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In particular, it has been discovered that the diphenyl urea of Formula I, also referred
as  4{4-[3-(4-chloro-3-tnfluoromethylphenyl)-ureido]-3-fluorophenoxy} -pyridine-2-
carboxylic acid methyl amide is a potent inhibitor of raf, VEGFR-2, p38, and PDGFR
kinases. These enzymes are all molecular targets of interest for the treatment of hyper-
proliferative diseases, includ.ingcancer Therefore, the compound of Formula I will be

used as medicine for the treatment of the above mentioned diseases.

The preferred route of drug administration is through the oral cavity. This route
provides the greatest comfort and convenience of dosing. The bioavailability achieved
after oral administration is a measure for the potential usefulness of an oral dosage
form of a dfug. Bioavailability after oral application depends on several factors, such
as solubility of the active in aqueous media, dose strength, dissolution of the dosage
form, absorption throughout the gastrointestinal tract and first pass effect.

Therefore solid pharmaceutical compositions for oral application containing the
compound of Formula [, which result in improved dissolution, absorption and
é,\(posure in mammals, improved inter-patient variability, and overall improved

efficacy in the clinic are desired.
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pynidine-2-carboxylic acid methyl amide as depicted in Formula I, but also refers to

its solvates, hydrates, pharmaceutically acceptable salts, or a combination thereof

The present invention pertains to

(1) novel pharmaceutical compositions containing the compound of Formula I in
the form of a solid dispersion, which includes solid solutions, glass solutions,
glass suspensions, amorphous precipitations in a crystalline carrier, eutectics
or monotecics, compound or complex formation and combinations thereof,

(1)  processes for preparing these novel pharmaceutical compositions

(i) the use of these compositions for the treatment of hyper-proliferative diseases,
such as cancer, either as a sole agent, or in combination with other therapies.

In the following, the different types of solid dispersions (solid solutions, glass

. solutions, glass suspensions, amorphous precipitations in a crystalline carner,

eutectics or monotecics, compound or complex formation and combinations thereof)

are collectively referred to as solid dispersion.
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and starch derivatives, proteins and combinations thereof.

Another aspect of the invention is a pharmaceutical composition comprising a solid
dispersion, wherein the matnx comprises a sugér and/or sugar alcohol and/or
cyclodextnn, such as, for example sucrose, lactose, fructose, maltose, raffinose,
sorbitol, lactitol, mannitol, maltitol, erythritol, threitol, adonitol, arabitol, xvlitol,
dulcitol, inositol, trehalose, isomalt, inulin, maltodextnn, P-cyclodextrn,

hydroxypropyl-B-cyclodextrin, sulfobutyl ether cyclodextrin or combinations thereof.

Additional suitable excipients that are useful in the formation of the matnx of the

solid dispersion include, but are not limited to alcohols, organic acids, organic bases,
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copovidone, hydroxypropyl cellulose, hydroxypropyl methyl cellulose, polyethylene

glveol and polyethylene oxide is used as matrix agent in the solid dispersion.

[n another preferred embodiment polyvinylpyrrolidone is used as matrix agent.

An embodiment of particular interest comprises the compound of Formula |
(calculated as solvent-free base) and poiyvinylpyrrolidone in a weight ratio of 1:0.5 to

1:20.

Another preferred embodiment comprises hydroxypropyl cellulose as matnix ageat.
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In another preferred embodiment, the solid dispersion compnses polyvinylpyrroli-

done, croscarmellose sodium and microcrystalline cellulose.

In another preferred embodiment, the solid dispersion compnses hydroxypropyl

cellulose and croscarmellose sodium.

In yet another preferred embodiment, the solid dispersion comprises hydroxypropyl

cellulose and at least one excipient, which is a sugar, sugar alcohol, cyclodextnn.

The solid dispersion of the invention is prepared according to methods known to the
art for the manufacture of solid dispersions, such as fusion/melt technology, hot melt
extrusion, hot melt coating, prilling, congealing, solvent evaporation (e.g. freeze
drying, spray drying, vacuum drying, layenng of powders, granules or pellets and
fluid bed granulation), coprecipitation, supercritical fluid technology and electrostatic

spinning method.
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An aspect of the invention of particular interest is a composition, wherein the solid

dispersion is substantially homogeneous.

An aspect of the invention of particular interest is a pharmaceutical composition, in

which the compound of Formula [ is substantially amorphous.

This pharmaceutical composition will be utilized to achieve the desired
pharmacological effect by oral administration to a patient in need thereof, and will be
advantageous to a conventional formulation in terms of drug release, bioavailability,
inter-patient variability and/or efficacy in mammals. A patient, for the purpose of this
invention, is a mammal, including a human, in need of treatment for the particular

. condition or disease, including prophylactic treatment.

For oral administration, the solid dispersion described herein can be formulated into
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the solid dispersion . L
Method of treating hyper-proliferative disorders

The present invention also relates to a method for using a new oral pharmaceutical
composition of the compound of Formula I to treat mammalian hyper-proliferative
disorders, including cancer. This method comprises administering the pharmaceutical
composition in the form of a solid dispersion to 2 mammal in need thereof, including
a human, an amount which is effective to treat the disorder. The term "hyper-
proliferative disorders” and/or "cancer" not only refers to solid tumors, such as
cancers of the breast, respiratory tract, brain, reproductive organs, digestive tract,
urinary tract, eye, liver, skin, head and neck, thyroid, parathyroid and their distant
metastases, but also includes lymphomas, sarcomas, and leukemias.

Examples of breast cancer include, but are not limited to invasive ductal carcinoma,

invasive lobular carcinoma, ductal carcinoma in situ, and lobular carcinoma in situ.



formul ati on may al so be dosed in fornms such as
powders, granules, chewable, effervescent or
walt®persibl e tabl ets, or by di spersions of anypeEriespessd/es0541
solid formulation in a suitlble liquid prior to use,
for exanple if the optinmal dose regi nen was no | onger
consistent with a feasible tablet or capsule size
Msemples of C@rrrcesﬁt ¢irige WPE’N’DM whdt firealhadd, ‘bet g sot tlensd Themall-cell
sent in an also relates to od for n
RSP mated'| £ E5Rnodi ¢ Foll oF (HanCBHoouaTBE ond

EQmmg@hwn&pbkﬁﬁah manmmal i an_hyper - prohferative
di sorders, including cancer This nmethod conprises

@qgﬂnﬁle§to?5[‘aﬂgc§n@@rs RRALITRG G UL &(ﬁhm‘ﬁ%?%kglh Rl Dhdt kﬂ%ophtalmic
formof a solid dispersion to a manmal 1 n need
ghemeoferetietied ardi qegebaal astramyzoran meilinblasbizhepsidymoma, as well
effective toltrg at tFe di sorder The term

)PP TR A V4] UBOker s* and/ or "cancer” not only
refers to SO|Id tunors, such as cancers o the breast,
Fé%lﬁfsr 2l BF y3lF ARROdystie ﬁwaﬁwc@mcbuwemogéﬁsted to pro>tate and

r Yeato er. skin
g neci{&cg{‘lyrmoc{y dpfg}ﬁgt eerI ﬁiéx@ ]14 o}/%gs ] ugé bu% are not
nEﬁQStmseﬁmnmuvnab&mmnhehmd8@ Vg o s v ubaF CRABS, a@ne:il as
| eukem | es of breast cancer include, but are
fom?ﬁfﬁé&t ‘i nvasi ve ductal carcinonma, invasive

| obul ar carci noma, ductal carcinoma in situ, and
Tomarsasf Garesas e pe @m@mﬁpreeeotofﬁmc;amcea@a ofolemecolorectal,

Jaf QLY o !

R BB R o O PRl R0 sEhanleSi St Sty etand
éancbrsonch al adenoma and pl europul nonary bl ast oma
Exanpl es of brain cancers include, but are not |limted

T emBFsab MNikst RN daNliROR A aAumaee 8 BBed Q@rb%%H enﬁquney,
cei ebral astrocytonmm, medul | obl astoma, ependynd

wWehk| pehys,netiroend vdr pedancend plneal tumor Tumors of the
mal e reproductive organs include, but are not |limted
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Exdiapes bf dilver calc¥isCatindQWAPar nyaginitad to ARFaY&HINGE carcinoma
cancer, as well as
(liver cell carcinomas with or without fibrolamellar variant), cholangiocarcinoma

(intrahepatic bile duct carcinoma), and mixed hepatocellular cholangiocarcinoma.

Skin cancers include, but are not limited to squamous cell carcinoma, Kaposi's
sarcoma, malignant melanoma, Merkel cell skin cancer, and non-melanoma skin

cancer.

Head-and-neck cancers inciude, but are not limited 'to laryngeal / hypopharyngeal /

nasopharyngeal / oropharyngeal cancer, and lip and oral cavity cancer.

Lymphomas include, but are not limited to AIDS-related lymphoma, non-Hodgkin's
lymphoma, cutaneous T-cell lymphoma, Hodgkin’s disease, and lymphoma of the

central nervous system.

Sarcomas include, but are not limited to sarcoma of the soft tissue, fibrosarcoma,
osteosarcoma,  malignant  fibrous  histiocytoma, lymphosarcoma,  and

fhabdomyosarcoma.
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ShAQRY ghmwlggﬂaglu:?ssiy%%ﬁmeadetéi‘ﬁ%ah@h of eSinlent BHKRMRditions

hese di sorderS have ‘been wel| characterize
lﬂstnaﬁ@cl atiye 1@nsonreals sandwik it borapasisom loéithese results thh the results of
known medicaments that are used to treat these conditions, the effective dosage of the
pharmaceutical compositions of this invention can readily be determined by those
skilled in the art. The amount of the administered active ingredient can vary widely
according to such considerations as the particular compound and dosage unit
employed, the mode and time of administration, the period of treatment, the age, sex,
and general condition of the patient treated, the nature and extent of the condition

‘treated, the rate of drug metabolism and excretion, the potential drug combinations

and drug-drug interactions, and the like.

\

The pharmaceutical compositions of this invention can be administered as the sole
agent or in combination with one or more other therapies where the combination
causes no unacceptable adverse effects. For example, they can be combined with
cytotoxic agents, signal transduction inhibitors, or with other anti-cancer agents or
therapies, as well as with admixtures and combinations thereof.

In one embodiment, the pharmaceutical compositions of the present invention can be
combined with cytotoxic anti-cancer agents. Examples of such agents can be found in

the 11" Edition of the Merck Index (1996). These agents include, by no way of
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Other cytotoxic anti-cancer agents suitable for use in combination with the
compositions of the invention also include newly discovered cytotoxic principles such
as oxaliplatin, gemcitabine, capecitabine, epothilorie and its natural or synthetic
derivatives, temozolomide (Quinn et al, J. Clin. Oncology 2003, 21(4), 646-651),
tositumomab (Bexxar), trabedectin (Vidal et al., Proceedings of the American Society
Sfor Clinical Oncology 2004, 23, abstract 3181), and the inhibitors of the kinesin
spindle protein Eg3 (Wood et al., Curr. Opin. Pharmacol. 2001, /, 370-377).

[n another embodiment, the pharmaceutical compositions of the present invention can
be combined with other signal transduction inhibitors. Of particular interest are signal

transduction inhibitors which target the EGFR family, such as EGFR, HER-2, and
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annéécﬂgs su%ﬁ Al?vasgm (bevacizumab). These agents also include, by no way of

limitation, small-molecule inhibitors such as STI-571 / Gleevec (Zvelebil, Curr.
Opin. Oncol., Endocr.-Metab. Invest. Drugs 2000, 2(1), 74-82), PTK-787 (Wood et
al., Cancer Res. 2000, 60(8), 2178-2189), SU-11248 (Demetn et al,, Probeedz’ngs of
the American Society for Clinical Oncology 2004, 23, abstract 3001), ZD-6474
(Hennequin et al., 92" 44CR Meeting, New Orleans, March 24-28, 2001, abstract
3152), AG-13736 (Herbst et al.,, Clin. Cancer Res. 2003, 9, 16 (suppl 1), abstract
C253), KRN-951 (Taguchi et al,, 95" 4ACR Meeting, Orlando, FL, 2004, abstract
. 2375), CP-347,632 (Beebe et al,, Cancer Res. 2003, 63, 7301-7309), CP-673,451
(Roberts et al., Proceedings of the American Association of Cancer Research 2004,
43, abstract 3989), CHIR-258 (Lee et al., Proceedings of the American Association of
Cancer Research 2004, 45, abstract 2130), MLN-518 (Shen et al., Blood 2003, /02,
11, abstract 476), AMG-706 (Herbst et al., £ur. J. Cancer 2004, 2(8), abstract 151).
BIBF-1120 (Mross et al., Proceedings of the American Sociery for C!z’nz‘éa/ Oncology
2005, 24, abstract 3031), ABT-869 (Albert et al., Proceedings of the American
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325901 (Sebolt-Leopold et al. Proceedzngs of the American Association of Cancer
Research 2004, 45, abstract 4003), and ARRY-142886 (Wallace et al., Proceedings

of the American Association of Cancer Research 2004, 43, abstract 3891).

In another embodiment, the pharmaceutical compositions of the present invention can
be combined with inhibitors of histone deacetylase. Examples of such agents include,
by no way of limitation, suberoylanilide hydroxamic acid (SAHA), LAQ-324
(Ottmann et al., Proceedings of the American Society for Clinical Oncology 2004, 23,
abstract 3024), LBH-3389 (Beck et al., Proceedings of the 4dmerican Society for
Clinical Oncology 2004, 23, abstract 3025), MS-275 (Ryan et al., Proceedings of the
American Association of Cancer Research 2004, 45, abstract 2452), and FR-901228
(Piekarz et al., Proceedings of the American Society for Clinical Oncology 2004, 23,

abstract 3028).
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(7) provide a longer time for tumor progression, and/or

(8) y1eld efficacy and tolerability results at least as good as those of the agents
used alone, compared to known instances where other cancer agent combinations

produce antagonistic effects.

It is believed that one skilled in the am, using the preceding information and

information available in the art, can utilize the present invention to its fullest extent.

It should be apparent to one of ordinary skill in the art that changes and modifications
can be made to this invention without departing from the spirit or scope of the

Invention as it is set forth herein.

All publications, applications and patents cited above and below are incorporated

herein by reference.
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A solution of 4-amino-3-fluorophenol (300 mg, 3.9 mmol) in N;N-dimethylacetamide
(6 mL) cooled to 0 °C was treated with potassium rert-butoxide (441 mg, 3.9 mmol),
and the brown solution was allowed to stir at 0 °C for 25 min. To the mixture was
added 4-chloro-NV-methyl-2-pyridinecarboxamide (516 mg, 3.0 mmol) as a solution in
dimethylacetamide (4 mL). The reaction was heated at 100 °C for 16 h. The mixture
was cooled to room temperature, quenched with H,O (20 mL), and extracted with
ehtylacetate (4 x 40 mL). The combined organics were washed with H,0 (2 x 30 mL),
dried (MgSQ.), and evaporated to afford a red-brown oil. 'H-NMR indicated the
presence of residual dimethylacetamide, thus the oil was taken up in diethylether (30

mL) and was further washed with brine (5 x 30 mL). The organic layer was dried



Exanple 1 Representative salts of the conpound of

Exanple 1 are described in Exanples 2, 3, and 4 Novel
waoemlos/d2adosper si on formul ati ons of the conmpoundp@©f/US2005/030541

Forrmula | are descpbed i Etanple 5 to 20 The exanpl es

will serve to further illustrate the invention w thout

limting it Exanples Abbreviations used in this

Syes0f) mdtcoorenanedas gfvalds0wsy HRhEdbiigh po@ss us e rdd-gruive solid,

chromat ogr aphy LC- M5 Li qui d chromat ography- coupl ed

LSS isetet B’St}é/l%ﬁ?X‘E@PR”F%Oiuh&‘i‘rbﬁ%HP%rmt ogr aphy

retention tinme MP nelting point NMR nucl ear resonance

spectroscopy TLC thin layer chronmatography RT

retention time ES el ectrospray HRMVS high resol ution

E&S 6 psd € C thresaapiy Br @paf4a3i @ hdd rod3-adiil ierodndilioip @ ping)-pedid o) - 3-

To a dry flask purged with Aigon was added 10% Pd/ C

flgoraplenev1it Dg5y-CarpOYoF 3¢ id mpihytpidenol ( 1 2 g, 7

64 mmol ) as a solution in ethyl acetate (40 nL) The

m xture was stirred under an P atnosphere for 4 h The

m xture was filtereg through a pad of Cefte and the

'sol vent was evefor t &d under reduced pregsure to

afford the desrr odust Sel4d 940 ny, 7

39 mmol, 97 %yield)| 1Ht NV olh) 4 384(s, 2H), 6

29-6 35 (m IH), 6~ IN(dN 5, 1277, IH 1 6 52-6

62 (m IH), 8 76 (s, IH) Preparation of

4- (4-am no-3-fiuoro rhenoxy)pyri di ue-2-carboxylic acid

nmet hyl am de A sol ution of 4-anmmo-3-fl uorophenol (500

, 39 muol) in /V.iV-dinmethyl acetam de , , ‘
To a solution of 4-(4-amino-3-fluorophenoXy)pyridine-2-carboxylic acid methylamide

(177 mg, 0.68 mmol) in toluene (3 mL) was added 4-chloro-3-(trifluoromethyl)phenyl
isocyanate (150 mg, 0.68 mmol). The mixture was stirred at room temperature for 72
h. The reaction was concentrated under reduced pressure and the residue was triturated
with diethylether. The resulting solid was collected by filtration and dried in vacuo for
4 h to afford the title compound (155 mg, 0.32 mmol; 47% vyield); 'H-NMR (DMSO-
ds) 2.78 (d, J=4.9, 3H), 7.03-7.08 (m, 1H), 7.16 (dd, /=2.6, 5.6, 1H), 7.32 (dd, /=2.7,
11.6, 1H), 7.39 (d, /=15, 1H), 7.60 (s, 2H), 8.07-8.18 (m, 2H), 8.50 (d, J=5.7, | H),
8.72 (s, 1H), 8.74-8.80 (m, 1H), 9.50 (s, 1H); MS (HPLC/ES) 483.06 myz = (M + 1).

A method of prepaning 4-chloro-V-methyl-2-pyridinecarboxamide is described in
Bankston et al. "A Scaleable Synthesis of BAY 43-9006: A Potent Raf Kinase
Inhibitor for the Treatment of Cancer” Org. Proc. Res. Dev. 2002, 6(6), 777-781.

Example 2: Preparation of 4{4-{3-(4-chloro-3-trifluoromethylphenyl)-ureido]-3-

fluorophenoxy}-pyridine-2-carboxylic acid methylamide bhydrochloride

The compound of Example | as a free base (2.0 g) was dissolved in anhydrous
tetrahydrofuran (15 mL) and a 4M HCl/dioxane was added (excess). The solution
was then concentrated (n vacuo to afford 2.32 grams of off-white solids. The crude
salt was dissolved in hot ethanol (125 mL), acuvated carbon was added and the

mixture heated at reflux for 15 minutes. The hot suspension was filtered through a



(6 nm.) cooled to O OC was treated with potassi um

ferr-butoxide (441 ng, 3 9 mol ), and the brown
wemloanzesm was al lowed to stir at 0 OC for 25 nraVos20b&030541

m xture was added 18

4-chl oro-/ V- et hyl - 2- pyndi necar boxarnde (5 16 ng, 3.0

mml ) as a solution in dinethylacetamde (4 nL) The

medet Contevids aheatlededto cboDoOComaemp&aturd hEharilxdkuve piasd in a

o450 FIRSIALUTES, QUENCES AN HEO CROITD) s
GAMDiALEd] QhGARHGS: WBd & rWaShETherbhe FRQLAR Wer3QodBehtrated down
dned (MySO4), and evaporated to afford a red-brown
énd cosHlaaRoN el dieeetl) BHewpt édkerg @laot avesiighualA second crop of

et hyl t.am d hus, t he aid was ken up in L
IR G AT e M B e R TR ShiaRs i irge in
BewunB0ved )t JheCangamnke day eficMesr BReddhBRi M 8fdined 1.72 ¢
concentrated to give 950 ng of the desired product as °
&%ed-brown solid, which was used in the next step

'etl{l-lrgyéogtugﬁi,@ati on Exanple 1: Preparation of 4
Ml- R4 chl ore- 3- t pf | uor onet hyl phe pyl)-ure ido]- 3-
Elarpmophesoxy} - pyri di ne- 2- carboxyl i c acid nethyl ani de
To a sol ution of 4-(4-am no-3-fl uorophenoxy) py
pdi neL2lcdar boxyFpPerdaci d net hyl anide (177 ng, 0 68

I') 4435tol uengg 3 nl) was added 4-chloro-3-(t

pf | uor onet hyl ) phenyl isocyanate (150 ng, 0 68 mmol)
Hhe nixture was2gtirred at roomtenperature for 72 h
The reaction was_concentrated under reduced pressure

Ahd the /Y esiduel%8e triturated with diet hyl et her The
resul {4 gg solidyygs collected by filtration and dned
in vacuo for 4 I!1 to afford the title conpound ( 155
Ay, 01823mmol, 4¥%yield), 1H NWR (DVMSGd 6) 2 78 (d,

J=4 9, 3H), 7 03-7 08 (m IH), 7 16 (dd, J=2 6, 5 6,

IH, 7 32 (dd, J=I 7, 11 6, IH), 7 39 (d, J=I 5, IH,

7 60 fs, 2H), 8 07-8 18 (}m 2H), 8 50 (d, 57, IH, 8
Erapgle pHPreparagiop o4 {Unt3-(Higploro-Borifleoromdyhylwsenyl)-ureido]-3-

P (B e 2 o S b DD e RS GRE P v
BRSO Boelh Soaleatle Sinuhist s of DAY 450006 A
GANGRYE 2 Al BeenREMARINRsuIR0R) acid (cé&) lvas added. The solution
was then concentrated in vacuo to afford a yellow oil. Ethanol was added and
concentration repeated, affording 2.41 g of off-white solids. The crude salt was
dissolved in hot ethanol (~125 mL) and then cooled slowly to crystallize. After
reaching room temperature, the flask was placed in a freezer overnight. The colorless
crystalline matenal was collected by suction ﬁltrationl;‘the filter cake was washed with
ethanol, then hexane and‘air-dried, to afford 2.05 g of material, which was dried in a
vacuum oven at 60 °C overnight.

Melting point: 231 °C



Exanple 2 : Preparation of 4{4-(3-(4-chloro-3-t p
f1 uoronet hyl pheny!) - urei doj - 3-

W0 ravenmsbenoxy} - pyri di ne- 2- carboxylic aci d netiyl/asi00&030541
hydrochl ori de The conpoundi1of Exanple 1 as a free base
(2 0 g was dissolved in anhydrous tetrahydroruran (
15 nL) and a 4M HCO / di oxane was added (excess) The
§dnntdanygss:t hen concentrated in vacuo to afford 2 32
grans o f off-white solids The crude salt was
di ssof-#&8 i n hof®&thanol (125 nL), activated carbon
was added and tQespixture heated at reflux for 15
m nut es The hot suspension was filtered through apad
of CeBidtte 52 1 amd allowed to cool to roomtenperature
The flask was placed in a freezer overnight The
é\pyst gi%gi ne sol PgéL were col |l ected by suction
tiyl tratbon, washed wi th ethanol, then hexane and
alr-dped The nother |iquors were concentrated down and
CrystabllBzati onl§Aefreezer) all owed taking place
vernight A seco 9 crop of solids was collected and

onbi ﬁga with tﬁg first crop The colorless salt was

dried in a vacuum oven at 60 OC over two days Yield of
hydrochl oride salt obtained 1 72 g (79% Melting point

2 15 0C El enental analysis Calcd Found C 48 57 48 68 H
Bxample247@ rpp wr0vion 1@ 63 (G- (H-chB r63- U316 ofn ety 16 Bedyd)-88eido]-3-

aIe3:Preartionog . I )

RS do e rBes Fienrho Shi aridmpmslands phenrisy s,
&‘Euor opheno\ y]}é- ri ﬂi ne- % cgr bo\7y7I_i c. acid net hyl am de .

SyPRPYFHY bﬁ%‘aa oot TEXRAW &2 85"as preengidsie {thanol (30

n.) Ghd e, i 8y &Gd (@781 BAROLh{nol O mL) was added. The mixture
was heated with vigorous stirring.  All solid material dissolved to give a reddish
solution. The solution was allowed to cool to room temperature and the flask
scratched. Crystal formation was slow, some seeds were found, added to solution and
placed in freezer overnight. Grayish-tan solids had formed in the flask; the material

" was broken up & collected by suction filtration. The solids were washed with
ethanol, then hexane and air-dried. Weighed product: 2.05 g, 69% vield.
Melting point: 213 °C

Elemental Analysis:

Calcd. Found
C 50.59 50.24
H 3.30 3.50
N 8.74 8.54 : -
F 11.86 11.79
Cl 5.53 5.63

S 5.00 5.16



m.) and a stock solution of methanesul fonic acid
(excess) was added The sol ution was then concentrated

wo mosamse t o afford a yell ow oil Ethanol was apldEUSBNE030541
concentration repeated, affording 2 4 1 g of off-white
solids The crude salt was dissolved in hot ethanol
(-125 nmL) and then cooled slowy to crystallize After
r%mmplng 3¢ oBmptaemfp'mx atfume 1 +# heolfd aikpassisnpbaced-([BA4ahloro-3-

zer overni The rless crystalline materi al .

EERBE N B DBl Ror PP Gaaon b Felmr -t oo acid
wasthwashet with oA rrolidiaR, hexane and air-dped, to
afford 2 05 g of material, which was dped in a vacuum
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der @ léase®d-bakeurs2 25 g) was suspended in ethanol (50
nm.) and benzensul fonic acid (0 737 g) in ethanol (50
m.) was added The m xture was heated wi th vigorous
stirpng All solid material dissolved to give a reddi sh
dolagaleont THE egatagiononl was! |5@\ngd dispecool ¢fo 4r{4}cb3n(4 chloro-3-
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phab eich ridefwigtepelviavyRyRigion& ayi sh-tan sol i ds had
formed in the flask, the materi al

One part of the compound of Formula I as base and three parts of
polyvinylpyrrolidone (PVP 25 / Kollidon® 25) were dissolved in 30 parts of a §0:20
acetone/ethanol muxture (w/w). Using a rotary vacuum evaporator the solvent was

removed at 70°C. The dry residue was removed from the evaporation flask and sieved

(630 um).

Example 7: Preparation of a 147 solid dispersion of 4{4-[3-(4-chloro-3-
trifluoromethylphenyl)-ureido]-3-fluorophenoxy}-pyridine-2-carboxylic acid

methyl amide with polyvinylpyrrolidone.

One part of the compound of Formula I as base and seven parts PVP 25 were
dissolved in 30 parts of a 80:20 acetone/ethanol mixture (w/w). Using a rotary
vacuum evaporator the solvent was removed at 70°C. The dry residue was removed

from the evaporation flask and sieved (630 um).

Example 8: Solid dispersion of 4{4-[3-(4-chloro-3-trifluoromethylphenyl)-
ureidoj-3-fluorophenoxy}-pyridine-2-carboxylic acid methyl amide with

hydroxypropyl cellulose (HPC) prepared by melt extrusion.

Two parts of the compound of Formula [ as base were mixed with one part of Maltitol

and seven parts of HPC-M. The mixture was extruded using a lab twin screw extruder



was broken up & collected by suction filtration The
solids were washed with ethanol, then hexane and
wa@neocapesdo VWei ghed product 2 05 g, 69% vyi el d MebPeT/g2005/030541
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t he conpound of Exanple 1 as a free base was m xed

with four parts pol yvi nyl pyrrolidone (PVP-25 /

oél Fﬂ‘ ? nd di ssol ved |.£{ ﬁ sufficient anpunt of
ofif* JBPTRR aply e aridtehlqracy- frifGyqromethylphenyl)-
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into a vacuum oven set at 400C, and
| e@gitcroseag@eliengrsediuBxanpl e 6 : Pr epar atl on of a 1+3
solid dispersion of 4{4-[3-(4-chloro-3- tri

puosdneethyl @Héqudf)thmoteuhdmbmaohddmfrB@hﬁmwxys} bd3¥ fahdilmer2of PVP
am de wit

boxy!
pasg){}?r{éi‘:b%(% 4&%@63/0@%@“63& k%ﬁth@wé s rRseRdFel. Gfsing a fluidized

FoeaUduimasaRass: and LIRS » i
pol yV|anL31/LIrByr?o |td2)ne PVFt’%QS %{Kg %%Idor?nﬁ%) %¥%er bed of 1.6 kg

ducscssozhwélowscsmurpamtasteofpeam&e A CatEonetetdrgmgl the product was
m xt w' % Usi ng,2 r ot arQ/ vacuum evapor at or 't he
SSIEY (i:fl . I'he granufate can be used as 1t is or 1t can be further formulated for

example to sachet, capsule or tablet formulations.

Example 10: Solid dispersion of 4{4-[3-(4-chloro-3-trifluoromethylphenyl)-
ureido]-3-ﬂqorophenoxy}-pyridine-?.-carboxylic acid methyl amide with PVP

and sodium starch glycolate.

This material was prepared in a similar way as described in Example 9, except that the
solution is sprayed onto a powder bed of 1.6 kg sodium starch gycolate Type A

(Explotab®)

Example 11: Solid dispersion of 4{4-[3-(4-chloro-3-trifluoromethylphenyl)-
ureido]-3-fluorophenoxyj-pyridine-2-carboxylic acid methyl amide with PVP

and croscarmellose sodium .

A solution of 0.4 kg of the of the compound of Formula I as base and 1.6 kg of PVP
25 in a mixture of 6.4 kg acetone and 1.6 kg ethanol was prepared. Using a fluidized
bed vacuum granulator this solution was sprayed onto a powder bed of 2 kg
croscarmellose sodium at a temperature of 60-70°C. After drying the product was
sieved (1 mm). The granulate can be used as it is or it can be further formulated for

example to sachet, capsule or tablet formulations.
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evaporation flask and sieved (630 nm Exanple 7:
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Example 14: Solid dispersion of 4{4-[3-(4-chloro-3-trifluoromethylphenyl)-

ureido]-3-fluorophenoxy}-pyridine-2-carboxylic acid methyl amide with HPC-L

and croscarmellose sodium .

A solution 0of 0.4 kg of the of the cdmpound of Formula I as base and 1.6 kg of
HPC-L in 28 kg acetone was prepared. Using a fluidized bed vacuum granulator this
solution was sprayed onto a powder bed of 2 kg croscarmellose sodium at a
temperature of 40-60°C. After drying the product wés sieved (I mm). The granulate
can be used as 1t is or it can be further formulated for example to sachet, capsule or

tablet formulations.

Example 15: Tablets containing a solid dispersion of d{4-[3-(4-chloro-3-
trifluoromethylphenyl)-ureido]-3-fluorophenoxy}-pyridine-2-carboxylic acid

methyl amide

The granulate of Example 11 was roller compacted and screened 3 and 1 mm.

Subsequently the compacted granulate was blended with 0.34 kg croscarmellose



exanpl e to sachet, capsule or tablet formul ations
Exanpl e 10: Solid di spersion of
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as base and 1 6 kg of PVT 25 in a mxture of 6 4 kg
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f1uidi zed bed vacuum granul ator this sol ution was
tsm@y@memm&avbmao Beltnagppbenayytigsidiradcadoaylic acid

% PM.af. a tenperature of 60-700C After drying the
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% GaehiiebCErabPl OF tHICE Fofmarar  BhsErAf & T | mm

%lsécﬁlegﬂﬁﬁﬁi gb@padtd granulate was blended with 0.54 kg croscarmellose

(4-chloro-3-trifl uoromet hyl phenyl) -
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100 @AgSdfMihk a.forr\/[@)dn@f‘@fd%&ﬁ&!abpdmenta&%%nﬁﬂa? BELGIneX6@8d for light
that “the sol ution was sprayed onto a powder bed

wonsi®ti ng of 1 kg croscarnel | ose sodiumand 1 kg

m crocrystalline cellul ose Exanple 13: Solid dispersio

a of 4{4-[3-(4-ch]oro-3-trifluoronethyl phenyl)-

urei do] - 3-fi uorophe aoxy}-pyridi ne-2-carboxylic acid
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trifluoromethylphenyl)-ureido|-3-fluorophenoxy}-pyridine-2-carboxylic acid

methyl amide

A solution of 0.4 kg of the of the compound of Formula [ as base and 1.2 kg of PVP
25 in a mixture of 6.4 kg acetone and 1.6 kg ethanol was prepared. Using a fluidized
bed vacuum granulator this solution was sprayed onto a powder bed consisting of 0.8
kg croscarmellose sodium and 0.8 kg microcrystalline cellulose at a temperature of
60-70°C. After drying the product is sieved (I mm). The granulate (s roller
compacted and screened 3 and | mm, Subsequently the compacted granulate was
blended with 1.34 kg croscarmellose sodium, 24 g colloidal anhydrous silica and 36 g
magnesium stearate. This ready-to-press blend is compressed on a rotary tablet press
to tablets containing 20, 50 an 100 mg of the compound of Formula I. The tablets

may be film-coated for light protection.
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A single dose of the compounds of Examples [, 2, 3, 4, and 5 was administered to
each of three fasted male Wastar rats (220-250 g; 6-8 weeks old) orally. Compounds
of Examples 1-4 were administered by oral gavage in the formulation described in
Table 1. The solid dispersion of Example 5 (1.25 mg drug substance in 5 mg PVP-25)
was administered in size 9 capsules. One capsule was administered per rat.

Approximately 0.4 mL of whole blood was collected via an indwelling jugular
catheter at: 0.25, 0.5, 1, 2, 4, 7, 24, and 48 h post-dose. The blood samples were
centrifuged (approx. 5 min.) in order to obtain plasma which was then transferred to

the appropriately labeled vials and stored frozen (-20°C) until analysis for parent drug.

Plasma samples were analyzed via LC/MS/MS for parent drug concentrations and

pharmacokinetic parameters were calculated using Watson LIMS.
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drug substance (compound of Example 1) per kg of body welght. The relative

bioavallabilities in the rat are calculated from the data of an intravenous bolus dose of

)

/
i

mg/kg in the same strain of rats, using a solution of the active in a Cremophor
RH40: ethanol: water (12.5:12.5:75) vehicle. The plasma exposure in the exposure
arm of the suspension in 0.5% tylose solution (9.9% F) reflects a crystalline,
micronized drug substance with the following characteristics: 208 °C (onset), 211 °C

(peak), AH=91.4]J/g.

The pharmaceutical composition based on a 1+4 solid dispersion of the compound of
this invention with polyvinylpyrrolidone (PVP-25, Example 5) provides an improved
absorption and oral exposure in the rat, compared to two conventional formulations of
the free base, and three conventional formulations of pharmaceutically acceptable

salts of the compound of Formula [.
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Plasma samples were analyzed via LC/MSMS for parent drug concentrations and

pharmacokinetic parameters were calculated. The results are presented in Table 2.

- Table 2: Comparison of the exposure in the rat for different formulations of the

compound of Formula I

Suspension of Solid dispersion
micronized compound suspended in water
Dose [mg/kg] 2 10 50 2 10 50
AUC [mg*h/L] 4.1 13.9 30.1 9.8 48.6 152
Crmax (ME/L] 0.34 .11 2.24 1.00 528 12.7 B
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5. A composition according to claim 2, wherein the matrix comprises a water soluble

polymer.

6. A compositions according to claim S, wherein the matrix comprises at least one
polymer from the group consisting of polyvinylpyrrolidone, copovidone,
hydroxypropyl cellulose, hydroxypropyl methyl cellulose, polyethylene glycole or

polyethylene oxide.

7. A composition according to claim 6, wherein polyvinylpyrrolidone is used as

matrix agent.
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12. A composition according to claim §, wherein the solid dispersion comprises

polyvinylpyrrolidone and croscarmellose sodium.

13. A composition according to claim 8, wherein the solid dispersion comprises

polyvinylpyrrolidone and sodium starch glycolate.

14. A composition according to claim §, wherein the solid dispersion comprises

polyvinylpyrrolidone, croscarmellose sodium and microcrystalline cellulose.

15. A composition according to claim 10, wherein the solid dispersion comprises

hydroxypropy!l cellulose and croscarmellose sodium.

6. A composition according to claim 10, wherein the sohd dispersion comprises
hydroxypropyl cellulose and at least one excipient which 1s a sugar, sugar alcohol,

cyclodextrin.

17. A composition according to any of the proceeding claims, wherein the solid

dispersion is substantially homogeneous.
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which . comprises simultaneously exposing the compound of Formula I and at
least one matrix agent to hot melt extrusion, hot melt coating, prlling, congealing,

solvent evaporation techniques or a combination thereof.

24. A process according to claim 23, wherein the solid dispersion is prepared by

exposing the compound of Formula [ and at least one matrix agent to hot melt

extrusion.

25. A process according to claim 23, wherein the solid dispersion is prepared by
exposing the compound of Formula | and at least one matrix agent to solvent

evaporation techniques,
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30. A pharmaceutical composition, whenever produced by a process of any of the

claims 23 to 29.

31. A method for treatment of hyper-proliferative disorders comprising administering.
a pharmaceutical composition according to any of the claims 1 to 22 and 30 to a
mammal, including a human, either as sole agent or in combination with other

therapies.

32. A method for treatment of cancer compnsing administering a pharmaceutical
composition according to any of the claims 1 to 22 and 30 to a mammal, including

a human, either as sole agent or in combination with other therapies.

33. A method for treatment of cancer compnsing administering a pharmaceutical
composition according to any of the claims 1 to 22 and 30 to a mammal, including

a human, either as sole agent or in combination with radio therapy.
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