,1-dicarboxamide (25 gms) was stirred for 10 minutes at 25-
30°C. Heated the reaction mixture to 70-75°C. L-malic acid (8.5 gms) was added to lhé ‘
reaction mixture at 70-75°C and stirred for 60 minutes at the same‘temper.ature. Cooled the
reaction mixture to -50°C and stirred for 60 minult;,s at the same temperature. Filtered the
precipitated solid and dried to get the title compound. '

Yield: 24.0 gms.

The P-XRD pattern of the obtained compound was depicted in figure-5.

Example-lll: Preparation of crystalline form-S of Cabozantinib (S)-malate:

Tetrahydrofuran (500 ml) and water (50 ml) were added to N-(4-(6,7-dimethoxy
quinolin-4-yloxy)pheny!)-N’-(4-fluorophenyl)cyclopropane-1,1 -dicarboxamide (§)-malate
(50 gms) at 25-30°C and stirred for 10 minutes at the same temperature. Heated the reaction

mixture to 60°C and stirred for 15 minutes at the same temperature. The obtained clear
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solution was slowly added to pre-cooled dichloromethane (1000 ml) at 0-5°C and stirred for
60 minutes at the same temperature. Filtered the precipitated solid and dried to get the title
compound. Yield: 43.0 gms.

Water content: 2.4%; L-malic-acid content: 20.6%; Purity by HPLC: 99.97%';

The P-XRD pattern of the obtained compound is depiéted in figure-6.

Particle size distribution: Dgg: 29.02 pm; Dsg: 9.99 pm.

Example-12: Preparation of crystalline form-S of Cabozantinib (S)-malate:

Tetrahydrofuran (500 mi) and water (50 ml) were added to crystalline form-M of N-
(4-(6,7-dime'thoxyquinolin-4-ylQxy)phenyl)-N’ -(4-fluorophenyl)cyclopropane-1,1-
dicarboxamide (S)-malate (50 gms) at 25-30°C and stirred for 10 minutes at the same
temperature. Heated the reaction mixture to 60°C and stirred for 15 minutes at the same
temperature. Filtered the reaction mixture to through hyflow bed. The obtained particle free
clear solution was slowly added to pre-cooled dichloromethane (1000 ml) at 0-53°C and stirred
for 60 minutes at the same temperature. Filtered the precipitated solid and dried to get the title
compound. Yield: 39.9 gms.

The P-XRD pattern of the obtained compound is depicted in ‘ﬁgure-é. :
Example-13: Preparation of crystalline form-S of Cabozantinib (S)-malate:

Aqueous sodium carbonate solution was added to a.mixture of N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-ﬂuorophenyl)cyclopropane-i ,1-dicarboxamide hydrochloride
(10 gms) and water (70 ml) at 25-30°C and stirred for 10 minutes at the same temperature.
Ethyl acetate (75 ml) and tetrahydrofuran (75 ml) were added to the reaction mixture at 25-
30°C and stirred for 10 minutes at the same temperature. Both the organic and aqueous layers
were éeparated and aqueous layer was extracted with a mixture of tetrahydrofuran'.and ethyl
acetate. Combined the organic layers and washeci with aqueous sodium chloride solution. -
Carbon powder (1 gm) was added to organic layer at 25-30°C and stirred for 10 minutes at the
same temperature. Filtered the reaction mixture through hyflow bed .and washed with
tetrahydrofuran. Heated the obtained filtrate to 40-45°C. Malic acid (2.8 gms) was slowly
added to the obtained filtrate at 40-45°C. Dichloromethane was slowly added to the reaction
mixture at 40-45°C and stirred for 10 minutes at the same 'temperature. Cooled the reaction

mixture to 0-5°C and stirred for 3 hours at the same temperature. Filtered the precipitated
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solid and dried to get the title compound.

Yield: 8.0 gms.

The P-XRD pattern of the obtained compound is depicted in figure-6.
Example-14: Preparation of crystalline form-S of Cabozantinib (S)-malate:

Aqueous sodium carbonate solution was added to a mixture of N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride
(10 gms) and water (70 ml) at 25-30°C and stirrea for 10 minutes at the same temperature. -
Ethyl acetate (75 ml) and tetrahydrofuran (75 ml) were added to the reaction mixture at 25-
30°C and stirred for 10 minutes at the same temperature. Both the organic e-md aqueous layers
were separated and aqueous layer was extracted with a mixture of tetrahydrofuran and ethyl
acetate. Combined the organic layers and washed with aqueous sodium chloride solution.
Carbon powder (1 gm) was added to organic layer at 25-30°C and stirred for 10 minutes at the
same temperature. Filtered the reaction mixture through hyflow bed and washed with
tetrahydrofuran. Heated the obtained filtrate to 40-45°C. Dichloromethane (100 ml) was
- added to the obtained filtrate at 40-45°C. Malic acid (2.8 gms) was added to the reaction
mixture at 50-55°C and stirred for 10 minutes at the same temperature. Cooled the reaction
mixture to 0-5°C and stirred for 3 hours at the same temperature. Filtered the precipilaled _
solid and dried to get the title compound. |
Yield: 7.8 gms. ,

The P-XRD pattern of the obtained compound is depicted in figure-6.
Example-135: Preparation of crystalline form-S of Cabozantinib (S)-malate:

Aqueous sodium carbonate solution was added to a mixture of N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’ -(4-fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride
(50 gms) and water (350 ml) at 25-30°C and stirred for 10 minutes at the same temperature.
Ethyl acetate (375 ml) and tetrahydrofuran (375 ml) were added to the reaction mixture at 25-
30°C and stirred for 10 minutes at the same temperature. Both the organic and aqueous layers
were separated and aqueous layer was extracted with a mixture of tetrahydrofuran and cthyl
acetate. Combined the organic layers and washed with aqueous sodium chloride solution.
Carbon powder (4.0 gms) was added to organic layer at 25-30°C and stirred for 10 minutes at

the same temperature. Filtered the reaction mixture t_hrough hyflow bed and washed with
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tetrahydrofuran. Malic acid (14.4 gms) was added to the obtained filtrate at 25-30°C. The
reaction mixture was slowly added to a pre-cooled diéhloromethane at 0-5°C and stirred for 1
2 hour at the same temperature. Filtered the precipitated solid, washed with dichloromethane
and dried to get the title compound.

Yield: 41.0 gms.

The P-XRD pattern of the obtained cc;mpound is depicted in figure-6.

Example-16: Preparation of crystalline form-S of Cabozantinib (S)-malate:

Aqueous sodium carbonate solution was added to a mixture of N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-ﬂuorophenyl)cyclopropane-l,l’dicarboxamide hydrochloride
(50 grhs) and water (350 ml) at 25-30°C and stirred for 10 minutes at the same temperature:
Ethyl acetate (375 ml) and tetrahydrofuran (375 ml) were added to the reaction mixture at 25-
30°C and stirred for 10 minutes at the same temperature. Both the organic and aqueous layers
were separated and aqueous layer was extracted with a mixture of tetrahydrofuran and ethyl
acetate. Combined the organic layers and washed with aqueous sodium chloride solution.
Carbon powder (4.0 gms) was added to organic layer at 25-30°C and stirred for 10 minutes at
the same temperature. Filtered the reaction mixture through hyflox\lf bed and washed with
tetrahydrofuran. Malic acid was dissolved in a mixture of ethyl acetate and tetrahydrofuran
and this solution was added to the obtained filtrate at 25-30°C. Dichloromethane was added to
" the reaction mixture at 25-30°C. Cooled the reaction mixture to 0-5°C and stirred for 60
minul;es at the same temperature. Filtered the precipitated solid, washed with dichloromethane
and dried to get the title compound. -

Yield: 43.0 gms. '
The P-XRD pattern of the obtained compound is depicted in figure-6. A
Example-17; Preparation of Cabozantinib hydrochloride salt (Formula-1b):

Thionyl chloride (36.10 kgs) was slowly added to the mixture of 1-((4-fluorophenyl)
carbamoyl)cyclopropane carboxylic acid (22.60 kgs) and tetrlahydrofuran (120 lts) at 25-30°C
and stirred for 9 hours at the same temperature. The react.ion mixture was slowly added to a
pre-cooled mixture of 4-((6,7-dimethoxyquinolin-4-yloxy)aniline (20.0 kgs), aqueous
- potassium carbonate -solution (83.70 kgs of potassium carbonate in 120 lts of water) and

tetrahydrofuran (120 Its) at 0-5°C. Raised the temperature of the reaction mixture to 25-30°C
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and stirred for 2 hours at the same temperature. Both the organic and aqueous layers were
separated and water was added to the aqueous layer at 25-30°C. Extracted the équeous layer
with ethyl acetate. Combine the organic layers. Aquéous hydrochloric acid solution (15 lis of
HCl in 145 lts of water) was added to the organic layer at 25-30°C and stirred. the reaction
mixture for 3 hours at the same temperature. Filtered the precipitated solid, washed with
tetrahydrofuran and ethyl acetate. To the obtained compoun'd, water (lot-4) was added at 25-
"30°C and stirred for 2 hours at the same temperature. Filtered the reaction mixture and
washed with water. To the obtained compound, water (595 Its) and hydrochloric acid (1.0 lts)
were added at 25-30°C and stirred for 2 hours at the same temperature. Filtered the reaéli_on
mixture and washed with water. To the obtained compound, isopropanol (435 lts) was added
at 25-30°C and stirred for 3 hours at the same temperature. Filtered the solid, washed with
isopropanol and dried to get the title compound. Diméthy! sulfoxide (235 Its) was added to the
obtained compound at 25-30°C and stirred for 45 minutes at the same temperature. Filtered
the reaction mixture. Ethyl acetate (720 Its) was added to the obtained filtrate at 25-30°C and -
stirred for 3 hours at the same temperature. Filtered the precipitated solid, washed with ethyl
acetate and dried to get the title compound.
Yield: 32.99 kgs; Purity by HPLC: 99.85%.
Example-18: Preparation of Cabozantinib (S)-malate (Formula-1a):

A mixture of water (135 Its) and N-(4-((6,7-dimethoxyquinolin-4-yloxy)phenyl)-N-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride (20.0 kgs) was stirred for 10
minutes at 25-30°C. Aqueous sodium carbonate solution was added to the reaction mixture at
- 25-30°C and stirred for 10 minutes at the same temperature. Tetrahydrofuran (150 Its) and
ethyl acetate (15 Its) were added to the reaction mixture at 25-30°C and stirred for 10 minutes
at the same temperature. Both the organic and aqueous layers were separated and aqueous
layer was extracted twice with tetrahydrofuran and ethyl acetate mixture. Combined the
organic layers and washed with aqueous sodium chloride solution. Carbon powder was added
to the organic layer at 25-30°C and stirred for 15 minutes af the same temperature. Filtered
the reaction mixture through hyflow bed and washed with tetrahydrofuran. Distilled off the
solvent completely from the obtained filtrate under reduced pressure and co-distitled with

tetrahydrofufan. To the obtained compound, tetrahydrofuran (216 Its) and water (2.2 Its) were
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added at 25-30°C. Heated the reaction mixture to 60-65°C and stirred for 20 minutes at the
same temperature. The reaction mixture was slowly added to a solution of L-malic acid (5.70
kgs) and meihyl isobutyl ketone (500 Its) and seeding crystals of compound of formuls-1a at
23-30°C and stirred the reaction mixture for 3 hours at the same temperature. Filtered the
reaction mixture and washed with methyl isobutyl ketone. To the obtained compound, methy!
isobutylketone (40 lts) was added at 25-30°C and stirred for 3 hours at the same temperature,
Filtered the reaction mixture, washed with methyl‘isobutylketone and dried to get the title
compound. The obtained compound was micronized using conventional techniqtlles to get the
desired particle size. Methyl isobutyl ketone (200 lts) was added to the micronized compound
at 25-30°C and stifred form 3 hours at the sar'm tempera.ture. Filtered the compound and
washed with methyl isobutyl ketone and dried to get title compound.

Yield: 21.34 kgs; Purity by HPLC: 99.96%.
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We Claim:
[. Crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N '-(4-ﬁuor0phenyl) '

cyclopropane-1,1-dicarboxamide (S)-malate compound of formula-1a,

H,CO

H;CO N HO Ol
O OH

Formula-la
characterized by its powder x-ray diffraction pattern having peaks at 6.6, 7.6, 8.2, 10.0,
10.5, 12.5, 13.3, 15.1, 16.4, 18.2, 19.0, 20.2, 26.6, 21.6, 22.6, 25.1, 26.1, 27.0, 28.1, 29.8

and 32.8 + 0.2 degrees two theta.

2. Crystalline ~ form-S  of  N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N'-(4-fluoro
phenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound of formula-la obtained

according to ctaim 1 is further characterized by P-XRD pattern as depicted. in figure-1.

3. A process for the preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yl
oxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound of
formula-1, comprising of; |
a) Adding a suitable solvent to crystalline form-M of N-(4-(6,7- dnmethO\yqumolm 4-yl
oxy)phenyl)-N’- (4 ﬂuoropheny])cyclopropane-1 1-dicarboxamide -~ (S)-malate
compound of formula-1a,

b) heating the reaction mixture to a suitable temperature and stirring the reaction mixture,

¢) optionally, filtering the reaction mixture,

d) adding the obtained filtrate in step-c} to a pre-cooled suitable anti-solvent at suitable
temperature, '

e) stirring the reaction mixture,

f) filtering the precipitated solid and drying to get crystalline form-S of N-(4-(6,7-

35



WO 2018/104954 PCT/IN2017/000139

dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂuorophenyl)cyclopropane-l ,1-di

carboxamide (S)-malate compound of formula-1a.

4. The process accorﬁing to claim 3, wherein, in stép-b) the suitable temperature is ranging
from ambient temperature to the reflux temperature of the solvent used in the reaction;
in step-d) the suitable anti-solvent is selected from chloro solvents and hydrocarbon
solvents; the suitable température is ranging from -10°C to 20°C;
in step-a) and d) the suitable solvent is selected from chloro solvents, alcohol solvents,
ester solvents, nitrile solvents, polar aprotic solvents, hydrocarbon solvents, ether solvents,

ketone solvents, polar solvents such as water or mixture thereof.

5. A proces‘-:. for the preparation of crystailine form-S of N-(4-(6,7-dimethoxyquinolin-4-yl
oxy)phenyl}-N’-(4-flucrophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound of
formula-1a, comprising of;

a) Adding a mixture of tetrahydrofuran and water to crystalline form-M of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1, 1-
dicarboxamide (S)-malate compound of formula-1a,

b) heating the reaction mixture to 60-65°C and stirring the reaction mixture,

c) filtering the reaction mixture through hyflow bed, _

d) adding the obtained filtrate in step-c) to a pre-cooled dichloromethane at 0-5°C,

e) stirring the reaction mixture, _

f) filtering the precipitated solid and drying to get crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-ylo.xy)phenyl)-N’ -(4-fluorophenyl)cyclopropane-1,1-di

carboxamide (S)-malate compound of formula-1a.

6. A process for the preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yl
oxy)phenyl)-N’-(4-ﬂuorophenyl)cyclopropane-1;l-dicarboxamide (S)-malate compound of
formula-1la, comprising of? .

a) Treating N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)—N’-(4-ﬂuor0phenyl)cyclo
propane-1,1-dicarboxamide hydrochloride salt with a suitable base in a suitable

solvent,
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b) adding a suitable solvent to the reaction mixture and stirring the reaction mixture,

¢c) separating both the organic and aqueous layers,

d) optionally treating the organic layer with carbon,

e) optionally filtering the organic layer through hyflow bed,

f) optionally heating the obtained filtrate to a suitable temperature,

g) adding malic acid to the filtrate,

h) adding a suitable anti-solvent to the reaction mixture and stirring the reaction mixture,

i) ' cooling the reaction mixture to a suitable temperature, .

J) filtering the precipitated solid and dried to provide crystalline form-S of N-(4-(6,7- .
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide (8)-malate compound of formula-1a. -

7. The process according to claim 6, wherein, in step-a) the suitable base is selected from
organic or inorganic bases; in step-b) the suitable solvent is selected from alcohol solvents,
ester solvents, ketone solvénts, ether solvents, hydrocarbon solvents, polar aprotic solvents,
nitrile solvents, polar solvents like water or mixture thereof;
in step-f) the suitable temperature is ranging from 30°C to reflux temperature of the solvent
used; in step-h) thé suitable anti-solvent is selected from chloro solvents;

in step-i) the suitable temperature is ranging from 20°C to -20°C.

8. A process for the preparafion of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yI
oxy)phenyl)-N'-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound of
formula-la, comprising of:

a) Treating N-(4-(6,7-dimethoxyquinolin-4-yloxy)pheny!)-N'-(4-fluorophenyl)
cyclopropane-1,1-dicarboxamide hydrochloride salt with aqueous sodium carbonate
and water,

b) adding a mixture .of ethyl acetate and tetrahydrofuran to the reaction mixture and
stirring the reaction mixture,

¢) separating both the organic and aqueous layers,

d) treating the organic layer with carbon, '

e) filtering the organic layer through hyflow bed,
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g)
h)

),

heating the obtained filtrate to 40-45°C,

adding malic acid to the filtrate at 40-45°C,

adding dichloromethane to the reaction mixture and stirring the reaction mixture at 40-
45°C, |

cooling the reaction mixture to 0-5°C,

filtering the precipitated solid and dried to provide crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂuor0pheﬁyl)cyclopropané- 1,1-

dicarboxamide (S)-malate compound of formula-1a.

A process for the preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yl

oxy)phenyl)-N’-(4-f]uorophgnyl)cyclopropane-l,1-dicarboxamide (S)-malate compound

of formula-1a, comprising of’

a)

b)

Treating N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclo
propar;e-l,l-dicarboxamide hydrochloride salt with aqueous sodium carbonate and
water, |

adding a mixture of ethyl acetate and tetrahydrofuran to the reaction mixture and
stirring the reaction mixture,

separating both the organic and aque.ous layers,

treating the organic layer with carbon,

filtering the organic layer through hyflow bed,

heating the obtained filtrate to 40-45°C,

adding dichloromethane to the reaction mixture and stirring the reaction mixture at 40-
45°C, |

adding malic acid to the filtrate at 40-45°C,

cooling the reaction mixture to 0-5°C,

filtering the precipitated solid and dried to provi'de crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N'-(4-fluorophenyl)cyﬁlopropane-1 ,1-

dicarboxamide (S)-malate compound of formula-1a.
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10. A process for the preparation of crystalline form-§ of N-(4-(6,7-dimetbbxyquinolin-4-yl

11.

oxy)phenyl)-N'-(4-fluorophenyl)cyclopropane-1,1 -dicérboxamide (8)-malate compound

of formula-1a, comprising of:

a)

b)

Treating - N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N'-(4-fluorophenyl)

" cyclopropane-1,1-dicarboxamide hydrochloride salt with aqueous sodium carbonate

and water,

adding a mixture of ethyl acetate and tetrahydrofuran to the reaction mixture and
stirring the reaction mixture, |

separating both the orgaric and aqueous layers,

treating the organic layer with carbon,

filtering the organic layer through hyflow bed,

adding a mixture of ethyl acetate, tetrahydrofuran and malic acid to the filtrate,

adding dichloromethane to the reaction mixture and stirring the reaction mixture,

cooling the reaction mixture to 0-5°C,

filtering the precipitated solid and dried to provide crystalline form-S of N-(4-(6,7-

dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂ(10rophenyl)cyclopropane- 1,1-

dicarboxamide (S)-malate compound of formula-la.

A process for the preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yi

oxy)phenyl)-N'-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound

of formula-1a, comprising of:

2)

Treating N-(4-(6,7-dimethoxyquinolin-4-yioxy)phenyl)-N‘-’(4-ﬂuorophenyl)
cyclopropane-1,1-dicarboxamide hydrochloride salt with a suitable base in a suitable
solvent,

adding a suitable solvent to the reaction mixture and stirring the reaction mixture,
separating both the organic and aqueous layers,

optionally treating the organic layer with carbon,

optionally filtering the organic layer through hyflow bed,

optionaily heating the obtained filtrate to a suitable temperature,

adding malic acid to the filtrate,

39



WO 2018/104954 PCT/IN2017/000139

h)

1)

adding the reaction mixture obtained in step-g) to a pre-cooled solvent and stirring the
reaction mixture, . . -

filtering the brecipitated solid and dried to provide crystalline form-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N'-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide (S)-malate compound of formula-la. -

12. The process according to claim 11, wherein, in step-a) the suitable base is selected from

13.

organic or inorganic bases; in step-b) the suitable solvent is selected from alcohol

solvents, ester solvents, ketone solvents, ether solvents, hydrocarbon solvents, polar

aprotic solvents, nitrile solvents, polar solvents like water or mixture thereof; in step-h)

the suitable solvent is selected from chloro solvents.

A process for the preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yl

oxy)phenyl)-N'-(4-fluorophenyl)cyclopropane-1,1 -dicarboxamide (S)-malate compound

of formula-1a, comprising of:

a)

h)

Treating N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluocrophenyl)cyclo
prop'cine-],l-dicarboxami_de hydrochloride salt with aqueous sodium carbonate in
water,

adding a mixture of ethyl acetate and tetrahydrofuran to the reaction mixture and
stirring the reaction mixture, '

separating both the organic and aqueous layers,

treating the organic layer with carbon,

filtering the organic layer through hyflow bed;

adding malic acid to the filtrate,

adding the reaction mixture obtained in step-f) to a pre-cooled dichloromethane and
stirring the reaction mixture at 0-5°C,

filtering the precipitated solid and dried to provide crystaltine form.-S of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N'-(4-fluorophenyl)cyclopropane-1,1-

dicarboxamide (S)-malate compound of formula-1a.
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14. An improved process for the preparation of N-(4-(6,7-dimethoxyquinotin-4-yloxy)

phenyl)-N'-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound of

formula-ta, comprising of the following steps:

a)

b)

d)

| formula-1b,

Reacting l-((4-ﬂuorophe.nyl)carbamoyl)cyqlopropane carboxylic acid compound of
formula-2 with chlorinating agent in a suitable solvent to provide 1-(4-fluorophenyl -
carbamoyl)cyclopropahecarbonylchloride compound of formula-3,

reacting the compound of formula-3 in-situ with 4-(6,7-dimethoxyquinolin-4-yloxy)
aniline compound of formula-4 in the presence of a suitable base in a suitable solvent
to provide N-(4-(6,7-dimethoxyquinolin-4-yloxy)plienyl)-N’-(4-ﬂu0rophenyl)cyclo
propane-1,1-dicarboxamide cofnpound of formula-1, .

treating the compound of formula-1 in-situ with a suitable hydrochloric acid source in
a suitable solvent to provide N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)¢yclopropane-1,1-dicarboxamide hydrochloride salt compound of
purifying the compound of formula-1b using a suitable solvent,

treating the compound of formula-1b with a suitable base in a suitable solvent to
provide N-(4-[(6,7-dimeth0xyquinolin-4-yloxy)phenyl)-N‘-(4-ﬂu0r0phenyl)cyc10
propane-1,1-dicarboxamide compound of formula-1 which on in-situ treating with
(L)-malic acid in a suitable solvent to provide N-(4-(6,7-dimethoxyquinolin-4-y]
oxy)phenyl)-N'-(4-fluorophenyl)cyclopropane-1,1 -dicarboxamide (S)-malate

compound of formula-1a.

15. The process according to claim 14, wherein, in step-a) the suitable chlorinating agent is

selected from pivaloyl chloride, thionyl chlofide, sulfuryl chloride, phosphorusoxy

chloride, oxalyi chloride, phbsphorus trichloride, phosphorus pentachloride;

in step-b) & step-e) the suitable base is selected from inorganic or organic bases:

in step-c) the suitable hydrochloric acid soutce: is selected from hydrochloric acid gas, |

aqueous hydrochloric acid, ethanolic-HCI, methanolic-HCI, ethyl acetate-hydrochloric

acid, isopropanol-hydrochloric acid, diisopropyl ether-hydrochloric acid, diethylether-

hydrochloric acid, and trimethyl chloro silane; in step-a) to step-e) the suitable solvent is

selected. from chloro solvents, alcohol solvents, ester solvents, nitrile solvents, polar
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16.

aprotic solvents, hydrocarbon solvents, ether solvents, ketone solvents, polar solvents

such as water or mixtures thereof,

An improved process for the preparation of N-(4-(6,7-dimethoxyquinolin-4-yloxy)

phenyl)-N'-(4-ﬂuoropheny[jcyclopropane-1,l-dicarboxamide (S)-malate compound of

formula-1a, comprising of the following steps:

a).

b)

Reacting 1-((4-ﬂliorophenyl)carbamoyl)cyclopropane carboxylic acid compound of
formula-2 with thionyl chloride in tetrahydrofuran to provide 1-(4-fluorophenyl
carbamoyl)cyclopropanecarbonylchloride compound of formula-3,

reacting the compound of formula-3 in-situ with 4-(6,7-dimetho$(yquinolin-4-yloxy)
aniline compound of formula-4 in the presence of potassium carbonate in a mixture of
water and tetrahydrofuran to provide N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-
N‘-(4-ﬂuoro;§henyl)cyclopropane-1 ,1-dicarboxamide pompOund of formula-1,

treating the compound of formula-1 in-situ with aqueous hydrochloric acid to provide
N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N‘—(ﬁ-ﬂuorophenyt)cyclopropane- 1,1-
dicarboxamide hydrochloride salt compound of formula-1b,

purifying the compound of formula-1b using isopropanol and then followed by using
dimethyl sulfoxide and ethyl acetate,

treating the compound of formula-1b with aqueous sodium carbonate solution to
provide N-(4-(6;7-dimethoxyquinolin-4-yloxy)phenyl)—N'-(4-ﬂﬁorophenyl)cyclo
propane-1,1-dicarboxamide compound of formula-1 which on in-situ treating with
(L)-malic acid in a mixture of tetrahydrofuran, water and methy| isobutyl ketone to
provide N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂu0r0phenyl)cyclo

propane-1,1-dicarboxamide (S)-malate compound of formula-1la.

17. Crystalline forms of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N'-(4-

fluorophenyl)cyclo propane-1,1-dicarboxamide hydrochloride salt, which includes:

a) Crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N'-(4-fluoro

phepyl)cyclopropane-l,1-'dicarboxamide hydrochloride salt compound of formula-1b,

characterized by its powder x-ray diffraction pattern having peaks at 6.4, 7.8, 8.6, 9.5,
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10.4, 10.8, 12.0, 12.7, 13.4, 14.7, 16.0, 17.2, 17.5, 18.6, 20.2, 20.8, 21.5, 22.1, 22.7,
23.2,24.1,26.5,26.8and 27.2£0.2 degree§ two theta as depicted in figure-1.

b) Crystalline form-S ‘of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phényl)-N'-(4-ﬂuoro
phenyl)cyclopropane-1,1-dicarboxamide hydfochloric acid salt compound of formula-
1b, characterized by its powder x-ray diffraction pattern ha\:ing peaks‘al 5.1,65,79,
8.6,9.7,10.5,12.8,13.4,15.2,16.1,17.2,17.9, 18.5, 19.1, 19.4, 20.4, 20.9, 22.0, 23.0,
23.7, 24.8, 26.8, 28.4, 29.1, 29.8 and 40.6 £ 0.2 degrees two theta as depicted in
ﬁguré~2. , '

¢) Crystalline form-N of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N'-(4-fluoro
phenyl)cyclopropane-1,1-dicarboxamide hydrochloric acid salt compound of formula-

- 1b, characterized by its powder x-ray diffraction pattern having peaks at.4.0, 5.1, 6.3,
7.5, 8.0, 8.6, 9.4, 10.-5, 11.2, 11.8, 12.6, 13.3, 13.5, 15.0, 15.3, 16.0, 16.3, 17.5, 17.9,
18.9, 19.9, 20.5, 21.2, 22.3, 22.7, 23.2, 23.8, 25.8, 26.4 and 274 0.2.degrees two
theta as depicted in ﬁgure-3.

d) Crystalline form-R of N—(4-(6,7-dimethoxyquin6lin-4-y!oxy)phenyl)-N'-(4-ﬂuoro
phenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt compound of formula-1b,
characterized by its powder x-ray diffraction pattern having peaks at 8.5, 9.3, 10.5,
11.6,711.8, 12.1, 12.5, 12.9, 13.2, 13.7, 14.5, 15.5, 16.1, 16.8, 17.2, 17.6, 17.8, 19.3.
19.7, 20.0, 20.4, 21.3, 21.8, 22.2, 22.7, 23.2, 23.7, 24.0, 25.2, 25.7, 25.9, 27.0, 27 4,
27.6,28.5, 30.0, 30.6, 31.9 and 32.3 £0.2 degrees two theta as depicted in figure-4.

. Crystalline form-M  of - N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N'-(4-fluoro
phenyl)cycloprobane-l,l-dicarboxamide (S)-malate  compound of . formula-la,
characterized by its powder x-ray diffraction pattern having peaks at 7.0, 7.4, 7.8, 9.4,
11.0,11.4,11.9,12.6, 13.6, 14.0, 15.4, 15.6, 16.1,17.2,.18.4,19.2, 19.9, 21.1, 21.8, 22.1,
22.4,23.1,24.0,24.2,258,26.2,27.1,27.6,28.9,29.3,29.9, 30.1, 31.6, 32.5, 33.8, 35.3,
36.8,37.6 and 39.9 0.2 degrees two theta as depicted in figure-5.

A process for the preparation of crystalline form-M of N-(4-((6,7-dimethoxyquinolin-4-
yloxy)phenyl)-N'-(4-ﬂuoroﬁhenyl)cyclopropane-1,l-dicarboxamide hydrochloride salt

compound of formula-1b, comprising of:
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a) Adding a suitable solvent to N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N"-(tl-
fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt of compound of
formula-1b,

b) stirring the reaction mixture for 3 hours at 25-30°C,

c) filtering the reaction mixture and drying to get crystalline form-M of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)—N‘-(4-ﬂuorophenyl)cyclopropane- 1,1-

dicarboxamide hydrochloride salt compound of formula-1b.

20. The process according to claim 19, wherein, in step-a) the suitable solvent is selected
from chloro solvents, alcohol solvents, ester solvents, nitrile solvents, polar aprotic
solvents, hydrocarbon solvents, ether solvents, ketone solvents, polar solvents such as

water or mixtures thereof.

21. A process for the preparation of crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yl
oxy)phenyl)’N’-(4-ﬂuorophenyl)cyclopropame-l,l-dicarboxamide hydrochioride  salt
compound of formula-1b, co.mprising of: ‘

a) Adding isopropanol to N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluoro
phenyl)cyclopropane-i,l-dicarboxamide hydrochloride salt of compound of formula-
1b,

b) stirring the reaction mixture for 3 hours at 25-30°C,

c) filtering the reaction mixture and drying to get crystalline form-M of N-(4-(6,7-
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂuorophenyl)cyclopropané- 1,1-

dicarboxamide hydrochloride salt compound of formula-1b.

22. A process for the preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-y!
oxy)phenylj—N’-(4-ﬂuorophcnyl)cyclopropane-],l-dicarb(;xamide hydrocﬁloride salt
- compound of formula-1b, comprising of the fol'l.owing steps:
a) Adding a suitable solvent to N-(4-(6,7-dimethoxyquinolin-4-yloXy)pHenyl)-N’-(4- |
fluorophenyl)cyclopropane-1,1-dicarboxamide hydrqchloride compound of formula-
1b,

b) stirring the reaction mixture and filtering the reaction mixture,
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¢) adding a suitable solvent to the filtrate obtained in step-b),
d) stirring the reaction mixture and filtering the precipitated solid to get the crystalline
form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclo

propane-1,1-dicarboxamide hydrochloride salt compound of formula-1b.

23. The process according to claim 22, wherein, in step-a) the suitable solvent is selected
from chloro solvents, alcohol solvents, nitrile solvents, polar aprotic solvents,
hydrocarbon solvents; ether solvents, ketone so]venfs, polar solvents such as water or

mixtures; in step-¢) the suitable solvent is selected from ester solvents.

24. A process for the preparation of crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yl
oxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide  hydrochloride  salt
compound of formula-1b, comprising of the following steps:

a) Adding dimethylsulfoxide to N-(4-(6,7-dimethoxyquinolin-4-yloxj)pheny_l)-N’-(4-
ﬂuorophenyl)cj/clopropane-1,l-dicarboxamide hydrochloride compound of formula-
1b,

b) stirriﬁg the reaction mixture and filtering the reaction mixture,

¢) adding ethyl acetate to the filtrate obtained in step-b),

d) stirring the reaction mixture and filtering the precipitated solid to get the crystalline

- form-S  of N-(4-(6,7-dimethm'(yquinolin-4-yloxy)phenyl)-N’-(4-ﬂuorophenyl)cyc]o

propane-1,1-dicarboxamide hydrochloride salt compound of formula-1b.

25. A process for the preparétion of crystalline form-N of N-(4-(6,7-dimethoxyquinolin-4-yl
oxy)phenyl)-N’-(4-flucrophenyl)cyclopropane-1,1-dicarboxamide  hydrochloride  salt
compound of formula-1b, comprising of:

a) Addiﬁg a Isuitable solvent to N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt of compound of
formula-1b,

b) stirring the reaction mixture and filtering the reaction mixture to get crystalline form-
N of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-

" 1,1-dicarboxamide hydrochloride salt compound of formula-1b.
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26. The process according to claim 25, wherein, in step-a) the suitable solvent is selecied
from chloro solvents, alcohol solvents, ester solvents, nitrile solvents, polar aprotic
solvents, hydrocarbon solvents, ether solvents, ketone solvents, polar solvents such as

water or mixtures.

27. A process for the preparation of crystalline form-N of N-(4-(6,7-dimeihoxyquino]in-4-y]
oxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide hydrbchlori,de salt
compound of formula-1b, comprising of:

a) Adding 1sopropanol to N-(4-(6,7~dimeth0xyquindlin-4-yloxy)phenyl)-N’-(4-ﬂuoro
phenyl)cyclopropane—l,l.-dicarboxamide hydrochloride salt of compound of formula-
Ib, |

b) stirring the reaction mixture for 5 hours and filtering the reaction mixture to get
crystalline form-N of N-(4-(6,7-dimethququinolin-4-y10xy)phenyl)-N’-(4-ﬂuor0

phenyl)cyclopropane-1,1-dicarboxamide hydrochloride salt compound of formula-1b.

28. A process for the preparalltion of crystalline form-R of N-(4-(6,7-dimethoxyquinolin-4-yl
oxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide  hydrochloride  salt
compound of formula-1b, comprising of the following steps: _

a}) Adding a suitable solvent to N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide compound of formula-ll .

b) adding suitable hydrochloric acid source to the reaction mixture,

c) stirring the reaction mixture and filtering the reaction mixture,

d) adding a suitable solvent to the compound obtained in step-c),

e) stirring the reaction mixture and filtering the reaction mixture to get the crystalline
form-R of N-(4-(6,7-dimethoxyquinolin-ﬁ-yloxy)phenyl)-N’-(4-ﬂuorophenyl)cyclo

propane-1,1-dicarboxamide hydrochloride salt compound of formula-1b.

29. The process according to claim 28, wherein, in step-a) the suitable solvent is selected
from chloro solvents, ester solvents, nitrile solvents, polar aprotic solvents, hydrocarbon

solvents, ether solvents, ketone solvents, polar solvents such as water or mixtures;
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30.

31,

32.

in step-b) the suitable hydrochloric acid source is selected from hydrochloric acid gas,
aqueous hydrochloric acid, ethanolic-HCI, ethyl acetate-hydrochloric acid, methanolic-
HCl, isépropanol-hydrochl(_)ric acid, diisopropyl ether-hydrochloric acid, diethylet.her-
hydrochloric acid, and trimethylchlorosilane; in stép-d) the suitable solvent is selected

from alcohol solvents.

A process for the preparation of crystalline form-R of N-(4-(6,7-dimethoxyquinolin-4-yl
oxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-l1,1-dicarboxamide hydrochloride  salt
compound of formula-1b, c0mprisi;1g of the following steps:

a) Adding a mixture of tetrahydrofuran and ethyl -acetate to N-.(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-ﬂuoro'phenyl)cyclopropane- 1,1-dicarboxamide
compound of formula-1,

b) adding aqueous hydrochloric acid to the reaction mixiure,

c¢) stirring the reaction mixture and filtering the reaction mixture,

d) adding 1sopropanol to the compound obtained in step-c),

e) stirring the reaction mixture and filtering the reaction mixture to get the crystalline

- form-R  of N-(4-(6,7-dimethoxyquinolin-ﬂ}-yloxy)phenyl)-N’-(4-ﬂuordphenyl)cyclo

propane-1,1-dicarboxamide hydrochloride salt compound of formula-1b.

A process for the purification of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-
ﬂuorophenyl)cyclopropane-1,l-dicarboxan;lide compound of formula-1, comprising of
treating the compound of formula-1 with a suitable acid in a suitable solvent to provide
its corresponding acid addition salt of compound of formula-1 and further neutralizing
the acid-addition salt of compound of formula-1 with a suitable base in z; suitable solvent

to provide pure compound of formula-1.

The process according to claim 31, wherein the suitable acid is selected from inorganic
acids such as hydrochloric acid, hydrobrofnic acid, sulfuric acid, nitric acid or phosphoric
acid; and organic acids such as oxalic acid, maleic acid, malonic acid, tartaric acid,
fumaric acid, citric acid, malic acid, succinic acid, mandelic acid, lactic acid, acetic acid,

propionic acid, 2-chloromandelate, p-toluene sulfonic -acid, ethane-1,2-disulfonic acid,
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33.

camphor sulfonic acid, -ethane sulfonic acid, methane sulfonic acid, naphthalene-2-
sulfonic acid, benzene sulfonic acid, adipic acici, glutaric acid, glutamic acid, palmitic
acid or aspartic acid; the suitable solvent is selected from chloro solvents, ether solvents,
alcohol solvents, ester solvents, nitrile solvents, polar aprotic solvents, hydrocarbon
solvents, polar aprotic solvents, ketone solvents, polar solvents such as water or mixtures;
the suitable base is selected from a group consisting of alkali metal carbonates like
sodium carbonate, lithium carbonate, potassium carbonate; or an alkali metal hydroxide
like sodium hydroxide, potassium hydroxide, lithium hydroxide; or alkali metal
bicarbonates like sodium bicarbonate, potassium bicarbonate; or an orgahic base like

triethylamine, tributylamine, diisopropylethylaﬁine.

A process for the preparétion of crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yl

oxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound

of formula-1a, comprising of the following steps:

a) Adding a suitable solvent to N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyi)—N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide compound of formula-1,

b) heating the reaction mixture to a suitable temperature,

c) adding (L)-malic acid to the reaction mixture,

d) stirring the reaction mixture,

e) cooling the reaction mixture to a suitable temperature and stirring the reaction mixture,

f) filtering the precipitated solid to get the crystalline form-M of N-(4-(6,,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1 -dicar'boxamide (S)-

malate compound of formula-1la.

34. The process according to claim 33, wherein, in step-a} the suitable solvent is selected

from chioro solvents, alcohol solvents,ﬁ ester solvents, nitrile solvents, polar aprotic
solvents, hydrocarbon solvents, ether solvents, ketone solvents, polar solvents such as
water or mixtures; in step-'b) the suitable temperature is ranging from 30°C to reflux
temperature of the solvent used in the reaction; in step-e) the suitable temperature is

ranging from -50°C to 0°C.
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35. A process for the preparation of crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yl

36.

oxy)phenyl)-N’-(—4-ﬂuorophenyl)cyclopropane-'l,-l-dicarboxamide (S)-malate compound.

of formula-la, comprising of the following steps:

a)

by

¢)
d)

£)

f)

Adding  xylene to  N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluoro _
phenyl)cyclopropane-1,1-dicarboxamide compound of formula-1,

heating the reaction mixture to 70-75°C, |

adding (L)-malic acid to the reaction mixture,

stirring the reaction mixture,

cooling the reaction mixture to -50°C and stitring the reaction mixture, .
ﬁltering the precipitated_solid to get the crystalline form-M of N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide  (S)-

malate compound of formula-1a.

A process for the preparation of crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yl

oxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound -

of formula-1a, comprising of the following steps:

a)

b)
c)
d)
e)
f)

Adding n-heptane to N-{4-[(6,7-dimethoxyquinolin-4-yloxy]ph;3nyl }-N'-(4-fluoro
phenyl)cyclopropane-1,1-dicarboxamide compound of formula-1,

heating the reaction mixture to 65-70°C,

adding (L)-malic acid to the reaction mixture,

stirring the reaction mixture,

cooling the reaction mixture to -50°C and stirring the reaction mixture,

filtering the precipitated solid to get the crystalline form-M of N-(4-(6,7-dimethoxy
quinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide  (S)-

malate compound of formula-]a.

37. A process for the preparation of crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-y]

oxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound

of formula-1a, comprising of the following steps:

a)

Adding methyl tert-butyl ether to N-{4-[(6,7-dimethoxyquinolin-4-yloxy]phenyl}-N'-

(4-'ﬂu0rophenyl)cyclopropane-1 ,1-dicarboxamide compound of formula-1,
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38.

b)

c).

d)
€)
f)

heating the reaction mixture to 50-55°C,

adding (L)-malic acid to the reaction mixture,

stirriﬁg the reaction mixture,

cooling the reaction mixture to -50°C and stirring the reaction mixture,

filtering the . precipitated solid to get the crystalline form-M of N-(4-(6,7-

- dimethoxyquinolin-4-yloxy)pheny})-N’-(4-flucrophenyl)cyclopropane-1, I-

dicarboxamide (S)-malate compound of formula-1a.

A process for the preparation of crystalline form-M of N-(4-(6,7-dimethoxyquinolin-4-yl

oxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound .

of formula-1a, comprising of the following steps:

a)

b)
c)
d)
€)
f)

Adding  toluene to  N-(4-(6,7-dimethoxyquinolin-4-yl  oxy)phenyl)-N’-(4-
fluorophenyl)cyclopropane-1,1-dicarboxamide compound of formula--l ,

heating the reaction mixture to 70-75°C,

adding (L)-malic acid to the reaction mixture,

stirring the reaction mixture, |

cooling the reaction mixture to -50°C and stirring the reaction mixture,

filtering the precipitated solid to get “the crystalline form-M of N-(4-(6,7- .
dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂuorophényl)cyclopropane-1 e

dicarboxamide (S)-malate compound of formula-1a.

39. N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1-

40.

41.

dicarboxamide (S)-malate compound of formula-la having purity greater than 99.5%;
preferably 99.75%; most preferably 99.9% by HPLC.

Crystalline form-S and form-M of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-

fluorophenyl)cyclopropane-1,1-dicarboxamide (S)-malate compound of formula-la are

useful in the preparation of pharmaceutical composition.

Crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl) -

cyclopropane-1,1-dicarboxamide (S)-malate compound of formula-la according to the

preceding claims having purity greater than 99.5%;, preferably 99.75% by HPLC.
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42.

43.

44,

45,

Crystalline form-S of N-(4-(6,7-dimethoxyquinolin-4-yioxy)phenyl)-N’-(4-ﬂu0rophenyl) '
cyclopropane-1,1-dicarboxamide (S)-malate compound of formula-1a obtained according
to the preceding claims having particle size distribution of Dgg < 150 pm, preferably <

100 pm; more preferably < 50 pum.

Use of crystalline form-M of N-(4-(6,7-dimethoxyquindlin-4-yloxy)phenyl)-N’-(4-ﬂu0r9
phenyl)cyclopropane-1,1-dicarboxamide (S)-malate in the preparation of crystaltine

form-S of compound of formula-1a.

N-(4-(6,7-dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-fluorophenyl)cyclopropane-1,1 -
dicarboxamide (S)-malate compound of formula-1a obtained according to the preceding
claims having particle size distribution of Dgy < 150 pum, preferably < 100 Hm; more

preferably < 50 um.

N-(4-(6,7—dimethoxyquinolin-4-yloxy)phenyl)-N’-(4-ﬂuor0phenyl)cyclop-ropan&l W1-
dicarboxamide (S)-malate compound of formula-1a obtained according to the preceding
claims having M-acid impurity; acid impurity; hydroxy' impurity; desfluoro impurity; 2-
fluoro irﬁpurity; N-oxide impurity; 3-fluoro impurity; and dimer impurity.less than 0.04%
as measured by HPLC.
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