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Formula 1
Development code: AN-019
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Backeround of the Invention
The preparation of (3,5-bis trifluoromethyl)-N-[4-methyl-3-(4-pyridin-3yl-pyrimidin-
2ylamino)-phenyl}-benzamide of formula 1, and the use thereof, especially as an anti-
25  tumour agent, are described in Examples 3 and 4 of W02006/027795 (PCT/IN05/00243
filed July 19, 2005) which was published on 16 March 2006, and in corresponding
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applications in DUMEroUs other countries including USA (Pub. No.: US 2007/0232633).
In these publications polymorphism is not discussed.

Tt has now been surprisingly found that under certain conditions a new polymorphic form
of the compound of formula I is formed, which -is described hereinafter as Form-II1

orystal form, and it has advantzgeous properties.

Sammary

The present disciosure relates to a particular form of the (3,5-bis trifiuoromethyl)-N-{4-
methyl-3-(4—pyridin—3yl—pyximidin-2y'1amino)-phenyl]—benzami&s {formuia I), processes
for the preparation thereof, pharmaceutical compositions containing this crystal form, and
their use as anti tumor agent in humans. The compound of formula I, also kmown as AN-

019,18 -

15

In a first aspect, there is provided a Form-IIT crystal form of (3,5-bis trifluoromethyl)-N-[4-methyl-3-(4-
mﬁdin-SylupyrimidimZylamhm}—phmyl} -penzamide (formule T), having the following
WRPD characteristics:
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3008 14, 94417 245
- 6.491 13.60517 664
8267 10.686%0 10040
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2318 3.54329 111
255887 3438895 31
26,500 336078 33
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J2.886 272133 3.2
33558 266828 5.0
35016 240836 3.8
30645 ' 2ITNST 49
43,061 2. 00803 C 126
43,748 206753 3,
44,055 205383 3.8,

Ir 2 second aspect, there is provided a process for preparing a Form-1II crystal form of {3,5-bis rifluoromethyl)-
N-[4~methy1—3—(4~pyri_din-3yl—pyrimidin—Zylaxﬁno)-phgnyI}—benzmde (formula I} as defined above, the
process comprising:
treating the compound of Formuia 1 in & Forr-l or Form-II crystal form
 heving the following XRPD characteristics:

T Angie i2-Thets] | f-viilue Angsirom | Intopsity %
6795 ~TI.00131 | 13D ’
9575 I R.0DGB0 B

11106 T 5060 43

13,967 666520 PTS
16386 40523 70

17641 EE 1.3

18,857 266785 3.0 ;
10,978 | 448530 515

21 E0L, 4.05635 100.0

72 305G 306650 20.5

T3 460 575750 9.7

24 AGE "3 63545 BT

54,930 336750 34

5 535 348655 146

36.058 330851 103

28777 300057 37

30,545 2 63436 YA

33011 271129 110,

Form-] crystal form
22



4.4. 055 2. 05383 3.9 In a second aspect, there is prowded a process for preparing a Form-IIl crystal

form of (3,5-bis trifiuoromethyl)-

N-14-methy1-3-(4-pyridin-3yl-pyrimidin-2371amino)-phenylkbenzamide (formula I) as defined above,
the process comprising: treating the compound of formula | in a Form-I or Form-II crystal form having
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. Form-IT crystal form

with scetic acid or a mixture of dimethyl formamide and acetone, hexane, or toluens;

and,

subseguently treating the once treated compound with acetic acid,

acetone, hexane, or toluene.

In a third aspect, there is provided & pharmaceutical composition comprising 2 pharmaceutically acceptable

excipient and a Form-Ill cryst:vﬂ form of (3,5-bis t:;iﬂuoramcthyl}-N-{#methyl-is-(-i-
pyri din-3yl-pyrimidin-2ylamino)-phenyl}-benzamide (formula I) as defined above.

In a fourth aspect, there is provided the use of a Form-III crystal form of (3,5-bis

trifluoromethyl) -N—[4—methy1-3—(4—pyridin—3yl—pyzimidin—Zylanﬁno)—phenyi] -benzamide (formuia

1) as defined above, in the manufacture of an antiproliferative medicament for treating a tumor

disorder.

In an embodiment, the present disclosure relates to a Form-1I1 brystal form of (3,5-bis

trifiuoromethyl)-N-[4-methyl-3-(4-pyridin-3 yl-pyrimidin-2ylamino)-phenyl]-benzamide
(formula 1), wherein the Form-III crystal form has the XRPD characteristics lisied in
Table 3, below. This crystal form can have a melting point at or above 240 °C. The

crystal form can be essentially pure.

In an embodiment, the present disclosure relates to a method of treating a subject n need _

of anti-proliferative therapy. This embodiment of the method can include administering
to the subject a Form-I crystal form of (3,5-bis rifinoromethyl}-N-{ 4-methyl-3-(4-

Zh
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crystal form 2a Angle- d-value Anpstzm Iratnsity % 6300 1338651[ 12.2
10216 8,1725 10
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pyridin-3 yl-pyrimidin-2ylamino}-phenyl}-benzamide (formula I), wherein the Form-II
crystal form has the XRPD characteristics iisted in Table 3, below. '

The present disclosure also relates to a pharmaceutical composition. The pharmaceutical
composition includes a pharmaceutically acceptable excipient and a Form-III crystal form
of (3,5-bis mﬁuoromethyl}—N -[4-methyl-3- (#pyndm%yl—pynnudm-2ylammo)-phenyi]
benzamide (formule I), wherein the Form-II1 crystal form has the XRPD characteristics
Histed in Table 3, below.

The present disclosure also relates to a use of a Form-III crystal form of (3,5-bis
trifluoromethyl)-N-[4-methyl-3-(4-pyridin- 3y1~pynm1dan-Zylammo)—phenyl}-benzam.ide
(formula T), wherein the Form-III crystal form has the XRPD characteristics listed in
Table 1 below for producing ap anti-proliferative medicament for treating a tumor

disorder,

The present disclosure relates to a process for preparing a Form-III crystal férrn of (3,5-bis
triftuoromethyl}-N-{4-methyl-3 -(4-py1’idin—3yl~pyrimidin-—2yiamino)-pheny1}-benzamide
(formula 1), wherein fhe Form-IiI crysial form has the XRPD characteristics listed in
Table 3, below. This process includes treating the compound of formuta Iin 2 Form-I or
Form-II orystal form with acefic acid or a mixture of dimethyl formamide and acetone,
hexane, or toluene. This process can also include subsequently treating the oncs treated

compound with acetic acid, acetone, hexane, or toluene.

In another embodiment, the present disclosure relates 10 a Form-I crystal form of (3,5-bis
ﬂiﬂuoromc‘rhyl}—N—[ﬁr—methyM-(4—pyzidin—3yl~pyrimidin-2y1mnino)—phenyl}-bcnzamide

' (formuta T), wherein the Form-I crystal form has the XRPD characteristics listed in Table
1, below.

In another embodiment, the present disclosure relates to a Form-11 crystal form of (3, 5-bis
triflaoromethyl)-N-{ 4-methyl-3- {4-pynam—3yl«pyrmdm~2ylamm0)»pheny1}—bsnzamxde
(formuta T), wherein the Form-Ii crystal form has the XRPD characteristics listed in Table
2, below.
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Brief Description of the Fisures

FIG. 1 shows the X-ray diffraction(XRD) diagram of the Form-I crystal form of the

compound of formula I The 26 values and intensities are tabulated in Table 1.

5  FIG. 2 shows the X-ray diffraction (XRD) diagram of the Form-II crystal form of the

compound of formula I. The 26 values and intensities are tabulated in Table 2.

FIG. 3 shows the X-ray diffraction (XRD) diagram of the Form-III crystal form of the
compound of formula I. The 20 values and intensities are tabulated in Table 3.

10
FIG. 4 shows a differential scanning calorimetry (DSC) thermogram of Form-I crystal

form of the compound of formula I

FIG. 5 shows a diffcrential scanning calorimetry (DSC) thermogram of Form-II crystal

15  form of the compound of formula L

FIG. 6 shows a differential scanning calorimetry(DSC) thermogram of Form-IIl crystal

form of the compound of formula L
20  FIG. 7 shows morphology of Form-I crystal form of the compound of formula L
FIG. 8 shows morphology of Form-II crystal form of the compound of formula L

FIG. 9 shows morphology of Form-III crystal form of the compound of formula I.
25
FIGs. 10A and 10B illustrate that intraperitoneal injections of the compound of formula I
(Example 1) caused regression of leukemia in nude mice. Tail vein drawn blood smears
revealed an increase in LGI in conirols and a progressive decrease in LGI in Imatinib-and
ANO19-treated mice (Fig. 10A). On day 48 LGl of Imatinib-treated mice was determined
30 to be 20=5, whereas LGI of ANO19-treated mice was found to be 10+£2 with an almost
normal ceil count (Fig. 10B).



2.14346 2_544.193 2.04777 1.7 crystal form with acetic acid or a mixture of thmethyl formamide and
acetone, hexane, or toluene; and, subsequently treating the once treated compound with acetic acid,
acetone, hexane, or toluene. In a third aspect, there is provided a pharmaceutical composition
comprising axghamswaesatically acceptable excipient and a Form-ll1 crystBf 1wt ¢s8bis
trifluoromethyl)-N-E4-rnethyl-3-(4- pyridin-3y1-pyrimidin-2ylamino)-phenylkbenzamide (formula I) as
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embodiment ¢igpirseryisciasute aalatosig/aemethadrafdrsating:d sulsjactin imdediivfase
anti-proliferative therapy. This embodiment of the method can include srirninistering to the subject a
Form-IIi cryst%iqfc?lsrbﬁogf (3,5-bis trifluoromethyl)-N-[4-methyl-344- :
pyridin-3y1-pyrimidin-2ylamino)-phenylkbenzamide (formula I), wherein the Form-Ill crystal form has
the ).PD charggterstigs lisied {7 ahle snRRlaWrichhs: BRseRS disslosyealsonipipipsiaale

pharmaceutical composition. The pharmaceutical composition i clgdes1 alpharmaceutically acceptable
excipierﬂoandl%iqﬂdfﬂﬁﬂﬂﬂ Wgt ﬂ%ﬁf‘bh‘(‘?@[}%‘kemﬁa cells resulted 1 leukemia regression a

trifluoromethyhsheNeoaethkdotd- PviidiniB ydnpiytseridin- 2y langikg epienyitibedZarmidedformula 1),
wherein the Form-ll| crystal form has the XRPD characteristigs listed in.Ta8le.3, balowsthe present
disclosure alé%‘f@l%ffeglt]&%%rﬁeo RSNl A a?(?(}%1 %%%%,S-bisgﬁ( gl y
trifluoromethydf-Neiférmpetpiesi¢d-Pyridin-3y1-pyrimidin-2ylamino)-phenyll-benzamide (formula I),
wherein the Form-Ill crystal form has the XRPD characteristics listed in Table 1 below for producing an
anti-proliferative medicament for treating a tumor disorder. The present disclosure relatg%to a process

for prepafing BlEerdti éf%tgpﬂoiﬁ{:of jag_fbi'@gures illustrate the results of studies analogou
trifluoromethyfNe a3 #famweidinagy I pyinaigio2yiatricoynienyliDensaihitetapinula 1),

wherein the Form-I1ll crystal form has the XRPD characteristics listed in Table 3, below. This process
includes treaﬂﬁb the compound of formula | in a Form-1 or Form-II crystal form with acetic acid or a
mixture of dimethyl formamide and acetone, hexane, or toluene. This process can also include

subsequently freating the,once I RRYDdWith, Aeelic1aciKh18GaO0ET Ravanae dlene. In
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wherein the Fg@mgrmﬁq!mimmimaﬁE&(ﬁbﬁ(ﬁgpteristics listed in Table 1, below. In another
embodiment, the present disclosure relates to a Fo crystal form of (3,5-bis

trifluoromethyl)-N44-methyl-3-(4-pyridin-3y1-pyrimidin-2ylamino)-phenyll-benzamide (formula 1),
wherein the Form-11. Grysiab fargvpasdhesatpD4on fr e trmics S signe Pelbiam NESOWBHNO
e B e Rt L AHISh Despdalion sf e (SRR shoWs 1 Jatey

diffraction(XRB} am o?ttﬁaen?—ecr)rm-‘ crystal form of the compound of formula I. The 20 values and
intensitiexs are(zh wateahihwigiols r2tiE. 2 shows the X-ray diffraction (XRD) diagram of the Form-lI
crystal form of the

FIG. 18. Western blot analysis of 4910, 5310 and U87 glioma cells and MDAMB231 and
7R71 breast cancer cells in the presence of specified concentrations of AN-019, AN-024,
with and without radiation.

30
FIG. 19. Luciferase expression of K562luc implanted mice after treatment with AN024,

ANO19 or imatinib.



compound of formula I. The 20 values and intensities are tabulated in Table 2. FIG. 3 shows the X-ray
diffraction (XRD) diagram of the Form-III crystal form of the compound of formula I. The 20 values and
intensities are tabulated in Table 3. 10 FIG. 4 shows a differential scanning calorimetry (DSC)
thermogram wioPopmtasrystal form of the compound of formula |.  FIGPEISEEHS Wi ferential
scanning calorimetry (DSC) thermogram of Form-II crystal 15 form of the compound of formula I. FIG.
6 shows a diffetential Soaraingf caloriinemd® SC) thermegranthoh NB2h df| SN&EI Fodsy ofthe compound
of formula |. 241G PR BARNR GO BOURHERYSiakinian of thescempauneetigiaulal. FIC. 8
0

shows morp y of Form-II crystal form of the compound of formula I. FIG. 9 shows morphology of
Form-Ill crysteseiment orithe’CHIRh oo OO mliea withsepesd of shug drpalossii(Rata8atdt Htraperitoneal
injections of {hgsegmarund of formula | (Example 1) caused regression of leukemia in nude mice. Tail
vein drawn blood smears revealed an increase in LGI in controls and a progressive decrease in LGl in
Imatinib-and ANO19-treated mice (Fig. 10A). On day 48 LGl of Imatinib-treated mice was determined
30 to be 205rwhereasslds| @fl AN Ftnaditehdnioeamskourfcbto Bend? avitheadenimdistipbrmal cell
s HR RPN ORELEC HAREER AR iRl oo col

did not show any spleenic enlargement whereas Imatinib-treated mice showed spleenic enlargement
(Example 2) vRiBirawailefsirasdeesimentNomdivl e ieunb e e wgifRefdfd not induce a decrease in 5

luciferase expression, whereas 5mg/kg caused fixation of leukemia cells at constant expression levels,

and 10 and 20 mg/kg concentrations caused a decrease in lucifetase éx r.ggsaiﬁ&. t'r:cl . 1% illustrates
that oral Qdniiétei o B AV YL e R A1 d BB HANA)) TR H e B dR htanted with K562 luc

human leukeiia Tels, resoliedrin leakeniia segtdssiondatiuglieGooncentrations. Imatinib administration
at Img/kg concentration did not induce a decrease in luciferase expression, whereas 10mg/kg and
20mg/kg did show a retardation of luciferase expression. 15FIGs. 14A, 14B, and 14C. These figures
illustrate the FI6URS .ofstplies mprisguions ahoade et dhewing el nErareHIRSHploying the
control drug DasafinibExamplaAGN-oTiCENIE 8 M Gickwifa Ml igekinasion assay of 4910, 5310
and U87 glioma cells'and 20 MDAMB231 and ZR71 breast cancer cells in the presence of specified
concentrations of AN-019, AN-024, with and without radiation. FIG. 17. In vitro angiogenic assay of
4910, 5310 and U87 glioma cells apa:NBr e ddiandARe Inbeatishcancer cells in the presence of

specified concentrations of AN-019, AN- 25024 W't%a%ggﬂout r% o G..18. rn blot
analysis of 49F915E FCEHF OEF U lgteﬁﬁlss'%ﬁédolél A FEng %}% gf;éﬁags? %ﬁ%ﬁﬁgﬁs in the
presence of spagified comabatkatierisibiANCERIANIQ24nwithi&nd- without radiation. 30 FIG. 109.
Luciferase expression of K5621uc implanted mice after treatment with ANO24, ANO19 or imatinib.

WO 2009/109867PCT/1132009/005421 FIG. 20. Number of animals cured after treatment with ANO24
or ANOI®at day 58. Drug treatment was stopplig ME%F;MQ, animals continued to show curative effect

after treatment with ANO2 mglé-\ﬁupﬁg@ efwiaranwalabal yadiestment (Data based on
luminescence). 5 FIG. 21. Btast cell'count from blood smears taken from animals at the day indicated.
Drug treatment was withdrayey day 42. ANOZ2%bes1d ANO19|siiawved effectiveness after withdrawal
of drug treatment. Imatinib Wagspund to be ihgidesdye. 10FIG | 32 Semiquartitative analysis of
intracranial tumours in nude Miggsafter treatineabeath TMZ, AN&%22 or ANO1D with or without radiation
(5Gly). FIG. 23. Graphical repregentations of sisd@@dmice showindabsence ofiintracranial tumours after
drug treatment with AN-019,18N8824 and withfdosagliation treathients.
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15 Detailed Description of the Invention Table 1 shows 20 values and intensities of the Form-I crystal
form of the compound of formula | from the X-ray diffraction (XRD) diagram of FIG. |. 20Table ¥ -
(Form-I) Angle [2-Theta] d-value Angstrom Intensity % 6.793 13.00131 13.9 9.823 8.99680 3.9
11.106 7.96068 202148267 6.66829 48.5 16.386 5.40523 7.0 17.941 4 BZE3199/085881997 4.66785

13.0 19.778 4.48530 50,5 21.894 4.05635 100.0 22.396 3.96650 20.5

5 | Table 2 (Form-IT)
Angle [2-Theta] | d-value Angstrom Intensity %
6.500 13.58651 12.2
10.816 8.17295 100.0
12.094 7.31197 3.4
12.988 6.81061 49.7
16.120 5.49381 6.0
17.669 5.01562 10.9
19.521 4,54367 41.7
21.675 4.09687 39.9
22.083 402198 17.1
23.230 3.82602 21.9
24,264 3.66523 17.8
24.639 3.61023 8.5
28.460 3.13371 4.8
20,328 3.04290 2.3
30.256 2.95165 4.1
32.746 2.73261 3.5
34.035 2.63201 3.1
35,590 2.52050 1.5
39.660 2.27072 1.9
42,123 2.14346 2.5
44,193 2.04777 1.7
Table 3 shows 28 values and intensities of the Form-TII crystal form of the compound of
formula I from the X-ray diffraction (XRD) diagram of FIG. 3.
10 Table 3 (Form-1I1}
Angle [2-Theta] | d-value Angstrom Intensity %
5.909 14.94417 24.9
6.491 13.60517 66.4
8.267 10.686%0 100.0
11.854 7.45967 58.2
13.181 6.71147 40.0
14.609 6.05866 50.0
15.960 5.54851 5.8

Angle [2-Theta]

d-value Angstrom

Intensity %

33.011

2.71129

11.0

Table 2 shows 26 values and intensities of the Form-1I crystal form of the compound of

formula I from the X-ray diffraction (XRD) diagram of FIG. 2.




23.469 3.78750 19.7 24.466 3.63545 32.4 24.939 3.56759 52.6 25.525 3.48695 14.6 26.968 3.30351
10.3 28.777 3.09991 22.0 30.545 2.92436 14.8 WO 2009/109867Pa/1132009/005421 Angle [2-Theta]
d-value Angstrom Intensity % 33.011 2.71129 11.0 Table 2 shows 20 values and intensities of the
Form-H crystakfaso/abtae compound of formula | from the X-ray diffractisrr@EzRB¥diagram of FIG. 2
5Table 2 (Form-Il) Angle [2-Theta] d-value Angstrom Intensity % 6.500 13.58651 o

Angle [2-Theta] | d-value Angstrom | Intensity %
16.612 5.33224 9.5
18.826 4,70995 14.4
19.571 4.53226 52,1
21.302 4.16774 54.0
21.612 4.10861 37.7
22.160 400828 3.5
22.970 3.86869 23.8
23.278 3.81812 51.6
24.000 3.70491 8.7
25.112 3.54329 11.1
25.887 3.43895 3.1
26.500 3.36079 3.3
27.517 3.23887 34
29.476 3.02788 6.8
29.857 2.99011 8.6
30.474 2.93102 3.3
32.886 2.72133 3.2
33.559 2.66829 5.0
35.916 2.49836 3.8
39.645 2.27157 4.9
43.061 2.09893 2.6
43.748 2.06753 3.8
44,055 2.05383 3.9

The Form-III crystal form of the compound of formula I is characterized by needle-
shaped crystals. The Form-I and Form-II crystal forms of the compound of formula I are

characterized by non-needle shaped crystals

The Form-I and Form-II crystal forms of the compound of formula I are metastable at
room temperature. However, the Form-ill crystal form of the compound of formula [ is
the thermodynamically stable form at room temperature. This is indicative of the greater
stability of the Form-III crystal form.

10
Accordingly, in an embodiment the present invention provides a Form-III crystailine form
of the compound of formula I which is stable at room temperature and even at higher
temperatures (e.g., 120 °C) and accelerated stress conditions, and having the
characteristics given in Table 3 (above).

15



éZOi 10.816 8.17295 100.0 12.094 7.31197 3.4 12.988 6.81061 49.7 16.120 5.49381 6.0 17.669
2. 562 10.9 19.521 4.54367 41.7 21.675 4.09687 39.9 22.083 4.02198 17.1 23.230 3.82602 21.9
4.264 3.66523 17.8 24.639 3.61023 8.5 28.460 3.13371 4.8 29.328 3.04290 2.3 .

WO 2009/109867 PCT/IB2009/603421

In an embodiment, the present invention provides a process for the preparation of Form-
ITI crystal form of the compound of formula I which is stable and has the characteristics

given in Table 3.

5 Table 4 shows the heat stability of Form-IIl crystal form at temperatures of 110-140°C.

The Eorm-TII was shown to be non-metastable and stable when heated at 130°C for 6

hours.

Pure Form-11{ crystal form (1 gm) prepared by the present process was placed in a boiling
10 tube and heated gradually in oil bath. Then the substance was examined by XRPD. The
results are tabulated in Table 4.

Table 4

15

20

Polymorph contenit
before heating

Temperature

Time of heating
{(hours)

Polymorph form
detected* after heating

Form-111

116°C

6

Form-{II

Form-HI

120°C

6

Form-1lI

Form-11{

130°C

6

Form-111

|

* The presence of form-1 and Form-1I was below the detection level in these examples.

This data demonstraies

that the Form-III crystal form was not metastable. The Form-I11

crystal form was stable to heat even at 130°C for 6 hours.

Table § shows the stability of Form-III crystal form under accelerated stress conditions

(4542°C, 75 £5% RH, 6 months) in the bulk and capsule formulation.

Table 5 - Stability of Form-III crystal form in bulk and formulated capsule

Polymorph content of Polymorph content* of bulk Duration of storage
Formula I in formulated | compound of formula I (months) at

capsule 4042°C /75 5% RH
Polymorph form detected Polymorph form detected

Form-11 Form-II1 0 Month

Form-1II Form-111 1 Month

Form-II1 Form-1I 2 Months

Form-1il Form-II1 3 Months

Form-111 Form-111 6 Months

* The presence of form-I and form-1i was below the detecti

on level in these examples.




30.256 2.95165 4.1 32.746 2.73261 3.5 34.035 2.63201 3.1 35.590 2.52050 1.5 39.660 2.27072 1.9
42.123 2.14346 2.5 44.193 2.04777 1.7 Table 3 shows 20 values and intensities of the Form-IIi
crystal form of the compound of formula | from the X-ray diffiaction (XRD) diagram of FIG. 3. WO
2009/10986 AP X R943/005421 An le [2-Theta] d-value Angstrom Intersit/P#20i6:65225.33224 9.5
18.826 4.70995 14.4 19.571 4.53226 52.1 21.302 4.16774 54.0 ES.11.11111

This data demonstrates that form-III is not converted to other forms over a time period.

The stability of form ITI in bulk and in the formulated capsule was thus established.

In an embodiment, the present invention provides a pharmaceutical composition useful
5 for the tumor therapy containing the stable Form-III crystal form of the compound of
formula L

The dosage form of the formulation containing the stable Form-III crystal form, which
can be prepared by the process of the present invention, for example, an oral dosage form,
10 may be a capsule containing the composition, e.g., a powdered or granulated solid
composition, within either a hard or soft shell. The shell may be made from gelatin that
optionally contains a plasticizer, such as glycerin or sorbitol, and an opacifying agent or

colorant.

15 Methods known in the art may be used to prepare the pharmaceutical composition
containing Form-III crystal form in the form of capsules. The excipients which may be
employed include micro crystalline cellulose, poloxamer 407, crospovidone XL, Aerosil,

SLS, magnesium stearate, or mixture thereof.

20  Table-6 shows suitable amounts of active ingredients and excipients (weight %) for the

present pharmaceutical formulations.

Table 6 ~ An embodiment of a pharmaceutical composition
containing the Form-11I crystal form

S. No. | Material composition (wW/w)
mg/capsule

1. Compound of Formula I, Form-1iI 25.0

2. Micro crystalline celtulose 8.0

3. Poloxamer 407 12.5

4. Crospovidone XL 12.5

5. Magnesium stearate 6.5

6. SLS 4.0

7. Aerosil 0.25

25

10



11=111.111 23.8 21.612 4.10861 22.160 4.00828 22.970 3.86869 23.2

78 3.81812 51.6 24.000
3.70491 8.7 25.112 3.54329 11.1 25.887 3.43895 3.1 26.500 3.36079 fJflj 3.23887 3.4 29. 476
3.02788 6.8 29.857 2.99011 8.6 30.474 2.93102 3.5 32.886 3.2

WO 2009/109867 PCT/IB2009/043421

In an embodiment, the invention relates to a particular, essentially pure Form-III crystal
form of (3,5-bis trifinoromethyl)-N-[4-methyl-3-(4-pyridin-3yl-pyrimidin-2ylamino)-
phenyl]-benzamide (formula I). The term "essentially pure” is understood in the context
of the present invention to mean that about 90 to 100 wi-%, about 95 to 100 wt-%, or, for
5 example, about 99 to 100 wt-% of the crystals of formula I are present in the crystal form

according to the invention, e.g., the Form-I1I crystal form.

Tn the context of stating that the Form-III crystal form of formula I exhibits an X-ray

diffraction diagram essentially as in FIG. 3, the term "essentially" means that at least the
10 major lines of the diagram depicted in FIG. 3, i.e. those having a relative line intensity of

more than 10%, especially more than 20%, as compared to the most intense line in the

diagram, are present.

The crystal forms have the following properties:

15
The melting point in the DSC thermogram of the Form-1II crystal form is 246.7°C. The
melting point in the DSC thermogram of the Form-I crystal form is 234°C and Form-1I
crystal form is 240.47°C, 249.2°C (peak).

20  The X-ray diffraction diagrams also show other marked differences. In an embodiment,
the essentiaily pure Form-III crystal form of the compound of formula I shows the X-ray

diffraction diagram indicated in FIG. 3.

In an embodiment, the invention relates to the Form-I crystal form of the compound of
25 formula I which is characterised by the presence of crystals displaying the form shown n

FIG. 9, for example, the Form-II crystal form in essentially pure form.

In an embodiment, the Form-II crystal form of the compound of formula [ has a melting
point of higher than 240 °C, e.g., between 245 and 250 °C.

30
The (for example, essentially pure) Form-1iI crystal form is obtainable by the following
method: Treating another crystal form, e.g., the Form-1 or Form-II crystal form, of the
compound of formula I, with a suitable polar solvent, e.g., N,N-di-lower alkyl-lower

alkanecarboxamide, such as N,N-dimethylformamide or N,N-dimethylacetamide, or, €.g..

11



33.559 2.66829 5.0 35.916 2.49836 3.8 39.645 2.27157 4.9 43.061 2.09893 2.6 43.748 2.06753 3.8
44.055 2.05383 3.9 The Form-lll crystal fours of the compound of formula | is characterizéd by .
needle-shaped crystals. The Frum-1 and Form-II crystal forms of the compound of formula | are
characterizedvioyzemnagadle shaped crystals The Form-1 and Form-Il cry§EMapgsfthe compound of
formula | are metastable at room temperature However, the Form-III crystal form of the compound of
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( ystdlfine form o the compound of formula | which'is stable at room temperature and even at
h!gher_ tempetiaterdsafe. gpitddoia@)rpmivecelerated stress conditions, and having the characteristics
ﬁ:xgzt!g Table_g (above). Wof20091109867PCT1I1320091005421 In an embodiment, the present
ention provides a process for the preparation of Form- Il crystal.
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stable when heated at 13QC for 6.hours.. .Pure Form:-lILc : r th
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examined by KRR@A Hyetresnltst dre hetwate e aphodineab|dhg CamRe se Hy. "?ﬁ )

treated with a mixture of dimethyl formamide and toluene followed by treatment in

10 toluene. In an embodiment, the compound of formula 1 is treated one or more times with
acetic acid. In this context, treating or treatment refers to heating, cooling, refluxing,
washing, suspending, or the like in the solvent or mixture of solvents. These

embodiments each yield the Form-III crystal form of the compound of formula L

15  In certain embodiments, the present method of producing the Form-III crystal form of
does not include treating another crystal form of the compound of formuia 1 with
chloroform, methanol, dichloromethane, ether (e.g., diethyl ether), water, ethy! acetate, or
mixture thereof, In certain embodiments, the Form-III crystal form was not produced by
treating another crystal form of the compound of formula I with chloroform, methanol,

20 dichloromethane, ether (e.g., diethyl ether), water, ethyl acetate, or mixture thereof.

Form-III crystal form of the compound of formula I as well as other forms possess useful

pharmacological properties and may, for example, be used as anti-tumour agents.

25  The present invention also includes a method of preparing compound of formula I This
method can include:
providing a compound of formula VI, 3,5-bis trifluoro methyl benzoyl chloride; or
preparing this compound by known methods;
condensing 4-methyl-3-nitro-aniline with the compound of formula (IV) at about
30 0 to about -10 °C in chlorohydrocarbon solvent with addition of a basic compound to
obtain a compound of formula III, ((3,5-bis triﬂuoromethyl)-N-(4—methyl-3-nitrophenyi)-

}-benzamide;

12



Polymorph form detected* after heating Polymorph contentWerature before heating Form-IIl 110C
6 Form-1ll Form-1l1l 120C 6 Form-Ill Form-111 130C 6 Form-Ill * The presence of form-l and Form-llwas
below 15This data demonstrates that the Form-Ill crystal foim was not metastable. The Form-Ill crystal
form was stafsie 1ohreaseven at 130C for 6 hours. Table 5 shows the statiTRFISHPOHFAN crystal form
under accelerated stress conditions (452C, 75 5% RH, 6 months) in the bulk and capsule formulation.

IZZ?) rlr?\ Slé ISItrc'ilth(ljllrtr);l Slffgjeiﬁg kh%l?(ﬁﬁgbfefmﬂidamﬂﬂaﬁﬂfwimulaﬁedma:hﬁﬂée/o«ﬁmlwiﬁﬁmheﬁ@ntent. of
Comi | g saade S Sl e yon o
Foim-IlI trifluoromethyl)-N-(3-amino-4-methylphenyl}-}-benzamide;
condensing the compound of formula IV with aqueous cyanamide at reflux
5 temperaturc in n-butanol solvent to obtain a compound of formula V, (3,5-bis-
trifluoromethyl)-N-(3-guanidino — 4-methyiphenyl)-benzamide;
condensing the compound of formula (V) with 3-dimethylamino-I-pyridin-3-yi-
propenone in presence of base at reflux temperature to obtain the compound of formula
(.

10 In an embodiment, the method is accomplished as described in Example 10.

The disclosures of U.S. Patent Application No. 11/714,565, filed March 5, 2007 (U.S.
Publication No. US 2007/0232633, published on October 4, 2007) and of PCT
Application No. PCT/IN 2005/000243, filed July 19, 2005 (PCT Publication No.
15 WO2006/027795, published on March 16, 2006) are incorporated by reference herein in

their entirety.

Embodiments of the present invention are described in the examples given below, which
are provided to illustrate the invention only and therefore they should not be construed to

20 limit the scope of the invention.

Examples

General Note

The principal compound of this invention of formula I (Indicated by development code
25  AN-019) is found to exhibit useful anti-tumor activity superior to some of the existing

approved drugs of this class. This compound is found to cxhibit in three distinct

polymorphic forms I, II and HI as discussed above. Although all the forms exhibit

valuable pharmacological properties and may be used as anti-tumor agents Form I was

chosen for the biological activity evaluation based on its thermodynamic stability. The
30 development code AN-024 refers to another compound of the same class described

elsewhere by the inventors. The bio-efficacy and activity of the compounds of this

invention have been compared with the approved drugs like Imatinib mesylate and

Dasatinib to serve as positive controls in this study. ‘Imatinib mesylate’ has been

abbreviated and referred to as ‘Imatinib’ in this study.

13



0 Month Form-Illl Form-Ill 1 Month Form-lll Form-lll 2 Months Form-Ill Form-lll 3 Months Form-IlI

Form-lll 6 Months e 1 1 :nil, c.c.. PV OrrITN1P.R * The
eyeen Lo, :nil, c.c.. . presence of form-1 and form-llwas
be WO 2009/109867PCT/1132009/005421 This data demonstrates that form-lll is not converted to

other f_ouns owermﬂmqaer_iod. The stability of form Il in bulk and in the fariiBatedcapsule was thus
established. In an embodlm_e_nt, the present invention provides a pharmaceutical composition useful
3for the ftumor therapy containing the_ s_table Form-Ill crystal form of the compound of formula I. The
dosage form of 6 [N ANARIA BrsiaRE T eI g, ilal aga be prepared by
el C 1O, TOT € 0 may be a capsule
containing the composition, dplangrdIE i SRR TITEHEE Sl 285 ion,ywithin eitF;}era hard or
zgiﬁg‘ﬁ';Jg‘gf%&p%ﬁ%%n%ﬁggﬁf?aﬁﬁﬁrﬁ@ﬁ%ﬂ%% d%ﬁif@ﬁﬁ I eantains ecplattivirenisuiehdas glycerin or
, | r ent or colorant. thods.known.in the art may. be use repare the
phqrmacéutlcf‘q‘lrﬁ |%Wﬁt§ﬁﬁﬁ18‘?fgfméﬁ“é? s‘fvéﬂéwemc rh% oM g ﬁ(}%%g& ég%rﬁlégegcigents
which may bggmp ayeshine kieemiariocysialinelgatki s dopalopariren 407 gros@eoRS XL, Aerosil,

SLS, magnesium s e, or mixture th f |- i e i :
nd excipent ST AT e B L e ment of

_ # _ armaceutical formulations.
pharmaceutidaloodmpssitiom dontathintgiheeRopreri I Crylstal peicent K362 cells determined and

percent leukemia growth index (LGI) calculated.
10
ANO19-treated mice showed a steady decline in LGI after initiation of drug treatment.
LGI for Imatinib-treated mice also showed a decline but significantly lagged ANO19
treated mice. Forty-cight days after continuous ip injections, ANO19-treated mice were
comparable to normal control mice, and Imatinib-treated mice showed an LGI of 20£5
15 when compared to controls. Spleen immunohistochemistry for Crk protein reveled
localization of K562 cells in the spleen in control mice. ANO19-treated mice showed
basal levels of Crk expression, whereas Imatinib treated mice showed few colonies with

low to undetectable expression levels of Crk.

20  Methods
K562 implantation
Nude mice (nmw/mi) were implanted with K562 cells (1x10% via tail vein. Four mice were
used per group and divided into 4 groups. Three groups were implanted with K562 cells
and one group was used as normal controls. Group 2 was inoculated with K562 cells and
25 gerved as untreated positive controls. Two other groups jmplanted with K562 cells were

treated with either Imatinib or ANO19.

1P injection of AN019 and Imatinib

K56.2 implanted mice were treated with either Tmatinib or AN019 (10mg/Kg body wt) via
30  intraperitoneal injections. Stock solutions of Imatinib and ANO019 were made at a

concentration of 100pg/p! in DMSO. Mice were injected via an intraperitoneal route at

the above-mentioned dosage. Average weight of nude mice was determined to be 30=3g,

and the dosage per mouse was calculated to be 300::30pg/mouse. Three micro liters of

the stock solutions was diluted to 100p1 with sterile water just prior to ip injections. Ip

14



S. No. Material composition (w/w) mg/capsule 1. Compound of Form - i
crystalline cellulose 8.0 3. Poloxamer 407 12.5 4. CroFs)povidone XL leéSI’5F.Olr\/ln;g|;|rlle255iﬁ0m2.st2/|a:(r:£e 0.5
5. SLS 4.0 . Aero sil 0.25 25 WO 20091109867PCT/1132009/005421 In an embodiment, the .
|n_vent|on relagesipsapagticular, essentially pure Form-IIl crystal form of @&;pArmoes/eos421 ’
';rlfluo"romethyl)-N44-n'1'gthyl-3-(4-pyrid_in-3y1-pyrimidin-234amino)- phenylkbenzamid~e (formula ). The
16(;{)“ e_i/se”tﬁﬂﬁléf:{%&{?w@r#é‘ﬁﬁéﬁtgﬁdduilﬁwﬂt@ﬂ?ﬁ@bﬁﬁﬁﬂ&ﬁ@ﬁdﬂmnﬂ@MW&aﬁdﬁhbﬁbout 90 to
wit o, about 95 to 100 wt-%, or, for 5example, about 99 to 100 wt-% of the crystals of formula | are
present in thé%@?ﬁi%srm according to the invention, e.g., the Form-Ill crystal form. In the context of

stating that the Form-Ill crystal form of formula | exhibits an X-ray diffraction diagram essentially as in

FIG. 3, the teﬁn "esseritiall - ineans t Qg jor li [ [ [

; N, .essentially: meal a%%‘?&ﬁgag &pmajor lines of the diagram depicted in FIG. 3

I.e. those havingarelative ¥|ne intensity of more than 10%, esi)eciall more than 20%p @S compared 1to
€]

'Epr(]eerrrlf(asliiﬁr?gteE;??ﬁj&%ﬁ&f@ﬁé?@ﬂmMP&% abé QH@YGYIXV\ﬁn]é) (?).pertie.s: 15
the DSC thermogram of the Form-| cryg?gl form i 222 ﬁgﬁ I{ﬂwﬁﬂﬁﬂ@@mmmng point In
(peak). of measurement, and V, is mean blast cél num earnper':t(‘x)xirgfl{)lcr:)g/f E%l é%(%&%%ﬁ%z C, 249.2C

certain time of measurement. Blood was drawn from the mice {treated and untreated) on

the sixth day post-K562 cell implantation and followed by an every six~day interval for

10 48 days. Blood was drawn via the tail vein. Quantitative analysis of LGI was graphically

represented.

Immunocytechemistry
Control mice were sacrificed on day 42 when secondary leukemia symptoms were
15 observed, such as abdominal swelling and lack of circulation in the peripherals causing
loss of digits with red spots under the skin surface. Spleen and any secondary tumors
were harvested, fixed in formaldehyde and paraffin embedded as per standard protocols.
Paraffin section were obtained and processed for immunocytochemistry. The rehydrated
sections were treated with 0.3% HpO; to inactivate any native j)eroxidases prior to
20  immuno-probing. The sections were blocked with filter sterilized (0.22pm) 1% BSA-
PBS at room temperature for 1h. Following blocking, the sections were immuno-probed
with a human specific anti-Crk monoclonal primary antibody raised in rabbit against a
synthetic peptide corresponding to residues in the SH2 domain, near the N-term of human
CrkL protein (Abcam, Cambridge, MA, USA) in 1%BSA-PBS overnight. Secondary
25  antibody (anti-rabbif) conjugated to HRP was used to detect the presence of primary
antibody. The sections were briefly rinsed three times in PBS solution after immuno-
probing with secondary antibody, and DAB HRP substrate was added per manufacture’s
instructions (Sigma St Louis MO USA). The reaction was allowed to proceed until sharp
contrast between positive and negative controls was observed. For negative controls

30  primary antibody were eliminated. Leukemic mice spleen served as positive controls.

Results
Intraperitoneal injections of ANOI9 caused regression of leukemia in nude mice. Blood

smears taken every sixth day post-implantation indicated an increase in LG in controls

15



20 The X-ray diffraction diagrams also show other marked differences. In an embodiment, the
essentially pure Form-I1ll crystal form of the compound of folinula | shows the X-ray diffraction diagram
indicated in FIG. 3. In an embodiment, the invention relates to the Form-Ill crystal form of the
compound ofy25fewniiadwhich is characterised by the presence of crystals dispisyisgthe form shown
in FIG. 9, for example, the Form-Ill crystal form in essentially pure form. In an embodiment, the

Form-lI crystaldpungiatle @QEH@W&EMWMI&M%WBM&%M mmwmmxc e.g.,
between 245 and 250 C. 30 The (for example, essen %/ gu[';Eth c&yfﬁ? forn& is .Qbtainable by
the foIIowmgIn%tHbﬂonﬁ‘g%ﬁﬁ& %HH{QSFS&ng%ng%m@ e Form- Ior I'—Ac‘)rm rER/stalform, of the
compound of(f@gnﬂﬂﬁ)l WiidhatkeifdiEenfhotay qeiventplergatibdiNadsdonae @ikyhlmivep%dk@nelcarboxamlde,

suchas N N'dl %r Zg@g}gjo%%ﬁ %\9 tgl(}g e&?%ﬁ?g/ﬁé & ¥t Imatinib-treated

20(19110986195’ lan a atl arboxyllc acid such as acetic acid, or a mixture of

the abové Wlmlaelim%z‘\%ﬁﬁ@é@b’f@ﬁe ab?@‘ﬁf&%ﬁﬁ%c%é%é‘ér%@ﬁ of Igla?améw@fsﬁ’ hexane, or a

mixture theregf, at,a shliahigniampetaibre; Jieran embediney-thacompane dhiaansleel is treated
with a mixture of dimethyl formamide and acetone followed by treatment in acetone. In an

embodiment, ' coth B aiaost TRt o Afde Witk a mixture of dimethyl formamide and hexane

followed by treatment in hexane In an embodiment, the compound of formula | is treated with a

e of ORI P AN SRR DB pangbocmen, te

mixture of SOlgRLS, &ﬁﬁ %@%ﬁ'%@%&a@é&ﬂdﬁh@mﬂaﬁerm ofbescetmpipund of

formula I. 15In certain embodlments the present method of pr cm? ﬁForg\ Illdc tal fowl of does

not include trétigisipanhothEFE Y&l W?ﬂdtﬁg‘?oh%ﬁﬁ%s%f% *Eniore orm nthanol
dichloromethapg.gther (g;geeﬁtEitbﬂlaegaee)xt\maﬁerpetby}e@lcémtgms nobserretiberend. ih e@tain

embodiments, the Form- I cr stal form was not.pro Jreating. anather grystal faum;of the
compound of $GECE v (110“'?‘(8 o maRrh %yogee I(?ﬁgmethane ether (e.g., diethyl ether),

water, etlsyl amemmnmumm@me@& Edtmdid Gityistshﬁfﬂrrﬂ%’f %ﬂ@%‘?ﬂﬁ‘@ﬁ%‘%ﬁ‘%%ﬁfﬁ@ as well as

other o1ms ppssess el BaTRGAURSIGA YRRATLRS L aal (1 prpreBleThesusBsastantitmour

agents. 25 The present invention also includes a method of pr parlﬁpgF ompo nzd of fO{;qu{al This
method can |ﬁﬂla@elmumm%f8rééﬁ$ﬁ6ﬁﬁ§&ffgmﬁm BYH Fo i

fifors et enzoyl chloride;
or preparing this,comporBshiukeowiInneieds; lintedsintyinietiiye-GE ﬁiﬁl@—a‘mﬂmwmlthe

compound of fe Ionla (IV) at about 30 b O Cin 0 t withgddition of a
basic compOLﬁ?&tfg obtsth l(anBSﬁﬁLg or%#ﬁa ”fh?v%eé 08f§) WP?@Q &ﬁ%ls\éﬁfﬁ Uit

tnﬂuoromgthyexph(ﬁxmeﬂoyﬂmmmphemgapvpmm|démwdr2%b/1v@@8§wt§$/1’e%ﬁ§‘?0054z1
reducing the ﬁo aff’ﬁ‘g‘d of formula, (1) Wit stanpeus shinriseisanst S akmkfliuxtersgesature for
a

about 0.5 to obtain"a compound of formula IV, (3,5-bi

trifluoromethyfyaiu@- a‘rﬁﬁﬁoﬁhm@ﬂf‘}@lm%m%‘}l HRRTAHIERS HmOoR, SRR (e ﬁ%bolﬂlﬁd of
formula IV Wlt&&gwgy@ﬁgg@igg stefusditemperature in n-butanol solvent to obtain a compound
of fonuula V, (3,5-bis- trifluoromethyl)-N-(3-guanidino - 4-methylphenyl)-benzamide; condensing
the compound of formula (V) with 3-dimethylamino-I-pyridin-3-ylpropenone in presence of base at
reflux temperatie ioabtainiachnpdanctiot fONNR featreth crsetmbs arawstioneildthd is

accomplisned a5 deserbed ILEAMRIE H0: TG dclnstigs aldSioaies Apobrajion:ied1 /714565,
filed March 5, Sfication 1 No. US 2007/0232633, published &E@OC ober 2007) and of

PCT ApplicatidiNNED-R@RANT0H 5/ G0 43N Al rnd PambHisiet st pRoFTh 190> dbriord
15W02006/02§ 3701 QQ?P;% &@H@B@Mﬁ%@ﬁ@bmaﬁ@rpmd by deSbrendativapsiseinetheir
h

entirety. Embodiments of the present invenii n ar escribed |nt mp&gj%}gg &R belaw, which
are provided t&iRRIPRSTREFAVRINISHSIR "UHY o ifg RISAES EHOUL notabe const:ﬁued to 20limit the

scope of 4pe |rﬁ{g@Hﬁpa@@amglgseﬁialgathd&Ehb@rmpéimmﬁWGﬁ@@f%ﬂ%lm%ﬁ%ﬁkﬁ founula |
(Indicated by deyv ment code 25 AN- a% tfl(glap‘g!gtfbleegglggaﬁﬁgﬁ%gmw{ﬁ@r activity superior to
some of the e@iqugo pprélve roﬁrélgl% % %%ss This compound is found to exhibit in three distinct
polymorphic forms I, Il and 11l as discussed above. Although all the forms exhibit valuable

pharmacological,piaRRrYeT,APE e des ENTin{biEn BeeRisE Ma iil\(ASIckieddnides the
biological activity evaluation based on its thermo namlc t velapment code AN-024
refers to anoth&? %W%Hﬁ%ﬁﬂw@vé’a?ﬁg lcﬁ‘é}%?n&"ég Bed% e%lgeﬁlvéﬁére% %h)gglﬁventors The bio-efficacy
and activity of the compounds of this invention have been compared with the approved drugs like
hnatinib mesylate and Dasatinib to serve as positivelgontrols in this study. 'Imatinib mesylate' has

been abbreviated and referred to as “Irnatinib’ in this study.




WO 2009/109867PCT/1132009/005421 Example 1 - Establishment of Anti-CML Activity of AN-019 in
Nude Mice Implanted With k562 cells (Fi2ures 10A and 10B) To determine anti-CML activity of
compounds of this invention K562 cells were obtained 5 from ATCC and nude mice were implanted
with these cells.20@/aestrol, Imatinib was used at the same concentratioR PR YR eight for
comparison. Drug treatment was initiated 15 days post implantation and for 48 days with daily ip

injections of ibrigtid. iBtepitvacs Hyavwith i trawar Jerkeavarydn Gy dideMiedd2eds

determined gnd Hercent ieukemia g awitndex fldah caleaiadiciovih Gharimatergion,showed a
steady decline’in LGI after initiation of drug treatment. |Gl for Imatinib-t eatedBrﬂwic(FsrallggrS?howed a
decline but s@ﬂﬁl@a@ﬁ?‘?&@é&%ﬁ%@%t%&@é‘ﬁ%%? @Yéﬁh?rdgigjg?%ﬁl Eontinuous 1p injections,
ANO019-treateglig e sonNRaEab g0 sovinahediatiotahicsn anvdrintakinity tradtblishidlishowed an
LGI of 205 15 when com a][%dﬁo control .dSpIeen immunohistochemistry for Crk protein reveled
localizatidn (ﬁ”k%%%’éll gt é’ﬁ%)éer’ls?ﬁ @ntrol mice. ANO19-treated mice showed basal levels of Crk
expression, whereas hnatinib treated mice showed few colonies with low to undetectable expression

levels of Crk g0, Mefhiads o/CBAR Pianialien Miide felesi (HiRUkerELaRIEg WANKSG2 cells

(1x106) via tail vein. Four mice were used per group and divided into 4 gég%g% Three groups were
implanted witBONBEZ)SINRG GRnglenRas TalEs BIMGASPRBRA SIS &7 ST 2 was inoculated with

K562 cells and 25served as untreated positive controls. Two other groups implanted with K562 cells

were treated with either Imatinib o 019. IP injection of 9 i&!p%' K 2uiraplanted mice
were trekted Wﬂﬂ%?ﬂ‘f&?%‘?&tﬁﬁ%gﬁ Qmﬂglﬁtﬁ#g%ﬁg@g%tg@Wt&vi{aﬁ%%ﬁlr{]?ri%en on§al injections. Stock
solutions of Ipotinignet ANTPY reghalehawadorterifistsnisereatsidrblar SMSE Wite were

injected via an.iptraperit > ARQVEmeNtisnesiosass Aveape Wright dfnude mice was
determined t(f%g) %%pél gﬁﬁ%?%?)gg?g&e&;e?ﬂmouse was calculat(ieé%to be 0039%%/ ?ﬁ. Three micro

liters of the stodkseistionslamsdllratdnton e SRIPS O IETIAETE TSRS ip injections. Ip WO
2009/109867%]&@%9{3&/005421 injections were carried out daily from day 15 post implantation to
day 48 with a total of 33 injections. Determination of leukemia growth index (LGI) 5 Leukemia growth
index was determined using the formula LGI (%) = (V,-Vt)N, x 100%. V, is mean blast cell number
(K562) per mhygkblpestin@ontn RiihziskncsearedrimbriydadtENGa Taprf S Tiéah blast cell
number per ml oga%l_o d in test animals at a certain time of measurement. Blood was drawn from the
mice (treated” gré“ai%&d) on the sixth day post-K562 cell implantation and followed by an every
six-day interval for 1048 days. Blood was drawn via the tail vein. Quantitative analysis of LGl was
graphically reresented . mmunpeyteGRanTisiny i obNsive B ESEa TN Cocioh a1 A 24wtsen

secondary leukemia symptoms were 15 obs such as abdagi ellipgapehiack i circulation
in the pediphetesredauimErrigihbriigitd W@fﬁéﬁgg& S Jnaéllsgri?%'e s i%gs;’jﬁace. Spleen and any

secondary turpgeswiere frapiasieaNited 20 farie) ded i G4d @arafitlehib et 848D EF Kandard

protocols. Paraffin sectign were optai progessedi fok i Reewteehemis iyt diyewehydrated
sections were‘wgﬁ?gﬂsvé%hdﬁﬁ%of—%ﬁél %gtﬁ?i%%ﬁvate any native g{gﬁoxid ses prior t%dzg 1
immuno-probingnteddsiiotondsabiotiken Witkhaal e & I PVTL7 BSA-PES At room
temperature fq{lg}g .ﬁgg{ggvg@gepgmgg} }gp&ﬁgm@waﬂmmﬁm&mﬁh@rharn!éﬂcséecific

& :

anti-Crk monoclonal primary antibody raised jn rabbit against a synthetic pepfide cagaspgmding to
residues3h theusiHplernbaryastdr (ReIFgnS, Wﬁ’ﬁﬁ%ﬁgﬁra E%%}é?é %QR eam, Cambridge, MA, USA) in

1%BSA-PBS Queriight: Seicereary 25 antibody (anti-rabbit) conjugated to HRP was used to detect the
presence of primary antibody. The sections were briefly rinsed three times in PBS solution after
immunoprobing with secondary antibody, and DAB HEY substrate was added per manufacture's
instructions (Siggndidt Louis MO USA). The reaction was allowed to proceed until sharp contrast

between positiye and negafive contiols was.ebsarvegni-or negative controls 30 primary antibody were

.. ICrascopl € oL . S .
eliminated. Ledkemic mice sp?een served as paositive controls. Resultsdﬂtr eftonealgnjegtions of

ANO19 catsedlegdebomntel [ueiReftidln FRRAANIEE 818 sfcﬁleg}rgrtyaken every sixth day
pOSt'impmntaﬂﬁ‘{bi&%ﬁﬁ@ﬁnﬂ%@ﬁsﬂjn(h:Gﬂhm Cointdejspost-implantation, the mice were given

treatments with Tmatinib, ANO19 and ANC24 (orally and ip) as described earlier. It was
observed that in Baf3Wt implanted mice, progressive decrease in blast cell count was
observed in all treatment conditions. Baf3M351T, T3151 and E225K did not respond
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WO 2009/109867PCT/M2009/005421 when compared to untreated mice. Tail vein drawn blood
smears revealed an increase in LGI in controls and a progressive decrease in LGI in Imatinib-and
ANO019-treated mice (Fig. 10A). From the fifteenth day post-implantation, mice were given
intraperitonewidnjwetiornsiof ANO19 or hnatinib at a dosage of 10mg/kg biSfel/ & HHatinib-treated 5
mice lagged ANO19-treated mice at every data point. On day 48 LGI of Imatinib-treated mice was
determined todiie:@ DGatiufteteasmie@T. oPraNGIgmstatog nfidmaviah bithaos! & fropt #iterhair almost

normal cell igy1 jegHians efviudeiMissmpkantes:Wissl (562 Cells
Did Not 108?%%%%2&%%2&%@%5% %nd 0 ﬁegi%?ession (Fi‘éurgiﬁl) Nug]éa (?gﬂ%%%gnplanted with

K562 cells waP0RbanddANA Irivesnis s fiorsrobstierphriseirasisentes Grreest r a decrease
in LGl was opseinviach agkspleen harvested. Spleenic enlargement was observed by gross observation
and it was determined that control mice showed enlarged spleen indicative of IC562 cellular 15
localizatton. ANO19-treated cells did not show any spleenic enlargement whereas Imatinib-treated
mice showed\atigit spleesiciebarsénam!(Ried IiccHadatii scotimieolespiesenialiful®tobed for the
presence of Crk prgﬁglgn ghowed str%%%}p?@%%%(pg&%ﬁxpﬁg%m@ggg%%ggmgrmcreased

cellular densi fsltnalcatlve &%f(gg?qoca ization in control mice. Mice treated with ANQ19 showed only

basal level espressiol ot rk2iesnsitesAdN K ripHmnmie B RaFatld ddnt’or Wit irkatdd with Imatinib

indicated |0C%?%@5%R§5§W§9£0ﬁ§1{?ﬁ&ﬁl§ dpsessipnldadicativenfKkbeAcealsiadble spleen. Control
e

mice also developed random subcutaneous tumors sq%wm rclégé ext;é(r%elsnsllon m@q@é&(gagf the presence

of K56218ells] 2B rioirPaTEEBRELt i iPRretRde MR A AR I 1ralvant cadsed the gression of LGl in
nude mice. Imatiniiciieatasnige diso chbwedksigniticaAiodd uchonent iiGastiMAgHBEAIAND19-treated
mice. Both ANQ19- Imatinjb-treated, mice sh | i Qlypic or
behavioral a@ﬁég?gl?g. 1&@2 r%ﬁdml?é%es%hg\‘}’vg%%h%ypgrgcs%%gég %%géﬁélgﬁnm ?u%%gﬁggﬁlg mors with loss
of digits accompaiviet \Mﬂ@%mm%ﬁﬁmd&%ﬁ%@mﬁﬁ&%gﬁ@‘i‘f%‘ﬁl’éﬁ%@?ﬂ@ﬂtogﬁ?fé abdomen.
From these rggﬂt@aﬁ Is.avidentiatANO19 provides a promising therapeutic drug for the treatment of
leukemia. Example 3 - In Vivo Studies Using Bal3 Imatinib Resistant Murine CML Cell Lines To
determidé the in vivo anti-leukemic activity of AN019 and ANO24, nude mice were WO
2(1091109867P Gl 3401091 G0k A dstap innie shinérmmeis hyis akiie dwsdzb mia cells (W,
T3 151, M351T and E225K), and 15 days after implgn; £
(10mg/Icg), ANOEBHSIBIR S o 1rgavage or Ip injections. Blood smears
were obtainetNuir thied aikimijvomvianentedrothI KA wlisi stRoagaRYBiEe (il ¥ olNfed and

graphically represent gmﬁ%r tifaptan ioe dregied! withiligatipib weBmgficg),
ANO19 (20mg‘%&%§%ﬁ%ﬁf§éﬁg E% mg il Bl inthos

] ( %bwere similar to %Iinal con(gréals aft%gedfﬂffdla .i%g)a@ood smears
of Baf3TZL5 Liinpisaintenithi&s treatsmaler 1Ailtinib Fhiohed "RRi019" E0mgikg) of ANO24 (20mg/kg)
showed a sigpjfigaptaesaase imblastweal caudnvinbibdiGaeanduaNOiereated mice. Mice treated with
oral dosage of Imatinib did not show a decrease in blast cell count and were similar to untreated
controls and Baf3M351T implanted mice. 15 Mice implan'ge_d with Baf3E255K also behaved similarly to

Baf3M351T aps 3 atBdidihtatium afiteN (A ey A8 implanted with Baf3 mutant cells Wi,

E2551C, T313), and M351T ) 1Dl Matinin ALY aadbANQR4Aijosalbgandsp). Briefly,
mice were tre@%&swﬁﬁ%ﬁ%a%%{ 1%&%%%? f%%% 20%9) and ANO24 (20mg/kgl)¥iby oral gavage or
ip injecti@hs 1Sug@psipost-implantation. Abdominal swelling and decrease in activity was monitored
daily, blood smear taken via the tail vein or the femoral vein every 6th day and I-I&E stained as per
standard protocols. 42 days after implantation, mice were sacrificed 25 and spleens harvested.
Spleenic enIa@%ﬁ%ﬂ was determined and correlated with blood smear blast cell count. Results
Microscopic defaimipatisnatbhletndal 2dint, 30 Bidgamzkexan wala BichERMELIEIA4s taken
every 6th day from Baf3 cell impla ' il . ibathdaypestintelantatisn, the mice
were given trelgf;n:%urll’t"gn wﬁ%%r%%%nf%?ﬂdh%gfgegr@ A@%ﬁ?gr@a Iy%and ip) as d,[escribed earlier. It was
observedthat ANBEI3WrdenpRiite dimiee/keodifb seh s da J5HT8Fa % %g‘fll SRt WaS observed in all
treatment condjjianss BaM3aided BlRoanst RaRatididinoitreapond eYy@ssion levels, and 10
2009/109867PCT/IB2009/005421 well to Imatinip treatments,. Oral iStrati injb had no
significant effe@d BREFFSERI 3T SAY rplante %ﬁ%&g\% 9a§llllii§qtr%%g)r{itic?rqlgjgla ltreatments
ANO24 and AbliRiweresignificainily (e fetaandchogdialinmatcaice mpiani s B S ndplahted mice. 5

ANO19 treatm?rnt in Baf3Wt impjanted; mige ingucec-aranpleleriesiessiomatinuiemiahiast cells and

ithh Imatinib

_______

A1

an lepkemia C .
was comparable 10 un reé?ed controls. Intraperitoneal treatments were
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superior to oral treatments. ANO19 treatment in Baf3 M351T, T315I and E225K implanted mice
showed a significant decrease in blast cell count and was comparable to 10 12th day post-implant in
ip-treated mice at day 42; ip-treated mice showed greater regression of blast cells than oral treated
mice. ANO2Z@eatrisntsh Baf3 M351T, T3151 and E225K implanted mie!§ksW&ratsignificant
decrease in blast cell count and was superior to ANO19 treatment at day 42; ip-treated mice showed
greater regresisitmsohiidast dei@’ﬁbammaﬂyﬁ%dﬂé@%m@-‘%Eﬂ‘aﬁ?ﬁ?émmq‘f@@ﬁ%ﬁ’%eé?lﬁﬂrde mice
implanted wifh k. 6§n§ﬁg@v s HAmRR JatkerBic celisvilovr daseabANGR&iANSgend Imatinib
(Figures 12 &3 mice (nu/nu Were implanted with IC562 cells (1x106) normal/luc via tail vein.
Five mice wei®. used per group and divided into 24 groups + 2 control. All groups were 20 implanted
with K562 normal/luc cells. Of the 24 groups, 12 were used for luciferase studies whereas the other 12
were used for blood smear count studjes, Oral |strat| 019 4 tinib Drugs
were administafetisy &?bﬂ"ﬁaﬁ%éw a?c‘ggree f?n 0%@&%‘?&% éﬁ%&% ﬁ% uéssrg)bglnsmn)
Results Orabadiniligirafiar26BANOI S«@msntl0 and 20mg/kg) in nude mice implanted with K562 luc
human leukemia cells resulted in leukemia regression at higher concentrations. 30 AN019
concentratlon at Img/kg d|d not mduce a decrease in Iumferase expressmn hereas1 5mg/kg caused

B xamiip phermiies B 588 PR € entrations caused a

ia cells resulted in leukemia regressmn at higher
{81zt : 7 132009/005421 administration at Img/kg
concentratlor]j#{% Bﬂtdﬁdéiﬁ%&vde&mﬁ huwfgt‘mseqea@pmé@ﬁn whereas 10mg/kg and 20mg/kg did
show a retardation of luciferase expression (F ). 5 The study shows the superiority of AN-019
over Imatinib in leukemic regressioh ' 1Ffe 24 _days of treatment. Exam e 5 - Determination
of Dru Effectivenessand Dru Te Pen&iation TGt rm v ¥estdPug effectiveness ma Drug
effectiveness was determined using the i “E3live.x 100 cuinffial Where: Ealive = total
number of mice alive per concentration at the end of experlment times 15photon count, Eluc = total
number of mi®¥hsiRe showing luciferase expression per concentration at end of experiment and ¢
represents Coﬂét%uﬁtfﬁaﬁeﬂrﬁmm@f&ﬁimﬂzphq@mmmﬁah@%%g%l%ft%ﬁw&% fif%er of animals

in control at start of c-initial experiment times_p h wliswate tepraskatedigraphically
as perceht dr@&"é‘?ﬂe@ﬁ%&ﬁﬁ sé()TatE)pfg rI]7 e PRI QR %2 ph

concentration at end of experiment and ¢ represents control untreated animals times

photon count and T represents the initial number of animals in control at start of

c-initial
experiment times photon count. The results were represented graphically as percent drug
effectiveness (Table 7).

20

Results
Table 7 shows the drug effectivencss at various concentrations of Imatinib, AN019 and

AN024 as determined from the in vivo studies. From Table 7 it is evident that ANO19

behaved in a dose dependent manner, whereas Imatinib and AN024 do not, and were

75  effective at low concentrations.

Table 7
Drug Smg/kg 10mg/kg 20mg/kg 40mg'kg
Imatinib D. 10.00 32.00 13.33 8.00
ANO019 D, 25.82 78.20 83.40 85.20
AN024 D, 30.60 85.00 87.00 90.00
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Results Table 7 shows the drug effectiveness at various concentrations of Imatinib, AN019 and
ANOZ24 as determined from the in vivo studies. From Table 7 it is evident that ANO19 behaved in a
~ dose dependent manner, whereas Imatinib and ANO24 do not, and were 25effective at low

concentrations0 2Tehi®ssDrug 5mg/kg 10mg/kg 20mg/kg 40mg/kg ImatiBibrpezdan/e65432.00 13.33 8.00
ANO019 De 25.82 78.20 83.40 85.20 ANO24 De 30.00 85.00 87.00 90.00 WO

2009/109867PCT3B2009/005421 Determination of drug temporal penetrance era The temporal
penetrance was calculated applying the following equation, T. /p\rep \ 01.10 "Miter 'p\/p) 5n\nib
Where: P=photon counts at day a' day ter or day ‘b’ where 'a’ is the day when drug treatment was
stopped and Refersinatpaoirag thmpolde peRsiBRZE tafminated and 'b' is the day where P is
minimum aﬁ%gmaa %@&%aﬁ,@éalét@a&%yﬁﬂﬁﬁg al-apimaisabyemdien R, was measured. The
larger the value indicates greater effectlvenesﬁjﬁ;2 a{ rug after stopping drug treatment, i.e. the

penetrance of the drug over time. 15Results ne the temporal penetrance of AN019, ANO24
and hnatinib, nude mice were implanted with ells. The animals were imaged at 6 day

intervals post transplantation. Drug treatment (R 0192Bmg/kg, ANO24 20mg/kg and Imatinib
10mWkg) was initiated 15 days post implantatign by dai ily ip injections. Drug treatment 20was stopped

on day 35 and animals were imaged till day 45, and calculated as described in methods.
Where:

P=photon counts at day ‘a’, day ‘ter’, or day b’ where ‘a’ is the day when drug treatment
was stopped and ‘fer’ is the day when the experiment was terminated and ‘b’ is the day
where P is minimum after day a but before day 7er’.

10  m=number of animals alive when P was measured.

The larger the value indicates greater effectiveness of the drug after stopping drug

treatment, i.e. the penetrance of the drug over time.

15  Results
To determine the ternporal penetrance of ANO19, ANO024 and Imatinib, nude mice were
implanted with K562luc cells. The animals were imaged at 6 day intervals post
transplantation. Drug treatment (ANO19 20mg/kg, AN024 20mgkg and Imatinib
10mg/kg) was initiated 15 days post implantation by daily ip injections. Drug treatment
20  was stopped on day 35 and animals were imaged till day 45, and calculated as described

in methods.

By applying the equation for temporal penetrance, Ty values were determined as:
ANG19=2.0
25 AN024=2.4
Imatinib=0.8
These values of T, indicate that AN024 had activity over untreated controls and fared
better than ANO19 for activity over time after withdrawal of drug {reatment.

30 Example 6 - Effect of Dasatinib on Baf3 Impianted Nude Mice When Compared to
AN024, ANO19 and Imatinib (Figures 14A, 14B. and 14C)
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By applying the equation for temporal penetrance, Tp values were determined as: AN019=2.0
25AN024=2.4 Imatinib=0.8 These values of Tp indicate that ANO24 had activity over untreated
controls and fared better than ANO19 for activity over time after withdrawal of drug treatment.
30Example 6xEflest@kiasatinib on Baf3 Implanted Nude Mice When (érhpRaedaesMaNO24, 4N019
and Imatinib (Figures 144, 1413, and 14C) WO 2009/109867 PCT111320091005421 Example 3
demonstrate hegHeciivenass.ai ANOFEaheANOID ANI tredtAisnt Ditetikemidventnicompared to
Imatinib by using Bat) (wt, T3 151, M351T an ings s ed
Dasatinib as %ch%aﬁlr%lvs r%ﬁg %%mfgfgm?r?énﬁ%nqr%sggjgl%%%o?%%@rﬁﬁggﬁe%fgg?rémg?m%e@r‘?t when
compared to AMNEL; NN dhersImaiais. MethBeasaind aipbsrnsisialiiay datJsEvér ifithe tabular
form as follows; Treatentfmegldioaimplaniatha v 382bMIE 1S EREDK Andodessiaice were
intraperitoneally implanted with Bat) mutant cells (wt, T3 151, M3 51T or E255K). 15 days following
implantafion, #rétiikee were treated either orally or intraperitoneally with 10mgfkg Dasatinib for 27
days. Blood was drawn from the femoral vein or tail vein every 6th day and blast cell count determined
and graphically 15represented. Results On the 6th day, blood smears of nude mice implanted with
Bat) mutant , 13151, M351T or E255K) showed normal blast cell count, and blast cell count
progressively?@ inpeeaseth e ohsergbdon teyabplapisairbolledfment was started on day 15 post
implantation. Dasatinib treatments fared no better than hnatinib. On day 42, the termination of the
experiment, mice implanted %th wﬁ‘m&e@p& nifitdnt regﬁéﬁge %&é%tin % icating that ip
treatments were superior to ofal. Mige implamtedi-with 13151 and M351T cells behaved similar to
controls with nggigrifigant derrease in blast 25 cell count. Mice implanted with E255K fared only a
little better thaqﬂ_’ﬁ%ﬁ;ﬁ_mplan d cells in response tg Dasatinib treatment. Overall Dastinib treatment
only caused ret@@;ggjion in leukemic progress with no significant curative effect. Blast cell count was
significantly lowsgggithe, group treated with ANOgQJ Thesg resultssare illusfrated in WO
2009/109867P(€i|’dﬂ§ /005421 Figures 14A, 148 and 14C. EXample 75- In vitro Studies on Glionth
and Breast Cell'Lines (Figures 15-18) Material and Methods 5 To determine the effect of ANO19,
ANO24 and Temozolomide with or without radiation on glioma and breast cancer cells, cells were

treated at the specified doses and determined.invasian, angiogenesis,and ' Ltain signaling
molecules. MN@@P’W&%@W%&WT@#@@WP&WS rngsﬁ%%en%%ﬁﬁéls&%ﬁo aﬁeélé%%l?pglioma cells
and MDAMB28sswyl ZR7 ldayeafticanceriosilsniatibe preserice sfespatificd cofieeriiaio s of
compounds were assessed usj W] shambe Assays &alls werediepiasnyith these
compounds fdPﬁ@’?{“fQiagg' évéﬁqv(vﬁg%ggu%%%%qgg ﬁ%ogﬁg of serum-?ree medium su%g)lqgnented with
0.2% BSA angsptacedtii theiupyerycSthpaiand oblase felhipwpt determined and graphically

15  represented.

Results
On the 6% day, blood smears of nude mice implanted with Baf3 mutant cells (wt, T313L,

M351T or E255K) showed normal blast cell count, and blast cell count progressively
90  increased as observed on day 12. Dasatinib treatment was started on day 15 post
implantation. Dasatinib treatments fared no better than Imatinib. On day 42, the
termination of the experiment, mice implanted with wt cells showed significant response
to Dasatinib, indicating that ip treatments were superior to oral. Mice implanted with
T3151 and M351T cells behaved similar to controls with no significant decrease in blast
25  cell count. Mice implanted with E255K fared only a little better than T3151 implanted
cells in response to Desatinib treatment. Overall Dastinib treatment only caused
retardation in leukemic progress with no significant curative effect. Blast cell count was

significantly lower in the group treated with ANO19. These results are illustrated in
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15 chambers (Corning Costar Fischer Scientific Cat #07-200-158, Pittsburgh PA) coated with Matrigel
(0.7 mg/m1). The lower compaitment of the chamber was filled with 200 01 of serum medium and the
cells were allowed to migrate for 24 h. After incubation, the cells were fixed and stained with Hema-3
and quantified@sopyavisesly described (Mohanam et al. 1993). The migre@@drReNg W imaged
microscopically to determine 20 the reduction in invasiveness induced by the compounds of this
invention. Angliageniq Aseay, Iheliryitro angiogenesis of 4910, 5310 and U87 glioma cells and
MDAMB231 and ZR71 breast cancer cells in the presence of specified concentrations of compounds
were 25 determined as follows, cells (2x104/well) were seeded in 8-well chamber slides and were
treated with vari@isepib inrsSof désst o Glimma dnd Biresss Oalidines 0gBEERAHIE) the conditioned
media was relp \éxeidlarﬁ% Rfidechio a 4x104 humqn dermal endothelial cell (monolayer in 8-well
chamber slid ermal endothelial cells were allpwed to grow for 72 h,.Cells were
then fixed in Eﬂ%tmlWtﬁﬂﬁﬁeéw&ﬁ%@moﬁﬂfg%&gﬁié@ td

. Wes e%ﬁﬁgflot analysis
Western blot analysis afASikes SadlransURTgliernacells Ak MEkiB 28bemd 2ZRFMbadast cancer
cells in the presence of specified congentrations 1Jtof coségnlg undsﬂ Wwere. WO

2009/109867¢EFAR 2580E7HEER Y LA AY SEHR ARG protocols. Cells were treated with
ANO019, ANO24 or Temozolomide at the specified concentrations. 24h after treatment, cells were

collected and_cell %g ]tggagxtracted. Equal quantities of proteins were fractionated by SDS-PAGE. The
L

fractionated protEiR€ Wers Blotted on to nylon membranes and immunopr ?f&é{é@%KT RIC and
P13k. Bieast Fantervitedl prowisriesiabdSierd Hamdnt iy iﬁ%‘ﬁfﬂ%ﬁ%&b%ﬂo or "EBB1, EroB2
and ErbB3. Results Matrigel invasiqn assavssik-d be speviftediovasivenizss of 4080056 0velitd U87

glioma cells and MDAMB231 and ZR71 breast cancer cells in the presence.of spesifiegdconcentrations
of compound§ﬁ§i§ﬁéda§§@§sédfﬂf§%edcl B oc%(ﬁ%(/éo%na%%agmbg?%ssa?/. Cefils were treated with these

compounds fogA@dinialie 2shows thef redistsréronsuspersiodiiss SHaH ol SRR E IMYAEBn assay of

4910, 5310 and U87 gli .cel D Hsnishoe! f
<poctod condIBTEHE D pAIS vl Aot Chonue o 1 mygsyonoss of

ompounds, w id without radiation. C£anﬁe i%’t\‘lp&iré\é%%dlaleness of
various gall lingaigiveéadmifiafissarFoshenSarmdiolat sy #98-LhdntiREEANOT o ahd ANO24
were the most e%%%tiﬁ atd atg{g,gg INYRSIBR Qi partaipnits ofcttiennblis hotiladtivigngithout
radiation. WO 2000409867PC 14B 009/005421PTabe8CeIItIin Dyyg -Radiatinniednvasion
+Radiation % ofivesiermeiEngadith ralioRShar ahtoR 2R-71 Témozolomide 70% 65% -5%
ANO24 48% 450 -3%e fixed and stained with Hema-3 and quantified as previously described

(Mohanam et al. 1993). The migrated cells were imaged microscopically to determine

i QAU ASE AEB R B

70 the reduction in invasiveness induced by the compounds of this invention.

Angiogenic assay
The in vitro angiogenesis of 4910, 5310 and U87 glioma cells and MDAMB231 and

7R71 breast cancer cells in the presence of specified concentrations of compounds were

25  determined as follows, cells (2x104/well) were seeded In 8-well chamber slides and were

treated with various concentrations of test compounds. After 2 24 h incubation period,

the conditioned media was removed and added to a 4x104 human dermal endothelial cell

(monolayer in 8-well chamber slides) and the human dermal endothelial cells were

allowed to grow for 72 h. Cells were then fixed in 3.7% formaldehyde and stained with

30 H&E and photographed.

Western blot analysis
Western blot analysis of 4910, 5310 and U87 glioma cells and MDAMB231 and ZR71

breast cancer cells in the presence of specified concentrations of compounds were
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ANO019 33% 19% -14% MDA-MB-231 Ternozolomide 62% 49% -13% ANO24 43% 47% +4% ANO0O19

45% 15% -30% 4910 Temozolomide 95% 73% -22% ANO24 56% 39% -17% ANO019 42% 15% -27%
5310 Temozolomide 50% 63% +13%

WO 2009/109867 ) PCT/IB2069/005421

assessed as per standard protocols. Cells were treated with ANO19, ANO24 or
Temozolomide at the specified concentrations, 24h after treatment, cells were collected
and cell lysates extracted. Bqual quantities of proteins were fractionated by SDS-PAGE.
The fractionated proteins were blotied on to nylon membranes and immunoprobed for

5  AKT, ERK and Pi3k. Breast cancer cell protein isolates were additionally immunoprobed
for EGFR, ErbB1, ErbB2 and ErbB3.

Results
Matrigel invasion assay
10 The in vitro invasiveness of 4910, 5310 and U87 glioma cells and MDAMB231 and
7R71 breast cancer cells in the presence of specified concentrations of compounds were
assessed using a modified Boyden chamber assay. Celis were treated with these
compounds for 48 h. Table 2 shows the results from the studies of in vitro matrigel
invasion assay of 4910, 5310 and U87 glioma cells and MDAMB231 and ZR71 breast
15  cancer cells in the presence of specified concentrations of compounds, with and without

radiation.
Change in the invasiveness of various cell lines is given in Table 8. From the invasion

assay it is evident that ANO19 and ANO24 were the most effective at inhibiting invasion

20  in a majority of the cells, both with and without radiation.
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ANO24 27% 32% +5% ANO019 5% 6% +1% U87 Temozolomide 90% 93% +3% ANO24 53% 29%
-24% ANO019 18% 18% 0% Figures 15 and 16 illustrate the-results of the in vitro matrigel invasion
assay of 4910, 5310 and U87 glioma cells and MDAMB231 and ZR71 breast cancer cells in the
5presence ofvepeaifieecbgoncentrations of AN-019, with and without radiabORIBAGIOEfERIc assay From
the angiogenesis assay experiments it is observed that AN019 was the most effective at inhibiting

angiogenesis. 10 Temozolomide treatment caugable8mplete inhibition of angiogenesis in ZR-71 cells,
whereas in MDA-MB-231-cells

231-eells-prly-a-shightinhipitionwas opserved-ingonirot condition with an
increase in inhibfaghliker radiaFi]Bﬁ%gGlioma xenogrteEens 4&@%&%0‘ Hfcaht inhibition of
angiogenesis bpth with and without radiation. In| thdie@senf 58 ity ase I%‘;ﬁ}a |%‘ﬁ|on of angiogenesis
was seen in control conditions. whereas angiogenesis was hromoted afterradiation-treatment. US7
glioma cells showrdrsimilar inhibiganpadteidss \WO2009/109867PC1111¥2009/005421 both with and
without radiatiop. ANO24 treatmeni £aused conpjede inhibiliga.pf angidggaesis in ZR171 cells,
whereas in
ANO19 33% 19% -14%
MDA-MB-231 | Temozolomide | 62% 49% -13%
ANO24 43% 47% +4%
ANO19 45% 15% -30%
4910 Temozolomide | 93% 73% -22%
ANO24 56% 39% ~17%
ANO19 42% 15% -27%
5310 Temozolomide | 50% 63% +13%
ANO24 27% 32% +5%
ANO19 5% 6% +1%
Us7 Temozolomide | 90% 93% +3%
ANO024 53% 29% -24%
ANO19 18% 18% 0%

Figures 15 and 16 illustrate the results of the in vitro matrigel invasion assay of 4910,
5310 and U87 glhioma cells and MDAMB231 and ZR71 breast cancer cells in the

5  presence of specified concentrations of AN-019, with and without radiation.

Angiogenic assay
From the angiogenesis assay experiments it is observed that ANO19 was the most
effective at inhibiting angiogencsis.
10
Temozolomide treatment caused complete inhibition of angiogenesis in ZR-71 cells,
whereas in MDA-MB-231 cells only a slight inhibition was observed in control condition
with an increase in inhibition after radiation. Glioma xenograft cells 4910 showed
significant inhibition of angiogenesis both with and without radiation. In the case of 5310
15  cells inhibition of angiogenesis was seen in control conditions, whereas angiogenesis was

promoted after radiation treatment. U87 glioma cells showed similar inhibition patterns
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MDA-MB-231 cells only a slight inhibition was observed in control and radiation 5 treatments. Glioma
xenograft cells 4910 showed significant inhibition of angiogenesis both with and without radiation. In
the case of 5310 cells inhibition of angiogenesis was seen in control conditions, whereas angiogenesis
further inhibite® adteripaghiation treatment. U87 glioma cells showed signif€ariBaetaidatian in
angiogenesis with an increase in inhibition after radiation. 10 AN019 treatment caused complete
inhibition of anghogeinesissithéR rédiatdls, whereas in MDA-MB-231 cells a slight inhibition was
observed in both control and radiation treatments. Glioma xenograft cells 4910 showed inhibition of
angiogenesis similar to MDA-MB-231 cells with an increase in angiogenic inhibition after radiation. In
the case 1505826 tedisamhiitiend stantfsgahibiiswiepgioscks dB Pl ESABH SRS HaPafter

radiation treagmenhH87.gligma calls shawed similassignificantrelardationsm angiageaesis both with

and without radiation.  Figure 17 illustrates results obtained from the in vitro angiogenic. assay of
4910, 5310 aFEErPEFHB7 Giemmraneah FMbANBSOIEN F e H & %&gﬂc%ﬁ%%ﬁ%%ﬁn?ﬁé presence of
specified conggntations ofitduOkgiatith andhwithauifstliatotls Webicom blongivalysiss\Western blot
analysis of 4910, 5310 and U87 glioma cells and MDAM 3%9% ZF b t cells in the
presence of SEELIfBIRBA AN of COMPOURdS of ?ﬁ?sl%inventlon%%/bégﬁedﬁ?%gt %%8{1%&%2”5 did not
show significamtiohmnhgeUR7AKIDor REK Idweisdhsinifitrnbretadation dREieRIFHE BER gslight
decrease in I_:Igy‘(et %%\{Bgli SRserved iR ANO24 treated cells and decrease was enhanced after
radiation. 4910 cells behaved similar to U87 cells with a decrease in AKT levels in after ANO24
treatmehfand the 30 decrease in AKT levels was enhanced after radiation. In case of 5310 cells no
significant obgafypple.giffere paacanseanimbRtGrespieskigmecre B ANOLB, trdativienit caused a
decrease in AKT expression |evels..Levels of PI3k were al t. e [ . ated cells
without radi aMP‘BLMﬁé%]péﬁ daaﬁ]égﬁrtal m%étﬁo{lrevgﬁn §P|%?W18§alsﬁgﬁci§f§% r%%g%a%ﬁl\r%%%%ﬁa DA-MB-231
no significantelaneesn SKImE Ritapr#i sHlvaS 16bserved infildrionod/ 1egesPetsTyME» 069/005421
whereas in ca@rgrf_ 21 ANRILO Breatment.causadh decreans A kiflexalgionhishiwassenhanced

after radiation. freatment did not show any significant (_:hangge lﬂrnder.unirraiﬂiate é:onditions,
whereas! &fterofaidflore NP iR R PBEIRE LB SUPS, BRSBIEIaLL FTAR BREHLE R AicTevels were
absent in ANQ19 reatmentscapth with anmwitheuls5 dasiatiosinAO 24rtitetmertadaided Wecrease in
PI3k levels after radiation. Levels of pAKT did not change significantly in any of the treatments with or
without radiat@g}%ﬁ‘é‘i%%ﬁéol%\%@éf] 1f52(11‘%‘;%:%%1‘5ignificantly especially in cell treated with AN019
both with and without radiation, ANO24 also showed reduction on pERK levels but to a lesser extent

than ANO19. Temozolomide treatments.both with and.withgutasiatiendis bosd@ sspaw ary significant
change in pA ‘\g%rfeper@e%ag% Fg%?r% 18 illustrates the results of Western bl%an?&/sis of %1910, 5310

and US72glionii8geieandoniin AMBYDAEBZI R 70 e BERAEE FRSRE i1 hre&NEE O specified
concentration p%%ggggn%mimmppmggdmm.&ﬁh&.mmmc&.- Leukemic survival study (Figures
19-21) K562 luciferase expressing cells were implanted intraperitoneally into nude mice; the mice
were scanned using the xenogeny IVIS image station after ip injections of luciferin does determine
implantations. fg@riiaasnanityvis started as in previous studies day 15 20 after implantation. The

animals were given tr%?tjc'ne ts!ﬂ; %{M aftep \%mcﬁgqrggoggaggﬂg%wmm%mm gmrvival of the

animals deterniifad as Be?rf &Animal care regulations. It was observed that contr%l aé][.i%%ls

developezsleuksasiaanctmaitality Hedroesenteelomeralicd4capPaEIons 8 (TSRS We Were advised

to sacrifice the,fcyaiaig &0HAlBN dAY 38 /B ugadea vk By AT on Pl kaghost
implantation and 25survival of animals determined. Anjmals treatedﬁﬁm@lé{g)@gfs%lgggy&% fgortality on

day 38, the debeftamithard oHathEadAEREFBHRAIGEre ISLFANIARMc enfargement and cause of death
was determinegioteeiier thie leudkeeieasslond snisarsdcefital rrstidivrakdf Posrlthbhayd animal. Of

the 10 30 animals used 8 gnimals showed no sianed oflankemiapn daydp animalsaieated with
ANO19 did not"SRUE 5%;‘3?20?2%9@% of the 10 animals showed complete absence Z,If leukemic

symptomso Wa:2e0e/t0SRE AP/ /B cobiosaienpdainn o iatatr WA A AERVEE™
reoccurrences gf leukemic:Symploms e Heatenpwisiawatardsimaerkamoesligued day 55, 56,

57 and 58. The surviving animals did show presence of leykemic symptoms. S5Fi J{gstrates the
amount of lucifétersase bk JiGRRSFIBEIE Sob‘rSYﬁ(ie?o"#é?#‘i rﬁﬁfﬁr%’é’gn%@eat??e@ﬁ%gr%ggti %vith

ANO24, ANO1 G Qdm@liRiithduigriiaR0rillustratpsetel nfimbedisficmimaisairda sterchBE#fent with

ANO24 or ANO19 atd rug tregtment was stopned.af day-f2p RRIMAIS GoREnYeskeshow
curative 10 efféBP4Tte] a}[rseﬁ%%r%vi%%ﬂ?osﬁ ?r?éi ANO1O after withdrawal of drug treatment.

25



Figure 21 illustrates blast cell count from blood smears taken from animals at the day indicated. Drug
treatment-was withdrawn on day 42. ANO24 and AN019 showed effectiveness after withdrawal of drug
treat.ment. Imatinib was found to be ineffective. 15 Exam le 8A - Studies on ED o LD o MTD and Thera
t eutic Index Woedalowdey table summarizes ED50, LD50, early cited MPDI{M2asin0F42T olerated Dose)
and therapeutic index of the compounds of the present invention in comparison with Imatinib. Methods
employed as;pgfeds Rhas0ac IR EX PN Ot W) cA6:D6-143e420 hxpEiirtmels|whibstance LD50 (po)

Mice (mg/Kg) EMU (pq) Mice (mg/K 1D Mi [KQ), T. iIc* J = ini
oo okt SR AR NS BR S AR
(K562) Examypiergiia@fionmdifediatunegsudies (fiived H024rw2e] Rlircrhgtiebadesectstriicranially
implanted W'%ﬁ‘f%’ﬁ%m{‘ PieRxGnauRnels #1005 2% calhd SBHaymalier immantation mice

were treated with ANO19, ANO24 or temozolomide with or without radiation (5Gy/week). The
experimént viadizdominAbR 4 iwalpsnt seutsthirsresidn. Pl osto A 58 S8BT 1B96697005421 From
g;e reshulgs Itw@ﬁfﬁaﬁﬁﬁ&@m@emg%a&ﬁgmmwmm develeprdintracraitiahturbatisrand radiation
alone had very little effect o or size redugtion,.Animals.{freated. with TMZ.al ed reduction
in intracranial' &8t Vﬁﬁtﬁ%}g@ﬁ%‘?ﬁﬁ%{%%oﬁﬁ &ompre lgﬁ:seqér\%:eea g?fﬁ%oﬁlisl%%%\i{étion
treatment comnitined withohiMziBiasmadisRdtide chesediraditntine orepffREsiovelh tuhiop de5&ivith animals

showing less sympgoms, e iirasianial iBressure.(ashedopacin imihisiaase Reidbe &8 awimals showed
no observable intracranial tumor. Animals treated with ANO24 without radiation showed presence of
intracraibial tshsousgy significant change in pAKT of perk levels.

Figure 18 illustrates the results of Western blot analysis of 4910, 5310 and U87 glioma
cells and MDAMRB231 and ZR71 breast cancer cells in the presence of specified
concentrations of AN-024, with and without radiation,

i5

Example 8 - Leukemic survival study (Figures 19-2 1
K562 luciferase expressing cells were implanted intraperitoneally into nude mice; the
mice were scanned using the xenogeny IVIS image station after ip injections of luciferin
does determine implantations. Drug treatment was started as in previous studies day 15
20  after implantation, The animals were given ireatment till day 42, after which drug
treatment was stopped and survival of the animals determined as per the animal care
regulations. It was observed that control animals developed leukemia and mortality had
occurred on day 34 and 35, as per regulations we were advised to sacrifice the remaining
8 animals on day 35. Drug treatment was withdrawn on day 42 post implantation and

25  survival of animals determined.

Animals treated with AN024 showed mortality on day 38, the dead animals on further
inspection did not reveal spleenic enlargement and cause of death was determined to be
other than leukemia, blood smears could not be taken from the dead animal. Of the 10

30 animals used 8 animals showed no signed of leukemia on day 55.

Animals treated with ANO19 did not show any mortality and 7 of the 10 animals showed

complete absence of leukemic symptoms.
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10 but the tumours were well defined and not showing diffuse edges as seen in controls or TMZ
treatments, 3 of 10 animals were cured. After radiation treatment 7 of 10 animals were cured, the
animals that showed presence of tumours showed well defined surgically respectable tumours. 15
Animals treat®6 with 18480719 alone showed tumours similar to ANO24 trégi@dBsaitiiRé dnd in this case
both with and without radiation 6 of 10 animals were cured. It was observed that after radiation the
tumor size wasisighifisantly rethciechtinibush®d|ustratescrestilts diotdisned frympsesnsicaitentitative

analysis of 2 20,mo s IS, BIGE ST HSAITF I il TH126ANORA 98 ANALINIRY without

radiation (50?37? igure ows graphical representations of nude mice showing absence of
intracranial tumioats diftehair ecsrnaerpelsulisek ANPIIDAN-024 and without radiation treatments. 25
The preparative synthetic and other aspects of the compounds of the present invention have been
illustrated in the following examples Example 10 - Preparation. of Form:| :
30(3,5-B%trifﬁ}&’é?né?hg}?)lﬁ%ﬁ‘éntﬁé‘irﬁﬂl%@t*&-ﬁ%‘d‘ﬂf%%ﬁf?6§H¥ﬁﬁﬁ£i§ﬂa§?&%}‘%ﬂ%ﬁ§ﬁﬁ%gﬂ%mide of
formula-1, wagplepadesiaspeartbamnmtapwilt pAcEEAOER@ampleEdiln W02006/027795 (US
2007/0232633) as follows: WO 2009/109867PCT/1B2009/005421
Preparationof(3,5-bistrifluoromethyl)-N44-methyl-3-(4-pyridin-3-yl-pyrimidin-2- ylamino)-phenyl]
-benzarnide (fjgste 0Lttt taoniobeove o8l et aBeb FRetmA NUA- ARG 23-A enyl)-)-
benzamide In,the figgl INSIANERacheP S 'Qéé%{@rfa@fé‘%l henzawlshiondaishichuas tseghvas one of the
i0

starting materials’'was prepared as follows 1 nyl chloride (576.0 g, 4.8mol) was added over a
period of0L5 eEfeYcrRes STeRTBRIG Pt AR R RTG O NI thi er it et P BEREPP250.0 g, 0.97mo1) in

chloroform (2.5 L) at room temperature. The reaction mixture was heated to reflux temperature for 1
hour. The excess of thionyl chigride was removed by co-distillation with chlaroform under, reduced
pressure. Aﬁ%ﬁ%ﬁg & dﬁélf’}/ ateesdqlbsfﬁﬁ?a |%ﬂn,° uge&rggmt%}/a ’gr_rllﬁgr rfl ueonrogrpnngt ylf815 benzoyl ?:rhloride was
cooled down indicmed. te Prper akatmenidvdis Suilhderivn400 dal chlorofiii A rasd | vidH Hishowed
4-methy1-3-nioaniing (920 GRBAMI RGN Ehaikinas sapled B fcasiethyl amine
(304.8 g, 3.0mol) was added. 3,5-his trifluoro methyl benzoyl chloride in chloroform was added drop
wise at 15C over a period of 60- 75 inM. The resulting suspension was stirred for 1 hr at -5C. The
suspension was 20 dif#agple 84 Smdies.on o Jedng M B ARG ARIAPCRUSARCES ith chilled chlorofoun
(200m1) and ghieddiovask! wBlE0sginm 6RO G05NeEL(2oibisited| diin a4 Tolerated

methyl-3-nitrgphenyl)-)-benzamide. (68%),as cream colored cr t%r. 9% puri ﬂ%&l‘i C)
MR-123-130%9°§%%%8%))‘(‘#B?¥%%}% éénocf;‘ ,é‘-’B}E"t‘?ﬁﬁﬁo‘?gqn%&R{%- - -arr%‘ior%‘o%-gn%!e y|p5r)11]£1W1)
benzamide Awitisfentiin deibeds (@Edvisitrifprarbribanpyonl (Fmethyer -t phe Rt} Benzamide
(160 g, 94#1moles) and stannous chloride (460.8 g, 2.0 moles) in absolute ethanol (850 30 ml) was
heated to reflux temperature for 40 min_The resuylting suspension-was-then.cooled-to-reem
temperature dhgpgireaciedtstads L éDesald walddsihe)reaqtiddhixture pHlwepawitisted to 8.0 with
4.3 L of 5% sodium hydroxide solutiomiend extractettwith 2 x 2 Mioé ethyl acefieX The ethy| acetate
layer was washed successively WO@RQE1 0986 TREKMB200{0EE4R1 with WR€FBrd brine and dried
over sodium'sulfate, THe [acet as distilleg,completel 500 ml of ane was added to the
residue and ’rﬁ n%%lb‘m%%ﬁj 8 R 2 g s A

H-high-vaeduduin-at-60Cto-give-96-:0g-ofnovel (3,5-bis
trifluoromethyf)MO0(3- amino-4-methyiéﬁ%nyl)-)-beﬂzgmide (689 %s vellow |cH¥stals. (98.5% purity by
HPLC) 5 MR-A53a256C Step (HI): Pregaration of 10 500 144
(3,5-bis-trifl U;;l.ﬂé{gg I INEEr dino-4-methytphenyl)-"benzamide. TOA SUSPension of
(3,5-bis-trifluoromet%yb-N1(3-%&r5h?nﬂo-4-methylphenyl)-benzamide (90 g, 0.20 mol) in n-butanol (500 ml)
was treated sequentially with concentrated Nitric acid until the pH reaches 2.5 (15.9 g) and with a
solution of cyanamide (154 {7 1entbinaraiais i S dve Hgues0zloind®@min. The resulting
reaction mixture was stirred at reflux temperature for 6 The reaction mixture was thepedistilled off
completely un%@?ﬁ%‘%%gﬁﬁ?ﬁn&qg’fﬁ'ﬁﬁ?&%é \?\7 sa oz\i/v%rg]%%%% %%I\}%Xteon?gf)arﬁ (t:g?ﬁétg?zture. A
mixture 0f 18Q«i)of nithatagh arftel SG1poEME was asded toathé reibtiddiRidss N 4tiaed at room
temperature for 1 hy, The Rragductwas fitared:off with ey fith B iiEgAiamethanol and
WE (3 x 50m Tanc gﬁleplein vacuum at 60C t& gi\?g 29 ogfﬂ{;]e nitrate sail of novel
(3,5-bis-trifluoferékrgs-iwpBaseraidino - 4-methylphenyl)-benzamide of the 20 formula 62% of theory
(99.2% purity by HPLC), MR-285-287C Step (IV): Preparation of (3,5-bis
trifluoromethyl)-N-[4-methyl-3-(4-pyridin-3-ylpyrimidin-2-ylamino)phenyl]-benzamide(1):

] s
ered-cake-was-dried-at-hig

CuUU
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25A suspension of (3,5-bis-trifluoromethyl)-N-(3-guanidino-4-methylPhenyl)-benzamide nitrate (70 g,
0.15 mol) in n-butanol (470 ml) under an atmosphere of nitrogen was treated successively with sodium
hydroxide flakes (7.0 g, 0.18 mol) and 3- dimethylamino-I-pyridin-3-yl-propenone (28.0 g, 0.16mol).
The resultingveasperisisa’was heated to reflux temperature for 2 hrs. Th&¢@aBaea/¥pttires became a
homogeneous 30 deep orange solution and dimethylamine was removed by the distillation of
n-butanol. REagtiothénassivasvesalbskaledhtn RID%NE xonixtlirmiofalvaderdwmbd itdrstanml (300 ml +
300 ml) was added and chloroform layer was a 0 er shed with
AGSE-ana SLIOOR R R 0% PIRALALRLO U, owg% foiRBHeT Wi ME

water and distied fo a residual volume o thyl acetate (350 m

2009/10986 2REI BADOYIDEWRE shaw etitdticiirthin rakaftsHiAh A48 st itk re aokP inaliction, the
isolated solidyyas washed wdthsibvkasetate g SQmdihans waields xaRumbiandmripdn vacuum at
60C. Yield: 48.09 of (3,5-bis trifluoromethyl)-N44-methyl-3-(4-p riiﬁijn-& I-PyH din-2-
5y|amin®ph@ﬁ%%%?ﬁ’éﬁﬂi?fé‘%fitﬁeff6ﬁ‘ﬁhFé’@efﬁ@’cé‘?nf?&mds&?feﬂ% mtia? SHBY &88p-1v process
was suspendgshiloh80m nfehlarefopresand hediabiiab)ihkis The 2adctionimassalsabooslied to room
temperature and,then ooI%d further to }S'OC' The product was filtered and washed with Chloroform 10
(250m1). TheWEVELIR HIRE g, oaru-g%burs at 60C. The yield was 40gms. Melting range -230 -237C
(DSC). FIG. 1 of the drawings accompanying this specification shows the X-Ray Powder Diffraction

(XRPD) pa“?(ﬂﬁ%ﬁfé’ ! SibstantiallyodeRigia RIGaN Bl sPRRG.S! MrRrhdanrenatesas per the
N

process disclose is Example The 20 values and intensities are tabulated in Tab%l. FIG. 4

shows the DU fhe ey ae e Jdined Ao satRaloneiBsr A8y ASPHELETHREFbed in this
Example (runpiigm#4&:Qends 3oL 0c0Dizhningdie 8Qdml/ming: 2dikich frehmas CryStilsafdabrm-| crystal
modification of compound of formula (1) Ex le 11 - Preparatign of Form- -
(3,5-Bistrifluo‘f"5“ﬁ‘?§l‘ﬁ§é’l—f@ﬁ%@mgﬁ%ﬁ%ﬂﬁwﬁ%ﬁﬂﬁf}gygﬁﬁ?gfﬁ-%yl‘g?ﬁi?r%o p gé[?‘%ﬁdk Szug ceag%ramide of
formula |, wasepsepstslecaspar the process of Example 4 in W02006/027795 (US 2007/0232633) as
follows: Alternative process for the Preparation of (3,5-his trifluoromethyl)-N44-methyl-3-
(4-pyridin-3-y1-pyritnidin-2-ylatnin0)-phenyll - benzamide 30In the first instance, 3,5-his tr"&fluoro methyl
benzoy! iéhlormalidreairisritet Al 8 alowst Thenad G I taHEF Jo-A Vb EratF b &S  Thionyl
chloride (2.04 keyd Z.2meh Was asdedieerainased of 16 ainde asekitied df 858 s tdfluoro
methyl benzoic acid (855.0 g, 3.3mol) and D.M.F.(g mla ir}_ecfil}l](%ré)form (9 WO
2009/109867&@?@2@5@7%%?@5%8%3%%&% ure. The reaction mixture was heated to reflux
temperature for 1 hour. The excess of thionyl chloride is removed by co-distillation with chloroform

under reduceg pressiye i 49G: AURING:BAMLS" eHRKARHhe{Cauiaa BB s tilluaro methy|

benzoyl chlorid8 Was ¢ooled down to room temperature and dissolved in 700 ml Schloroform. A
solution 25F N-(Bmzavin doonpdethyire sty 1 eompti il IR Siv b 75REL2 B 1) in
chloroform (9.)4Mas: gg_to -5C and triethyl amine (1.03 kg, 10.2mol) was added. 3,5-Bis trifluoro
methyl benzoyl chloride in chloroform was added drop wise 10 at -5 C over a period of 60-75 min The
resulting suspension was stirred for 1 hr at -5 C. The suspension was filtered, washed with D.M. water
and methanolpiageun iBogiyeripBiky efpnstertidestitenodenpieriavtiebivretAfSRIMsEGEh from

methanol yielded 0.82Kgs (60%6). of (3 itk IO RRREW bl firre tulad evtilacs-yl-pyrimidin-2-
ylamino)-phewyﬁse%ézéfr%éa%i%ﬁg@v%ﬁ ’ '
25
The preparative synthetic and other aspects of the compounds of the present invention

have been illustrated in the following examples

Example 10 - Preparation of Form-i
30 (3,5-Bis triﬂuoromethyl)—N-[4-methy1—3-(4—pyridin—3ylmpyrimidin-Zylamino)-phenyl]—
benzamide of formula-l, was prepared as per the step-IV process of Example-3 in

WO02006/027795 {US 2007/0232633) as follows:
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The compound of formula-I obtained by the above process was suspended in 5L methanol and heated
to reflux temperature The reaction mass was maintained at the sarme temperature for 30-40 minutes,
cooled slowly to 40-45C and held at this temperature for 60 minutes. The product was filtered and
washed withvoosieatieissnol at 40-45C. The 20 wet cake was dried for 6HdiHEeP88T 2 v ield: 650gms
FIG. 2 of the drawings accompanying this specification shows the X-Ray Powder Diffraction (XRPD)
pattern whicPrepeatiantiallyf deifcistasts Bieatiynphyd Shifpre Sy ES I PYHisiagareRa& P tie process
disclosed in§%ﬁ§§$ﬂg}& he.g¥aluep and intensities are 25tabulated in Table-2. FIG. 5 shows the
DSC thermogram of form-Il crystal modification prepared by the process described in this Example
(run from 30.0- 350C 10.00C/min; N2 80 ml/min). 30FIG. 8 shows crystals of Form-II crystal
modification .6 Peiepat Rt roTUlRE. BxaiplariffherBrepaybidiehBbpir 4t ttophedyl)-)-
2009/109867PCT/1B20091005421

(3,5-BisthifluBFBATBHE) -N44-methyl-3-(4-pyridin-3y1-pyrimidin-2ylamino)-phenyl]- benzamide of
formula I, was prepared as per the process of Example 4 in W020061027795 as mentioned in the
above Example-11, 5 T 4 | RiRsT Sidhe bave wioesss wassuspended in a
mixture of 2&%?&@? %ﬁ%ﬁ?ﬁéﬂ“ﬁg‘f’%ﬁ% z;:a%%%?le and heated to 50C. The reaction mass was
maintained dhertasiaaatsripe s R SRSBIHEtes, then cooled slowly to 25-30C and held at the
same temperature for 60 minutes. The product slurry was further cooled to -5C and filtered and
washed with 0.8L Acetone. The wet cake was su ded in 0.4 Jsatgd o reflux
temperafure FRIRE YOG &Pl ﬁr%é%ﬁ/%’f’n E\}\%’g ed Wit 0. L]g%aé%ﬁé%g%roﬁg%v]ét cal?gwas dried for
6 hours at 60€5.%ie!gihe0g mehi Gedwt taldizaiagsraéedibanhigralisis sBlarriamishows the
o o AL RED R Yl ink Shisiamall deidiis el murmeanple o
15form-IlI pr aréd s peP e process disclosed in this Example The 2,%; lues.and mtgnsmes are
tabulated in ThblexzesIGf tishivehipde SEsHERNGEr h SréGHHaHPR S I%%ﬁ)lﬁ:rgﬁgﬁ Srepared by
the process dggeribeddahis EXenmalecHorfotAa11i325Ge 1osABEH Aif; b 2dunmtmisthyR0 FIG. 9
shows crystals of Form-Ill crystal modification of compqund of foiii A3 - Freparation of
Form-111 Y3, 5eaarh drsrishynt M@E%Eﬂﬁ-ﬁ(ﬁgﬁg?ﬁﬁeﬁ?ﬁrﬁi ﬁ%%i%%sﬁgﬁan -ﬁ%ooer@lk 25
benzamide offigieial, WasRiRpased-asther etprotiss GLdxanigitupihinedesoe 185 as
mentioned in the above example-11. The com r faied. by shesabaverprocess was
suspended mLAW@ﬁ%@%@ﬁﬁ%ﬁfﬁgﬁ%ﬁﬁgﬁd%%le}x‘gﬁge and h?a%ed‘to 5? . The reaction
mass was 30smegigitainedyaiteisamehirmoratuis ridgbdropHiaisS oSt LRHRAE 25-30C and

held at the saége tempgrature;for, 12 houes: Thesaduictsiurmivees tathameooigddaos @afiltered and
washed with .8E1]I3'exane. e:Ishe wet cake was dried for_6 hours at 60C. .}gelg: 490 ;gis fPrEC :
F#J wﬁe with chille (4]

248.2(peak). dwdilaheomsegezPemeohdonE 454 B ple" 14 =" Preparation of Form-Hl
(3,5-Bistrifluopegaatiyyild\demathdodatd-py s Bylopyrmidinel (Ahisdyi hesyethyl)-Belfizamide of
formula |, was prepared as_per the, process o m Ig 410 5 W,Q&OQ%Q%W@Z% pagntiened in the
above ExamW@I!‘W@Bh‘?ﬁg%ﬁp%’ﬁrﬁ%Iéé-%%tggfnergaéi/ tﬁe above process was suspended in a
mixture of 2.55wimetimyl fosmaehitle and 4.1L toluene and heated to 50C. The reaction mass was
maintained at the same temperature for 30-40 minutes, cooled slowly to 25-30C and held 10at the

same temperature for 12 hours. The slurry was cooled further to -5C, filtered and washed with 0.8L
Toluene2T he Step c4K: whEspriaiEPfor & hbliFsbit eBEYRRELEHS) %aﬁgﬁg—%&%\/\oﬁng) xample 15 -

ea
Preparation of Eorm-HL

A suspension of novel (3,5-bis triﬂuoromethyi)~N-(4-methyl—-3-nitrophenyl)-benzamide
(160 g, 0.41moles) and stannous chioride (460.83 g, 2.0 moles) in absolute ethanol (850
30 ml) was heated to reflux temperature for 40 min. The resulting suspension was then
cooled to room temperature and quenched info 5 L of ice cold water. The reaction
mixture pH was adjusted to 8.0 with 43 L of 5% sodium hydroxide selution and

extracted with 2 x 2 L of ethy! acetate. The ethyl acetate layer was washed successively
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15(3,5-Bistrifluoromethyl)-N44-methyl-3-(4-pyridin-3y1-pyrimid n-2ylarnino)-phenyl]- benzamide of
formula I, was prepared as per the process of example -4 in W020061027795 as mentioned in the
above example-11 The compound of formula-l1 obtained by the above process was suspended in a
mixture of 20v03008@e¢7acid and heated to 50C. The reaction mass waCHEIRBIAEH Bk the same
temperature for 30-40 minutes, cooled slowly to 25-30C and held at the same temperature for 96
hours. The pradustawasdiltéres and dashedew kbl soliled Abetishatidecttie wes dikidledas dried for 6

nours at G0C. Yigld 300, PG A48 Repi: A ARl fa ReeRaratianmiEQraull The Form|
prepared by Ex p? -10 (40g)was suspended in a mixture of 120m1 dimethyl formamide and 200m1

acetone and Wfedagdatneg: TAETE 46RO riaghve 88 fa ah vl dat e SR ammRd G for 30-40

minutes, coolgd-wlonhe e Ra-a08 phsheldiatdbe sameltewmpssailieder B0 poiytes HPeslurry was
cooled -5C, filtered and washed with 40m1 30 Acetone . The wet cake was suspended in 200m1
acetone and ¥Baled {0 ¥flux temperature and maintained for 60 minutes at reflux temperature The

slurry was cooled to 25C, filtered and washed with 40m1 acetone. The wet cake was dried for 6 hours

2160 vield g BC 1 RILA6Pseh) WO AR0AOSABTRET LIRS DO AP 17

Preparation of Form-[fl orm-II prepared by Example-11 was suspended in a mixture of
1,95L dimethygtearidenide and 3.25L acetone and heated to 50C. The reaction mass was 5 maintained
at the same temperature for 30-40 minutes. The reaction mass was cooled slowly to 25-30C and
maintained at the same temperature for 60 minutes. The product was &;}It red aI Wash.%d with 0.7L
Acetond I ThewetSBRS IR Shspehnilt 1H381oRE ga&(ﬁ%&léﬂg 8%’&%2] SEFAUTE The slurry
was cooled tgaaCofitarrd) aind-biasied 30ithnd). Haatestdesciinetivdlycakle wasetvigddfofiBihiours at 60C.
Yield: 395gm%; PRt 84 37 A 0 5.0 ASHPEANPEIN NI BRAN 9781 19 heyaration in
i0 he field o

an amount or range hat is ¢onventisnarfo ‘ organic chemistry, for example, the typical
variation thatiooeaies (htemhperetaracrion thhde minmERstReliperEarirsy B aitHsSHEEbrganic

chemistry 'ati%fﬁﬁé){é/mdﬁgéﬁfu PorQy REOARTIQRfRGI kY Fd eV AlMPliRaI RA I ifplatieukBagents. Any

range or amount used in the description of the present invention that is modifie&l%/ the term "about" is

also a phitt of Ry i residemBaRIP R SRPhAABBUL FESPLIRBIE Tcita oA B 8bout 10 to
about 20" alspsingiusiesddeiistion 08010 tF B whshisiitbehnotedithatas adetiirdhisepecification

and the appended claims, e, 20singuls formsay. i A, 1e: NAA A safegents unless the

content cleark HRETAHES Sthértise  Thus. Tor exampre, reference to & composition containing "a
compound” incttiheslandiREr6 of Mmlpacrisdanmyscuntist S Ho ke g Aseoh Ste aitrie H1E term "or" is

generally employeg, Qj&gggm%%m%g@@o%?m% the gopteph&loptheslistatrs atherwise. 25All

publications and patent applications in this specification are indicatjve of the level of ordinary skill in
the art t80vhidrime SRiamichepar{ahee Pty iAo Ba el fescribed with reference to various

specific and preferred embodiments and techniques. However, it should be understood that many
30 THE CLARTES DRFIN G T NOETTON A A B T et et lomm of
(3,5-his miluaserinetiigtp-Mdodinmptiepyd-teazamidiatiBy 1-pyrimidin-2ylamino)-phenyl}-ben7amide (formula
), having the following 3CRPD characteristics: Angle f2-Thettil &value Angstrom
25 A suspension of (3,5-bis-trifluoromethyl)-N-(3-guanidino-4-methylphenyl)-benzamide
nitrate (70 g, 0.15 mol) in n-butanol (470 ml) under an atmosphere of nitrogen was
treated successively with sodium hydroxide flakes (7.0 g 0.18 mol) and 3-
dimethylamino-l-pyridin-3-yl-propenone (28.0 g, 0.16mol). The resulting suspension was
heated to reflux temperature for 2 hrs. The reaction mixtures became & homogeneous
30  deep orange solution and dimethylamine was removed by the distillation of n-butanol.
Reaction mass was cooled down to RT and a mixture of water and chloroform (300 ml +
300 ml) was added and chloroform layer was separated out. The chloroform layer was

washed with water and distilled to a residual volume of 70 mi. Ethyl acetate (350 ml)
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5909 14.9441_7 6.491 13.60517 8.267 1 10.68690 11154 7.45967 13.181 6.71147 14.609
6.05866 C) cf in 15360 5345| 16.612 5.33224 18126

WO 2009/109867 PCT/IB2009/005421

was added to the reaction mass and filtered off with suction, the isolated solid was

washed with ethyl acetate (2 x 50ml) and water (2 x 50 m}) and dried in vacuum at 60°C.

Yield: 48.0g of (3,5-bis trifluoromethyl)-N-[4-methyl-3-(4-pyridin-3-yl-pyrimidin-2-

5 ylamino)phenyl]-benzamide of the formula I

The compound of formula-I obtained by Step-IV process was suspended in 480mi

Chloroform and heated to 50-55°C. The reaction mass was cooled to room temperature

and then cooled further to -5-0°C. The product was filtered and washed with Chloroform
10 (250ml). The wet cake was dried for 6 hours at 60°C. The vield was 40gms.

Melting range -230 -237°C (DSC).

FIG. 1 of the drawings accompanying this specification shows the X-Ray Powder
Diffraction (XRPD) pattern which substantially depicts a typically pure sample of form-I
15  prepared as per the process disclosed in this Example The 20 values and intensities are

tabulated in Table 1.

FIG. 4 shows the DSC thermogram of form-I crystal modification prepared by the process
described in this Example (run from 40.0 ~ 325°C 10.00°C/min; Nz 80 ml/min).

20
FIG.7 shows crystals of Form-I crystal modification of compound of formula (T}

Example 11 - Preparation of Form-I

(3,5-Bis triﬂuoromethyl)nN-[4—methy1—3*(4-pyridin-3yi-pyrimidin—2y1amino)phenyl]—
95 benzamide of formula I, was prepared as per the process of Example 4 in
WO02006/027795 (US 2007/0232633) as follows:

Alternative process for the Preparation of (3,5-bis trifluoromethyl)-N-[4-methyl-3-
(4-pyridin~3—yi—pyrimidin-2-ylamino)—phenyl] — benzamide

30
In the first instance, 3,5-bis trifluoro methyl benzoyl chloride which was used as one of
the starting material was prepared as follows:

Thionyl chloride (2.04 kg. 17.2mol) was added over a period of 15 min to a solution of
35 3,5.bis trifluoro methyl benzoic acid (835.0 g, 3.3mol) and D.M.F.(9 ml) in chloroform (5
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4.70995 19371 4.5322:6 21302 4.16774 21.612
: . . 4.10861 22.160 4.011828 2257 '
23278 3.81812 51.6 24.000 3.70491 8.7 25.112 334329 11.1 25187 14343951 3.102633-38869 o

WG 2009/109867 PCT/AB2009/003421

L) at room temperature. The reaction mixture was heated to reflux temperature for | hour.
The excess of thionyl chloride is removed by co-distillation with chloroform under
reduced pressure at 40°C. After the end of the distillation, the resulting 3,5-bis trifluoro
methyl benzoy! chloride was cooled down fo room temperature and dissolved i 700 ml

5  chloroform.

A solution of N-(5-amino-2-methylphenyl)-(3 -pyridyl)-2-pyrimidine amine (0.7 3kegs,
2.64mol) in chloroform (9L) was cooled o -5°C and triethyl amine (1.03 kg, 10.2mol)
was added. 3,5-Bis trifluoro methyl benzoyl chioride in chloroform was added drop wise
10 at -5° C over a period of 60-75 min. The resulting suspension was stirred for 1 hr at -5°
C. The suspension was filtered, washed with D.M. water and methanol vacuum to give
1.3 kg of wet crude title compound which on recrystallization from methanol yielded 0.82
Kgs (60%) of (3,5-bis ‘_triﬂuoromethyl)-N~{4—methy1w3~(4~pyridin—3-y1-pyrimidin—2-
ylamino)-phenyl}-benzamide (D
15
The compound of formula-I pbtained by the above process was suspended in 5L methanol
and heated to reflux temperature. The reaction mass was maintained at the same
temperature for 30-40 minutes, cooled slowly to 40-45°C and held at this temperature for
" 60 minutes. The product was filtered and washed with 0.5L methanol at 40-45°C. The
20 wet cake was dried for 6 hours at 60°C. Yield: 650gms

PIG. 2 of the drawings accompanying this specification shows the X-Ray Powder
Diffraction (XRPD) pattern which substantially depicts a typically pure sample of Form-
1I prepared as per the process disclosed in this Example The 20 values and intensities are

75  tabulated in Table-2.

FIG. 5 shows the DSC thermogram of form-11 crystal modification prepared by the
process described 1 this Example (run from 30.0 - 350°C 10.00°C/min; N, 80 ml/min).

30  FIG. 8 shows crystals of Form-Il crystal modification of compound of formula (Y).

Kxample 12 - Preparation of Form-111
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WO 2009/109867  PCT/B2009/005421

(3,5-Bis  trifluoromethyl)-N-{4-methyl-3-(4-pyridin-3yl-pyrimidin-2ylamino)-phenyl]-
benzamide of formula I, was prepared as per the process of Example 4 in
WO2006/027795 as mentioned in the above Example-11.

5  The compound of formula-I obtained by the above process was suspended in a mixture of
2.51, Dimethyl formamide and 4.1L acetone and heated to 50°C. The reaction mass was
maintained at the same temperature for 30-40 minutes, then cooled slowly to 25-30°C and
held at the same temperature for 60 minutes. The product slurry was further cooled to
-5°C and filtered and washed with 0.8L. Acetone . The wet cake was suspended in 0.4L

10 acetone and heated to reflux temperature. The cooled slurry was filtered and washed

with 0.4L acetone. The wet cake was dried for 6 hours at 60°C. Yield: 500gms.

FIG. 3 of the drawings accompanying this specification shows the X-Ray Powder
Diffraction (XRPD) pattern which substantially depicts a typically pure sample of
15  form-III prepared as per the process disclosed in this Example The 26 values and

- intensities are tabulated in Table 3.

TFIG. 6 shows the DSC thermogram of form-HII crystal modification prepared by the

process described in this Example (run from 40.0 - 325°C 10.00°C/min; N 80 ml/min).
20

FIG. 9 shows crystals of Form-1II crystal modification of compound of formula (I).

Example-13 - Preparation of Form-II1

(3,5-Bis triﬂuoromethyl)-—N-[4~methy1—3-(4—pyridin—3yl~pyrimidin~2y1amino}mpheny}]—
95  benzamide of formula I, was prepared as per the process of example-4 in

WO2006/027795 as mentioned in the above example-11.

The compound of formula-I obtained by the above process was suspended in a mixture of
2.5L dimethyl formamide and 4.1L Hexane and heated to 50°C. The reaction mass was

30  maintained at the same temperature for 30-40 minutes, cooled slowly to 25-30°C and held
at the same temperature for 12 hours. The product slurry was further cooled to -5°C,
filtered and washed with 0.8L Hexane. The wet cake was dried for 6 hours at 60°C.
Yield: 400gms; DSC : 248.2(peak).

33



2.05_753 32 44.055 2.05383 1 39. 2. The Form-IlI crystal form of claim I, wherein the crystal form has
meltlng point at or above 240 C. 3. The Foma-Ill crystal form of claim 1, wherein the crystal form is
essentially 10 pure. 4.A process for preparing a Form-Ill crystal form of (3,5-bis trifluoromethyl)-N-
[4-methy|-3-(wyﬁmm0%ﬁ1-pyrimidin-2y12unino)-phenyl]-benzamide(form@[ﬁlﬁd@é@f@mg to any one of
claims Ito 3, the process comprising: treating the compound of formula | in a Form-1 or
Form-Il crystal form 5having the following XRPD characteristics: Angle f 2-Them] 6-value Angstrom

Intanhy % 6.793 13.00131 13.9 6 ddod 54.2 13.267 6.668291 48.5
16.386 5.405231 7.0 17.941 4.94 I o S8 ForlioP
(3,5-Bis mﬂuoromethyl)-N~[4~methy1 “3- (4~pyr1d1n—3yl-pynmldm-zylammo)-phenyl}
benzamide of formula I, was prepared as per the process of Example 4 in
5 WO2006/027795 as mentioned in the above Example 11.

The compound of formula-1 obtained by the above process was suspended in a mixture of
2.5L dimefhyl formamide and 4.1L toluene and heated to 50°C. The reaction mass was
maintained at the same temperature for 30-40 minutes, cooled slowly to 25-30°C and held

10 at the same femperature for 12 hours. The shury was cooled further to -5°C, filtered and
washed with 0.8L Toluene . The wet cake was dried for 6 hours at 60°C. Yield: 450gms;
DSC : 246, 7(peak).

Example 15 - Preparation of Form-I1
15  (3.5-Bis triﬂuoromethyl)-N-{4»methy1-3—(4—pyridin—3yl~pyrimidin-Zylamino)—phenyi]~

benzamide of formula 1, was prepared as per the process of example -4 in

WO2006/027795 as mentioned in the above example-11

The compound of formula-I obtained by the above process was suspended in a mixture of
20 2.5L Acetic acid and heated to 50°C. The reaction mass was maintained at the same
temperature for 30-40 minutes, cooled slowly to 25-30°C and held at the same
temperature for 96 hours. The product was filtered and washed with 0.4L chilled Acetic
acid . The wet cake was dried for 6 hours at 60°C. Yield: 650gms; DSC : 246.3 {peak).

25 Example 16 - Preparation of Form-11{
The Form-I prepared by Example-10 (40g)was suspended in a mixture of 120ml dimethyl

formamide and 200ml acetone and heated to 50°C. The reaction mass was maintained at
the same temperature for 30-40 minutes, cooled slowly to 25-30°C and held at the same
temperature for 60 mirutes, The slurry was cooled -5°C, filtered and washed with 40ml

30 Acetone . The wet cake was suspended in 200ml acetone and heated to reflux
temperature and maintained for 60 minutes at reflux temperature. The slurry was cooled
10 25°C, filtered and washed with 40m] acetone. The wet cake was dried for 6 hours at
60°C. Yield; 25gms; DSC : 247.0 °C (Peak).
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13.0 19.778 4.48530 50,5 21.894 4.05635 100.0 22.396 3.96650 203 2
: : : : : : 3.469 3.78750 19.7 24.466
2.63545 32.4 24.939 3.56759 52.6 25.525 3.48695 14.6 26.968 330351 10.3 28.777 3.09991 22.0
0.545 2.92436 14.8 33.011 2.71129 11.0. Form-I crystal form kink /I-Tom) d-volutt Angstrom
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Example 17 - Preparation of Form-II1

The Form-II prepared by Example-11 (650g) was suspended in a mixture of 1.95L
dimethyl formamide and 3.25L acetone and heated to 50°C. The reaction mass was
maintained at the same temperature for 30-40 minutes. The reaction mass was cooled
slowly to 25-30°C and maintained at the same temperature for 60 minutes. The product
was fltered and washed with 0.7L Acetone. The wet cake was suspended in 3.5L acetone
and heated to reflux temperature. The slurry was cooled to 25°C, filtered and washed with
0.7L acetone. The wet cake was dried for 6 hours at 60°C. Yield: 395gms; DSC: 246.5
°C (Peak).

As used herein, the term “about” refers to the variation in an amount or range that

is conventional for the field of organic chemistry, for example, the typical variation that

oceurs in temperatures or times as measured in real world situations in the organic
chernistry laboratory, scale-up, or production facility, or in evaluating anti-proliferative
agents. Any range or amount used in the description of the present invention that is
modified by the term “about” is also a part of the invention if not modified by the term
about. For example, recitation of “about 10 to about 20” also includes recitation of “10 to
207,

It should be noted that, as used in this specification and the appended claims, the
singular forms "a," "an," and "the" include plural referents unless the content clearly
dictates otherwise. Thus, for example, reference to a composition containing "a
compound" includes a mixture of two or more compounds. It should also be noted that
the term “or” is generally employed in its sense including “and/or” unless the content
clearly dictates otherwise.

All publications and patent applications in this specification are indicative of the
level of ordinary skill in the art to which this invention pertains.

The invention has been described with reference to various specific and preferred
embodiments and techniques. However, it should be understood that many variations and

modifications may be made while remaining within the spirit and scope of the invention.
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6.500 13.58651 12.2 10.816 8.17295 100.0 12.094 1.91197 3.0 12.988 6.81061 49.7 16.120 5.49381
6.0 17.669 5.01562 10.9 19.521 4.54367 41.7 21,675 4.09681 39.9 22.083 4.02198 17.1 23.230
3.82602 21.9 24.264 3.66523 17.8 24.639 3.61023 | 85 28.460 3.13371

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A Form-IlI crystal form of (3,5-bis trifluoromethyl)-N-[4-methyl-3-(4-
pyridin-3yl-pyrimidin-2ylamino)-phenyl]-benzamide (formula I), having the following
5  XRPD characteristics:
Avgle[2-Theral | dvalue Ansstrome | Intensity %
5.909 349451 7 4.8
6,401 1360517 664
8.267 10.686G0 1000
11.854 T 45067 | 582 -
13,181 6. 71147 40.0
14,600 5.05866 500
15.950 554851 58
16.612 Y 533774 9.5
18.826 27005 4.4
10571 4532285 2.1
21302 416774 54.0
21612 410861 37.7
2. 160 4.00828 3.3
22970 356800 73,8
23278 3.81812 516
24.000 370491 8.7
C 25112 3.5432% 11.1
25.887 343895 2.1
26500 3.3607% 3.3
ZL.5L7 323887 3.4
20476 3.0XF88 [
29,857 298011 26
30474 293102 35
32.886 272133 32
33.53¢ 266820 L 5.0
35916 249236 3.E
39,645 237157 X
£%.061 2.09893 26
43748 206753 3.8
44.055 205383 39,
2. The Form-III crystal form of claim 1, wherein the crystal form has melting

point at or above 240 °C.

3. The Form-III crystal form of claim 1, wherein the crystal form is essentiaily
10  pure.
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4.8 29.328 3.04290 2.3 30.256 1 2.95165 4.1 32.746 2.73261 35 34.035 2.6320I 3.1 35.590 2.52050
©1.539.66012.27072 1.9 42.123 2.14346 23 44.193 |1 2.04777 1.7 Form-Il crystal form with acetic acid
or a mixture of dimethyl formamide and acetone, hexane, or toluene; and, 10subsequently treating the
once treated compound with acetic acid, acetone, hexane, or toluene. 5.The process of claim 4
comprising: treating the compound of formula | in a Form-1 or Form-II crystal form with acetic acid; and
subsequently treating the once treated compound with acetic acid. 56.The process of claim 4
comprising: _Urgating thc.campanck ol ki ImAFRIMTL6F BRETbiervaial igrmaiiina midure of
dimethyl formamide and acetone; and, subsequently treating the once treated compound with acetone.

107.The process braefin-3-¢ompdiimyl-pyrimisianmyl amnarpeuidoizsmdtla 1(fBadsrm-Dor Form-Il

crystal form with ganidieebdinetbytiamandemnghaxassngidnsubsequently treating the once
treated compound with hexane. '

treating the compound of formula I in a Form-I or Form-II crystal form

5  having the following XRPD characteristics:

Angle [2-Thetn] | d-value Anpstrom Intensity %
6,793 13.0013) 139
9.823 £ 89680 3.8
11106 7.9606% 542
13,267 6.66520 483
16,386 540523 1.0
17.0al 4,84015 113
1R.997 4.66088 130
16778 448530 50,5
21804 4.05615 100.0
2396 3.96650 205
21469 3.78750 197
24.466 3,63545 3024
24935 356759 528
28,525 3 4BETS 45
26.968 130351 03
28771 100001 22.0
30,545 ) 2.92436 14.8
35011 1271129 TLo.

Form-I crystal form

Angle [3-Thewe}l | d-vaiue Angstrom | intensity %
6,500 13.58651 12.2
10.E16 £.317295 1000
12.094 7.51197 3.4
12.588 681061 49.7
16.120 5.49381 6.0
17.669 501562 10.8
[9.521 4.54367 41.7
21675 400687 393
22.083 4.02198 171
21.230" 382602 219
| 24.764 3.66523 17.8
24.639 361023 (&3
28460 313375 4.8
20,398 3.04290 23
30,256 295165 4.1
32.746 2.73261 33
34,035 2.6328! !
35.590 2.52050 1.5
39,660 229018 19
42,123 | 2.14346 125
44,192 | 204777 {17

- Form-II crystal form
with acetic acid or a mixture of dimethyl formamide and acetone, hexane, or toluene;

and,

10 subsequently treating the once treated compound with acetic acid,
acetone, hexane, or toluene.
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158.The process of claim 4 comprising: treating the compound of formula | in a Form-I or Form-II*
crystal form with a mixture of dimethyl formamide and toluene; and, subsequently treating the once
treated compound with toluene. 20 9.A pharmaceutical composition comprising a pharmaceutically
acceptable excipient and a Form-III crystal form of (3,5-bis trifluoromethyl)-N44-methyl-3-(4-
pyridin-3y1-pyrimidin-2ylamino)-phenyl]-benzamide (formula I) as defined in any one of claims 1-3.
2510.Use of a Form-Ill crystal form of (3,5-bis trifluoromethyl) -N44-methyl-3-(4-

pyridin-3y1- pyrlmgdln 2yl?g1|nof):e%pgpéill -be aml formula I) as defined in any one of claims 1-3, in

the manufacture of an antlp fferatve %l"lme rr?ent I treating a tumor disorder.
treating the compound of formula | in a Form-I or Form-II crystal form with

acetic acid; and, subsequently treating the once treated compound with acetic acid.

5 6 The process of claim 4 comprising:
treating the compound of formula [ in a Form-I or Form-I! crystal form with 2
mixture of dimethyl formamide and acetone; and,

subsequently treating the once treated compound with acetone.

0 7. The process of claim 4 comprising:
treating the compound of formula ! in a Form-I or Form-I! crystal form with a
mixture of dimethyl formamide and hexane; and, '

subseguently treating the once treated compound with hexane.

15 8. The procesé of claim 4 comprising;
_ treating the compound of formula I in a Form-1 or Form-II crystal form with a
mixture of dimethyl formamide and toluene; and,

subsequently treating the once freated compound with toluene.

20 9. A pharmaceutical composition comprising & pharmaceutically acceptable
excipient and a Form-III crystal form of (3,5-bis trifluoromethyl}-N-{4-methyl-3-(4-
pyridin-3yl-pyrimidin-2ylamino)-phenyl}-benzamide (formula I) as defined in any one

of claims 1-3.

25 10 Use of a Form-III crystal form of (3,5-bis trifluoromethyl)-N-{4-methyl-3-(4-
pyridin-3yl-pyrimidin-2ylamino}-phenyl]-benzamide (formula I) as defined in any one
of claims 1-3, in the manufacture of an antiproliferative medicament for treating a

tumor disorder.
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