WO 2007/015870 PCT/US2006/027875 CRYSTALLINE FORMS OF
4-METHYL-N-13-(4-METHYL-IMIDAZOL-1-YL)-5-

WO RIFISROMETHYL-PHENYLI-3-(4-PYRIDIN-3-YL-PYRIMRSINU3 290641917875
INO) BENZAMIDE This application claims the benefit of U.S. Provisional
Patent Application No. 60/701,405, filed July 20, 2005, the entire
disclosure of which is incorporated by reference herein. Background of
the Invention Field of the Invention [0001] This invention relates to
crystalline forms or polymorphs of 4- methyl -N-[3- (4 methyI |m|dazol I

same. Related Background Art m%mlfﬁprpmsm denotes the
existence of more than one crystarl structure of a substance. This ability of
a chemical substance to crystallize in more than one crystal modification
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enormous impact. [0003] Understandlng and controlling polymorphism,

Fieldhemamesmigecided advantage in bringing new drugs to the
marketplace. First and foremost, predicting any possible polymorphs for a
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correct the cause of the new crystal form or go through another round

Related Back,éround Art

[0002] Polymorphism denotes the existence of more than one crystal structure of a substance.
This ability of a chemical substance to crystallize in more than one crystal modification can
have a profound effect on the shelf life, solubility, formulation properties, and processing
properties of a drug. In addition, the action of a drug can be affected by the polymorphism of
the drug molecule. Different polymorphs can have different rates of uptake in the body,
leading to lower or higher biological activity than desired. In extreme cases, an undesired
polymorph can even show toxicity. The occurrence of an unknown polymorphic form during

manufacture can have an enormous impact.

[0003] Understanding and controlling polymorphism, then, gives a decided advantage in
bringing new drugs to the marketplace. First and foremost, predicting any possible
polymorphs for a drug product can be used to diminish the possibility of contamination during
adrug’s manufacture or storage by other polymorphic forms. Failure to catch contamination

can have life-threatening consequences in some cases. Crystallizing an unintended



of testing to obtain approval for the new form. [0004] Second,

understanding which crystal structures are possible in some cases allows
WOR4BEPEREIS to maximize the desired properties of a compouRy; KUEHIeE027875

solubility, formulation properties, processing properties, and shelf life.

Understanding these factors early in the development of a new drug may

mean a more active, more stable, grrmore cheaply manufactured drug.
[0005] The compound
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important that a polymorphic form can be reproducibly prepared and
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4-methyl-N-[3-(4-methyl-imidazol-| -yl)-5- trlfluorometby-l plrenyl]-3-(4-
pyridin-3 -yl-pyrimidin-2-ylamino)-benzamide i "i'll purlty since the
presence of impurities may produce undeswe&to ological effects.

o

is described in WO 2004/005281 Al, for example, in Example 92. Valuable pharmacological
properties are attributed to this compound; thus, it can be used, for example, as a protein
kinase inhibitor useful in therapy for diseases which respond to inhibition of protein kinase
activity. Knowledge of the potential polymorphic forms of 4-methyl-N-[3-(4-methyl-
imidazol-1-yl)—S—triﬂuoromethyl—phenyl]-3—(4—pyridin—3-yl-pyrimidin—2—y1amino)-benzamide
is useful in the development of a suitable dosage form, because the failure to utilize a single
polymorphic form during clinical or stability studies may result in the exact dosage form
being used or studied not being comparable from one lot to another. Once chosen, it is
important that a polymorphic form can be reproducibly prepared and remain unchanged for

prolonged time periods in the dosage form developed. It is also desirable to have a process



[0006] WO 2004/005281 Al provides no information at all about possible
crystal modifications

WQANTEFRAON -[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-ph A IM6/027875
pyridin-3-yl-pyrimidin-2-ylarnino)-benzamide. The compound is
recrystallized from a mixture of tetrahydrofitran and ethyl acetate, but WO
2004/005281 Al gives no indication thatthe particular recrystallization
used therein is to be applied or that particular conditions might be
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diluent, vehicle or excipient. WO 2007/01M70 PCT/US211116/1127875

-4 [0010] The present invention is also directed to a method of treating a

disease which responds tSwmnnhipitibtheflpyesfiokinase activity

comprising the step of administering to a -subject in need of such
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" the present invention. Brief Description of the Drawings

[0008] The present invention is also directed to substantially pure crystalline forms of the |
hydrochloride and sulfate salts of 4-methyl-N-[3- (4 methyl-imidazol-1-yl)-5-trifluoromethyl-
phenyl]-3- (4-pyr1d1n- -yl-pyrimidin-2-ylamino)-benzamide.

[0009] The invention is further directed to pharmaceutical compositions comprising:

(a) atherapeutically effective amount of a substantially pure crystalline form of
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide free base or salt thereof of the present invention; and

(b) at least one pharmaceutically acceptable carrier, diluent, vehicle or excipient.



[0011] Figure 1 shows the x-ray powder diffraction patterns (XRPDs) for
forms A and B of
WQLHEAASRRL[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenPJBUSR2¢AH 137875

n-3-yl- pyrimidin-2-ylamino)-benzamide free base according to the present
invention. [0012] Figure 2 shows the x-ray powder diffraction pattern
(XRPD) for form A of the hydrochlorigé salt of
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-

(oo By "Rk eH%/{HVéﬂ't'i‘oﬁ'ﬁé'ﬁmﬁrlﬁ}le‘éaZ@rQ'Hﬁtﬂ%ﬁ%ﬁf%ﬁﬂé'&edps@a%@%hlch

inventi 0013] Figure 3 shows the fourier transform infrared (FT-IR
respcgp@d@mm1@ub@ﬁm@ﬁﬂr@t@nﬂy@p§@mmgf§@mmng the step of admlmstermg toa

subj é&t’ﬂ?ﬂ&éh%ﬂg’ugﬁ melydimidaaabdaud iRy CHLQIOMEHP H?Qléub%tﬁﬂtlally pure

pyridin-3-yl-pyrimidin-2-ylamino)-benzamide as recorded in Nujol mull
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the hyd oride salt of
lnvenltlﬁiethyl N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-
3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide as recorded using a
BrieBRkefihton d0@einsiwment. [0015] Figure 5 shows the thermogravimetry
and differential thermal analysis curve for form A of the hydrochlorlde salt
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4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridi
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n-3-yl- pyrimidin-2-ylamino)-benzamide according to the present invention.
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[0019] Figure 9 sh he FT-IR spectrum for form B of the hydrochloride
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N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyr
[001ighidiie@e 4 shows the fourier transform Raman (FT-RAMAN) spectrum for form A of

the hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-

3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide as recorded using a Bruker RFS-100

instrument.

[0015] Figure 5 shows the thermogravimetry and differential thermal analysis curve for form
A of the hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-
phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide according to the present

invention.



ylamino)-benzamide as recorded in Nujol mull between two KBr plates
using a Bruker IFS-55 instrument. [0020] Figure 10 shows the

WETMRAMEN spectrum for form B of the hydrochloride salt of 42CT/US2006/027875
methyl-N-[3-(4-methyl-imidazol-I-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-
3-yl- pyrimidin-2-ylamino)-benzamide as recorded using a Bruker
RFS-100 instrument. [0021] Figure 1% shows the thermogravimetry and
differential thermal analysis curve for form B of the hydrochloride salt of

4-methyl-N-[3-(4-methyl-imidazol-l-yl)-5- , .
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n-3-yl- pyrimidin-2-ylamino)-benzamide according to the present invention..
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plates using a Bruker IFS-55 instrument. [0027] Figure 17 shows the
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pattern for form C of the hydrochloride

[0021] Figure 11 shows the thermogravimetry and differential thermal analysis curve for
form B of the hydrochloride salt of 4-methyl-N-[3 -(4-methyl-imidazol-1-yl)-5-
trifluoromethyl-phenyl]-3 ~(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide according to the

present invention.

[0022] Figure 12 shows the x-ray powder diffraction pattern for form B’ of the hydrochloride
salt of 4—methy1—N—[3-(4—methyl-imidazol—1-yl)—S-triﬂuoromethyl-phenyl]—3—(4-pyridin—3 -yl-

pyrimidin-2-ylamino)-benzamide according to the present invention.

[0023] Figure 13 shows the x-ray powder diffraction pattern for form Sg of the hydrochloride
salt of 4-methyl-N-[3-(4-methyl-imidazol-1 -y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-

pyrimidin-2-ylamino)-benzamide according to the present invention.



salt of
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-p) 7rid

WOrR@I/MPHmidin-2-ylamino)-benzamide according to the pre&ik/US2006/027875
invention. [0029] Figure 19 shows the x-ray powder diffraction pattern for
form Sc of the hydrochloride salt of

4-methyl-N-[3-(4-methyl-imidazol-1-y)5-trifluorornethyl-phenyl]-3-(4-pyridi
n-3-yl- pyrimidin -2-ylamino)-benzamide according to the present invention.
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-(4-methyl-imidazol-1-yl)-5 -trifluoromethyl-phenyl]-3 -(4-pyridin-3 -yl-

IstryBaRidin-2-ylamino)-benzamide as recorded in Nujol mull between two
KBr plates using a Bruker IFS-55 instrument. [0034] Figure 24 shows the
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yrlrﬂigf/t@ﬂféﬁlniﬁc(ﬂbm dl%‘é@&&ilhg/ %5h%lﬂk&€?ﬂ%mmenyll -3-(4-pyridi

[0029] Figure 19 shows the x-ray powder diffraction pattern for form Sc of the hydrochloride
salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-

pyrimidin-2-ylamino)-benzamide according to the present invention.

[0030] Figure 20 shows the x-ray powder diffraction pattern for a mixture of form D and
form B of the hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide according to the

present invention.

[0031] Figure 21 shows the x-ray powder diffraction pattern for form Sg of the hydrochloride
salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-

pyrimidin-2-ylamino)-benzamide according to the present invention.



pyrhnidin-2-ylamino)-benzamide free base,
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-

Waorafdatéthyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-BEhAZy0e027875
hydrochloride and
4-methyl-N-[3-(4-methyl-imidazol-I-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridi
n-3-yl- pyrimidin-2-ylamino)-benzamiege sulfate can be obtained in various
crystalline forms. These "crystalline form(s)" (or "crystalline

modification(s)" or. "polymorphic form(s)". or "pol w.asthe ter
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BrukepdRS6aimtystadine form will share the same major XRPD peaks, but that
there can be variation in powder patterns with regard to minor peaks. In
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described herein is present. [0037] The first embodiment of the present
invention is directed to a substantially pure crystalline form A of
4-methyl-N-[3-(4-meDgtailedi Descniption efithe Hwemilahhenyl]-3-
(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base. Form A of the
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trifluoromethyl-phenyl]-3-(4-pyridin-3 -yl-pyrimidin-2-ylamino)-benzamide hydrochloride

and 4-methyl-N-{3 ~(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3 -(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide sulfate can be obtained in various crystalline forms. These
“crystalline form(s)” (or “crystalline modification(s)” or “polymorphic form(s)” or
“polymorph(s)”, as the terms will be used interchangeably herein) differ with respect to
thermodynamic stability, physical parameters, x-ray structure and preparation processes.
While polymorphism classically refers to the ability of a compound to crystallize into more
than one distinct crystal species (having identical chemical structure but quite different
physicochemical properties), the term pseudopolymorphism is typically applied to solvate and

hydrate crystalline forms. For purposes of this invention, however, both true polymorphs as



pl-1 1.0; hygroscopic behavior is reversible. Form A's basic thermal

properties were studied by thermogravimetric analysis (TGA) and
WQRpe7fRI0scanning calorimetry (DSC) and are. as follows: T&I&I$2006/027875

Thermal Properties of Free Base form A Melting point (onset) -232C

Decomposition temperature >300C Loss on drying <0.10% (RT-200C)

[0038] The x-ray powder diffraction pagtern of free base form A shows at

least one, more preferably at least two, still more preferably at least four,

and maqst preferably all, maxima_selected from ut 9 . 3
el G SRR 5, PR P R i oo of
“crysegifitie ScommsAchidisteitiomXiansofphoiis’ aeliratoshiisdutensd solitetated fhshould be

noteq R O 0 TR AT SO gL e A Talgr XKD

peakss s thiatithbrpoae loeyatatine forpowdst patterns with regard to minor peaks. In
.. 4-methyl-N-[3-(4-methyl-imidazolsl-ybs . o s
s A O S o Dl ) eyl caps withi
0.3°, ﬁmet;a_sﬁs%lphﬁthﬁt@n%d@ﬂoe_txgmbbﬁ@ﬂm 0. 10088k Bivcssiodimd
alterr?art'i‘xtz’%?'%ee'lter‘%%mae‘b?&?s%%tah%v(‘?ﬂiﬁg B ARS8 BB AP standard of
crystalfine form B'o

error dfftietmybdxi; [@{darvenbidleimtidnzohd of prlitrifty skothist tyd-plie dyduged herein, the

o SNSRI 5 05 ORGP -

N-[3-28anafhyt-Boktardl-) g hasfhaoheneabul sdienyiiys iapysigirdud-putiaidin-2-
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ygroscopic behavior is reversible. Form B's basic thermal properties:
prefevobly stletistd7BYotheorsayefeintbyrit lastPpa¥armildifstanatrablinaigst 90% of one

Ofthg(%‘%%gglﬁge¥ And aea 1b@2i'§¥¥§i'n-|_i§lf)lx%s?en[hermal Properties of Free Base

ting point (onset) -245C " Decomposition temperature >300C
Loss on drying <0.12% (RT-200C) [0040] The x-ray powder diffractio
[003 P i tiaatiodimantaf 1S REWEAITUERIOE ‘i’ffGFéede‘éPeFHBﬁﬂaFPé& ure
crystiitheSHiMare pusigrabay leashiowy1and mast psaiesabliatomatiidhenyl]-3-

(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base. Form A of the free base is
siightly hygroscopic (maximum water uptake of less than 2% at 25°C up to 80% r.h.) and has
rather low solubility in an aqueous buffer solution, i.e., 2 mg/L at pH 6.8 and >200 mg/L at

: pH 1.0; hygroscopic behavior is reversible. Form A’s basic thermal properties were studied
by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) and are as

follows:

Table 1. Thermal Properties of Free Base form A

Melting point (onset) : ~232°C
Decomposition temperature >300°C
Loss on drying <0.10% (RT-200°C)

[0038] The x-ray powder diffraction pattern of free base form A shows at least one, more
preferably at least two, still more preferably at least four, and most preferably all, maxima
selected from about 9.2°, 13.1°, 13.9°, 16.7°, 17.9°, 18.4°, 19.8°, 24.1° and 25.8°

(20 degrees). The term “about” applies to each listed maxima for this and all other forms

addressed in this invention. A particularly preferred embodiment of the present invention is



selected from about 4.3, 6.8, 7.2, 13.5, 14.5, 17.4, 19.6 and 26.7 (20

degrees). A particularly preferred embodiment of the present invention is
WQIRFB8EF$30a substantially pure crystalline form B of PCT/US2006/027875

4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-

(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base as characterized

by the XRPD of Figure 1. [0041] In agldition, various isolated salt forms of

4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-

trlfluoromethyl enyl]-3-(4-pyridip-3-yl-p idi n _
s R S o A e a1
-tr1ﬂﬂ6¥$‘ﬁﬁétﬂ§flop&$eﬁ5bl§@{i¢1@}fﬁdﬁﬁ3 ifbpﬁxmi!dmez-gimhmé)hﬁﬁmtmiﬁmwd@se as

and sulfate sapééegx s several distinct crystalline forms. As used
Chara‘ﬁ%‘i’éﬁﬁi é’éhe §0und prepared by the reaction of an organic

acid or base drug with a pharmaceutically acceptable mineral or organic
[0039hCThosdand;smiatilephal thageentnd iyvaotieptitlieripd als Bsigialy pure

o R RN D BNS o>
(4-Pyﬁdﬁh33ﬂ€bﬁﬁl1MmMM(wbb¢m@Ae TiendtasepF@BuRabthedize base is not
hygroic ﬁ)lgggga}gl o @g,[te%nt '8Pfé9£' i 6! 9‘6] Q} %%W@@%Q‘B dlﬂﬁ’s rather

iled concurre erewith, addresses salts and the methods b 3/
low sWhinhtgaitmﬁqmamﬂwdffdr[@mﬂnmth@/bﬁ}rﬁdag@ pt pH 6.8, 2.8 mg/L at pH 2.8 and

839m F% t” iéng% ?Cny&”l A8RYiiBrdntk. Form B’s basic thermal properties
i

nzamide may be made, respectively. The
were simie@bgethmnagrappmmmméym@@rwodsff@@m%sgﬁmw tjoerasEpand are as
follow) hereln Forms A, A, A" B, B', SB, SB', C, C', Sc, D and SE for the
hydrochlorlde salt can be characterized by the XRPD patterns shown in
Figures 2, 6-8, 12-15 and 18-21, res ectlvely Forms A and B for the
Tablgaiféfégmabﬁmrém%@ﬁf&%? RPD patterns shown in Figure

Meltiﬁgp@&qglggwgly, additional embddiments of the presenijgention are

Decom’pQSItlop;eIEfe?E Lill these substa [Ially pure Crystalllne)g%ses of the noted
STOT 4~ lllcul_yl TN= |_o \'—i- IIIl:'LIIyI |

Lossmlfldrxlp'g thvlBh nidazot=1= yl) > <0.12% (RT-200°C)
e S p::G'ﬁynJ S \'-1- pynuul 3= y| pyllllllunl 2= yldllllll(_)) berizamide.

[0042] Form A of the hydrochloride salt is a dihydrate which has relatively
[004(ﬂ0?595y§5§7| defrﬂfﬁ?a%% g%@@ﬁ’ﬂc SetbepalRPer Bfehawa goIRYeY thitQ more

form Bédescrlbed below). A C scan of form A indicates

prefogpbily gf ﬁ%ﬁﬁW‘?e?H%W‘&Vpr&fﬁf%tBWé 9o foUTe SRHRSS PR f‘f%bqg’ all, maxima

selecf‘e'aq%lﬂ‘? HRiGEy§at @ abost 35065 qorsesponds 19, 6“%'15@9@?5@@%6@&5) A
C, TGA and XRPD. XRPD at various temperatures shqws a

part1¢nt@1r}y1 ooifarddembedivert abhgtprosrtigyention is directed to a substantlally pure
crystalline form B of 4-methyl-N-[3-(4-methyl-imidazol-1 -yl)-5-trifluoromethyl-phenyl]-3-

(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base as characterized by the XRPD of
Figure 1.

[0041] In addition, various isolated salt forms of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3 -yl-pyrimidin-2-ylamino)-benzamide also have been
shown to exhibit polymorphism, i.e., will tend to crystallize under various crystalline forms.
For example, each of the hydrochloride and sulfate salts exhibits several distinct crystalline
forms. As used herein, “salt” refers to a compound prepared by the reaction of an organic
acid or base drug with a pharmaceutically acceptable mineral or organic acid or base; suitable

pharmaceutically acceptable minerals or organic acids or bases are as listed in Tables 1-8 in



(Form A' described further below), which is the corresponding
monohydrate form, and an anhydrous form (Form A" described further

WO 208W) W4 obtained from about 135C up; after heating up t@abo22QHE 7875
form A" retains its form upon holding at about 40C for about 30 minutes.
[0043] The x-ray powder diffraction pattern for form A of the hydrochloride
salt shows at least one, more preferaply at least two, still more preferably
at least four, and most preferably all, maxima selected from about 8.5, :

1.0, 17.2, 18. 2, la . :
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spectrum having at least one, more-preferably at least two, still more
trifluprefertylyphe sabtfotmaitiniost-mrefeidibhl alawinaEtFoBMREE noted
above. The FT-RAMAN spectrum of form A of the hydrochloride salt of
(0042 PELRAY KN aéipaetyidridazalid A any Sifieorpmpthad -andlydpbér crystallinity.
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is as shown in Figure 4 TheD
In the AGRIMPANICHEREL OB BER AT e BarrritsdPelanb, A DSC
scan GF ML AIAdtAted th4Che %i%ﬁﬁdrjaﬁgg’oflﬁﬁgl AldRid88PaB 8237 PR .i9 eOmplex; a
807, 684, 627, 407, 318, 258, 227, 117, and 86 cm1. In a preferred
final endodsirmineneihat shost Al MerrisrpeRdboartILmg Bt R KPR GoRHA and
XRPD.OXREDNAAFHIR rtigﬂpﬁgtﬁfes shows an intermediate form between about 105-135°C
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-
(Formyaiddessrihas fthambolommarin iriba siontrsnedingdeeneied iﬂ‘m and an
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still more preferably at least four, and most preferably all, of the N
heatipg a4 EReR 255V, TR b rRBERAVIFoRS) HRerdifld ezl about Ao o

30 minutes.

[0043] The x-ray powder diffréction pattern for form A of the hydrochloride salt shows at
least one, more preferably at least two, still more preferably at least four, and most preferably
all, maxima selected from about 8.5°, 11.0°, 11.5°, 17.2°, 18.8°, 19.2°, 20.8°, 22.1° and 26.0°
(26 degrees). A particularly preferred embodiment of the present invention is directed to a
substantially pure crystalline form A of the hydrochloride salt of 4-methyl-N-[3 -(4-methyl-
imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide
as characterized by the XRPD of Figure 2. The FT-IR spectrum of form A of the
hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1 -yl)-5-trifluoromethyl-phenyl]-3-(4-

pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is as shown in Figure 3. The main IR bands



thermal analysis (TG-DTA) curve for form A of the hydrochloride salt is

shown in Figure 5. [0044] Additional crystalline forms related to form A of
WoREKASEMIoride salt include form A" and form A", which repRSERS2006/027875

monohydrate of form A and an anhydrous form of form A, respectively.

Form A' converts within a few minutes under room conditions to form A.

The x-ray powder diffraction pattern{ain form A' (monohydrate) of the

hydrochloride salt shows at least one, more preferably at least two, still
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particularly preterred embodiment of the present invention is directed to a.

~ bandsabsebeully QIRe2 i sidifhelfoifn IR96f 136y dSbhibRdel 43R, dr01, 1384, 1300,

1260 PESNY bR [ (4 MR DIBGZ Bl W P- 407, 318, 258, 227, 117, and 86 cm™. Ina
fnfluorometﬁyl-phenylj-3-(4-pyrld|n-S-yI-pyrlmldln-Z-yIammo)-benzamlde

prefesred lgarbedévigatiobiheruroteub D smitiopure SEORITUEIY Mara s trbie dosm A of the
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_content of 3.1% and shows superior crystallinity and physical stability with
Pyrld@s%)é’étpfélf@mﬂﬂdﬂmwmmléﬁhﬂﬁﬁﬁ@zﬁﬁb‘%ﬁé@gf%ﬁm, spectrum
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at about 100C-120C which corresponds to deh% ration, i.e., transition to
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shows anhydrous fonn B' between about 145C-195C; after melting at

O o e T
formcahdiitbfisiio A0rmvBiclOfxpad sEheantayohgdider iffoactiarapdtearmbydforsBrm of
fOI‘mOA;[ Q&ngﬁ% yl.o @‘3&??\" ggg\%ﬁg %vithin a few minutes under room conditions to
form A. The x-ray powder diffraction pattern for form A’ (monohydrate) of the
hydrochloride salt shows at least one, more preferably at least two, still more preferably at
least four, and most preferably all, maxima selected from about 4.3°, 8.6°, 11.6°, 12.1°, 17.1°,
20.6°, 24.5°, 25.3°, 25.8°, 27.3° and 31.6° (20 degrees). A particularly preferred embodiment
of the present invention is directed to a substantially pure crystalline form A’ of the
hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide as characterized by the XRPD of Figure 6.

The x-ray powder diffraction pattern for form A’ (anhydrous) of the hydrochloride salt shows
| at least one, more preferably at least two, still more preferably at least four, and most

preferably all, maxima selected from about 4.5°, 8.8°, 11.5°, 11.9°, 13.0°, 14.4°, 14.8°, 15.3°,
16.9°, 17.6°, 19.2°, 19.5°, 19.9°, 21.3°, 24.6°, 25.4°, 26.4°,27.9° and 31.5° (26 degrees). A



least one, more preferably at least two, still more preferably at least four,
and most preferably all, maxima selected from about 7.2, 9.2, 11.4, 12.0,
WQ 2087/418%/014.8, 15.7, 17.6, 19.2, 19.5, 20.5, 22.0, 23.4, 23.FCIRUS2005/627875

25.9, 27.0 (20 degrees). A particularly preferred embodiment of the
present invention is directed to a substantially pure crystalline form B of
the hydrochloride salt of 4-methyl-N-{324-methyl-imidazol-1-yl)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylarnino)-benzamide
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beco A U 8 R PPRbAD"CFBE b A ey 5 converts
withih2il £l 688yt 4614:033n8bdn808ny bidH0B483, 456, 395, 355, 317,

217, 243, 198,160, 148, and 114 cm'. In a preferred embodiment of the
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formiuiide difidaatidorplttain FH4-forthiA -Xafowdmes)ydfithiel dwdrdchloside
triﬂué?c}%nie@ﬁqgf %‘éél%zl%p(q?pyrﬂglrg-?-r}%t%%?l i(%%ll-a?}%ta%%b —@é@gﬁ&rggegﬁggcterized
by the XRPD of Figure 8. The FT-IR spectrum of form B of the hydrochloride salt of
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3 ~(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide is as shown in Figure 9. The main IR bands are about:
3211, 3058, 2925, 2854, 1676, 1614, 1587, 1454, 1411, 1378, 1343, 1304, 1279, 1263, 1230,
1197, 1181, 1120, 1089, 1046, 1033, 1005, 905, 892, 874, 801, 755, 706, and 695 cm™. Ina
preferred embodiment of the present invention, a substantially pure crystalline form B of the
hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl}-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is characterized by an FT-IR spectrum having
at least one, more preferably at least two, still more preferably at least four, and most
preferably all, of the IR bands noted above. The FT-RAMAN spectrum of form B of the



most preferably all, maxima selected from about 7.2, 9.2, 11.5, 12.0, 13.9,
14.3,15.4, 17.6, 18.6, 20.3, 21.7, 22.5, 23.2, 24.7, 24.9, 25.2, 26.0, 26.6,
WQ2087/0887029.2 and 30.0 (20 degrees). A particularly preferrBgT/US2006/027875
embodiment of the present invention is directed to a substantially pure
crystalline form B' of the hydrochloride salt of 4-methyl-N-[3-
(4-methyl-imidazol-1-yl)-5-trifluorometh¥/k-phenyl]-3-(4-pyridin-3-yl-pyrimidi
n-2-ylamino)- benzamide as characterized by the XRPD of Figure 12.
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monohydrate. Overall, Form B is favored in solvents with low moisture
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particularly preferred embodiment of the present invention is directed to.a__
most T RS S o T B T RoroRMrG8 g 6 - 43 15.4°
17.6%418th Pens {327 ethgrimidzez ol 175 pb-grifimpontoyl-phernyilz 50, 28.2°, 29.2°
S-édé- ridin-3-yl-p rimidin-2-¥lamino)-benzami_de as characterized by the
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x-ray powder diffraction pattern for form SB' of the hydrochloride salt )
(4-methylimidazalsd s SrirsfugramsthslsphenyAkp iidopsidimars prafieridin, 2axlamino)-
benzdadat phaaeerost peirsabivral omesing Selenieeslom AlhE 3h8 shhydrous

. 11.612.4, 13.4,138, 14.9, 19.7, 20.2, 22.0, 23.0, 23.9, 24.2, 25.1, 26.0,,

form%_gorz@e_@‘s%k to the monohydrate. Overall, Form B is favored in solvents with low
moisture content (<5%), and form A is favored in solvents with a high moisture content.
Form B of the hydrochloride salt can be produced from methanol; however, it appears that it
crystallizes first as a methanol solvate (form Sp described further below) which then converts
quickly to the monohydrate form B when exposed to air. The methanol solvate does not,

however, convert to form B if vacuum dried; air drying suffices for conversion to form B.

[0048] An additional embodiment of the present invention is directed to form Sg of the
hydrochloride salt, which is a dimethanol solvate corresponding to form B of the
hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide; this form can be isolated only if protected

from ambient conditions, i.e., ambient moisture, which causes conversion to the form B



30.7 (20 degrees). A particularly preferred embodiment of the present

invention is directed to a substantially pure crystalline form SB' of the
WelraeHIBHde salt of 4-methyl-N-[3-(4- methyl-imidazol- | PCT/US2006/027875

-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-

benzamide as characterized by the XRPD of Figure 14. [0049] Form C of

the hydrochloride salt is another mordklydrate. In the presence of

methanol vapor, form C converts to form B. A DSC scan of form C shows

monéhELRNGRRRIT, A ARAUIHROC 2 &»ﬁ@mﬁ%&a@gﬁ S%é’ﬁ%@ﬂ%the

i.€., transition to an anhydrous crystalline form C'; DSC also shows a

hydreeldenidesidothews aitleass one.snorapefsreblycddortiswin sidltinore)Rfdakty at

least Y& ,%d%?ﬁéﬁ%@%ﬂ%ﬂﬂﬂ&i%@}&{%ﬁ&& BEOYEPR2HQuL 1.5°, 14.8°, 19.4°,

155-195C; after melting at about 195C, form C' becomes amoiphous upon
21.9% 8Ny 2 Hb3tt94CE 6dr2 263 haimdi 857 (2% O Fikes-rAyppuwdkrly preferred

emb&ﬂ%ﬁ@%?tﬂ@%?ége rilfl%%ignolfs.t 1?6@%%90Ch|§)ur.d?a§ ItHshowes c%*tyslt% 1Srt1e0 ?fn Sg of
more preterably at least two, still more pre?era s|y a% egg?tufrour, an mos(f
the hiydepshdotidesshlhmddmeetboledbidd-(fometipdint Bizol 0 -81p s 1itifludrbBethg13phenyl]-
A ; . degrees)., A particular

> O s S A R AR e of
Figuzgbktatveietheieletedyastatni frnT io fiohe Budrodhvbridédiaved to be a mono-

. -imi 1-0yD)-5-trifluoromethsd-phenyll- ,
e R oIt o S A M MR iy fyfom 5o
of thiyEp e salishvie #iterRt Wi, 200%/PERTOIETISAYD] 361 0RT8PEferably

- f for, f the ochloride, salt of o o o. o
at leagﬁgﬁéﬁ%%%gr%ﬁ%{?ma?ga%%ﬁ%?ecgedSf‘raom about 7.5°, 9.3°, 11.6°,12.4°,
13.4%itRi8Po By R N30}-23;5 (2210 At 635 \A308/j iRddRA; 24y e i) 2b2e.8aaile iand

As shown in Fjgure, 16. The main IR bands are ahout: 3332, 2925, 2854,

507 R REE)- Apeslar s e smbagnonce) hogtrepabimvenien 1 directed
to a shbR@EnfiaBy phf2SohydQ8thel R, S8 18 h}&ﬁ)oﬁﬂﬁi@gﬁeﬁ?ﬁbf Jll-ﬂfeﬁlyl-N-B -(4-

f d embqdi t of the present invention, a substantia re .
e LT e G R T T .
benzdmitethy ehbf2e(erimetby i HRID W Bigure 14.

trittuoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is

00451 ' F £ ving at least one re preferably
S SRR e
methgnel| Repan dernote doatiente ta fierr B.RAWAN sspeoff firmoffshowms afitkeendotherm

at abONOTB6UQT SR Sl Rl MEINMNIR Gomativiaimidazoliiioe-
trifluoromethyl-phenyl]?B-(4- yri&in%-ﬂyrgirﬁg?né’-zﬁams\l{ﬁg -E)%%%glr]nhlﬁ%r%l 5
crystalding&ym i’ ; DSC also shows a second endotherm at about 180°C which corresponds
to melting. XRPD at various temperatures shows anhydrous form C’ between about
155-195°C; after melting at about 195°C, form C’ becomes amorphous upon holding at about

40°C for about 30 minutes.

[0050] The x-ray powder diffraction pattern for form C of the hydrochloride salt shows at
least one, more preferably at least two, still more preferably at least four, and most preferably
all, maxima selected from about 6.6°, 7.0°, 8.9°, 11.2°, 11.8°, 13.3°, 14.0°, 17.3°, 18.4°,
20.0°, 22.1° and 23.0° (26 degrees). A particularly preferred embodiment of the present
invention is directed to a substantially pure crystalline form C of the hydrbchloride salt of
4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide as characterized by the XRPD of Figure 15. The FT-IR



Figure 17. The main RAIVIAN bands are about: 3075, 2932, 1670, 1610,
1592, 1494, 1452, 1398, 1383, 1309, 1294, 1259, 1210, 1087, 1047,
WO eEB/016979, 852, 799, 639, 271, 244, 162, 100, and 85 cm 1P(TA/S2006/027875

preferred embodiment of the present invention, a substantially pure

crystalline form C of the hydrochloride salt of

4-methyl-N-[3-(4-methyl-imidazol-1-yl}-5-

trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is

specttREY BE@HFEE IXRMFRAMAN ﬂ?&ﬁﬂ.ﬁg{ﬂ?ﬂ[}g-ﬁj.' e RSz 01-1-y1)-5-

bly at least four, an t

preferablt]/ at least two, still more prefera mos

triflugreractniy RiEr e (RAKslin SarideyiisidizBadenioos e pemyidation shown in
Figuf©8. CriRafB P IR ARGy 1O HS Sy Siaine tarn 35 -9y Cy 8?5‘,VF§§§, ‘ﬁ’rig'eén 1455,

a few minutes under room conditions to a mixture of forms B and

1414y 331 2,008 et 2fifirdeddnlddRetd 36+ 165 0%, theShy drSen RHu¢/ 2aI7 58, and
696 GHOWSaE fﬁ@ﬁ@aeerﬁm@nﬁmf@famxb%s@ﬁ%%mﬁ"h@%&ﬂﬁéﬁéﬁg%agaymmm

least four, and most preferably all, maxima selected from about 6.7,

formgrofthepydraghicyige salboir et 2618 (Forershyédyidazlaktidiarly
trifluBFEEREIRA IDEALR AR RS $E fﬂl‘f&ﬂl@%ﬁlﬁﬁ%gﬁ&%@ide is characterized

substantially pure crystalline form C' of the hydrochloride salt of
by amEr Rk speeipam hawieglaertene|mpry preferably at least two, still more preferably

at leaBt i ORAMRION pRBRBY Balf-oWidi ARy hay Hondigrdodarpinor-PRZRRIde
as characterized by the XRPD of Figure 18. [0052% An additional
spectgibshifpianCorkHis prekeshipridn seh of Hrestud M- Brif-setbyltmidazol-1-y1)-5-

triflubbsREMeBteSA tawhighriaia-nethanahralatS1GRITSIPRAMIRGIR FRE Sidin in
the hydrochloride salt of :

Figurg el henppio BANM MY handnsts aians 34T RAdeth TP A B0 PR, 1452,

1398n1384, WA Q06 1n8F01B LT /1482 11d4t6/1d35791682; %82, 799, 639, 271, 244, 162,
pyrimidin-g-ylaminoé-benzamide. Form C appears to crystallize first as a

100, Rdfia BT soReed™ it s RASPRAEURRR R ubstantially pure
crystATORORY T e fahR Hy dhaioerRARBh I e th) ENI SR ROIVALEIHRSS] -y1)-5-

., _hot, however, convert to form C if vacuum dried; air drying suffices for ]
il e SRR - PHESUT A bW BH e R BANBF B ey Skegieterized
by antRT iR/AiDs{ske Hvalt EhonS-aldeasiR) trdROpeeRiRisa Yeaki eas! SR more

rably at least f urbiynd maQst prefer?{)hly all, maxima

prefe g T i NS SR B Eb bl QLI RAGIAD Sarkls Botes gbosa,

24.2,25.0, 25.4, 26.2, 27.4 and 28.4 (20 degrees). A particularly
[0051]rdbehedtdimbodifoen it preserhynlentenyigadlisctettoCd. Form C’ converts

Mthiﬁ%ﬁ%ﬁ%%%é%?ﬁme;tﬁﬁ%ﬁ%@éﬁ&?}% _%f{ﬁri])?‘up%dorp Poqlr%g %ea%%nCof The x-ray
powdgifidihaetath paphonid}- B 0y redithe hytdpycinhidide 2altashnns) dh derzaride amre
prefe?mtiee%?gvo, still more preferably at least four, and most preferably all, maxima
selected from about 6.7°, 6.9°, 9.1°, 11.4°, 12.0°, 13.8°, 14.2°, 24.8° and 25.8° (20 degrees).
A particulaﬂy preferred embodiment of the present invention is directed to a substantially
pure crystalline form C’ of the hydrochloride salt of 4-1nethyl-N-[3-(4-méthyl-imidazol—1-yl)-
S-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide as
characterized by the XRPD of Figure 18.

[0052] An additional embodiment of the present invention is directed to form Sc of the
hydrochloride salt, which is a methanol solvate corresponding to form C of the hydrochloride

salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-



by the XRPD of Figure 19. [0053] Another crystalline form of the

hydrochloride salt is form D. Crystalline form D has thus far been
WQRRATAEASTH mixture with forn B of the hydrochloride salt. The RGEA PRI 7875

diffraction pattern for form D of the hydrochloride salt shows at least one,

more preferably at least two, and most preferably all, maxima selected

from about 5.7, 8.4 and 9.8 (20 degre&s); the XRPD also shares the

maxima of form B noted above due to the presence of form B in mixture

pyrinifiithiorM-Riidb RiRieriad fmigdime Qﬁg’ﬁ éﬂetcp ?f&&ﬁi‘é@’ﬁ@l‘%@ IS ARSI sotvate

to a crystalline form D of the hydrochloride sa

(forrm%yﬁyplut[@rmmmﬁyﬁm@&zm ‘gbg,monohydrate form C when exposed to air. The
methRASI SN AR QR R e ed- ORI 3 WY sV ARIne):RERs D I ices for

as shown in Figure 20. A more preferred embodiment compfises &

conveisiidatfany Surd beystaime welen dzf&actmmﬂmrfmfam& qbts4}ySigichloride
salt ABRLRr 1eRUBIAIlng S0k efevasl ‘E'ﬁQ&Q'RUS'%ﬁﬁ'ﬁ%r@é?&f@xﬁbg%ﬁ%&%ur and

dimethylformamide so ate of the hydrochloride salt. Form SE can
mostdb@émddsbgrlhm@aa@mterdml@ hrotiicbaihiorhoRd Totth &t el °, 13.0°, 14.5°,

h ride yl 25C. Th
149;53)% f#ai on b t?erﬁ oerdI%%%r%?At?ﬁe cgroc:h@ ge%reﬁs hov@s %ularly
prefeleaétem’um,dmmm pfeﬂ@rptﬂyeat lenattivo jstilteviedetprefebatuytal e patd@uystalline

form 3o B SO SR e P SR S ey &
triﬂuzmmeﬁﬁlﬁpﬁml]zy - (-qoryali dD V- IQ}(B@}ngrdmsa ~YAapairtberyapiefe pecharacterized

r&%;#ng%?t of th resent invention is directed to a substantially pure
crystalline fthe hydrochloride salt of 4-methyl-N-[3-(4 WO

2007/01n870 PCT/U8211116 /112 78 7 5 -17 methyl-imidazol- | -yl)-5
[0053{rinoibgsciniadhenforns of sheridrechlorige sebidsrormy Bme)stalline form D has

thus Pﬁ%@@%@aﬁ%&hﬁﬁﬁﬁﬁﬂ%%tﬂyfé% é%ﬂﬂ@ﬂﬁi%ﬁ&hé@ﬁé SHR 2488w der

to all of the above-noted crystalline forms (i.€., polymorphs,
d1ffrekg§w@m@rﬂgwg§lg ﬂféh%@@g@ﬁg@lesgﬂi ows at least one, more preferably at
least 0 SiRY NG{BHA bimidaeRlidsdkAed from about 5.7°, 8.4° and 9.8° ‘

trlfluorometh phen -3-(4-pyridin-3-yl-pyrimidin-2-ylamifo)-benzamide,
(26 dﬁ@%@dﬂ@t?ﬂ&?&%&?ﬁ@l@@%ﬁh@@aﬁlm afforphBufedrabavredamior fivoprssence of

form™BR SROMRAGRNIICHIVE TR IR AG FRLAubudr %mrﬁgsﬁﬂ{tlﬂUthn is directed

storaﬁf at various relative humidities. In the presence of methanol vapor,

to a erystatiesgrsndrefithe didseehioridersalt off-srtby- Neb%ééern@hyblmlmol 1-yD)-
5-trifR R OUSIRHELG T Re YRR alge SR AT N |44ty s shown in

Figure 20. A more preferred embodiment comprises a substantially pure crystalline form D of

the hydrochloride salt.

[0054] Still another crystalline form of the hydrochloride salt is form Sg, twhich isa
dimethylformamide solvate of the hydrochloride salt. Form Sg can be obtained by treating
either form C or the amorphous form of the hydrochloride salt with dimethylformamide vapor
at, e.g., 25°C. The x-ray powder diffraction pattern for form Sg of the hydrochloride salt
shows at least one, more preferably at least two, still more preferably at least four, and most4
preferably all, maxima selected from about 3.4°, 4.5°, 5.1°, 5.8°, 7.2°, 9.3°, 10.1°, 12.9°,
13.3°,13.8°, 14.8°, 15.7°, 17.4°, 19.6°, 20.8°, 21.3°, 22.5°, 24.4°, 25.5°, 26.0°, 27.4° and
27.9° (20 degrees). A particularly preferred embodiment of the present invention is directed

to a substantially pure crystalline form Sg of the hydrochloride salt of 4-methyl-N-[3-(4-



imidazol- |
-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benza
WORME/1858Hbwn in Figure 22. The FT-IR spectrum of the amo®RbUS e e927875
of the hydrochloride salt of
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridi
n-3-yl- pyrirnidin-2-ylamino)-benzamid€ is as shown in Figure 23. The
main IR bands are about: 1671, 1615, 1556, 1479, 1447, 1416, 1379,

meth}Bftidh3081 %@ﬁ@*tﬂ@@ér&ﬂg@yﬂ-ﬂ)ﬁ&ﬂ? A4 P42 9%1 (R Ufn 2”?1%?&0)

cni 1. In a preferred embodiment of the present invention, a subst
benzagpidean RISt RSP B IR SRRDIHidgHrE Shit of 4-methyl-N-[3-(4-methy-
imidazol- | -yl)-5-trifluoromethyl-phenyl] -3-(4-pyridin-3
[0055Y Hpyadtaitiin- 2 WA dienzanoide ds shafAcRHZRAiRY, 3BIFhdRhs,

pe B B b P B e 1
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It of 4 thyl-N 4- methyl-imidazo
hycroeE R i LA @[fmﬁﬁofm% -y LB AMRIRRU5 ik syontancously

convh@tzaﬂhnd”en& asishbvohioridigsur 2erSierdpain RAMANRaRdsRiRiaRYL: In the
3059,.2931, 1672, 1614, 1591, 1485, 1445, 1400, 1383, 1298, 1261,

presencn gl TSGHOPOITP Yo T YBETRISHS A0F 7RBYeH &0 san B shantRidy
representdtive af Mefmmm%mhehWMBﬁﬂé isnIeot] @ﬁn&h&Wl{@D@ﬁMethyl-

f f th de,s methyl (4-methyl-
i S 3 oA Byt Sy Pl i
is shm?rbmriimnﬂéhsﬁt&aﬁ“eiﬁrsq&dthmnfﬁﬁ'e RAMAN SPREHHUGHT ﬁha\h&l@r&thlorlde salt
o 4 Rk B TR e R RGOy ymin oy
pyrmﬁ@mmmmmwaﬁmmmmﬁl F18:{6036] FiermafndRtbersllfateabout:
f t I [-
8T e R S R e b 10%.
802, Hribther, amdsddimer tdlﬁmm&famdlmbﬂiﬁmag‘fpmmmjﬁhaﬁmmn a
of th |
Subs)[%n%eﬁéﬂfﬁ-% n% -rlﬁ%l% )f/a |SrlrJ|| azol- -yﬁf’gﬂo S%rsg%g{hyfn SEA w&s (21469?%3'1"
imidagad-{AyDyhitnitire@ayiethnirphdonl-articey stiins-st-mashatie; 2ndaenino)-benzamide
f t least four .
BB N AN A Ry o s
more p@@(@@ﬂe@méfommummrpf@m;edlbmmdﬁémdsqu:debem The FT-
RaMAXCOIRR RGeSO BRSNS AOARNE ST LS PN
-(4-methyl-imi azo

salt of 4-methyl- N
methy&rﬂ)i&d@ﬁﬂldrdﬁheiﬁ;ﬂﬁblh&%@(@b%ﬂﬁd&imﬂm@ﬂ@pyrlmldm- -ylamino)-

benzaHARINCIREBZA O A3 £harapieizgs RANERRRIS LR 255059, 2931, 1672,
1614, 1591, 1485, 1445, 1400, 1383, 1298, 1261, 1206, 1091, 1041, 1024, 999, 969, 807, 755,
710, 614, 315, and 109 cm™. Ina preferred embodiment of the present invention, a
substantially pure amorphous form of the hydrochloride salt of 4;met11yl-N-[3—(4-methy1- |
imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide
is characterized by an FT-RAMAN spectrum having at least one, more preferably at least two,

still more preferably at least four, and most preferably all, of the RAMAN bands noted above.



[0057] Form B of the sulfate salt of

4-methyl-N-[3-(4-methyl-imidazol-I-yl)-5-
Waorafdatéthyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-BEh AZy0e/ 27875

another embodiment of this invention. The x-ray powder diffraction

pattern for form B of the sulfate salt of

4-methyl-N-[3-(4-methyl-imidazol-1-yl)-$-trifluoromethyl-phenyl]-3-(4-pyridi

n-3-yl- pyrimidin-2- ylanuno) benzamlde shows at least one, more

oSS 8RS S T S Al e,

triﬂuczcrde@bée&)ewlﬂdﬁﬁétparlsilpféfe}myrmndmeﬂmhmmﬂommesem is another
embom DR ‘Eﬁl? %H TFRé QS}%Q bg\l%gruéeffc a%?toarllhlgl%tg% or fo f thg of the sulfate

ulfate salt o

salt qﬁéfax(eﬂwﬂewwmvmm)damnﬂucammtﬁquhmwsﬁuepyﬂeﬂdemfh;in- 3-yl-
t th
o S 0 S SRS RSN o v

prefedabiptityledt[Bur, and most preferably all, maxima selected from about 6.3°, 7.7°, 9.5°,
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ylammb)&aéﬂﬂﬁ@ﬂdﬁ&thhh&ph&miﬁé&b@%mm-yf Figure 25.
pyrimidin-2-ylaniino)-benzamide. [0059] Various methods can be used to

S e ST PR S e R ™
triflugpeimeiddepeanyshi-(Formmd dnahg 1R)yofmidin-2-ylamino)-benzamide is another
embcfdﬂ%m%ﬁug ﬁ‘béﬂ&&'ﬂy'm% r} w&é W%%Q%HB&ME%M form B of the sulfate

T/U8211116/1127875
salt qfuﬂu‘eﬁdmbﬂwﬁm%qulslﬂmpwginlwwwﬂmidmmeﬂwmmméﬁzéﬁmﬁedm- -yl-
pyrlrﬁﬁﬁﬁmmﬂﬁ %r&fzﬁrﬁﬂe @fébvé”‘gpl\é%s?gﬂeaﬁ%% Ilg’bi %t least two, still more

below- presented examples and include crystallization at room

prefetahipetdagss fevysatli nzais pietarablytadhtonatsdaswlstitndsiramb o gitatdi°,
Bol dltlo nt. [00 ]Another bodiment, of the presen
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ihvention Is directe mposition comprising
.inverthenap elm«acedti/tefaembsmamdigrrpmé argstadiimatiatiy fiof m@/swihtwsﬁlmf dfmethyl-
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[0058] In addition to the above-noted crystalline forms of the sulfate salt of 4-methyl-N-[3-
(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-
benzamide, the sulfate salt also exists in an amorphous form. A preferred embodiment of the
present invention comprises a substantially pure amorphous form of the sulfate salt of
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-

pyrimidin-2-ylamino)-benzamide.

[0059] Various methods can be used to achieve the crystalline forms of each of the free base
(forms A and B), the hydrochloride salt (forms A, A’, A>’, B, B’, Sg, Sg’, C, C, 8¢, D and Sg)
and the sulfate salt (forms A and B) of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-



(b) at least one pharmaceutically acceptable carrier, diluent, vehicle_or
excipient. In a preferred embodiment, the substantially pure crystalline
WORk7i81f87h B of the hydrochloride salt of PCT/US2006/027875
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide. Preferably, more than 50%,
more preferably at least 70%, still mdr preferably at least 80%, and most
preferably at least 90%, of the crystalline form present in the composition

triﬂu'tﬁ@h@mcylo@ﬁb@yﬂem@%fﬂfm-W%?#irﬁ&fﬂ%%ﬁlﬁﬂﬂﬁﬁzﬂyeﬁ%ﬁﬁwé AN Methods

is |ntﬁ%n ed to mean the amount of the inventive crystalline form that,
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.kinase activjty. The _amount of a given compound of the invention that will
precipiiaion (ﬁﬁiﬁ%éﬂg} eFRNGRtwill vary depending upon factors such as the
disease condition and the severity thereof, the identity of the subject in
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e
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of administration. lllustrative examples of suitable mo ministration
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PHAwER,DClFRIMPOSMORR Rl HUS BERHANMAUIAE Abrding to, ong of the

pharmaceutical form recognizable to the skilled artisan as being “suitable.
SGREtE BRepfimceitebito AT ALinteSond 28emisolid, liquid, or
lyephili Q. RCT/US211116/1127875 -20.formulations,
el e

In a plipfesed e badinserakelsuORGBAIYEhHRURRAMBILiMetaiihe Hragent

invention is directed to ethod of treating a _ disease which responds to
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at lea%@ﬁfﬁl a@%ﬂﬁg&%ﬁ%@g%ﬁ { f _‘%?_gd most preferably at least 90%, of the
crystaififiedometiegbitiariil-GidppsitidiniS of vy vnigin sAdaspinginierzamide

according to one of the earlier embodiments of the present invention. In ?

rafe | ; ptially pure.crystalline form is form B.of .

O en g e D B B O B Rcative

crystallipestormn ibesrvdtery kdminigipdopysitiied inlaeygd rthicien?-idantiignt to effect

treatment for disease conditions alleviated by the inhibition of protein kinase activity. The

amount of a given compound of the invention that will be therapeutically effective will vary
depending upon factors such as the disease condition and the severity thereof, the identity of
the subject in need thereof, etc., which amount may be routinely determined by artisans of

ordinary skill in the art.

[0062] The at least one pharmaceutically acceptable carrier, diluent, vehicle or excipient can
readily be selected by one of ordinary skill in the art and will be determined by the desired
mode of administration. Illustrative examples of suitable modes of administration include
oral, nasal, parenteral, topical, transdermal, and rectal. The pharmaceutical compositions of
this invention may take any pharmaceutical form recognizable to the skilled artisan as being

suitable. Suitable pharmaceutical forms include solid, semisolid, liquid, or lyophilized



benzamide. Preferably, more than 50%, more preferably at least 70%, still

more preferably at least 80%, and most preferably at least 90%, of the
WQRMEFANIAY%form administered is of one of the inventive fornisPAE/H528¢p/027875

above, illustrative modes of administration include oral, nasal, parenteral,

topical, transdermal, and rectal. Administration of the crystalline form may

be accomplished by administration ef28 pharmaceutical composition of

this invention or via any other effective means. [0064] Specific

fomﬁm&%%ﬁe@gﬁhﬁgwwéf’%%ﬁ%g%\ﬂ%@ﬁfﬁ%@%%g&{ﬁgﬁfl Sd8mes, and

the following examples. It should be understood thaf these exanmiples are
acrogiliclosed solely by way of illustrating the invention and should not be -
taken in any way to limit the scope of the present invention. Example 1

[0063906%1 AlthérlRbadREHe TR rdsenethvidA {tamesiul 1nidagebindl Beating a
. trifluoromethyl-phenyl]-3-(4-pyridui-3-yl-pyrimidin-2-ylamino)-benzamide
dlse%%é”%%f&ef?épg'a%ﬂ|rsr%&éammﬂozl (APEPISEYKinRRsrarEitE SRRIEs hectratiar of

admigibriiak LoRropgeel ieHedd acetricnaseienta iRbabyaieliRABBRE e amount of a
acettﬂ‘nitrile) for at least 48 hours at room tem;)erature. No form transition

subsanbA LU & iR iR Rsrorp s N 136 Frps g midazal- Exlrple 2
triﬂd&@ﬁ@rt]bﬁlbqﬂieﬁs)lltm-(q;ﬁlf?ﬁﬂiﬁ-NﬂhﬁyM@ﬁmoﬂdﬁlﬁfw-B&nzamide according to one
4-methyl-N-[3-(4-methyl- . . .
of ﬂlﬁﬁ?d’isgﬁ%é@m&8?3%&5%;1@%@%@%@@4-{5%amfsqﬁqowhﬂd}m%ﬁmin »
substahiisinz porideryisAHnd rated itk B ortief pylistedisalye piriasrat inasly RN-[3-(4-
urs fﬁé% ﬁatiérgath at 250C :I_IlIO.S (Tahle 3) and 50C 10.5 (Table 4).

h . ). .
methy E kLol e e kB o S S PR palamino)-
benzsolidepdttdfetbibly invastigatesiby, ¥BRPréfdifftyentesarobsaMadre preferably at

ditional investigations are perfar f(;fd (DSC, TGA, infrared (IR) )
cast 4G BRI e .%ﬁ@rgaﬁé&mfaf@@mﬂﬁrﬁ%of one of
the ilsvzdnt?iné iforiate rmsinﬁﬂiedf@bwqmﬁmﬁﬁnafrﬁﬁt&s%ﬂwﬂﬁﬂﬂsﬁ&ﬁ@hﬁh&lﬁdgoral, nasal,
pare R e e R SR ST e SRR thay be
accomplished by administration of a pharmaceutical composition of this invention or via any

other effective means.

[0064] Specific embodiments of the invention will now be demonstrated by reference to the
following examples. It should be understood that these examples are disclosed solely by way
of illustrating the invention and should not be taken in any way to limit the scope of the

present invention.

Example 1

[0065] About 100 mg of form B of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-
'triﬂuoromethyl-phenyl]-3-(4-pyridin-3 -yl-pyrimidin-2-ylamino)-benzamide free base is
equilibrated with 2 mL of seven different solvents (methanol, ethanol, 2-propanol, ethyl
acetate, acetone, tetrahydrofuran, and acetonitrile) for at least 48 hours at room temperature.

No form transition occurred.



B Ethanol (96%) 3.9 B Ethyl acetate 0.3 B Methanol 16.3 B Propan-2-ol
1.5 B Toluene 1.3 B Tetrahydrofuran 5.8 B Tetrahydrofuran-water 1:1
WQ 20071 38G@tonitrile-water 1:1 10.3 A Water 0.2 B Table 4. ERBGNIBRA06(1027875

with. Solvents at 50C Solvent Solubility (mg/g) Form Acetone 1.0 B
Acetonitrile 2.1 B Ethanol (96%) 22.4 B Ethanol 26.5 B Ethyl acetate 3.0
B Propan-2-ol 4.8 B Toluene 5.6 B- Eihanol-water 1:1 17.2 B Methanol
>27.5 Solvate (as wet cake - dries to B) DMSO >27.5 -- (too soluble) WO

Example7201n870 PCT/US211116 /1127 8 75 -22- Example 3 [0067]
Mixtures of forms A and B of the hydrochloride salt of

oo B R T s TS

imidazol-1 -yI)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3 ~yl-pyrimidin-2-ylamino)-benzamide

is equilibrated with 1 mL of a listed solvent for at least 20 hours in a water bath at 25°C £ 0.5
(Table 3) and 50°C + 0.5 (Table 4). Then the solutions are filtered and dried for 10 minutes in

the air. The solid part is then investigated by XRPD. If differences are observed, additional
investigations are performed (DSC, TGA, infrared (IR), scanning election microscope
(SEM)). The approximate solubility in the solvent is determined after evaporation of the

solvent in vacuum by gravimetry.

Table 3. Equilibration with Solvents at 25°C

Solvent Solubility (mg/g) ‘ Form
Acetone 0.2 B
Acetonitrile 0.3 B
Ethanol (96%) . 3.9 B
Ethyl acetate 0.3 B
"1 Methanol A 16.3 B
Propan-2-ol 1.5 B
Toluene 1.3 B
Tetrahydrofuran 5.8 B
Tetrahydrofuran-water 1:1 122 A
Acetonitrile-water 1:1 10.3 A
Water © 0.2 B

Table 4. Equilibration with Solvents at 50°C

Solvent Solubility (mg/g) Form
Acetone 1.0 B
Acetonitrile ' ‘ 2.1 B
Ethanol (96%) 224 B
Ethanol ' 26.5 B
Ethyl acetate 3.0 B
Propan-2-o0l 4.8 B
Toluene 5.6 B
Ethanol-water 1:1 17.2 B .
Methanol >27.5 Solvate (as wet cake — dries to B)
DMSO >27.5 -- (too soluble)




were equilibrated in various solvents. Table 5. Equilibration of A-B
Mixtures Solvent Form Comments Ethanol (95%) B After 72 hours
WQLStHARS %6 water B 24 hours 40C Methanol 0.25% water BPEPA$RHN6427875

40C, extra peaks not form A - maybe free base polymorph Methanol 2%

water B 40 hours 5C Methanol 0.25% water B 40 hours 5C Methanol

10% water AB Significant enrichment3a A after 12 hours Methanol 2%

water B Rapid evaporation of filtrate from 24 hours 40C Tetrahydrofuran
ExanlpPéo3vater A ? = extra peak (unclear whether new form or free base)

Example 4 [0068] The residue (hydrochloride salt of

4-m -J-yl
[006ﬁlf o)r%xﬁ1et &%ﬁésn’&édéﬁ ?/ﬁﬁ"#gmcﬁ%fmﬁﬁﬂléﬂﬁﬁﬁ}ﬁ@ﬂb&%mwthyl"
imiddroinl Bapintifl 2o canctie Bhomiylpd {ar g RIS BRUNSy IRTH IO RY RGP amide
%erature The r?sults are shown in Table 6 below. Table 6.
were E%apo}gt%lnl AR r%lbé‘rature Solvent Form Acetone Amorphous
Acetonitrile Amorphous Ethanol (96%) A & B Ethyl Acetate B Methanol
TablBSPFapahlmmel M@\Maitiimsahydrofuran Amorphous

SNt 32 P (EO-EMN A
LIIIC VV(J.LCI [CASESAY A
Comments

After 72 hours
Methanol 2% water B 24 hours 40°C
Methanol 0.25% water B/? 24 hours 40°C, extra peaks not form A — maybe

free base polymorph
Methanol 2% water: B 40 hours 5°C
Methanol 0.25% water B ‘| 40 hours 5°C
Methanol 10% water A/B Significant enrichment in A after 12 hours
Methanol 2% water B Rapid evaporation of filtrate from 24 hours 40°C
Tetrahydrofuran 15% water A

? = extra peak (unclear whether new form or free base)

Example 4

[0068] The residue (hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-
trifluoromethyl-phenyl]-3~(4-pyridin-3 -yl-pyrimidin-2-ylamino)-benzamide) from Example 2
can be examined for its crystalline form upon evaporation at room temperature. The results

are shown in Table 6 below.

Table 6. Evaporation at Room Temperature

Solvent Form
Acetone Amorphous
Acetonitrile Amorphous
Ethanol (96%) A&B
Ethyl Acetate B
Methanol B
Propan-2-ol B
Toluene B
Tetrahydrofuran Amorphous
Tetrahydrofuran-water (50:50) A
Acetonitrile-water (50:50) A
Ethanol-water (50:50) A
Methanol-water (50:50) A




Methanol-water (50:50) A WO 2007/01n870 PCT/US211116/1127875
-23- Example 5 [0069] Approximately 300 mg of form B of the

W gtirgeHI8Hde salt of 4-methyl-N-[3-(4- PCT/US2006/027875
methyl-imidazol-I-yl)-5-trifluoromethyl-pllenyl]-3-(4-pyridin-3-yl-pyrimidin-2-
ylamino)- benzamide are dissolved in the minimal amount of solvent at
60C. No remaining crystals should b@%¥isible. Then the solutions are
cooled in an ice bath and agitated. The precipitates are collected on a

Exalﬂ@,sdriedand investigated by XRPD. Table 7. Crystallization from Hot
Saturated Solutions Solvent TI/T2 (C) Form Notes Methanol-water (15%)

0B Shlft s du .40- 5 B thanol water
[00691A) Bf%% ash oo 893@%%&% 'methyl‘N -[3-(4-
methylemaldﬁdobﬂHydbl-mlﬂmcbimneﬂqlt@]i%y&]%e@-lﬁﬂiﬂiiﬂlﬁs)}%@ﬁﬂglfﬁﬁlﬂ%&{ﬁmo)
talli E 50-10 A & B After 2% water eds adde
ben D et B ET e e o E BORCe 0P SRS crystls
Shouhdslmjviﬁtbian ar Km&lmnolaﬁmi)s&@eldbcﬂeﬂﬁﬁ%&ﬂ&&ﬁﬁh uaadglsapdoitle precipitates
Poor tallinity Tetr. ran-water(15%) 50-10 A
are C(?Ilé%[(ég %noafllﬁlﬁr‘]r vé)a dca(}@ %gg{% A%’?gé%%j Example 6 [0070] Two

different solvent combinations are tested. Form B of the hydrochloride salt
Tablef4 Crystallization from Hot Saturated Solutions

(A el

_rﬁgW—(_ - - : ﬂ:-ﬂme”lyl HJ‘I!‘U(géj)I-JI_ yj{,o:) u,l.|”,. UIUIIIULI |y| Pt Ic“yNJOteS :Q}.:f;:::l

A A M i S S "éafs‘ﬁléifefféﬁi:}hfait}éiiZ -

SUI Ulllly ISTTHYIT, Aty e SUTVTTTT H vvuuuu oot o gy oot

Methauued. The-preeipitates MQ"éS collected’on-a filter, rlnnr{ ;md investigated_hy

Mem,@f‘.g\]!:”ﬂ?%g 8. Precipitibh by Addfion o ErRf)

Tetrahydrofuran 50-10 No results

Tetrahydrofuran 50-10 Noresults | 1% water

Ethanol 50-10 Noresults | No crystallization

Ethanol . 50-10 A&B After 2% water and B seeds added

Ethanol (95%) 50-10 A .

Ethanol (succinic acid) 50-10 A 100% ethanol used

Ethanol (malonic acid) 50-10 B 100% ethanol used

Isopropyl alcohol 50-10 A Poor crystallinity

Tetrahydrofuran-water (15%) 50-10 A

Tetrahydrofuran-water (15%) 50-10 A B seeds

Example 6

[0070] Two different solvent combinations are tested. Form B of the hydrochloride salt of 4-
methyl-N-[3-(4-methyl-imidazol-1-y])-5-trifluoromethyl-phenyl]-3-(4-pyridin-3 -yl-
pyrimidin-2-ylamino)-benzamide is dissolved in a medium where the solubility is high; and a
solvent in which the salt is highly insoluble is added. The precipitates are collected on a filter,
dried and investigated by XRPD.

Table 8. Precipitation by Addition of Solvent

Solvent Solvent added Form
Tetrahydrofuran-water Ethyl acetate A
Methanol-water Acetonitrile A




Solvent Solvent added Form Tetrahydrofuran-water Ethyl acetate A
Methanol-water Acetonitrile A WO 2007/01M70 PCT/US211116/1127875
WO2200FHaHiple 7 [0071] 300 mg of form B of the hydrochloride &l ¢$2006/027875
4-methyl-N-[3-(4-methyl-imidazol-I-
yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzami
de are compressed for 5 minutes at #4 tons with a hydraulic press
(diameter of tablets = 13 mm). There was no change of crystalline
Exaipldification (by XRPD) after compression for 5 minutes at room
temperature. However, the XRPD peaks are much broader indicating less

[00711)/%%"'”' )é]fliz' occhlorldg sa(l)t b ugtsla SPJlee hyl-N- -(Qrmlely Cintidazol-1-

yD- 54ﬂﬂﬁm¢hﬁé€{f}4{@hﬁ@lﬂﬂ4(ﬁ+¢&ﬂdii&3ﬂ)ﬁﬂﬁﬁhﬂdﬂﬁfﬁgﬂwﬂnpb}hyﬂza;(ﬂdpmdi
compfcﬁes)érﬁaf}el £ 'ql'{l‘ltzes\’a@l’f}jq Wp[ﬁa q(; unI|I tpeeS szr)‘é:d is ﬁvett f|C|elr§tI1¥1. m).

W BHExed Detwaen e e ma enafls
Therelted nodkangecofionyttadité mofEfisadion (by@ﬁ]&&j &B’tefomnpmisieg fee pminutes
cr talllnlt b PD or e 9. Granulatl RPD results
ot o P R L0 B BT R P E L PR T cln
crystdHiméty|-N-[3-(4-methyl-imidazol-I-yl)-5-trifluoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide hydrochloride was
crystallized in acetonitrile to form a mixture of form A of the hydrochloride
Examplefhd form A of the free base. Amorphous

4-methyl-N-[3-(4-methyl-imidazol-I-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridi
[0072] SivrRystmiel Baﬂ%eyiﬁmhara)s@enz;am’séedwwm@mﬁe lvyasoemstailézmt iof

e B TR LB AR ABRATG 4 Py

pyrittidib A S2Adihbe-bhhZam@ld dntiPthe solid is wetted sufﬁc1ently. The material is
vortexed between each addition. Then the material is dried under vacuum to <2% or less and

evaluated for form and degree of crystallinity by XRPD or DSC.

Table 9.
Granulating solvent - XRPD results
Water ‘ No change
Ethanol No change
Example 9

[0073] Amorphous 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide hydrochloride was crystallized in acetonitrile
to form a mixture of form A of the hydrochloride salt and form A of the free base.

Amorphous 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-
3-yl-pyrimidin-2-ylamino)-benzamide hydrochloride was crystallized in isopropanol to form a

mixture of form A of the hydrochloride salt and a small amount of form A of the free base.



Example 10 [0074] About 50-60 mg of form A of
4-methyl-N-[3-(4-methyl-imidazol-I-yl)-5- _ .
Waorafdatéthyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-BEhAZy0e027875

free base was suspended in 0.75 ml, of a listed solvent. The

stoichiometric amount of hydrochloric acid was subsequgr_ltly added to

the suspension, which became lessi&cous after the addition. Th(_a

mixture was stirred at ambient temperature for about 5 hours. Solids
Exanipaéigdwere collected by filtration and analyzed by XRPD and NMR.

Table 10. Results Solvent Crystallinity* 'H-NMR Methanol Good; form B

0,30V ak Ethanol Goad; forms A & B No solvent peak 2-propanol
00 R R s IR ok R AR 4B borbamed
triﬂu@myb‘dxyétphe@k}e’ﬂ(4qsmiéi1&£ympyﬁﬁﬁfﬁm@§1aﬁﬁﬁajﬁgé|§\l@%ﬁ% ﬁéeeezljé%g%vas
performed . acetonitrile Excellent, form A& B Not performed *
S“Speg%%%ﬁé?i’%vﬁéﬂfﬁ%%ﬁ%ﬁz%ﬂfxeﬁe SBAHHAMEH AR S lbstiechdoric acid
was spbsgysegtiyaddedienimaispeskmarehidiabecant ﬂ'@@i?}{é%ﬂiﬂﬁ?r%@%dition. The
. - nts_Example 11 [0075 out 50-60 mg of form A o
mlxtug? %Zé%%%ﬁ%’ﬁf t(ﬂmn%t)%@'ie Iarﬁ%agﬁ%ﬁggutégc?urs. Sohc?s (salts) were .collected by
filtratiffl gorbanelynddibe XRPD @hd iR 3-yl-pyrimidin-2-ylamino)-benzamide
free base was suspended in 0.75 mL of a listed solvent. The
TablSi@chiometric amount of H2504 was subsequently added to the
suspension, which became less viscous after the addition. The mixture

was stirred at ambient femperature for about 5 haussitsSolids (salts) were

collectedvent filtration ahd analyzeddanxiRPD and, infsome casganaig0 by
MethtdtiR. WO 2007/01n87D PCT/US@b1d&AH 27875 -26- Tabig Ll REsIiS
Ethanfdolvent Crystallinity* 'H-NMR' Good; forms A & B No solvent peak
2-propanol Good; form A No solvent peak
Acetone Excellent; form A Not performed
Ethyl acetate Good; form A & B Not performed
Tetrahydrofuran Excellent; form A Not performed
acetonitrile . Excellent; form A& B , Not performed

* excellent = when main peaks are sharp and their intensities above 70 counts
good = when main peaks are sharp and their intensities within 30-70 counts

Example 11

[0075] About 50-60 mg of form A of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-
triﬂuoromethyl-phenyl]-3-(4-pyridin—3-yl-pyrimidin—2-ylamino)-benzamide free base was
suspended in 0.75 mL of a listed solvent. The stoichiometric amount of H,S0O,4 was
subsequently added to the suspension, which became less viscous after the addition. The
mixture was stirred at ambient temperature for about 5 hours. Solids (salts) were collected by

filtration and analyzed by XRPD and, in some cases, also by NMR.



Methanol Good; forms A & B No solvent peak Ethanol Good; forn B No
solvent peak 2-propanol Poor Not performed Acetone Poor Not
WG hERI0 Ethyl acetate Poor Not performed TetrahydrofurdfCPAmm 20061027875
performed acetonitrile Poor Not performed * good = when main peaks
are sharp and their intensities within 30-70 counts poor = when main
peaks are broad and their intensities B@row 30 counts Example 12 [0076]
About 300 to 310 mg of form B of
Tabldhethyl-N-[3-(4-methyl-imidazol-1-yl)-5-
peifl o pamaatba b anull 2 (4 nveidin 2 VUl ~vreimidin. 2 viaminal-bhenzamide
MO OTUTHC U Ty T PTICTT Y T U Py T Oy Py ity e o= eHeet-Ha
free base was suspen ed-in 9 mlL of ')-pmpannl Regtsnichiometric
amouri®®erCl was sub :pqllpntlymwi%*thp suspension After 28Hition,
Methanal slurry became yellow, then @fediforms KideBmixture|was stiiredient peak
Etharghbient temperature fof about 5 Beedsfomfter 4 hours|of holdiNg séivensheaky
2-propeg] paste-like, difficult{to pour and filter. The solid was colleateth&sormed
Acetfiltration and analyzed Qy XRPD anddMR. The XRPD showe@Ge@stmed
Ethylcryesdallinity and form A pf the hydrochigride salt, whilé the 'H-NMR formed
TetraBi@¥¢@ELDOth changed shifts and no sglyent peak. EXample L3, [Quffed
acetofiR@Ut 300 mg of form B of 4-inethyl-pi[3-(4-methy-imidazot-3eyikoe —
tritiuoromethyl-phenyt-3=(4-pyrdin-3-yt-pyrimidin-2-ytamino)-tenzamde
" goog ey %ﬁ%ﬂ/&?@ﬁ@@éﬁ@@ﬁ fﬁ_\:i’aﬁ‘i"rﬂ]ﬁ{t&ﬁ Hﬁ‘(?’tﬁ%ﬂﬂl‘? PHBSSuspension was
P ooﬁée‘ﬁvt}éea 10 the alrlfasf ux tré)?nﬁrédré ure'6 5182-58? the solﬁorwsoecame clear under
reflux. The stoichiometric amount of H2SO4 dissolved in methanol was
Exansplesenjuently added to the suspension. The solution was stirred under
reflux for 5 hours and then cooled to ambient temperature; the solid

9] ter holding. Th li llected by filtration.and
o07e] BRI W S b S AN AN DR Rl >
triﬂumomrmmm&%Mﬁﬂmylzwﬁiﬁaim-zE_)xmp@-be@ﬁﬁ&ih Abouhse was
suspeillggdq}ggjlfn@@?ﬁp%f}ém)?.thﬁlfel\lsﬁé 4i2)nﬂ|1(?3ttrr1 l-e{mbql%%%lf‘ }-RIJII) -V%és subsequently added

to the suspension. After addition, the slurry became yellow, then off-white. The mixture was

stirred at ambient temperature for about 5 hours. After 4 hours of holding, the slurry was
paste-like, difficult to pour and filter. The solid was collected by filtration and analyzed by
XRPD and NMR. The XRPD showed good crystallinity and form A of the hydrochloride
salt, while the 'H-NMR showed both changed shifts and no solvent peak.

Example 13

[0077] About 300 mg of form B of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3 -yl-pyrimidin—Z-ylamino)-benzamide free base was
suspended in 30 mL of methanol. The suspension was heated to the reflux temperature of
64°C; the slurry became clear under reflux. The stoichiometric amount of H,SO; dissolved in
methanol was subsequently added to the suspension. The solution was stirred under reflux for
5 hours and then cooled to ambient temperature; the solid precipitated out after holding, The
solid was collected by filtration and analyzed by XRPD. The XRPD showed form B of the

sulfate salt.



trifIuoromethyl-phenyl]-S-(4-pyridin-3-yl-pyrihmidiT-i-hylarI[iir_lor)]_-benztait(r:nlde

base was suspended in 15 mL of methanol. The stoichiometr

W(ggﬁe@l(ﬁt%ﬁ‘!he Iiste(? acid was subsequently added to the sus‘i@ﬁﬁ&?ﬂ@hémﬁ
solution was stirred at 50C for about 5 hours and then cooled to ambient
temperature. Solids (salts) were collected and anglyzed by XRPD and
NMR. Table 12. Results Acid Commé#ts Crystallinity 'H-NMR HCI The
slurry became clear while heating Good; form B Shifts changed; no

[ d to evaporate
Exangpleddt peak and remained so. Slow N2 flow was use . .
some solvent. H2SO4 The slurry became clear after heating. Good; forms

' . 2% methanol | ame slurry, during cooling.
s 884 N B PSR R S
triﬂqum@(%yi.-nqh@ﬂ]]:ﬁwé%myliidﬁn}ézyﬂ-byﬁrﬁdina-};jlaminol)-be_nza)mki)de free bcellse was
i - - ~pyridin=3-yl-pyrimidin-2-ylamino)-benzamide
oy e i Rt e e

subsefiyeadlneitiodio Subsexpeesiin. adteddutibe wasPeRSIDR. STE SHIRNVaDurs and
for about 5 hours.

I lent temperatur, Cl) qr 50C (HZSO?{?
e LR bl ) Lovehend anhesd bgea and
NMRslow N2 flow and analyzed by XRPD and NMR. Table 13. Results Acid
Comments Crystallinity 1H-NMR | equivalent The slurry became_ clear
Tablefhile Good; form B of Shifts changed; no solvent peak HCI heatln_g and
remained sa. HCI salt 0.5 equivalents The slurry became clear while

Good; form A of Shifts changed; small solvent H2SO4 Iegatirg and

Acilemained so. s@fateaadt & free pedk basgdanmi® | equivalent Thg SIRY

HCl pegafhestlepbafies Gaoeifonsafcof Shiis.ahapggd; n §ﬁ%{@éﬁ5{pﬁ§lﬁm solvent peak
112504 rarinedigitishvaNdienvained so, sulfate salt W 2007/01M70
PGS 219V 4087 pormgsatvent.

e

HZSO4' [ The slurry became clear after heating. Good; forms A & B Shifts changed; <2% methanol
It became slurry during cooling. '

Example 15 -

[0079] About 100 mg of form B of 4-methyl-N—[3—(4-methyl-imidazol-1-y1)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3 -yl-pyrimidin-2-ylamino)-benzamide free base was
suspended in 15 mL of methanol. Listed amount of the listed acid was subsequently added to
the suspension. The solution was stirred at ambient temperature (HCI) or 50°C (H,SO4) for

about 5 hours. The solids (salts) were obtained by evaporating solvent to dryness using a
slow N flow and analyzed by XRPD and NMR.

Table 13.
Results
Acid Comments Crystallinity 1H-NMR
1 equivalent The slurry became clear while Good; form B of Shifts changed; no solvent peak
HCI heating and remained so. HCl salt
0.5 equivalents | The slurry became clear while Good; form A of Shifts changed; small solvent
H,SO, heating and remained so. sulfate salt & free peak
base form B
1 equivalent The slurry became clear after Good; form A of Shifts changed; no solvent peak
H,S0, acid addition and remained so. sulfate salt




-28- Example 16 [00801 A 1 L, 4-neck, round-bottom flask equipped with
a mechanical stirrer, a thermometer, heating/cooling capacity, and an
WQaHITi8s#ihnel was charged in sequence with 4-methyl-N-  PCT/US2006/027875

[3-(4-methyl-imidazol- | o

-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridni-3-yl-pyrimidin-2-

ylamino)-benzamide free base (10 g),2hethanol (250 mI__), and 37%

hydrochloric acid (1.85 g) under nitrogen purge. The mlxturelwas heqted
Exapl2t60C and stirred for an additional 15 minutes. The resulting solution

was filtered through a polypropylene pad, while maintaining the batch
lear solution was transferred under

tyre above 40C. The ' ,
LRl Rt s e i e —
heatipgthoalingchandtiy, aaiﬁrm,aadhmﬂrmm&mﬂdig@diﬁgé’éq{i&lﬂ&%ﬁﬁqﬂﬂxe‘chyl-N-

' iod of 30 minutes,
- S e D e R e P b
ylamino)dengearide feridhef A9 @mmsﬁaqmm@@nmfyﬁra@m&@ftﬁ@h 85 g)
; [ hick whi ion, T uspension was cooled to
e R e SR hmmsom e
15 mimmieso Il"dhmsdtiﬂg&ddtmmafﬂwrahdﬂhmob\pﬁlypﬁﬁ}ﬂé{é%hﬂ? S¥hagol

. {20 T lid dried at 50-53C/10-20 torr for, 8-16 hours to obtain
e T T e T o
nitrog?}rﬁimqsp}l@wtmﬁnﬁm%r)ﬂldeQWmmﬂiﬁetmqu]@iﬂpé@ 2\11;}68 rﬁlﬂﬁhanical
: f .8 ) as a white splid. [0081] 'HNM Z,
s Lo T e 38e idf wtrdapssed o
30°C @yet b pesiaB q530 H)imBIES (8¢ddﬂ)(28.#%I@&H&d&e&?‘z’dﬁg:l;)nzﬁéﬁgt&ﬁe,ﬂ)& the
17.96-7.44 (m, 31-1), 2. : ,, 2:39 (S, T qees
B Ao KA L2 hMATET 25 B Riperged 5t an additona

3 housstgobtain, a thipk white, 24rEngELT. Fheamyentid 0082 Senpratalyranet a period

f j form. B of 4-methyl-N-[3-(4-methyl-imidazol- .
o e ST oo Gasion
and riggefb il a9d & IXS) euriiibrok é20vmith)2 Title eblidines dididencs0-SSA@NEE20 torr for

-16 kaegRt pitie  diethylet thanol absolute, ethyl acetate, A
B e e e T s PO RS L phenyi-5-4
Pyridieéﬁa}ﬂywéfai@ﬂﬁ/@m@mmoiabmmtﬂwmhydm@mmmmmalt form B

\ 4 y in a water bath at 25C. Then the solutions were filtered
O3 g&%ﬁéﬁ%ﬁ%@@{ig minutes in the air. The WO 2007/01n870 PCT/US211116

[0081i111-21 IZH% ?OO MHz, DMSO-d6), 6 10.9 (s, 1H), 9.58 (s, 1H), 9.29 (s, 1H), 9.20 (s,
1H), 8.70 (d, 1H), 8.63 (s, 1H), 8.55 (d, 1H), 8.49 (d, 1H), 8.32 (d, 2H), 8.00 (s, 1H), 7.91 (s,
1H), 7.84 (d, 1H), 7.56-7.44 (m, 3H), 2.50 (s, 3H), 2.35 (s, 3H); x-ray diffraction pattern
showing maxima at 20 = 7.4°, 9.4°, 11.6°, 12.1°, 15.8°, 19.3°, 19.6°,22.1°, 24.1°, 25.7°.

Example 17

[0082] Separately about 100 mg of form A and form B of 4-methyl-N-[3-(4-methyl-imidazol-
1-y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3 -yl-pyrimidin-2-ylamino)-benzamide free base
was equilibrated with 2 mL of thirteen different solvents (acetone, Aacetonitrile, diethylether,
ethanol absolute, ethyl acetate, methanol, propan-2-ol, toluene, tetrahydrofuran, water,
tetrahydrofuran/water (1:1), ethanol/water (1:1), and methanol/water (1:1)) for one day in a

water bath at 25°C. Then the solutions were filtered and dried for 10 minutes in the air. The



-29 solid part was investigated by XRPD. No form transitions occurred

with the exception of one trial of form B in water; in one instance, a
WORMUE W free base forms A and B resulted, but those resul®BsLRIHW61027875

be reproduced. [0083] In addition, about 100 mg of a mixture of form A

and form B of 4-methyl-N-[3-(4- methyl-imidazol- | _

-yl)-5-trifluoromethyl-phenyl]-3 -(4-pyrédin-3 -yI-pyrimidin-Z-y]am|no)-

benzamide free base was equilibrated with 2 mL of seven different

solidgmixtends ﬁ@hﬁ@twbwmmquﬂwfnt@%( 'ﬁgﬁ@@%ﬁﬂré’%ﬁ&@{h I‘c/he e{xception of one
., tetrahydrofuratt/water (1;1), ethanol/water (1:1), and methanol/water
il (F SR R T Dt P25 PR 8 S i el Brheendiad, bu
thosearshittsedihi 4@ beinepiestinéde air. The solid part was investigat_gd by
XRPD. No form transitions occurred. Example 18 [0084] Solubility for

form A and a mixture of form A an free base were
[008§2§£ﬁ%§ﬁ?8}%§gﬁ?&%&n eo(? ot ﬁ#&lﬁea %@%@“ﬁe&ﬁf&%&f ﬂg{%ﬁhﬁl'N'B -(4-
methﬁaiﬂédﬂolbélmk)rﬁtaiﬂeoidm&ihyl-&ﬁmm]ai@tmyﬁtaﬁf?%@iﬁ/mﬁtﬁi@l@%@ino)-
ter Q.00.0,00 0.00 Tetr rofuran/water (1: ,
e IS PSP et L)
methgnoh Gioahpdoaf{0ag85) e catriiy dedurdotmatér ¢l ihe étﬁﬁlbﬁﬁ%thdﬁﬁl alower
ilj red to for of free base in the different

e TR A2 B o e e SB ierd
and dﬁ,gi@méﬁ)anip}ée_sg'q@@@a}.lz le solid part was investigated by XRPD.( No fqg_n

A :N=[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridi
transﬁ%?ﬁ%bﬁren[i%i(n-2-ylamino)-benzamide hydrochloride is dissolved in 192

mL of methanol and 21 ml of water at 52C. The solution is heated to

ExanfileSC in 10 minutes and let stand for 45 minutes. The solution is then
cooled down in 3 hours at OC. The solution spontaneously WO

[0084¥0§)071{100]1‘ﬁ§y7 or%%%%?fzo]f%nl%?%%r%?}g Zu?d _agr?lixture of form A and B free base were

determined from a saturated solution at 25°C. The results are listed in Table 14 below.

Table 14.
form A form B form A/form B (1:1)
Solvent (mg/mL) (mg/mL) (mg/mL)
Water 0.00 0.00 0.00
Tetrahydrofuran/water (1:1) 1.78 1.95 A 1.93
Ethanol/water (1:1) 0.06 0.07 0.07
Methanol/water (1:1) 0.01 0.01 0.01

[0085] As can be seen, form A of the free base has a lower solubility at 25°C as compared to
form B of the free base in the different solvent mixtures. Solubility was too low to perform

proper comparison in water.

Example 19

[0086] 12 g 4-methyl-N-[3 -(4-methyl-imidazol-1-yl)-5 ~trifluoromethyl-phenyl]-3-(4-pyridin-
3-yl-pyrimidin-2-ylamino)-benzamide hydrochloride is dissolved in 192 ml. of methanol and
21 ml of water at 52°C. The solution is heated to 64-66°C in 10 minutes and let stand for

45 minutes. The solution is then cooled down in 3 hours at 0°C. The solution spontaneously



crystallized before OC; therefore, the cooling ramp was stopped at 20C
and let stand with stirring for 2 days. The suspension is cooled down to

W PHG0rs before filtration under vacuum to obtain form APET{RE2006/027875
hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-I-
yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzaini
de. Example 20 [0087] -30 -
4-Methyl-N- [3 (4 methyl-imidazol-1-yl)-5- trifluoromethyl phenyl]-3- (4 pyridi

I |n ben anude h drochlorld are
L o A R
stlnlng(fm%tbiysoﬂihé%lqmmmhydmm aﬁm’(iSlﬁddﬁﬂJrﬁbéfﬂﬂe ﬂmﬂiﬁﬂbﬁ itnder

eat flux t th t is cl filtratio
Vacuug?a%f?)egég %m on Is f%?l ci]r:%cyl% or1 fh selga Lﬁjﬂ% h&% g%zol 1-
yl)‘-5-tyaﬁhmronmlséqﬂl&wE~§b(§[apyldémmﬁl4pjxtmﬂ1ni29%1mﬁimeﬂialﬁii1é%
water. The suspension is stirred at 42C for 2.5 hours and afterwards
cooled down to -10C according to a slow cooling profile. At 20C, the

Eﬂ'-“&éﬁ%ﬁg is interrupted for four hours in order to let a potentially formed
methanol solvate transform to the desired monohydrate. [0088] The

[0087puspmﬁmms[zu(erﬁ@tapnlmﬁmwstl)iﬂvalﬂqm@ﬁfemfym{mﬁ@éwatﬁpndm- 3-yl-
iX 90/ thano % Water) The filter cake is dried in an oven at
pyrimifhidiFiatying) BTIIRr R o lnmmiBre PrReatrdBY cBtRerdingdree base

in meﬂhﬁf@@ﬂm f@ﬂipérwdi)e &elesotae theewfigabiyalee 13 AafolrraA@chloric
ove, To aS re the correct water content, a second dryin
acid i 1s (f

SITIHLRE PAIERTS 20 AORRLE o B BLGAR it 1 clarified by
ﬁltratﬂanﬁmarbwlﬁbﬂm)ﬁﬂy@ﬁ bythervacsleint@UITG. ddsscaRditans 6t $98«aiser base.
The s &8 chanLgedt 0C and 30 n&’bra in ord rto, as Lf adequate conditions

© SR RIS BTG ATLY BBIE OF RO A e RO SHHI A ARe: Shtesdrpsion i
stirredcztp@éﬁyﬂﬁ Eeﬁhb&fk Mhﬂhﬁxﬂﬁﬁ:&kﬁﬁé&ﬂ@iﬁ@@b AV ekEndiaptoh slow cooling
proﬁleE)%ﬁ%@l‘/e&Q T(fggbg]nlg %d e Itl@l}l\é\‘/[ecf ?ck))r ou urs g %%321? tg %(%;%)é[g&rtlgﬁ; tfsénned
. methaneirwﬂhytd\irﬁas(férmetmﬂielrdneﬁaa«bhﬂoryd))h’g'»d&raﬂauoromethyl-phenyI]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide hydrochloride is placed in

[00ssiL3AMUPEMEINNALGed g}ﬁ) naFBEé{V%E%E RSIEHEUIRR L RIBNEL AL ik ture

room temperature. An ad

(99% W(M[wwmeﬂhﬁmﬂazbmsm@mmmwﬂm angék3-(aepyridbelow
‘10 mbB¢ %%IAN&@GL% %%ZQ&%BM§%%@&}%§} dajto be be ow the theoretical

rimidin-2-ylamino)-benzamide hydrochloride Is added, an
value %ﬂ%@éﬁgi@ﬁ 39 iesstimentbpbove. To assure the correct water content a second drying

stage is added where water is evaporated in a stirred vessel and transported to the dryer by a
vacuum pump. The conditions in the dryer are changed to 60°C and 30 mbar in order to
assure adequate conditions for the desired water content. The water is added until the
saturation capacity is reached. With the described method, a water content of 3.5-3.6% was

obtained with two lab scale (1 L) paddle dryer experiments.

Example 21

[0089] 1.2 mg 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-triffuoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide hydrochloride is placed in 120 mg of methanol
and 12 mg of water. A clear solution is obtained at room temperature. An additional 12 g

4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-



1 hour at room temperature. The seeding suspension is placed 10

seconds in an ultrasonic water bath. [0090]
WQLAWEAASRRL[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenPJBUSR2¢AH 137875

n-3-yl- pyrimidin-2-ylamino)-benzanide hydrochloride (12 g) is suspended

in 192 mL of methanol and 14.87 mL of water. The solution is heated to

64-66C in 10 minutes and kept for 5+dihutes at 66C. The solution is then

cooled down to 42C in 15 minutes and then seeded. The suspension is

pyrixﬁﬁﬁﬁ@fy%ﬂﬁw&%ﬁ%ﬁ@ﬂﬁrm&gig@ﬂ%&9@%@ %H‘tfﬁehé?}égb%ﬁﬁ&% UeGtand for

down within 6 hours at -10C. The suspension is kept for 79 hours before
1 howypbirpiisaserphegurmhy sredingsisneasiradonimed [ineeondrdmanuiteaspnic
watefHakaanol/water 66 mL/5.26 mL (-10C) and dried under vacuum at 70C for
20 hours to obtain form C of the hydrochloride salt of

-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridi
[009?4115215}4}%!}%%:%%%}%{5}- %ﬁa&-&i&ﬁm&%{%&a G 3 (i pyidin-3-y1-
pyrirﬂﬂh&?ﬂiﬁh{ﬁ;@bzﬁﬂﬁlﬁwiﬂm@bdi@hloﬁaﬁlQ;;quodhl ﬁﬁi@_d W?ﬁhﬁ@%_@n@?%gé@hanol

n-3:yl- pyrimidin-2-ylamino)-benzamide rochlaride (14 g) is dissolve
and T DG R LHOE AR g GO R 256
5 mifnehah\isiGpThe abRliouti6 Bededored theviatpapioous]BydinchlosigeBal seeded.

of 4-methyl-N-[3-(4- l-imidazol-1-yl)-5-trifluoromethyl-
T SBHORISS (AT 2 PO A o G T SRR AL & s god cooled
dowrGa#Ih4A Qigurs at -10°C. The suspension is kept for 79 hours before filtration under
4-m I-N-[3-(4-methyl-imidazql-1-yl)-5-trifluoromethyl-phenyl]-3-(4-
Va4 s B G i o AR AR LA 7l 26 mL
(-10°@)ambdhnzdalmierSRCuindat §QvAenD (@R8sitd pbiakty dsaartosiCiaeis thochloride
ded as ution in 2. mL.qgf methanal. The solution.is let stand for 60
slt B N L i B et oA P S i3
pyrimédiperatamdfoy-bénmamides. A suspension of 4 mg of 4-methyl-N-[3-(4-
methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2
-ylamino)- benzamide hydrochloride in methanol (40mg)/water (0.4 mg)

Exampleddenized for 10 seconds in an ultrasonic bath is added. The
suspensionis let stand for 2.5 hours at 42C, then cooled WO

[00920Q4Q:nA7R-PIC(HAHS il 1 16d42 A7 BED)- 5321 v i thyIopKen 2644 P hadin-3-yl-

. suspensjon remains at 20C for 56 hqurs, The suspension is not filtrated ]
oyl Sloanar et e RToPBEelIdh il Sisore ol omeemasthanol in
a hot@fater bath. The solution is spray dried in a Buchi Mini spray at about 65°C to form the
amorphous hydrochloride salt of 4-methyl-N-[3 -(4-methy1-imidazol;1-yl)-5—triﬂuoromethy1—
phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide.

Example 23

[0092] 4.0 g 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base is dissolved in 60 mL methanol at
50°C. 1.05 equivalent (688.7 uL) of hydrochloric acid is added as a solution in 2 mL of
methanol. The solution is let stand for 60 minutes at S0°C. The solution is cooled down to
42°C and kept at this temperature for 15 minutes. A suspension of 4 mg of 4-methyl-N-[3-(4~
methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-
benzamide hydrochloride in methanol (40mg)/water (0.4 mg) homogenized for 10 seconds in

an ultrasonic bath is added. The suspension is let stand for 2.5 hours at 42°C, then cooled



4-methyl-N-[3-(4-methyl-imidazol-|

-yl)-5-trifiuoromethyl-phenyl]-3-(4-pyridin-3-yl-
WQOWINHIFE T ylamino)-benzamide is obtained. Example 24 [00BSF3632¢p/027875

4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifiuoromethyl-phenyl]-3-(4-

pyridin-3-yl-pyrimidin-2-ylamino)-benzamide hydrochloride is dissolved in

a solvent mixture of 576 n1L of methd&@ol and 44.61 ml, of water at 52C.

The solution is heated up to 64-66C in 15 minutes and kept for 5 minutes

dowﬁix@g(ﬁoqﬂg%@ ib“téfoi‘#é%é e(ﬁ(mﬁ(ile%? at ﬂg‘% %%%@Q#ﬁ%@%%ﬁ?f nsion is not

solution is seeded. The suspension Is kept for 2.5

filtragrsl e ipreanatysburd ke docthaneeelvatdfetiab thif teriyydratiroride salt of
4-mé?ﬁ’3'fi[§q -Bl%4’-[‘ﬁ‘?éﬁ@'1‘91n&&%t§ fﬁg[@ -ﬁ%%%&@%%%@ﬁ{iﬂ% ialjpglfridin& -yl-

_4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-
pyrigidinoforiEtyrphergamideingbidined-yl-pyrimidin-2-ylamino)-benzmdide is

obtained. [0094] The seed solution was obtained from 3.6 mg of

hydrqchloride 4-methyl-N-[3-(4-
ELa'ﬁ&%'iimidazoI-I-yI)-S-trifIuoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-

ylamino)- benzamide dissolved in a methanol/water solution (360 mg/36
[0093) g3 6 Postherswhylian;[ar(4additiphahiizol 16§1)-5-trifluoromethyl-phenyl]-3-(4-

. A- I-N-[3+¢4-methyl-imi |-1=y1)5-trifl hyl-ph -3-(4- .
pyrlcg’r)l/-r Ig?gr?)éyﬁrg%dﬁ-g] . aﬁfu Ig}%%%%%)aﬁ%lge) }%}&go&l ot §é%>§1£?%%pe;’ ]g%%(%l%%?ﬁsmlxuue

-pyrlmld?’n- ﬁ in0)-benzarmide are a
of 57aihtaiiedtfont! hodridt 6 omh. iwperatn 2 and iessuspearisiheaisdoipaedb4-66°C

. i Itr ic bath for.10,sec ample 25 [0095] Separately about . .

n SRR LAR RSP SYTRE SRR et o

15 minpiesiapdMhESs (dutivetliy bémtiehz @kl suspension is kept for 2.5 hours at 42°C, cooled
-y|)-5-1ri bz Vll-3-(4-pyridin-3-yI-

downxl)“%‘g'g L-llg’-y ?faﬁf?%‘)‘%%%%%%‘éﬂwﬁgy%a?ﬁ% depugeranurs oy 11 hoyts. The methanol

pyrimidin

solvage ipemtS o efttha bly drathianidl; wéttef, e thethylNafa((9Sithyinetihdarolivi et 5-

triﬂu%%i%%@a%%%r—o : %égé%%lﬁ—g -gi&égﬁ%%?@—%‘j ?ajg%{]}?gtbg%ezé%&g r,;chbetained.

or on In a water en
solutions were filtered and the solid part investigated by XRPD. WO

[0094h dhpasegas ptioy e obteingd fiopa 3 mzqbbediophlatidsarctbyial3-(4-
methsfﬁﬁﬁiﬂﬁﬂﬂdlf-?lf)%D@rﬁbu@f&ﬂ@tﬁ@@%h?é?&gwﬁ@[ﬁ?ﬁd@ﬁhi%im%i-@ Rthino)-

to form C with_a small amount of form B; in methanol/water (99.3:0.7) and

benzymigfissebinddn omettanglivaiss SAKIHER S0 MR OENRIth o Sheaiphvonan
ad dit@SaIr B en N J0RRR (HEANGITNNS RREWTS RS AT - KL inetRnRk R0 Keny1]-3-(4-

. fransitioned to form B and in water, form C transitioned to form A.
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide are added. The suspension is maintained for

1 hour at room temperature, and the suspension is placed in an ultrasonic bath for 10 seconds.

Example 25

[0095] Separately about 100 mg of form A, form B and form C of the hydrochloride salt of
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide was equilibrated with 2 mL of 10 different solvents
(ethanol, methanol, water, ethanol/water (99:1), methanol/water (99:1), methanol/water
(99.3:0.7), methanol/HCl 0.1 N, diethylether, hexane, tetrahydrofuran) for one day in a water
bath at 25°C. Then the solutions were filtered and the solid part investigated by XRPD.



[0097] Similar equilibration studies were done at 50C for | day for forms A

and C and for 2 days for form B. In methanol, form A transitioned to a
WORMIE B %orms B and C, and in each of methanol/water (QPCJI/US2006/027875

methanol/water (99.3:0.7) and methanol/HCI 0.1 N, form A transitioned to

form C. Form B transitioned to a mixture of forms A and B in ethanol. In

methanol, form C transitioned to form38 and in water, form C transitioned

to form A; also in ethanol/water (99:1), form C transitioned to a mixture of

[0096]| thireTiansls o in ieHHQfWARLQ & @Bﬁqﬁ%tg%ggﬁﬁ?%%%@? )y form A

xample 26 [0098] About 100 mg of form B of the hy sal
transfl.?ﬂa ﬁ%%"-"ﬁl}éﬂﬁﬂ@%}h?&%&w iy Bl imresthamgliwhien(f933:0.7) and in
metha(@YBIOUN-GNY ki miginandasine g gl Ay
mL of a solv&gt listed below at 60C. #}hﬁgéz‘?ﬂﬁ)% %@fﬁg]‘%%v%?t%%%y 0 form

tranm?ﬂgss(f%blgﬁ OF iOFRePe e inel faranGiizaasitipapista Somddifiodiomater,

form ObtatsRbORRBBESeIvent 2 hours 12 hours 24 hours Methanol / B B
Methanol/water (99.5/0.5) / B B Methanol/water (99.3/0.7) / B B

ol/wat: 9.0/1.0)./ B B _Methanql/water (95.0/5) BB B =no
00 0 S Sar0ERE S e S PraprEmas 5. G nd fo

zation o

2 daysfonfipie B7 [d08eihabolifca0 AngaatfiosieBtohthexmver oc MRHSBsall ¢ and in

-N[3:(4- -
e et 226 e oyt oo A
- transitipiesipaloriaeCisRiipsdB/adnsitidiedttd mhirfiaesoiMerhi Ao dHW LS n

thamﬁ tien Is ¢oaled down ta, 20C. The suspension is centrifuged but i
e B e S bchTestpPeB ety oo in
ethangdfepater (99:1), form C transitioned to a mixture of all three forms and in

tetrahydrofuran to a mixture of forms B and C.

- Example 26

[0098] About 100 mg of form B of the hydrochloride salt of 4-methyl-N-[3-(4-methyl-
imidazol-1-y1)-5 -trifluoromethyl-phenyl]-3-(4-pyridin-3 -yl-pyrimidin-2-ylamino)-benzamide
is dissolved in about 2 mL of a solvent listed below at 60°C. The solution is cooled down to

-10°C. The suspension is filtered and the solid analyzed.

Table 15.
Modification Obtained by XRPD
Solvent 2 hours 12 hours 24 hours
Methanol / ' B B
Methanol/water (99.5/0.5) / B B
Methanol/water (99.3/0.7) / B B
Methanol/water (99.0/1.0) / B B
Methanol/water (95.0/5) B B B

/ =no crystallization observed



Solvent 2 hours 12 hours 24 hours Methanol / SB Se Methanol/water
(99.5/0.5) / Sa SB Methanol/water (99.3/0.7) / SB SB Methanol/water
WQ2903/418870 SB SB + Sc Methanol/water (95.0/5) / Sc Sc = n@CT/US2006/027875

crystallization observed Example 28 [00100] About 100 mg of form B of

the hydrochloride salt of 4-methyl-N-[3-(4-methyl- imidazol-|

-yl)-5-trifluorornethyl-phenyl]-3-(4-pyigin-3-yl-pyrimidin-2-ylamino)-benza

mide is dissolved in about 2 mL of a solvent listed below at 60C. The
Exansifldten is cooled down to 45C. The suspension is centrifuged but the
_s%m not dried before analysis. Table 17. Modification obtained by
wogﬁl‘ég}? Solvent 2 hours 12 hours 24 hours, Methanol / / SB

é?HBﬂ/ fag @dYm . B) o taphydsechinside selwidemesyby-13 {4-gthyl-

imidaitinlyt) Sctrivlathaneivyaiska®a]10s 1k Fidm-H MRS {$Rr3h8) benzamide
0 crystallization, observed W]C() 2007/01n870 PCT/US211116 /112 7

.. SC=
is disgolved iy EYorriPle S rivent st Sstomiial A forrihe sriition isreediddewn to
20°Cofithe snypeasieiidgaaltitfed Birii¥lsolid is not dried before analysis.
N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyr
Tabl éiln -2- ylamino)-benzamide was determined by gravimetric techniques
a er;i ifferent temperature in various solvents. The results are set forth

below in Tables 18-20. Tiable 18. Solubiliy a@tikaiiarenthihempemigyes after

24 Houssieatm A Form B Form £odrsSolubility SolubigySOIubility o4 hours

Methanol / Sp Sg
Methanol/water (99.5/0.5) / Sy Sp
Methanol/water (99.3/0.7) / S Sk
Methanol/water (99.0/1.0) / Sy Sg + S¢
Methanol/water (95.0/5) / Sc Sc -

/= no crystallization observed

‘ Example 28

[00100] About 100 mg of form B of the hydrochloride salt of 4-methy1—N- [3-(4-methyl-
imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide
is dissolved in about 2 mL of a solvent listed below at 60°C. The solution is cooled down to

45°C. The suspension is centrifuged but the solid is not dried before analysis.

Table 17.
. Modification obtained by XRPD

Solvent 2 hours 12 hours 24 hours
Methanol / / Sy
Methanol/water (99.5/0.5) / / Sg + Sc
Methanol/water (99.3/0.7) / / Sg partial + S¢
Methanol/water (99.0/1.0) / / Sc
Methanol/water (95.0/5) / / Sc

/ =no crystallization observed



("C) Solvent (mg/mL) XRPD (mg/ML) XRPD (mg/mL) XRPD 25 Water
0.35A1.28B1.47C+A0.1NHCI1.32A2.36B2.35A 0.01 NHCI0.43
WR200691887037 A 0.001NHC1 0.92 A 0.70 B 1.29 C+A 0.000 RCHTSBUHAI8TS

0.47 B 1.67 C+A Methanol 13.79 B 14.37 B 18.20 B 50 Water 1.03 A

1.40B 1.31 A O.INIICI 2.46 A 6.62 B+A 8.30 A+ 0.0O1 NHCI0.85A 1.44

B1.69 A 0.001NHCI0.79A1.34B8&72 A 0.000LNHC1090A1.32B

3.51 A Methanol 52.47 C + B 52.11 B 55.26 B Table 19. Solubility at
Exanpsiiesent Temperatures in Methanol/Water (99.5/0.5) v/iv. Form A Form B

orm C T Solubility Solubility Solubility (C) Time (mg/ML) XRPD (mg/mL)

PD (mg/ml) XRPD -10 10 minutes 24.01 A 7.62 B 11.91 C 1 hour
W"“ﬁs’&i&%?@%@}? Yoem Anfr § sedsam S wipthohydesshirsidefairbhompthyl-
N-[329- tinieid 33162 W1)45 BrikRiOfd B etlyBo el IPUL (A D3 di: Byl DR din-2-

1770 C+13 24 hours 12,19 B 12.21 B 12.09 B 45 10 minutes 52.23 A+B
Ylamg?.)zgeé%%ﬂ@ B3P AR s1ayachacdeshniaves dAliffrpaisempperature in
varioGstsbdvéatd 0 Thd BbAtC ate BAMOHAMTIM M TR TYBLS211116 /112787 5

-36 Table 20. Solubility at Different Temperatures in Methanol/Water

Tablggll‘:il(.5 )S\(/)Il\{lbli:l(i){ymaﬁfﬁ? erpell?t El%rlilnpgratures after 24 Hours

Form A Form B Form C
T " | Solubility Solubility Solubility
O Solvent (mg/mL) XRPD (mg/mL) XRPD (mg/mL) . XRPD
25 Water 0.35 A 1.28 B 1.47 C+A
1 0.1 NHCI 1.32 A 2.36 B 2.35 A
0.01 N HCI 0.43 A 0.69 B 1.37 : A
0.001 N HCI 0.92 A 0.70 B 1.29 C+A
0.0001 N HCI 0.45 A 0.47 B “1.67 C+A
Methanol 13.79 B 14.37 B 18.20 B
50 Water 1.03 A 1.40 B 1.31 A
0.1 NHCI 2.46 A 6.62 B+A 8.30 A+
0.01 N HC! 0.85 A 1.44 B 1.69 A
0.001 N HCI 0.79 A 1.34 B 6.72 A
0.0001 N HCI 0.90 A 1.32 B 3.51 A
Methanol 5247 C+B 52.11 B 55.26 B

Table 19. Solubility at Different Temperatures in Methanol/Water (99.5/0.5) viv

Form A Form B Form C
T Solubility Solubility Solubility
‘O Time (mg/mL) XRPD {(mg/mL) XRPD (mg/mL) XRPD
-10 | 10 minutes 24.01 A 7.62 B 11.91 C
1 hour 26.37 A 5.63 B 7.99 e
24 hours 4.96 B 4.00 B 6.12 A (B when
‘ duplicated)
20 10 minutes 33.69 - A+B 12.90 B 24.34 C
1 hour 19.30 A+B 13.78 B 17.70 C+B
24 hours 12.19 B 12.21 B 12.09 B
45 10 minutes 52.23 A+B 33.29 B 39.86 C
1 hour , 62.49 C+B 39.39 B 46.15 C
24 hours 41.86 C+B 40.40 B 45.59 C+B




T Solubility Solubility Solubility (C) Time (mg/ml) XRPD (mg/ml) XRPD
(mg/ml) XRPD -10 10 minutes 12.33 A 9.42 B 9.73 C 1 hour 14.40 A 6.65
WB29074138794 hours 4.74 B 4.85 B 11.00 C 20 10 minutes 25 BOTAISZ§0B787S
18.88 C 1 hour 28.18 A 13.43 B 13.03 C 24 hours 13.07 B 13.01 B 11.76
C 45 10 minutes 46.08 A 34.49 B 37.68 C 1 hour 61.15 A+B+C 38.18 B
31.15 C 24 hours 36.80 C 41.70 B 3326 C [00102] As can be seen from

the tables above, the solubility at 25C and 50C after 24 hours of

TabH YN %mﬁ@y}ém'%m&méyg} ARV WRARER W) dRyic!
n-3-yl- pyrimidin-2-ylamino)-benzamide hy roc |de in agueous Mmedia
such as water, pH 1, 2, 3oand 4 (dilutipn with hgihgllows the tendengyfm ¢
tform C > form B/ >dqueaify. In the presencggfigfdrge amount o§gneihanpr,
(’Cihen thaisslubility gfigin0 minxeEDollpwigigenderapoform Amgtanm C XRPD
-10> formnButexample 3@3[@01 D3] Farm A|of thedree pasemwf 9.73 C
4- ng I-\j [6 (‘ -”qu% ”n Udz%l yi)-r5.,:. .§:'.§A5:.-.I:.a rlarvain A\ L\,-..,.Z'ZA'.M. C
i '%"'L'fi'.'if.'.J'TJ'L.'?;*‘?G‘”"L wingtsehetne: N\ CH 208 Ee N BbobH | C
20, 10l B/ 280\ s e AN o CEBY NN £3bE | ©
(aql 1108*{ ﬂ(‘l—l K-nf% 18, THE 208G ( (3.0 EHY B 13.03 C
24 hours 13.07 B 13.01 B 11.76 C
45 | 10 minutes 46.08 A 34.49 B 37.68 - C
1 hour 61.15 A+B+C 38.18 B 31.15 C
24 hours 36.80 o} 41.70 B 32.26 C

[00102] As can be seen from the tables above, the solubility at 25°C and 50°C after 24 hours

of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl}-3-(4-pyridin-3-yl-

pyrimidin-2-ylamino)-benzamide hydrochloride in aqueous media such as water, pH1,2,3

and 4 (dilution with HCI) follows the tendency: form C > form B > form A. In the presence

of a large amount of methanol, then the solubility after 10 minutes follows the tendency:

form A > form C > form B.

‘Example 30

[00103] Form A of the free base of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-

trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is made

according to the following scheme:

1.08 Eq.

CH,
N_ _N
/Y\g?
X _N
|\ o) OCH
~N

320.4

CH

B6 1.00 Eq.

241.2

H,N CF,

v

1. THF (abs.)
K-OtBu in THF 20%G (3.0 Eq.)
0-5°C->50°C/4h

2. H,0 (quenchen)

3. AcOH (~ 0.3 Eq.) ->"pH" 10

- CH,OH/t-BuOH / KOAc

CH,

CH N
s
-z m/ N
N
| o” N CF,
~N

B7

529.5




30-5C->50C/4hONCF3 N 2. H20 (quenchen) NH iB5 3. AcOH (--

0.3 Eq.) ->"pH" 10 B7 320.4 - CH30OH / t-BuOH | KOAc 529.5 WO
WQR@7/0188Y0 PCT/US211116/1127875 -37 [00104] 14.5 g (BE.0/EHHYK/EX7875
B6 and 20.8 g (64.8 mmol) of B5 are dissolved in 120 mL tetrahydrofuran
absolute at room temperature under inert and water-free conditions. The

suspension is cooled to IT 0-5C and-1{1-0 g (180 nimol) of potassium
tert-butoxide solution 20% in tetrahydrofuran were added within 1 hour,

00103 NERNGHG MRS V1 BH RIS A A PlambIForEBS Upd dRRIWE i 120 mL
[ he?ated g%]a%sually to IT 50C within 1 h%(u6r and then stirred at this o

tetrahyAip EraR ADTOII B HeA™ teatncrrREc BRGHOMIH ARG &V plabiRe siegsitiensn)The
suspeR IS NCRss it 1d TPOG Ry 4he ASHIRT1SD3RH) OF PatakimH e toxide solution

,, Stopped, and the two phase system is let to separate. The aqueous
20% imy(reahyHEnanaeisalded sathingl drputaregopigings thsrintarnabteamneseves at

0-5°¢henmgmadeifsh Hganic RNRst.ARAANSIEN I FusSRRaSIAmin $tikRd 486 ThbRYfirred at
at 50C during which time crystallization is initiated. Approximately 1.0 n1L

this tgppeetarsdir RPatsEd Ry theldrisartion asix e (xePProrusPns iRin dhguenched at
IT 5650Wthe%RRmba b AP Hied ol ALSEAN, iestigmnal tﬁml@ﬁé&%%?hg@@stem is
e

normal pressure, and simultaneously 260 mL ethanol 94% is ad

let to,eRRTAL thENG SEREUEd St Rheseds ranp ek hasrsingsiy ket drafdarm A are
addetP6than@haliieoHSRARSHASS 6RO'GE {RiA TGN s forNtour at 50°C

. agitation is continued for another 1 hour. Form A of the free base of

duﬂ%m’%%ﬂyrims[grwiﬁk%a%?pﬂﬁ?damiﬁ% Aspproximately 1.0 mL of acetic acid is added to
the otgflhiRrpRactMktR eI LB~(Yo RY Helipnddy | SOIKENKIDGE MBI @lsREF B KIR0-100°C

talline solid) is collected by filtration and washed with 150 mL of cold

(crys I )
(exteRRBTRABIPh B AGCTR FrES AR S Sl et 260 ol 94% is

adde PR S0 SlghdhwikeamBase solvent exchange from tetrahydrofuran to ethanol.
of4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5- L )
The SHIRAOHG RGN 0Ly RS AR A Seiehimemiinsd fbengther
* 1 hounadermeceingiedhastod owingthehans: (W2 4B1aF60 1 -y1)-5-
. PCT 1111 27875, . s . . . .
trlﬂuorcc:)m/eL’ghSy -p. )en}Gf{]l— —(4§pysrld1n-3—yl-pyr1m1d1n-2-ylam1no)-benzam1de (crystalline solid)
is collected by filtration and washed with 150 mL of cold ethanol 94%. The product is then

dried at 50°C in vacuo.

Example 31

[00105] Form B of the free base of 4-methyl-N-[3-(4-methyl-imidazol-1~y1)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is made

according to the following scheme:



-38- CH3 7 1.08 Eq. B6 Z7N 241.2 1.00 Eq. CH3 CH3 CFI3 NNNNY

HzN CF3Y N N 1. THE (abs.) O OCH in THE 20%G (3.0 Eq.) . A,-
WE2MPBUBTY-5C -> 50C 14 h H CF3 N 2. H20 (quenchen) N BSBUAZO¢027875

0.3 Eq.) ->"pH" 10 B7 320.4 - CH3OH / t-BuOH / KOAc 529.5 [00106]

14.5 g (60.0 mmol) of B6 and 20.8 g (64.8 mmol) of B5 are dissolved in

120 mL tetrahydrofuran absolute at138m temperature under inert and

water-free conditions. The suspension is cooled to IT 0-5C and 101.0 g

(180 mmol) of potassium tert-butox;jq§ solution 20% in tetrahydrofuran

were added within 1 hour, mgintgining the internal temperature at 0-5C.

Thepegagtion mixture is heat )

stirred at this tempeﬁtlﬁ{e for ghother dolagur. The reaction mixture CH

L) is® ‘StilReFaff at 80 atur,
Kessure, and simulteneqashyétemL ethanol 94%lls gqged keep\'hg the
volumesgonstant I.e. so@mtekekange friirtPtetrahydfofuran to etganol.

The ggspension is cooled o /Q&Cnvitwacl hour, and agitationsse.s
continued for another 1 hour. Form B of the free base of

001 R e o Bt G e BT o e s issolyrddn AL

tetraliy dxifacirdidplute at room temperature under inert and water-free conditions. The

: ' ol
crystals (f).2 g) of forrh %8%% q.glg%p éhg g%smc so|ution. Solyent (#
Tagtormal temp *

suspension is cooled to IT 0-5°C and 101.0 g (180 mmol) of potassium tert-butoxide solution
20% in tetrahydrofuran were added within 1 hour, maintaining the internal temperature at
0-5°C. The reaction mixture is heated gradually to IT 50°C within 1 hour and then stirred at
this temperature for another 1 hour. The reaction mixture (yellow suspension) is quenched at
IT 50°C by the addition of 50 mL of water. Stirring is stopped, and the two phase system is
let to separate. The aqueous (lower) phase is removed. Approximately 1.0 mL of acetic acid
is added to the organic phase until a pH of ~10 is reached. Seeding crystals (0.2 g) of form B
are added to the organic solution. Solvent (260 mL) is distilled off at 80-100°C (external
temperature) under normal pressure, and simultaneously 260 mL ethanol 94% is added
keeping the volume constant, i.e., solvent exchange from tetrahydrofuran to ethanol. The
suspension is cooled to IT 0-5°C within 1 hour, and agitation is continued for another 1 hour.
Form B of the free base of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-
phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide (crystalline solid) is collected by
filtration and washed with 150 mL of cold ethanol 94%. The product is then dried at 50°C

in vacuo.

Chemical, Physicochemical and Morphic Characteristics

[00107] The chemical, physicochemical and morphic characteristics of both 4-methyl-N-[3-
(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-
benzamide free base (form B) and 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-



filtration and washed with 150 mL of cold ethanol 94%. The product is

then dried at 50C in vacuo. Chemical, Physicochemical and Morphic
W@HATABE18tics [00107] The chemical, physicochemical and REWpHK2006/027875

characteristics of both 4-methyl-N-[3- (4-methyl-imidazol-|

-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylaniino)-

benzamide free base (form B) and - 39 -

4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl WO 2007/01n870

henf1 3433418 ALy fiftidin- 73 %aming)- i i
P en%ffen%- -(4-pyri§iir]{@-§/l-b_3;rimi?jf?%lgﬁ r%?r%%ledﬁz%ir%l}ggyr%rgﬁeo%%rroaﬁ}élOnde salt
(formn By nyersl salkiatast ag isseridpdvestowvaluated as described below. [00108]
Determination of Approximate Solubility: A weighted amount (20-50 mg) of

[001mwmé@emm@mmpy@%ﬂ&teoﬁémoﬁwem-Jé?&@éﬁ%&%ﬂﬁ'yzéys‘d%?g) of

llowed to equilibrate for 24 hours at room temperature and then filteréd.
sample s e HRbS e tePas e sk g sjoerasbioowsilibrate
for 20h&HPS-4&2 R Qb petHRBICRISaR R Baterd D LIS sAUHYT I#88n saturated

measurements were performed at 37C using the rotating disk method

filtratg wasanfasedMerBhe G qeibEton speed of 200 rpm was used. For
IDR in 0.1 N HCI, an 800 mL volume, and for IDR in water, a 200 mL

[001083 | UnicinwrDisseltit ibh R st @IDR)W@SS@N%MMW%M@%&BE%%%@&MTed at
measuring cell and recycle the dissolution vessel. Table 21. Chemica

37 B A e EH B ACAURCL TSSRADR e TR BB

200 rpiHyssasbinriBe: MR oMY ey B OStamentang, andlysis SRIGHAMES, a

Found Calculated Foynd %C 63.46 63.58 57.58 57.66 %H 4.15 3.97 4.29 .
200 N0 %’&61‘6%%6@#5?7%%%% A qenEpues sy RynRsd fepughpBVopeasuring

cell aBdaBdyd8Ei6 M GIoNtvARED8 6.00 DSC purity (mol %) 98.65 N/A
due to decomposition prior to melting (10C/minute) ,

Table 21. Chemical and Physicochemical Characteristics

Salt form
Parameter Free base form B Hydrochloride monohydrate-(form B)
Elementary analysis Calculated Found Calculated " Found
%C 63.46 63.58 57.58 57.66
%H 4.15 3.97 429 425
%F 10.76 10.22 19.77 9.83
%N 18.51 18.57 . 16.80 16.58
%0 3.02 3.56 5.48 5.68
%Cl N/A N/A 6.08 6.00
DSC purity (mol %) 98.65 N/A due to decomposition prior to melting
(10°C/minute)
HPLC purity (area %) 100.00 100.00
' DSC melting point (°C) 249.0 N/A due to decomposition prior to melting
(10°C/minute)
Melting enthalpy (J/g) 153.9 N/A due to decomposition prior to melting
pH of 1% solution or 7.99 2.53
suspension in water
Solubility (approximately at 25°C, mg/mL)
0.1 N HC1 0.60 0.94
0.01 N HCtI 0.0014 0.08
Phosphate buffer, pH 6.8 0.0002 Below detection
Water . Below detection 0.17
Ethanol 0.63 3.69
Isopropanol 0.33 1.93




HPLC purity (area %) 100.00 100.00 DSC melting point (C) 249.0 N/A due
to decomposition prior to melting (10C/minute) Melting enthalpy (J/g)

wWQa gRHNFAHue to decomposition prior to melting pH of 1% sAGHAS0B/GXT87S
2.53 suspension in water Solubility (approximately at 25C, mg/mL) 0.1 N
[-IC1 0.60 0.94 0.01 N HCI 0.0014 0.08 Phosphate buffer, pH 6.8 0.0002
Below detection Water Below detectiét0.17 Ethanol 0.63 3.69
Isopropanol 0.33 1.93 WO 2007/01M70 PCT/US211116 /1127875 -40
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o Stoichiometry 0.17

Wat¢nterpretation A5

69% 5.69 (2808) 2 Dihydrate

0.0024

[00110] Thermogravimetry studies were undertaken for each of forms A, B and C of the
hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-

pyridin-3-yl-pyrimidin-2-ylamino)-benzamide. The results are shown in Table 22 below.

Table 22.
Form Loss on drying Stoichiometry Interpretation
A 5.69% 5.69 (200°C) 2 Dihydrate
(theory 5.9%)
B 4.02% 1.00 / Residual water
(30°C-100°C)
3.02. 1 Monohydrate
{100°C-220°C) (theory 3.1%)
C 3.50% 0.51 / Residual water
(30°C-80°C)
2.99 1 Monohydrate
(80°C-220°C) (theory 3.1%)

[00111] The intrinsic dissolution rate was also determined for each of form A, form B, form

C and the amorphous form of the hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-

yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3 -yl-pyrimidin—2-ylamino)-benzamide in various

solvents. The measurements were carried out on a VanKel instrument using a Cary 100

photometer. The results are shown in Table 23 below.




(theory 5.9%) B 4.02% 1.00 / Residual water (30C-100C) 3.02 1
Monohydrate (100x220C) (theory 3.1%) C 3.50% 0.51 / Residual water
WQ2007/8G8%02.99 1 Monohydrate (80C-220C) (theory 3.1%) [ORAT/UST19e/027875
intrinsic dissolution rate was also determined for each of form A, form B,

form C and the amorphous form of the hydrochloride salt of
4-methyl-N-[3-(4-methyl-imidazol-I- - 41 -
yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzatid

instrument u

Tabl@ M3various solvents. The measurements were carried out on a VanKel
sing a Cary 100 photometer. The results are shown in Table

23 below. W
DissihgienDisgolution Rate valu

2007/01M70 PCT/Usrimsiz Tdsgolufion Bafe3aluk1- Table 23.
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[00112] Further stability studies were also undertaken for all of form A, form B, forrn C and

"TVEU IUI IUIIIIb I-\ B dllu L/ ClII.UI blUlaUU at

the amorphous form of the hydrochloride salt of 4-methyl-N-[3~(4-methyl-imidazol-1-yl)-5-

trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide. No form

transitions were observed for forms A, B and C after storage at various relative humidities;
the amorphous form of the hydrochloride salt spontaneously crystallizes to form A. In

| addition, each of the forms has good chémical stability for 1 month at 50°C, for 1 month at

80°C and for 1 month at 80°C and 75% relative humidity, though both form C and the

amorphous form showed a mixture with form A under the last condition.

[00113] Crystallographic investigations were undertaken for form B and form Sg of the
hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide. Suitable single crystals were obtained by slow

solvent evaporation in methanol at room temperature. The results are set forth in Table 24

below.
Table 24.
Form B Form Sy
Crystal system Orthorhombic Orthorhombic
Space group P2.2.2, P222,
a, A 7.6316(4) 7.596(6)
b, A 15.322(2) 16.048(9)
c, A 24.140(3) 23.73(2)
v, A 2822.6(5) 2893(4)
Dy, g cm” 1.369 1.447
Z 4 4
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relative humidity, though both form C and the amorphous form showed a
mixture with form A under the last condition. [00113] Crystallographic
investigations were undertaken for feré@ B and form SB of the
hydrochloride salt of

4= methyi -N={3= (4 meihyl- midazot-t= ylﬂ, 5=t |uummeu1y-pnenyl] 3= qrmS
8, .,

avianaratiaA thannl At v

pynwk E%] H)IlAnmunl 2=yfamino)= bcni,cgudéjc Suitablejsingle-eryst 34D§:|c

toamn
UULCI.IIICU Yy SIOVY JUIVUII TV Cl.pulu.uull ||| |||\.‘L| mIarroroact u||| u.,lllp\,l

The ro@lrﬁllg%ro set forth-In-TFable ’)/IS QQQ@(Q‘QIO Table 24 {Fomm B Frél’%‘?‘ &92

(‘rUQtB{Pr&P'l‘FEWﬁP‘iflrhnrhn mbic (')rthnrhrﬁ‘?lhlr‘ Space grpup P 2121 ?14%
919@?626%&3’@1??6(4\ 7.596(6) b, A 151822(2) 16.048(9) c, A 24.146(3)

23.73@9FReA3 2822.6(5) 2893(4) Dca}:8g CM-' 1.369]1.447 Z 4 4\MRD

20007 @URYUS21/1116 /112 7@81768 -42- Form |B Form So 0.0572

Radiatiol, 42405406 1.5406 O range).’3430-60.00 3.32-58.92 N0.0.1147

variables refined 37 404 No. reflect. Refined 511 4147 GOF/Re, 3.8
1.020 Final R, [I> 2a(1)]/Rp 0.1168 0.0572 Final wR, [1 > 2a(l)]/Rwp
[001 4] 3Bfhide the ysyiion hay RrenKeseiessishras i apfersserite snspidice

embcvuméﬁtfﬁﬁa@sftqt%pgﬁg&eﬂm{z@fmﬁnm@@%dmﬁ@ﬁ%@e BhE @ RAEYs can be

changes, modifications, and variations can be
made without departlng from the inventive concept disclosed herein. Accordingly, it is

intended to embrace all such changes, modifications, and variations that fall within the spirit
and broad scope of the appended claims. All patent applications, patents, and other

publications cited herein are incorporated by reference in their entirety.
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claims. All patent applications, patents, and other publications cited
mwmyd by reference in their entirety. -43- WHAT IS
—t stantially pure crystalline form A of
4-methyl-N-[3-(4-methyl-imidazol-I-

yI)-5-trif|uoromethyl-phenyI]-S-&l-pyridin-S-yl- rimidin-2-ylamino)-benzami

1. e OSBRI W SISRURR I HurE BN e Gomeiay-midazol -
S g TR 00 e
bagadvse{néhdesibatantalipheusaissyatalingfiecharpsianinedibynan paryrpowder

: i stantially pu [li .| iz ¥ 0
i AT e R Gl aBRG 32) S e
167K, TA9°)' 4844, 189 .B° R4.1=and. 25.8) Rgrees)i:..y:., X .; ~.Z Yi~.~.

~Eol~n~r ~ LY L S~ - e~ Y- +--1-S-~- 996G S 5,3 9; 2 hela
w "kal_e 3. A pharmaceutical cc_)mposition comprising: (a) a therapeutically
2. foecﬁ'ﬁél %“b{%tﬁﬁt@l 9 puRs@pEellveUrs e o3 i@kine inere @e substantially pure
-metnyl-N-{5 , .
crysialiRgHorimpieherasisrE et rshicify IRsHEiffindion patteiin as shown:-
3-yl-pyrimidin-2-ylamino)-benzamide free base; and (b) at least one
pharmaceutically acceptable carrier, diluent, vehicle or excipient.
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3. A pharmaceutical composition comprising:

(a) a therapeutically effective amount of a sultsaip pure crystalline form A of
4-methyl-N-[3 -(4-methyl-imidazol-I-yl)-5-trifluormethyl-phenyl]-3-(4-pyridin-
3-yl-pyrimidin-2-ylamino)-benzamide free base; and

(b) at least one pharmaceutically acceptable cadikient, vehicle or excipient.
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