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BENZAM DE WO 2067/0T38’& application clains the benefit of POI8I52006/027875
Provi si onal 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 pol ynorphs of 4-nethyl -
[3 -(4-nethylimdazol -

-y0- 5- trrfluoroneth I--henl
benzani de, CRYSTALLING FARMS

RY ST Y Lei : i

conposi ti @mﬁp@%ommm}amgw wlttmlﬁ SO?UFW?RIM?DIN-QW]DEBHN@)
sane. Rel cCKgroun TSM denot es

exi stence of nore than one crystaJEEEZﬂ@iﬂﬂg of a substance Thi's

ability of a chem cal substance to crystallize in nore than one
crystal nodification can _have a profound effect on the shelf life,

squb|I|ty, f Ghinapplication plaimsahe bensfit ofi 14 Sphrerisionslfgtent Applicetiens of a
dr ug.

pol yiror pATS g Bl HR BEAC 0 o et b s floBlal iy
d|fferent&&ﬂmGSMmmnuptake in the body | eading to | ower or higher
bi ol ogi cal activity than desired. In extrene cases, an undesired
pol ynmor ph can even show toxicity. The occurrence of an unknown

pol ynor phi ¢ form during manuf Bathgre almventio®nor nous i npact .

[ 0003] Understanding and controIIrng ponnnrphrsnt then, gives a
deci ded a@& 0F A9%aJeRudy | N9i ng new drugs to the narketplace First and
forennst‘“rredrcﬁrng‘an possrble pol ynmor phs for a chug product can
be used to dinminish the possibili of contam nation durrn%ﬂa drug

manuf act UP@1HrThds mve@enmlate: toary I;erﬁ;rnpﬂﬂr@otqums o 4rnethd- 't|53"é‘h1'f@ﬂ13’1'

contamn i ans I A 80

Crystal | g gy Rt oh o ChRah A A R RS0y By D0 S5 Bmice,
pol ynor plas dmtlrasrg) mahodwfhmﬂ@gahmsmphamemﬁmi cenperitinpn corepading the same
productron ﬁ?% nE scr§§t|sts find and correct the cause of
the new GP§aEHo ?81ﬁ38Pm58mP% #8f%anot her round of testing to obtain
approval for ‘the new form [0004] Second, understandi ng which crystal
struct ur exlastBatamubd Ari N some cases allows researchers to maxi m ze
the desired properties of a conpound, such as squbiIity formul ati on
properti rGess operties.. and . shel

t hese: f aﬁﬁ%ng 156)03:15[? fﬁgmt% ’&18 F)gstﬁ%ce of Jyore Iha% onech; E;sl’grﬂ?rr.létrmae%q a@gbstance
nore act im ahﬂttsrefsblaénhml salfstamE B @Mﬁiﬁ}dnﬁmﬁuﬂﬁﬁ:bnﬁ aglstellrmgilﬁda@teﬁﬁin
The conpqu

4- met hyl - e %Pl(oﬁowaeﬁfﬁrt o theyshsiilifey solybilisy, fqrmulatgn BrapETys 2pA BIYIFLg-
(4- pyri.diglopriveh owah? dh adcﬁn&iara 4Qon SR EagtAtvealifetioe bf;qr AndepBistn Hf
described in WD 2004/005281 A, for exanple, in Exa Valuable
phar mac ol thgdmamaeslse rnlff@@nfarroéymrphs woberr diffeient tates g a#?dn TRedY: i t
can be usgghsdf 8ok r BiSlofichd gﬁﬁgf‘thﬁri]ﬁl%ﬁ@d 'mttf}&&teeases%%uhdasﬁed
therapy for seases respon inhibition of protein kinase
activity. poligumw]ed@eevom shorvetowttentfhabccpubmf phimknbempelypforphic form during
4- et hyl - %% { nmet.h Irntdazgl Ié%) 5- trrquoronethyI Phenyl1l- 3- ( 4-
pyri di n-s’l-l'ilp %ﬂ??ﬁ‘n(ﬁa E“ﬁ"é% ol)m €hzanmide is useful in the

devel opnment of a suitable dosage form because the failure to utilize
a singl e [po#3] nﬁin@k’étmdtngramddun&oi@g:ﬂadlﬂm@hmmr thet,afbwels iatdgcid ediatl vestageain

result in the exa dos m bei d not bei

Conpar abl WERgTEg gs MonaPhes ey Dirdlesh i ARk pgibla: ¢ nat
a pol ynorgiNorply 18} & afghRodu@PEa b Gikdd 1% dﬁﬁatsamee(cjipo@,ﬂahr;e@mmmaﬂ deghng
for prolonged time_periods in the dosage for eveloped. It is alsq

desi r abl & $182’R mu@c@wéggage by@therpg}ynp pﬁ@ Fatlure to catch contamination
can have life-threatening consequences in some cases. Crystallizing an unintended




[ 0010] The present invention is also directed to a nethod of treating
a di sease which responds to an inhibition of protein kinase activity
conpri si ngvohReo7e o of admi ni stering to a subject iIn nPEA/UBR0SAZATS
treatment a therapeutically effective anount of a subStantially pure
crystalline form of
4- et hyl - NA3- (4- et hyl -i m dazol - 1-y0-5-trifl uoronet hyl - phenyl ] - 3- (4-
pyridin-3-yl-pyrimdin-2-ylam no)-benzam de free base or salt thereof
of the present invention. Brief Description of the Drawi ngs [0011]
fFI gur eAg,ol %9)@65 c’fyﬂﬁg ¥ b e otRRWEE eth fE6lach bem maithserfpsoduxRRBEWItige

or s a o]

4- et hy Wb Srigtistrdindynd porraghihe cause 9f shemewcpisial S AL ER JHORAaRoTFr 19909 .
pyridin-3-yl pyrim di n-2-ylan 5 am de free base according to the
present°$ﬁ§%ﬁ¥?SEkQT%B%QPiQF%E9§”§&§ﬁoms the x-ray powder diffraction
pattern (XRPD) for form A of the hydrochloride salt, of

4- et hy [6084] Seohdmatdeystaniiing ey crysta) pirugiunes PIF[PB%??%%H?WPB%‘?& AUTYS 3- (4

- pyridin-3-yl-pyrim din-2ey gl,%,)d ' CaRhdi BdudiBty! foemulation
present r‘?sﬁ@%%ﬁ @’r{r.lax[“ﬁﬁg]ez%l%urer slﬁgd\%é%%l %%aﬁggr tranlsi)?%r,m
infrare rﬁﬁﬁy}ﬁn@@%ﬁg stopdrtes, frof self lifé. Wirdsrstandingdhase fackss ealyrin de

4- et hyl - NA3- (4-nmet hyl i m dazol -1-y1)-5-1r] - 1]1-3-(4-
pyri di ndsvejenmsnt phg %‘%’Vﬁdfz‘gwé{rﬁi%)a-‘%‘é%%gtﬁed%lg{féé%:b%%‘ﬁ@é{? °|Hn uj ol -mul |
betmeenaﬁﬁﬁyggﬁf&ﬂ es using a . Barker IFS-55 instrunment. [0014]
Figure 4 shows the Tourier transform Raman (FT- RAMAN) spectrum for
formA of the hydrochlorid f . & _ L.
4 ot 110005 e cempryc 4 teab 3 passd midepslc oy fugrometyl phenyl-
3-(4- py&%&,ﬁ ig:::)l =i B -Paing) BEidaitide dfeziamhnle as recorded using a
Br uker - 8 Instrunent.” [0015] Figure 5 shows e thernogravinetry
and differential thermal analysis curve for for *of the -
hydrochl ori de salt of ' N
4-nethy|-hm3-(4-nethyl4inidazor-l-yO-S-trifIMpr t hyl phenyl ] - 3-(4- py
ridin-3-yl-pyrimdin-2-ylam no)-benzam de acca¥di ng to the present

i nvention. WD 2007/015870PCT/ US2006/ 027875 - [0016] Figure 6
shows the x-ray powder diffraction pattgrn f rmA of the
hydrochl ori de salt of H :
4- et hyl - N- P- (4- et hyl -
-pyridin-3-yl pyrimdin-
i nvention. [0017] Figur
for formA" of the hydrocC
4-methyl-N-[ 3-(4: net hyl -i
-Pyridin-3-yl pyrimdin-

| fhyl - pheny1] - 3- (4
-yl'dm. no} vaniéé according to the present

salt of
i dazol -1-y1)-5-trilluoronethyl-Phenyll-3-(4 .
7 m no) - benzam de according to the present
invention. [0018] Figurd® 8 shows the x-ray powder diffraction pattern
for formB of the hydro¥ i de salt of . :
4-met hyl - N-[ 3- (4-net hyl -i m dazol -1-y1)-5-trifl uoronethyl -phenyl]-3-(4
-pyridin:3.yl ”,{'}g H | RP)foPENERTE, SIEE &G 91, Naltishlé prearmpaeduepidal
i nventi of‘?.de%(%'@%g]l i gu@?%n%)lss ovvs’) '?he F?—I_@iR spectrum for formB of the
hydr ochl grdpéiies atctattaibuted fo this compound; thus, it can be used, for example, as a protein

4- et hyl N- [ 3-(4- et hyl =i nj dazol- 4 - [ B8dhbn Bhabl kisasé 4-
pyridin-§¥@$%&BWFH?%¥h4Eﬂh?ﬁgﬁ#ﬁﬁy- e%gg%pg%bggfrecérdedggﬁ Nuj_ol

mul | bet yegfyt WholkBidep bathe pousiial golynidrptie formrof SHehysNrlinkérieethylt 0020]
Fi 1 h he FT- N for..f B of. is
slaﬂj r gf gmisdagc\),\fl-;[fl)—%-triﬂugﬁ\rl}@tllyls— ee%%wlﬁgt?él—p%&ldm%-”i—pyrﬁnxd}nhf-yﬁ}ﬁ%ﬁ%bﬁhh@@
met hyl - Maadfin qﬁ?@.@ﬁkﬁéléﬁnﬁ%{@ﬂas’eﬂtﬂﬂl}:d&dgé ity becanmtthy fail Bl yiiize3: fuglpy
ridin-3-yl pyrimdin-2-ylam no)-benzam de ,as recor.ded usi a B&&%gr

RFS- 100 ipoltucrpen form] dding plirice) or sthilitefiwlies mHres e i1PE8°y O Ahd

di f f i al thermal .. i . f eohydelped, frs d

ol t of e LRy Kk FW@D&%@?%@;%@%?&MEO g e
1

important that a polymorphic form can be repro ducibly prepared and remain unchanged for

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



WD 2007/ 015870PCT/ US2006/ 027875 - 7 - [0032] Figure 22 shows the
x-ray powder diffraction pattern (XRPD) for the anorphous form of the
hydr ochl orwoeiwalis7ef PCT/US2006/027875

4- et hyl - NA3- (4-met hyl -i m dazol -1-y1)-5-trifl uoromet hyl phenyl ]-3-(4-p
yridin-3-yl-pyrimdin-2-yl am no) - benzam de according to the present
invention. [0033] Figure 23 show S thesFT-IR spectrumfor the

anor phous form of the hydrochl or| de salt of

4- et hyl - 4- et hyl -i m dazol - 1- 34) - 5- trlfluororrethé]é-Phenﬁ@ - 3- (4-
pyri di n- §0m0 Wrg%mﬂwl-ﬂ hpr(&rmatenl-imedezelnt-Ho-Ss flperemetatheny.

mul | bet

Fi gure Zﬁgﬁoﬂ_ﬁfﬁﬁﬁ lIhQdgect r um%%ﬁ%lﬂfuﬁifm?dgﬁg%@éﬁ?%’%b ?’tg ﬁfgés

hydr ochl onaydeodmk unddsired toxicological effects.

4- et hyl - N13- (4- met hyl -i mi dazol - 1- yl) 5 trifluoronethyl - Phenyl] 3-(4-
ridin-3; m.n S

Br/uker Rﬁgydfé)w niQO?LO%SE%IyAﬁFISES% golflrn g{j%ﬁ aﬁg\ﬁé&ﬁ%g&%g? y povvder

di ffract |rmcrd1ﬁ@t1bﬁ£rcrtgldneﬂtyr-m[m(%ﬁteﬂmtnﬂdaioltlhﬁ)-suhﬂmremetayl-plmhyl] 3- (4-

4- et hyl (,4-pet hyl.-im dazo rifluoromnet hen | 1-3-(4-
oyt i e BRSSPy RO b The AT D L e foBdont
i nventi onpixkied of tbeshyBRTekh Bid &Hyl@f:etﬁt@eotﬁ W@QOO‘POUSD@?@@]gweS no decatton
4- et hyl - NA3- (4- et hyl -i m dazol - 1-y )-5-tr|fl uor onet h¥parghen 1- 3-(4-

pyri din-3 g}ﬁt&gﬁaﬂpﬁu&ﬂrﬁeczysgqlmlﬁ@yscgéhﬁgmﬂg be japRplicd % tha icular cond1t10ns
4- et hyl IM'{[E &%dﬂﬁg%gle ﬁﬁ‘}d@té Q{}rrs ﬁté)f% Lachieved. It 8s OV Surp nsmrgojs begn found

trifluoro rimadin-2- enzam
i de hydr ab4i It]mdlﬁ"aea‘lmjystal modlﬁcatlons (novel polymorphlc forms of 4-methyl-N-[3-(4-

R L i S AL L R o

var i OusI Ffeyﬁe&mﬂdglc?a'aéteﬁm Jbelbnesa be @t‘e}pﬁied Iblyicheicé of spéc)lly deteicted process
"crysta I N nmodl 1 cat.l o
I R R L R R g qryﬁfyéfﬂ@t?g{t@%&ﬁr v herein)

differ with respect to thernodynamic stability, physical paraneters,

X-ray structure and preparatio OCesSES. VWi ] e pol ynor phi sm
classically refers to the abi IM&%@A@%O crystallize into
nore than one distinct crystal species (having identical chem cal
struct ur 000N The fresedi ihfentients difeytsd ws:fbataitt(zdalbf ppramﬁtalhmi)onnt bifed-methi-

pseudopol rphi IS, .t . h drate
crystall i%‘g?" {%P@nl %18 ﬁsé:gr fﬁ'&’%flﬂ? Yl'lt%\%ﬁi'g%‘ﬁr PYIH eve Py TRidiA- % rue
pol ynor phgamisio) ygaz&amz/ﬁ%egsz,opcrl uUs2006/ 027875 - 8 - vvell as
pseudopolynnrphs i.e., hydrate and solvate forns, are included in

the scop stal line for i.on anor ph " efer to
e D) e b R i oy B, Bl
of a par tiyatcBloriaé ¥sd slifatersaltd SramnuihyI-NIBI 8 i RRIBol Ry 15 -t NRIPomethyl-
peaks, but that there can be variation in powler patterns with regard
to mi nor Rpeark3-(fpyddiardyloyrinidia-2-daminojberremidg t h regard to XRPD
maxi ma values (in ) generally means within 0.3, nore preferably

wi thin 0.1geoRnrhdMedntih & BHRG dire¥kd 1§ phaBnaketical &in siﬁ%ﬂs YhHBin
alternati veI y, the term "about” nmeans (in this an cont exts

W thin an accepf ecthesdpantitaild efféctior Mbmafofhhebsmaauy pﬂremyetahmed:&n-emf by

one of ordinar the rein, te o

o Solat o and BRty BN AT g oA MO B T o ToRidin-3 y1
crystalline yrimidin-2-ylamino)-benzamide free base or salt thereof of the present invention; and
4- met hyl N 3- (AF nmet hyl -1 m dazol -1-y1)-5-trifluoronethyl - phenyl]-3-(4-p
yridi n- 3-yl - pyb) atldast ode phaaadentgallp ancptubibecanier Shlutnt] Yehicdodr axsipient.
present in one of the forns described herein and preferably at |east
70% nore preferably at | east 80% and nost preferably at |east 90%
of one of the crystalline forns described herein is present. [0037]




Tabl e 2. Thermal Properties of Free Base formB Melting point (onset)
--245C Deconposition tenperature >300C Loss on drying <0.12%
(RT-200C) wpQODLs8The x-ray powder diffraction pattern pefl/fsSe@e/ntrase
form B shows at | east one, nore preferably at |east two, still nore
preferably at |east four, and nost preferably all, nmaxim sel ected
fromabout 4.3, 6.8, 7.2, 13.5, 14.5, 1h/. 4, 19.6 and 26.7 (20
degrees). A particularly preferred enbodi nent of the present
invention is directed to a substantially pure crystalline form B of

4- et hy| -[0019] (Thepsespatiinyentiomissisoringgied tos methed plbiFsHBE A ¢iseaop auel - 3-
o e o ko
Chat act or g0 B WM s G HERTLIA ARRL BIRORA B 88 8Fadifinicoring o

i sol at ed sebiktt ifi nead®f sfichdraatndny b thd:fputicllyrefféntive pmpuiz 06 k subsBntiyilypure

trifluoronethyl -phenyl]-3-(4- i di.n-.3-yl- i i din-2-vylani - henzan
ni de al s&rﬁiﬂ%‘“ ogjff yﬁﬁ'@?{ rrB?t[}ylst?fW%ﬁﬁ]é%rlﬂuprgﬁeﬁ&}-ﬂfg?p@%a fo
crystall ip@ﬁdmrmgépwmiﬂm@yw&g&hﬂaﬁ@déwmse &ionlt ehepsfbfihe asséntof t he
hydrochl qri de and sul fate salts exhibits several distinct crystalline

forms. AIDVF8HEM-herein, "salt" refers to a conmpound prepared by the
reaction of an organic acid or base drug with a pharmaceutically
accept ablﬁim%r@iogbfmemmggci d or base; suitable pharmaceutically
acceptabl’'e mnerals or organic acids or bases are as listed in Tables
1-8 in WO 2007/ 015870PCT/ US2006/ 027875 - 10 - dhook of :
Phar mace P9l Figyp ¢ shoves thp x-ray ARYcs Aitrestan P@E?%MEW&WC*B of
Zurich,  pPRmeRFANT 4742 kimidaolPENSLs AGALSrSmeBgl Sith LfyaitiinognyNo.
60/ 701, 406 _?A?_t ofelngy_ Docket ' No. 4?84385) , fil Z ] co%@ﬁ_%elﬁt |y Y

her ewi t h,pysigddingsdaming)-benzamefie:ffrs baget aseerdingyo (hgipesserameation.

4- et hyl - N13- (4- et hyl -i m dazol - 1-y1)-5-trifl uoronet hyl - phenyl ] - 3- (4-
pyri di n- Jodiby Mk FisHbws e %LraFhHRder AFRER B PRI KRPDY R Form A of the
respecti \:;[eﬁ/h] T%e diSscI%sSre1 g}, theét h(;@pl i %gti on is i ncorrpr)%rat ed hi

i ts enti rhotiochipridesabrafdonethl ¥i[3-(4-mefhyl ipidazpl;1-yiy-5-tifluopometispt-phesyl]-3-¢4-

R e i e e K

respectively. Forns A and B for the sulfate salt can be characterized
by the XAPWLYatigerdshewotn fourierhgusfanpisiraad COF-GRapegtruna fiuiferof f the
enbodi ne . e I | i t ) 2
ubst ant | BT isHHE s G 3p i LR A Syl s I G e baif .o
4- met hyl -pNridar-{-4-perithidin-2-yladdze)tbetzapfijle &-recorded in Nujol mull between two KBr
trifluoronethyl - nyl]-3-(A4-pyridin-3-yl-pyrimdin-2-ylam no)-benzam -
ide. [00 T%%?‘?%pagg%'*eglﬁg‘%ag%’&ﬁ“tri de salt is a dihydrate which has
relatively poor crystallinity. In the presence of nethanol vapor,
form A coouBf]t Bigiue 4fshows he(foie trahteinbRirom) (FTAR MBS N Cspactaim fon femAA. of

i ndicates_ that the, dehydratign formA (typicall ove 77 i
conpl ex; &° PY#T&‘FN‘EWCGJ&Q% 8£ %ﬁ“‘te%?é’\]fgﬂ}@fmgﬁgdf’x‘%ﬁ@ 4 §r§ BW&?%&;PEGRYH'
mel ting agssSphavdin-RY-BRGnidHA-yadein i hazanidE R Akordad Ldba BAKRERESU0ES
shows an | Eltggnedi?te form bet ween about 105-135C (%)gfm A descri bed
further b&stBwpentwhi ch is the correspondi ng nonohydrate form and an
anhydrous form (Form A" described further bel ow) was obtained from

about 135fois; Fi%ﬁlre%rshﬁﬁém&%ﬂerﬂﬁgﬁgin%%%d A0RGenthPhEIA] afif)d diSve foSform
form upon hol'di ng at about 40C Tor abdout 30 m nutes. [0043] The x-ray

powder di Afof thethydreciaridesalt of drméthyliA3-(4-methyl-inidazedfi 1o)-$ dillupzerpetBflows
t | east f Ly . | , f ly at
Meast 1 ot PR DB £l B niRind Ffind Mneablide dceBRE REELEN )

11. 00, 11linentibd. 2, 18.8, 19.2, 20.8, 22.1 and 26.0 (20 degrees). A
particularly preferred enbodi nent of the present invention is

directed to a substantially pure crystalline formA of the
hydrochl oride salt of 4-methyl-N-[3 :




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, wo@po7an$7695 cml. In a preferred enbodi nentrCafustiven27875
present invention, a substantially pure crystalline formB of the
hydrochl ori de salt of

4- et hyl - N43- (4-net hyl -i m dazol -1-y1) 55-tr|fl uor onet hyl - phenyl ] - 3- (4-
pyridi n-3-yl -pyrim di n-2-yl am no) -benzanmi de is characterized by an
FT-1R spectrum having at |east one, nore preferably at |east two,
still rrqo@leﬂ)rmg&e ahywsathe keaﬁpowmd;fﬁam@nma@ﬁnﬁnéﬁm ébbﬁ/thahvdm@iﬂm’@f#e

| R bands not ed The FT-.RA m_ of

2007, 0136 LT DRISH R Gore i hudigd Tkt i el B g it -

4-met hyly Wd&&ﬂﬁhm}-bem%c&dm@oﬁaepfsséﬂtWem hyl - phenyl ] - 3- (4-
pyri di n- g -pyri1mdin-2-yl am no)-benzam de is as shown in Figure 10.

The main RANAI\_I bands are about: 3078, 3026, 2975,. 2930,

1602 140817 Eiawe | shows the 5y pawdns dithaghion psdrs oHfan % ‘?égehyfé%“?‘%"%e
1210, 1 - LD31)- 56 nofbBeihyl pRenyB 95 (4-pRlin-3-5T-
217, 24%?5%%%@( 31*@?33%1 éﬁ%ﬁl %%azglmﬁ%) In gopr ef g??ednygjnbéd?)?ren? of

the pr emlldmxﬂeﬁamm@)-baﬂ@ﬁma&mrﬁ@gwms@F%CIE#%‘/‘?PB‘PI}| ne formB of the
hydr ochl or| de salt of 4-nmethyl-N43- (4-rnethyl-imdazol-1

-yl)-5-t tﬁl ¢v &O% %d diffraction pattern for form B of the hydrochlonde
-(4- pyrl@l M Sgﬁ } 0 5 (1))- benpzam de is _characterize ylf

an FT- Rmmmfgpmh}rlﬂir[hé&fmn@pyhnmﬂwkﬂ “ybrEtrifiperamgsind phenhl- Wﬁ?yl}l%‘&ét
E‘r’]"‘e’ RZW’H&%&? ﬁlr efeS%bnééma&el% hagt&’ﬁ{e rABE iRsliopr ef erably all, of |

ekizs avinetry and differenti al
thermal analysis (TG DTA) curve for formB of the hydrochloride salt
i s shown[0DI9]FFigured® shiws FIREA7ZIR Freetrm rfq;fomﬁwéﬁhqﬁyﬂfqobl@pﬁwltﬁ&ﬁr@ﬁthyl-

or T or D, At 05 INGLAERL Bl el e s gty one.
and nost yl@tﬁlﬂfo alraphidel ds redrpded i Najil ﬂmlléﬂtwaem lJW@KBU plafes 21§1n9 aBruker IFS-55

11.542.0, 13.9, 14.3, 15.4, 17.6, 18.6, 20.3, 21.7 22.5, 23.2, 24.7,
24. 9, 251n2tm12g1t0 26.6, 27.5, 28.2, 29.2

[0020] Figutg-,'l(} shows the FT-RAMAN spectrum 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 as recorded using a Bruker RFS-100 instrument.

[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.

j0022] Figui‘e 12 shows the x-ray powder diffraction pattern for form B’ of the hydrochloride
salt of 4-methy1—N—[3-(4-methy1-imidazol—1—ylj—S-triﬂuoromethyl—phenyl]-3—(4—pyridin—3-y1~

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—methy1—imidazol-1~y1)-5-triﬂuoromethyl—phenyl]—B-(4-py_fidin—3 -yl-

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



and 30.0 (20 degrees). A particularly preferred enbodi nent of the
present invention is directed to a substantially pure crystalline
form B ofwohe7hysdrochl ori de salt of 4-nethyl - NA3- PCT/US2006/027875
(4-nethyl -i m dazol -1-y1)-5-trifluoronethyl - phenyl] - 3- (4-pyridin-3-yl -
pyri m di n-2-yl am no) - benzam de as characterized by the XRPD of
Figure 12. Exposed to noisture, the angydrous formB' converts back
to the nonohydrate. Overall, FormB is favored in solvents with | ow
noi sture content (<5%, and formA is favored in solvents with a high
nmoi sture [(mn; @igure Fbshuws tlaf x-tdyeohwddr difffdction pétesafiot formrBebef the oduced
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1671, 1615, 1556, 1479, 1447, 1416, 1379, 1354, 1308, 1263, 1225,
1173, 1130, 1025, 1090, 802, 753, 707, and 695 cml. In a preferred
enbodi nentwoRod7hesspr esent i nvention, a substantially pmeCe/sr@6OITOLES
formof the hydrochloride salt of
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Table 3. Equilibration with Solvents at 25C Sol vent Solubility (ng/Q)
Form Acetone 0.2 B Acetonitrile 0.3 B Ethanol (96% 3.9 B Ethyl

acet ate 0.WOBodvwtiisamol . 16.3 B Propan-2-ol 1.5 B Tol uerreTius3008027875
Tetrahydrofuran 5.8 B Tetrahydrofuran-water 1:1 12.2 A
Acetonitrile-water 1:1
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well as pseudopolymorphs, i.e., hydrate and solvate forms, are included in the scope of
“crystalline forms”. In addition, “amorphous” refers to a disordered solid state. It should be
noted that different samples of a particular crystalline form will share the same major XRPD

. peaks, but that there can be variation in powder patterns with regard to minor peaks. In
addi;rion, the term “about” with regard to XRPD maxima values (in ) generally means within
0.3°, more preferably within 0.2°, and most preferably within 0.1° of the given value;
alternatively, the term “about” means (in this and all contexts) within an accepted standard of
error of the mean, when considered by one of ordinary skill in the art. As used herein, the
terms “isolated” and/or “substantially pure” mean more than 50% of the crystalline 4-methyl-
N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-
ylamino)-benzamide or salt thereof is.present in one of the forms described herein and.
preferably at least 70%, more preferably at least 80%, and most preferably at least 90% of one

of the crystalline forms described herein is present.

[0037] The first embodiment of the present invention is directed to a-substantiaﬂy pure
crystalline form A of 4-methyl-N-[3-(4-methyl-imidazo}-1-yl)-5-trifluoromethyl-phenyl]-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
;athér low solubility in an aqueous buffer sclution, 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°

(26 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



10.3 A Water 0.2 B Table 4. Equilibration with Solvents at 50C
Sol vent Solubility (nmg/g) Form Acetone 1.0 B Acetonitrile 2.1 B

Et hanol (9%@Ro@d12878 Et hanol 26.5 B Ethyl acetate 3.0 BCRruspaaoZsT
4.8 B Toluene 5.6 B Ethanol -water 1:1
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directed to a substantially pure crystalline form A of 4-methy!-N-[3-(4-methyl-imidazol-1-y1)-
5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base as
characterized by the XRPD of Figure 1.

[0039] The second embodiment of the present invention is directed to a substantially pure
crystalline form B of 4-niethyl—N— [3-(4-methyl-imidazol-1-y])-5-trifluoromethyl-phenyl]-3-
(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base. Form B of the firee base is not
hygroscopic (maximum water uptake of less than 0.2% at 25°C up to 80% r.h.) and has rather
low solubility in an aqueous buffer solution, i.e., 0.2 mg/L at pH 6.8, 2.8 mg/L at pH 2.8 and
839 mg/L at pH 1.0; hygroscopic behavior is reversible. ‘Form B’s basic thermal properties
were studied by thermogravimetric analysis and differential scanning calorimetry and are as

follows:

Table 2. Thermal Properties of Free Base form B

Melting point {onset) ~245°C
Decompositicn temperature >300°C
Loss on drying ‘ ‘ <0.12% (RT-200°C)

[0040] The x-ray powder diffraction pattern of free base form B 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°, 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 directed to a substantially puré
crystalline form B of 4-methyl-N- [3-(4-methyl-imidazol-1-yl)-5-triftuoromethyl-phenyl]-3-
(4-pyridin—3-yl-pyﬁmidin—2—y1amino)-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-phenyi]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide also have been
shown to exhibit polymorphism, i.¢., 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



17.2 B Methanol >27.5 Solvate (as wet cake - dries to B) DVSO >27.5
-- (too soluble) WD 2007/015870PCT/ US2006/ 027875 - 22 - Examle 3
[0067] M xwonrewm/oess76 orns A and B of the hydrochl ori de Faitrusebos/027875
4-met hyl - N-[ 3- (4-net hyl i m dazol - 1-y1)-5-trifl uoronet hyl - phenyl ] -3-(4-
pyridin-3-yl-pyrimdin-2-ylam no)-benzan de were equilibrated in
various solvents. Table S. Equili brat il%n of A-B M xtures Sol vent Form
Comments Ethanol (95% B After 72 hours Methanol 2% water B 24 hours
40C Met hanol 0.25% water B/ ? 24 hours 40C, extra peaks not formA -

may bs f r HendbaskofiayimpeenticAVSnhg RAL. 8l wad €1G. BVamubivieds), SEGktdvaich

0. 25% wat er, . B30 B oo Sending U.S. Patent Application No. 60/701,406 (Attorney Docket
No. 4-34385), filed concurrently herewith, addresses salts and the methods by which salts of
4-methyl-N-[3 -(4—methy1—imidazol—1-yI);S ~trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide may be made, respectively. The disclosure of that
application is incorporated in its entirety by reference herein. Forms A, A’, A, B,B’, Sg,
Sg’, C, C’, S¢, D and S for the hydrochloride salt can be characterized by the XRPD patterns
shown in Figures 2, 6-8, 12-15 and 18-21, respectively. Forms A and B for the sulfate sa;lt
can be chargcterized by the XRPD péﬁems shown in Figure 25. Accordingiy, additional
embodiments of the present invention are directed to each of these substantially pure’

crystalline forms of the noted salts of 4-methyl-N-{3-(4-methyl-imidazol-1-y1)-5-
triﬂuoromethyl—phenyl]-S-(4-pyridin-3-yl-pyrirnidin-z-ylamino)-benzamide.

[0042] Form A of the hydrochloride salt is a dihydrate which has relatively poor crystallinity.
In the presence of methanol vea_lpoz:, form A converts to form B (described below). ADSC
scan of form A indicates that the dehydration of form A (typically above 77°C) is complex; a
final endothermic event at about 210°C corresponds to melting as shown by DSC, TGA and
XRPD. XRPD at various temperatures shows an intermediate form between about 105-135°C
(Form A’ described further below), which is the corresponding monohydrate form, and an
anhydrous form (Form A”* describéd further below) was obtained from about 135°C up; after
heating up to about 205°C, form A’” retains its form upon holding at about 40°C for about

30 minutes.

[0043] The x-ray powder diffrﬁction pattern for form A of the hydrochloride salt shows at
least one, more preferably at least two, still more preferably at least four, énd 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-y1)-5-trifluoromethyl-phenyl]-3-(4-pyzidin-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



Met hanol 10% water A/B Significant enrichnment in A after 12 hours

Met hanol 2% water B Rapid evaporation of filtrate from 24 hours 40C
Tet r ahydr ovorzasvolss¥ water A ? = extra peak (uncl ear wariseosnesrs
formor free base) Examle 4 [0068] The residue (hydrochloride salt
of 4-nmethyl-N-[3-(4-nethyl-imdazol-1-yl)-5-
.trifluoronethyl-phenyl]-3-(4-pyridi n_—fil-yl -pyrimdin-2-yl am no) - benza
m de) from Exanple 2 can be examned for its crystalline form upon
evaporation at roomtenperature. The results are shown in Table 6

bel ow. Taldabobt: BeAPORSIA86H, 1682,A6dM T hpldr 8t 142 &, 138P VB8, BAb288et26he
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' embodiment of the present invention, 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-pyrinlidin-gzrylamino)-benzamide is characterized by an FT-IR spectrum having
at least one, more preferai)ly 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 A of the
hydrochlbride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is as shown in Figure 4. The main RAMAN

' bands are about: 3059, 2933, 1684, 1617, 1594, 1562, 1493, 1452, 1423, 1401, 1384, 1300,
1260, 1115, 1039, 1023, 997, 970, 807, 684, 627, 407, 318,258,227, 117, and 86 cm™. Ina
preferred embodiment of the present invention, é substantially pﬁre crystalline form A of the
hydrochloride salt bf 4-methyl-N-[3-(4-methyl-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. The thermogravimetry and differential
thermal analysis (TG-DTA) curve for form A of the hydrochloride salt is shown in Figure 5.

, [0044j Additional crystalline forms related to form A of the hjrdrochloride salt include _
form A’ and form A’*, which represent a mohohydrate 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 for form A’ (monohydrate) of the
hydrochloride salt shows at least one, more preferably at least two, still more preferably at
lheast fou;, and most preferably all, maxima selected from about 4.3°, 8.6°, 11.6°, 12.1°, 17.1°,
20.6°, 24,5°, 25.3°, 25.89, 27.3° and 31.6° (26 degrees). A particularly preferred embodiment
of the present invention is directed to a substantiaily pure crystalline form A’ of the
hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluvoromethyl-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



Tetrahydr of uran-water (50:50) A Acetonitrile-water (50:50) A

Et hanol -water (50:50) A Mt hanol -water (50:50) A WO

2007/ 0158 AQPIFWERO06/ 027875 - 23 - Exanple 5 [0069] Apprastovebeis
300 nmg of formB of the hydrochloride salt of 4-nethyl-NL13-(4-

met hyl -i m dazol -1-y1)-5-trifluoronethyl-phenyl]-3-(4-pyridin-3-yl-pyr
i m di n-2-ylam no)- benzam de. are dissolyed in the mnimal anount of
sol vent at 60C. No remmining crystals should be visible. Then the
solutions are cooled in an ice bath and agitated. The precipitates
are col | @eltt@uladm p@fefneldtembodmemb@!f tlaﬂnresamvwemtgmuedir@pedm@@;bsmnh@ fure
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Met hanol nziﬂhcﬁorBeﬂJNQﬂieﬁjﬂ]}B-(@@&ﬁdm(ﬂ%pyﬂl&n&ﬁ-&lﬁh&@bbmxde as characterized
Tetr ahydrbOfﬂ%Jer}?ﬁPB fllﬂ‘lgure 7.

[0045] Crystalline form B of the hydrochloride salt is a monohydrate which has a theoretical
moisture content of 3.1% and shows superior crystallinity and physical stability with respect
to form A of the hydrochloride salt. In the presence of ethanol, form B converts to form A. A
DSC scan of form B shows a first endotherm at about 100°C-120°C which corresponds to
dehydration, i.e., tfansiﬁon to an anhydrous crystalline form B*; DSC also shows a second
endotherm at-about 190°C which corrésponds to melting, XRPD at various temperatures
shows anhydrous form B’ between about 145°C-195°C; afier melting at about 195°C, form B’
becomés amorphous upon holding at about 40°C for about 30 mimutes. Form B’ converts

within a few minutes under room conditions to form B.

[0046] The x-ray powder diffraction pattern for forrmn B 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 7.2°, 9.2°, 11.4°, 12.0°, 12.3°, 14.6°, 14.8°, 15.7°, i7.6°,
19.2°,19.5,° 20.5°, 22.0°, 23.4°, 23.9°, 25.0°, 25.5°, 25.9°, 27.0° (26 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-[3-(4-methyl-imidazol-1 -yi)-S-
trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide as characterized
by thé 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—pyridii1-3 -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-yl)-5-trifluoromethyl-phenyl}-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is characterized by an FT-IR spectrum having 7
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
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hydrochloride salt of 4-methyl-N- [3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyi}-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is as shown in Figure 10. The main RAMAN
bands are about: 3078, 3026, 2975, 2930, 1672, 1610, 1602, 1593, 1541, 1476, 1451, 1400,
1385, 1332, 1303, 1263,.1251, 1210, 1089, 1046, 1033, 851, 802, 755, 660, 483, 456, 395,
355,317,217, 243, 198? 160, 148, and 114 cm™. Ina preferred embodiment.of the present
invention, a substantialljf'pure crystalline form B of the hydrochloride salt of 4-methyl-N-[3-
(4-methyl-imidazol-1 -yI)—5—ti‘iﬂuoromethyl-phenyl]-3-(4—pyridin—3-yl-pyrimidin-Z-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, The thermogravimetry and differential thermal analysis (TG-DTA) curve for
form B of the hydrochloride salt is shown in Figure 11. -

[0047] The x-ray powder diffraction pattern for form B’ (anhydrous) of the hydrochloride
salt shows af 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°, 11.5"',' 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°, 27.5°, 28.2°, 29.2°

. and 30.0° (26 de éfees). 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-[3-
(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-
b_ehzamide as characterized by the XRPD of Figure 12. E){posed to moisture, the anhydrous
form B’ converts back 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
erystallizes first as a methanol solvate (form Sg 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
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and degree of crystallinity by XRPD or DSC. TabI e 9. Grargul atol ng _
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13.4°,13.8°, 14.9°,19.7°, 20.2°, 22.0°, 23.0°, 23.9°, 24.2°, 25.1°, 26.0°, 26.8°, 29.3° and

30.7° (26 degrees). A particularly preferre;d embodiment of the present invention is directed |
{0 a substantially pure crystalline 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 as characterized by the XRPD of Figure 14.

[0049] Yorm C of the hydrochloride salt is another monohydrate. In the presence of
methanol vapor, form C converts to form B. A DSC scan of form C shows a ﬁrét endotherm
~at about 100°C-120°C which corresponds to dehydration, i.e., transition to an anhydfous
crystalline form C’; DSC also shows a second endotherm at about 180°C which corresponds
to ineItiné. 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 hydr;)chloride salt of
4-methyl-N-[3-(4-methyi-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide as characterized by the XRPD of Figure 15, The FT-IR
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spectrum of 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 as shown in
Figure 17. The main RAMAN bands are about:l 3075, 2932, 1670, 1610, 1592, 1494, 1452,
1398, 1383, 1309, 1294, 1259, 1210, 1087, 1047, 1033, 1022, 852, 799, 639, 271, 244, 162,
100, and 85 cm™. In a 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 characterized
by an FT-RAMAN spectrum having at least 6113, more preferably at least two, still more
preferably at least four, and most preferably all, of the RAMAN bands noted above.

[0051] Dehydration of form C leads to an anhydrous crystallihe form C’. Form C’ converts
within a few minutes under room conditions to a mixture of forms B and C. 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 6.7°, 6.9°, 9.1°, 11.4°, 12.0°, 13.8°, 14.2°, 24.8° and 25.8° (20 degrees).
A particulal'iy preferred embodiment of the present invention is directed to a substantially
pure erystalline form C* of the hydrochloride salt of 4-methyl-N-[3 -(4-mét11y1—i1nidazol¥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 S¢ 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-
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most preferably all, maxima selected from about 6.5°, 7.3°, 9.1°, 10.8°, 12.1°, 13.0°, 14.5°,
14.9°, 18.9°, 19.4°, 24.2°, 25.0°, 25.4°, 26.2°, 27.4° and 28.4° (20 degrees). A particularly
preferred embodiment of the present invention is directed to a substantially bure crystalline

form Sc of the hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-

trifluvoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamine)-benzaride as characterized
by the XRPD of Figure 19 |

[0053] Another crystalline form of the hydrochloride salt is forma D. Crystalline form D has
thus far been obtained in mixture with form B of the hydrochloride salt. The x-ray powder
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°
(26 degrees); the XRPD also shares the maxima of form B noted above due to the presence of
form B in mixture with form D. A preferred embodiment of the present invention is directed
to a crystalline form D of the hydrochloride salt of 4-methyl-N-[3 -(4—methy1—imidazol—1 ~yl)-
5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide as 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, _which 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-tay 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 most'
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 hydrochioride salt of 4-methyl-N-[3-(4-
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is characterized by an FT-IR spectrum having at least one, more preferably at least two, still
more preferably at least four, and most pfeferably all, of the IR bands noted above. The FT-
- RAMAN spectrum of the amorphous form of the hydrochloride salt of 4-methyl-N-[3-(4-
meﬂlyl—imidazblTl-yl)—S-triﬂuoromethyl-phenyl]-3-(4-pyridin—3-yl-pyrimidin—Z—ylamino)-
benzamide is as shown in Figure 24. The main RAMAN bands are about: 3059, 2931, 1672,
1614, 1591, 1485, 1445, 1400, 1383, 1298, 1261, 1206, 1091, 1041, 1024, 999, 969, 807, 755

710, 614, 3'15, and 109 cm™. Ina preferred embodiment of the present invention, a

2

substantially pure amorphous form of the hydrochloride salt of 4-methyl-N- [3-(4-methyl- i
imidazol-1-y1)-5-trifluoromethyl-pheny1)-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.
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invention is directed to a substantlally pure crystalline form A of the sulfate salt of 4—methy1—
N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl]-3- (4-pyr1dm-3 -yl-pyrnmdm—Z- :
ylamino)-benzamide as characterized by the XRPD of Figure 25.

[0057] Form B of the sulfate salt of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is 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)-S~t1'iﬂuoromeﬂiyl-pl1enyl]-3-(4-pyridin—3 ~yl-
pyrimidin-2-ylamino)-benzamide shows at least one, more preferably at least two, still more
preferably at least. four, and most preferably all, maxima selected from about 7.3°, 17.7°,
19.0°, 20.2° and 20.8° (26 degrees).” A particularly preferred embodiment of the present
Jinvention is directed to a substanﬁally pure crystalline form B 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 as characterized by the XRPD of Figqre 25.

[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-methy1—N-[3-(4-methy1-imidazol—1-y1)-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_’, Sc, D and Sg)
and the sulfate salt (forms A and B) of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-



- 28 - Exanple 16 [0080] A 1. L, 4-neck, round-bottomflask equi pped
wi th a nmechanical stirrer, a thernoneter, heating/cooling capacity,
and an addwbizeor/oissnnel was charged in sequence with PCT/US2006/027875
4- et hyl - N[ 3- (4- et hyl -i m dazol -1-y1)-5-trifl uoromnet hyl - phenyl ] -3-(4-
pyridi n-3-yl -pyrimdin-2- ylam no)-benzam de free base (10 g),

met hanol (250 nL), and 37% hydrochlorig.acid (1.85 g) under nitrogen
purge. The m xture was heated to 42-50C and stirred for an additional

15 m nutes, The éﬁstd t){l]g solution was filtered through a

pol ypr opfiligeeme %Pﬁ%fhnﬁrﬂ@Yflﬁ@dlb-&tsdﬁnmhb@EMe Sathovethdd3C.
The cl eapre@katt here. to

anot her 1 E:L étﬂrjllggawfg%ﬁ%r&f)?? gﬁ??’lggg@gve%h%ehgggﬂ%ﬁ}%lﬁ?%ﬁ%éﬂ%n| cal
stirrer, ceyseiligatinres team tegnperabies ok ystullizetidi figmbapsacirtted solbiforbadndh was

stirred @ﬁglgﬁﬁﬁfngﬁaﬂg%f M &Lt @ period of 30 m nutes. Seeds (20 np)

wer e add enperature,” and the batch was cooled to 23C over
a period of 45 mnutes. The batch was stirred for an additional 3

hour s t olG960]aiAmothet ¢rnlgddindrit DEe psgsan diventionTis dirstispRRSiAANABSRIEPO! ed
to -10C gﬁos%gﬁecrlod .0f 1.5 hours and stirred for an additional 30
ni nut es. nél LOPCREE 0l | ected by filtration and rinsed with col d

é igC%]OHEtS h?g@lo b(tg& nﬂ@ﬂ)waﬂ}@?feé‘tﬂ)e' agloﬂﬁ?of%rshggm@allg Bur% %Jgf/st]aﬂln% 901%1? of For

4- et hyl - N- [ 34 m(emyhﬁ[ﬁy(n-meﬂmamazal-ym-sanﬂumrbmﬂjybpmnw;& ~(ahsmidia-3-gt-(

4- pyridin-3- L4 I am enzam d chl ori de
nonohydr at e séﬁngg{n irﬁ’%“f @%635%‘?%%‘ 4B ﬂ%?”‘?@éé’ﬁgngﬂ et o
VMHz, DMbO- d6)eall&r3:ﬂlb9dlﬁﬁntsbﬁ)hep&s&&nﬁ&nﬂ&H}md9 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,
211), 8.00 (st) @r—éeastwn@nha(@acempqllym@mote caﬂrte),, dzmeﬁﬁvelueddox(mlp&.’hﬂ)
2.50 (s, 311gfe235 % x-ray diffraction pattern show ng

Taxi e 1T bgisn;llentﬂ_t egubs@gt@ly puse grystglging formgs EprmA ofithe 24, 1.

25. 7. B@mﬁ@;&lﬁe 410982 e BYNRIBL@ e300 s Qfinh Qb MMy PR 195 B

of . . . S,
4- met hy | PUE-3-41-peinidin-? seiaor benganids - Referdbli muwe thay 50Whmnyeie8raby- p

D S Wil e oA e hPRRRT Sl GErPRRPoIBS SBK et o

with 2 nL of thirteen erent ‘sol vent's one
di et hy| eupsallineformmpoisertiis Slewompostion/s ofioet afttisg schetedadms, pr opan 2-ol,
tol uene, tetrahydrofitran, water, tetrahydrofuran/water (1: 1)

et hanol / 5 @ A ‘for.ane d

bath at AI'hihr‘lﬂ']'ﬁ%3 Sol g@%‘%ﬁg%}\ﬁé\rﬁg& ? uilt% %dreéég g H‘Flaglﬁ %nven e
m nut es ql’Yﬁfalh@e form thaTh:dlen\aﬂlnﬁﬁﬁéue@mﬁrBMj%ﬁfrmhﬁmefeGﬂMmeﬁ% effeepl i d
part wa RPD No, f tra5|t| ns occurred with the
except i grné %}{&g@er%?stelg%lcgﬁql ?‘bsraﬁl.e}é}aﬁeﬁ%%ﬁeé}]hl 1URn Shirofeil kinpre @iyt Sheur e
of free doamet 6 giver/compduil sBheidvetionAbkt wWill 88 tefpettidaiiy SAMKiYe BAL VQ?

r epr oduc Il0083 In ad |t| on,. about 100 of "a mxture of form A
and for ncf epending unon H9Es RE he disease condition and the severity thereof, the identity of

net hyl - ithé szt m]neféa-iheéof re'cc!c |\*}9&51P£{§6Jﬂi/h1a? be {:BGULT:I? d(at% ﬁj* ﬂ't gank( lo{p

i mdin-2-ylam ng benzani de€ free base was equi rat
seven difamyskildpiheast s (et hanol absol ute, nethanol,
tetrahydrofuran, water, tet rahydrofl iran/water (1:1), ethanol /vvat er

(1:1), q00621etiRanflak - : ath a

(1:1), JoeHan el at ookl Ueo AR R 8% o

The sol irerdilsbe selagied by enst afgedinaty okl XRPP arthad faol be tietamsinéd ke desued

occurre ol ubility faor . each of formA, for and

a mxt u?% dg‘i)? or m %% %Igo@ﬁhagg B’éaélaﬂ?/%)rfé eel?lﬂ"iieﬁé’é ’Sfﬁtréh@dflgl}“g‘?

sol uti ormr@llnazﬂgparaﬂteral apidal, Slaﬁgdenhal,sehﬁdedtil Tﬁbbﬁar&ﬂcéﬁﬁl:ﬂ‘ﬂomigé’@ﬂlﬁls %’ﬁ

Sol vent f.orm for %OmormA/formB 1

vat er 0198 ep %?F\!ﬁféh fesognizablg torthe gkifle @n@s bemg
suitable. Smtable pharmaceutlcal forms include solid, semisolid, liquid, or lyophilized



Et hanol /water (1:1) 0.06 0.07 0.07 Methanol/water (1:1) 0.01 0.01
0.01 [ 0085] As can be seen, formA of the free base has a | ower

sol ubi |'i t yweto®2bhissae conpared to form B of the free ba®eTiUs2006827875
different solvent mxtures. Solubility was too | ow to perform proper
conmparison in water Exanple 19 [0086] 12 g

4-met hyl - N-[3- (4-net hyl -i m dazol -1-y1) o trifl uoromet hyl - phenyl] - 3- (4
-pyridin3-yl-pyrimdin-2-ylam no) - benzam de hydrochloride is

di ssolved in 192 nlL of nethanol and 21 m of water at 52C. The

sol ut i on fprnuigisngduelbasgable@avlenspcapsires, ewpasitries suspensienst liosages, and
m nutes. ,Thessolution is then cooled.down in 3 hours at 0C. The

sol ution spontaneously WO 20071015870PCT1US2006/ 027875 - 30 -
crystallized before 0C, therefore, the cooling ranp was stopped at
20C and 1[84633 t Yat angthertershoidinednh gf ﬂlgprezelmayzsntioﬁﬁedismensinmemhdd&fm@aﬁl@ch

ot t he SR omint R ad bl 3 hOR REEE st REM G Ra B sfRe

%1) 5-t alaﬂmmﬂaﬂffgftbgg;ﬂﬂgetgg ?&d&f@éclﬂﬂaﬁrﬁﬁﬂﬂaﬁm)dpeﬂ}ﬂaﬂﬁbﬂbdﬁwa ambﬁiﬁloﬂ f) -
enzam de e .

4- Met hyl SRP%““?EI RUEH fﬁﬁmeéal?bf’fﬁmfiﬁlyl'@ -[Brf-mpetioitdmidersh - Phény | 1 - 3- (4

- pyri di n+36ydromethi- eﬁy ?-3)1(145}:@?!-16&)3 ?plsszrﬁﬂuﬁlez MEmJ%ﬁahfﬂ& 4cB8:03B th 8ne

prepared bé Susp en ree base in methanol roon1tenperature or
G

at 50C. Pf eédm wb Ve OQWd?eRﬂﬁémnWrIB@@FQfm@ eliodiment,dbikied;

and t he t
clarifie %it/dlll?l ?ﬁl}'{_ﬁ‘gt i %ﬁﬁ?ﬁgoc %fg)glhg?ﬁoglﬁgﬁ%eas enucﬂé c]\lﬂ -ﬁ) 42C
and seedenﬁ'fwliilhictaz@l%—xléédsiﬂpepnbﬁe(bpheﬁhﬁ—3s(éq1j’ade1=>ylsp5spmﬂdnei:}ylamua)) :

m xture qf % h and Si t|rre

D for oAl P ARS8, Ak doh 6% hore DT RHO R Y OB, R baferitp By
ﬁl ow coollem'gsq&ﬁ,mhd :nﬁ)st Pefe2b; attldsh'e'i QIB]?deﬂ@ddrﬁtallﬂie&bjl‘lﬂ Bdhfiiins“t@éd {08 brfle of
ours in order to,.let ot i a or med nme nol, so] vate trans orm
to the d&% ey %ﬁ%ﬂvd%ﬁ@e eﬁ'ﬁ%@@sﬂ Vsergis‘e%%th ARSI s OFflnasal
washed Wiphltnteydd, tpgicil @asd@malRhdaRRl./ NahRistaliod s Be &99MNRBIhANRY B0
wat er). The fllter cake is dried in an oven at 70C upder a vacuum

bel ow 10 2RiPHIPlghRS by administration\of g pharpepgutingl campesitiqn oftthis invisntionse vicoanyd
to be belsgw, LipestbgRegt i cal value of 3.05% for 50 g scal e and above.

To assure the correct water content, a second drying stage is added
where water is evaporated in a stlrred vessel and transported to the

dryer by [8063hSpasifip avmpodimeats b Aiieestien Wil navebajdomonsizated bheefigente tothe
60C and d t

desi rod AL ol ts? o bR AR BALANEh RO B0 Tt Rled Bty by vay
capaci t y of Sluseaiirigabie lnwlttimntahé slibedtmadt e thkem tnhemgt way twatnetrthe:smpenf thef
3.5-3. 6%}(@111: tJi;led with two lab scale (1 L) paddle dryer
experlne € 21 [0089] 1.2 ny

4- et hyl - N13- (4 rret hyl -i m dazol -1-y1)-5-trifluoronethyl - phenyl]-3-(4-
pyridin- 3yl ~pyyimdin-2-yl am no) - benzam de hydrochloride is placed
in 120 ng ol hanol and 12 ng of water. A clear solution is

obt ai ned at roomtenperature. An additional 12 g

4- met hy| {0868] Aboutt Myhe pfifodadbf 4methiyl-Bl- [Br(@ohallgyrl ometabglt 1-phény | | - 3- ( 4-

pyridin- - 2007/ 70RCT/ 1US200 Y/

Dy m o AR R AR PeringX hetpamige s pase i
suspensi etuilibratedtwit imdl. dfeeveh cﬂiﬁf&téntablvélﬁﬁ) (étRIRE lethatisl£2-pidpendlealiing
suspension i.s pl.aced ag %ngnds in an ue§rason| c water bath. [0090]
4- Vet hy| ARESEtBE ASTaly fRolaah poq aspiopitsley fqraf leait Gupwy At ﬁﬁ’ﬁ@ﬁ?{l}?@@m{%-
pyri di n- 3oy ibfdiginscdoet@m no) - benzam de hydrochloride (12 g) is
suspended in 192 nlL of nethanol and 14.87 nL of water. The sol ution
is heated to 64-66C in 10 mnutes and kept for 5 mnutes at 66C. The
solution is then cooled down to 42C in 15 m nutes and then . seeded.




WD 2007/ 015870PCT/ US2006/ 027875 - 32 - down in 7 hours at 20C. The
suspensi on remains at 20C for 56 hours. The suspension is not
filtrated weformisial ysis. The di met hanol sol vate for mreB/uskookshers7s
hydr ochl ori de salt of

4- et hyl - NA3- (4- et hyl -i m dazol - 1-y0-5-trifl uoronet hyl - phenyl ]-3-(4-p
yridin-3-yl pyrimdin-2-ylam no)-benzanj de is obtained. Exanple 24
[0093] 36.0 g

4- et hyl 3: (#-met hyl -imdazol -1-y1)-5-trifluoronethyl -phenyl]-3-(4
- pyridi &h};’% yrim di n-2-yl am no) - benzam de hydrochloride is

di ssolved in a solvent mxture of 576 nL of nethanol and 44.61 nL of
wat er at [6I56] AHoat S0 bf fimiBoBahat O3t and
kept for .5, m?PE‘Litﬁs at, gl660 Then th%ﬂs%ﬂ%%cf&ggﬁﬁgﬁcgggﬁl kﬁw&%ﬁﬂc in
15 mi nut S8idazRE-1efsS 'é%ﬂ‘ﬂﬁri’%ﬁhﬂspl@@ﬁlféd“-Whémsijslﬂwmmu@n-%ﬁamem béromrmie5

hour s at C,_and mai

(hi's t omiareaeRa o f i lolb el 818 AR S oiiienbell 51 05

[‘yd]l; :)Ch| ﬁTabfk?)%ﬂ 50 + 4- SWE‘(E«TZW Ky. |%§3ﬂd (tHe é’@lﬁtﬂ)}ﬁb aﬂe'ﬂlt@@é%ﬂ éll'ltydlﬁr 9 inutes in
rifluorgne pyridin i n-2-yl am no)-benzam

ide is o élé‘e Q@U%&‘} 19 %ﬁé I%Vééttsag‘fémat?ﬁ%?mﬁﬁlﬁmwwa obseoved3adlitimpalbof

hydr ochl ﬁfvbﬂ ﬁoﬂm} fob¥k

met hyl -1 da%gl -5-1 “é’t]; uor (r)rr(r}ef}kll = %m§i|sfm‘§m€zfleﬁ§%?‘% léliwﬁosﬁo@ﬁ pyri

m di n- 2- dhe anpémﬁﬁf:cséluhﬂl@sml th@s;blvamt & detetthinad hitaret sporsioh W tien

(360 Mu/ @fvdi®in va &'Efﬁgf on an additional 36 ng of
4- et hyl - N43 (4- et -1-y0-5-trifluoromethyl - phenyl ] - 3- (4-

pyridin- 3- ap%‘@um d| n- 2- yI am no) benzani de are added. The suspension

i s maint & ll!brhm:rwa&hSomemstaeaﬁm‘ature and the 'suspension is
pl aced ||| anuttrasontc—bati—fFor—10-—seconds Exanple 25 [0095].
Separ at dHy qhnméojfw mg—of form ASolFm\-tMmg/M C of _tHegn

hydr ochl d‘gCF’fPFE salt of 0.2 B
4- et hyl ”NﬁtngtﬂlM net hyl -i m dazol - 1-y1p35-trifl ugronet hyl - ghenyl |- 3- (4
-pyri di r-Ehayd %] m di n- 2- yl gmi no) - benzam de was [equili br atﬁd Wih 2
mL of 1Q ’mhyfdeestent sol vents |(et hanol, ogethanol, [water, ethanot 7wate
(99: 1), |mekBanol / water (99 17, netnanfglslvvater 99307 B
et hanol |7 oI N, direthytgther, uex?guc, tetrahlydrofuram)-—for—ohne
day in 4 RLET bath—at—25€—Fthen—the-—S5btuti-ons wWere—filtered and the -
solid pat Iresti-gate ed—byMRPD._ W0 2407/ 015870PCT/ US2008 027875
-33. . [(&%&@J_ﬁgf hanol . farm A tran&ftioned tgd formB, &nd in

met hanol[ /A )@FOﬁF@q”a‘Pﬂ Lform|A transiti2éned to fdrmC withaa small
anount cieyitrie-Baterild et handl / wat er (199. 3: 0. 7) dnd i n met hanol 7 HCl
0.1 N, fiovamr A transitioned tjo formB gwth a snal[l amount gf form C
No formtransitions occurred fTor formB. In methanot; formr€
transitioned to formB and in water, formC transitioned to formA.
[0097] SFatilé 4r EquilibtathmavitioSolsentsnesooer e done at 50C for 1 day for
forns A'—&H.d_@_a.n.d_f_g.p_g__d_a\k for formB__In_nethanol formA
transitioned-to Salvept xt ur e Of for n%JllBll@n(dlg_l and |in each ®érm

met hanol Atginer (99:1). nethanol /water1.€99. 3:0.7) and net hanol /HC 0.[1
N, form|Acttanimisi ti oned to fogrmC. Form B transitlioned to g mxture
forms Al amshoRodw) et hanoL | n|methanol pjorm CTrgnsttionedto formB

gJ N/

—h

and in wakgb, Torm C transi i oned tozggr A —argo—+n cu.aﬁtllvvater
(99:1), 8 Iq&e{.&tetransl tTonedyto—a nixtgre—of—a-three—{f-orfs—andin
tetrahyji,ru ot an—to—axture—offorns— nd CExanple 268[0098]
About 16 SPHE%6f form B of the hydrochloride sallt of B

4- et hy TNWH(A nethylim dazol -1-y1)-%trifl uorgnethyl - phenyl]-3-(44p
yri di n- REmolgwater i di n- 2- vl ali no) - benaami de is dissol ved 1B about 2

m . of pMsdnvlent |isted bel ow at 60Ga7khe sol UT | Cﬁalv&é(a@@é?ka@é‘-&}}%%g]aﬁ
-10C. Tpemsospension 1s filTtered and.j;iié solid =Uhoo sihidla :




/B B Methanol /water (99.3/0.7) / B B Methanol/water (99.0/1.0) / B
B Met hanol /water (95.0/5) BB B/ = no crystallization observed WO
2007/ 0158 MyBGI D006/ 027875 - 34 - Exanple 27 [0099] Auauisz002my of
form B of the hydrochloride salt of _

4-met hyl - N43- (4- et hyl i m dazol -1-y1)-5-trifluoromethyl - phenyl]-3-(4-p
yridin-3-yl-pyrimdin-2-ylam no)-benzagg de is dissolved in about 2 niL
of a solvent listed below at 60C. The solution is cooled down to 20C

The suspension js centrifuged but the solid is not dried before
analysisiﬂﬂﬂﬁﬂ%é16. Sol vent Modification obtained by XRPD 2 hours '12

hours 24 hours Methanol / SE SE _
[0067] Mixtures of forms A and 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

were equilibrated in various solvents,

Table 5. Eqnuilibration of A-B Mixtures

Solvent Form Comments
Ethanol (95%) B 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 filirate 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
Acetoniirile-water (50:50) A
Ethanol-water (50:50) A
Methanol-water (50:50) A




Met hanol /water (99.5/0.5) / SE SE Met hanol /water (99.3/0.7) / SB SE
Met hanol /water (99.0/1.0) / SE SE + Sc Met hanol /water (95.0/5) / Sc
Sc |/ = nowonywioadste zati on observed Exanpl e 28 1001001 pAlraistood/ 0378y
of formB of the hydrochloride salt of

4-met hyl - N-[ 3- (4-net hyl i m dazol - 1-y1)-5-trifl uoronet hyl - phenyl] - 3- (4-
pyridin-3-yl-pyritnidin-2-ylan no)-benzam de is dissolved in about 2
nth of a solvent |listed below at 60C. The solution is cooled down to

45C. The_suspension is centrifuged but the solid is not dried before
analysiSr!$$5E§§17. Sol vent Modification obtained by XRPD 2 hours 12

hours 24 hours Methanol / / SB Methanol /water (99.5/0.5)
[0069] Approximately 300 mg of form B of the hydrochloride salt of 4-methyl-N-[3-(4-

methyl—imidazol—1-yl)-S—triﬂuoromethyl—phenyl]-3-(4-py'ridin-3-yl—pyrimidin-z-ylamino)-
benzamide are dissolved in the minimal amount of solvent at 60°C. No remaining crystals
should be visible. Theri the solutions are cooled in an ice bath and agitated. The precipitates

are collected ona filter, dried and investigated by XRPD.

Table 7. Crystallization from Hot Saturated Solutions

Solvent T,/T4(°C) Form Notes
Methanol-water (15%) 50-10 B [ Shifted peaks due to hydration
Methanol ) 40-5 B
Methanol-water (2%) 40-10 B Crash cool
Tefrahydrofuran 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
Ethanél (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-
pyrhnidin-2-ylarnino)-benzmnide is dissolved in a medium where the solubility is hjgh; 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




[ | SB + Sc Methanol /water (99.3/0.7) / /| SB partial + Sc

Met hanol /water (99.0/1.0) / / Se Methanol /water (95.0/5) / [/ Sc [ =
no cryst alwozat7ioosszobserved WO 2007/ 015870PCT/ US2006/ G2TRi&2006/05575-
Exanpl e 29 1001011 The solubility of formA, formB and form C of the
hydrochl ori de salt of

4-met hyl N-[ 3- (4-net hyl -i m dazol -1-y1)-ottrifl uoronethyl - phenyl]-3-(4-
pyridin-3-yl-pyrimdin-2- ylamno)-benzam de was determ ned by
gravinetric techniques at different tenperature in various solvents.

The resu

Y set forth belowin Tables 18-20. Table 18. Solubility

at Different Tenperatures-after 24 Hours T (C) Solvent Form A Form B

Form C

[§PA1 Y B0b Itgyof form B of the hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-
yl)-5-triftuoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide are
compressed for 5 minutes at 10 tons with éhydraulic press (diameter of tablets = 13 mm).
There was no change of crystalline modification (by XRPD) after compression for 5 minutes
at room temperature. However, the XRPD peaks are much broader indicating less

crystallinity.

Example 8

[0072] Granulating solvent is added dropwise to form B of the hydrochloride salt of ‘_

. 4-methyl-N-[3 -(4-methy1—imidézol-1 -yl)-5-trifluoromethyl-phenyli-3-(4-pyridin-3-yl-

pyrimidin-2-ylamino)-benzamide until the solid is wetted sufficiently. The material is
vortexed between each addition. Then the material is dried under vacuum to <2% or lessand '

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 -yl)-S-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-yl)-5-triflucromethyl-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.
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. [0074] About 50-60 mg of form A 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 0.75 mL of a listed solvent. The stoichiometric amount of hydrochloric acid

was subsequentiy added to the suspension, which became less viscous after the addition. The

mixiure was stirred at ambient temperature for about 5 hours. Solids (salts) were collected by
filtration and analyzed by XRPD and NMR.

Table 10.

Results
Solvent Crystallinity* 'H-NMR
Methanol Good; form B No solvent peak
Ethanol 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 306-70 counts

Example 11

[0075] About 50-60 mg of form A of 4-methyl-N-[3-(4-methyl-imidazol-1-yi)-3-
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,50; was

subsequently added to the suspension, which becéme less viscous after the addition. The

mixture was stirred at ambient tempeérature for about 5 hours. Solids (salts) were collected by

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



0.001 NHCG 0.92 A0.70B1.29 C+ A 0.0001 NHC 0.45 A0.47 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
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Table 11.
_ Results :

Solvent Crystallinity* 'H-NMR
Methanol Good; forms A & B No solvent peak
Ethancl Good; forin B No solvent peak
2-propano] Poor Not performed
Acetone Poor Not performed
Ethyl acetate Poor Not performed
Tetrahydrofuran Poor Not 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 below 30 counts

Example 12

[0076] About 300 to 310 mg of form B of 4-1neﬂ1yl-N—[3-(4-methy1-imidazol—l-yl)-S-
trifluoromethyl-phenyl]-3-(4-pyridin-3 -yl—pyrimidin—2-y1amino)-benzamide free base was
suspended in 9 mL of 2-propanol. The stoichiometric amount of HCI was 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 éf 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 hydrochlonde

* 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-yl)-5-
trifluoromethyl-phenyl}-3-(4-pyridin-3 -yl-pyrimidin—2~y1mnino)-benza:nide 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,S0; 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.



1.44 B 1.69 A
0.1 NHCI 2.46 A 6.62 B+ A 8.30 A+ 0.01 NHCI 0.85 A
0.001l NHG 0.79 A1.34 B6.72 A 0.0001l NHC 0.90 A1.32 B 3.51_A
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Example 14

[0078] 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 was
suspended in 15 mL of methanol. The stoichiometric amount of the listed acid was
subsequently added to the suspension. The solution was stirred at 50°C for about 5 hours and

then cooled to ambient temperature. Solids (salts) were collected and analyzed by XRPD and
NMR.

Table 12.
Results
Acid Comments Crystallinity 'H-NMR
HCI The shurry became clear while heating Good; form B Shifts changed; no solvent peak

and remained so. Siow N, flow was
used to evaporate some solvent.

H,50, The slurry became clear after heating. Goaod; 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-yl)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3 ~y1-py1'imidin—2-ylamino)-benzamide free base was
suspended in 15 mL of methanol. Listed amount of the listed acid was subsequenily added to
the suspension. The solution was stirred at ambient temperature (HCI) or 50°C (H,S0,) for
about 5 hours.l 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
HCI

The slurry became clear while
heating and remained so.

Good; form B of
HC] salt

Shifts changed; no solvent peak

0.5 equivalents

The shury became clear while

Good; form A of

Shifts changed; small soivent

H,50, heating and remained so. sulfate salt & free peak

base form B
I equivalent The slurry became clear after Good; form A of Shifts changed; no solvent peak
H,S80, acid addition and remained so. sulfate salt
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Example 16

[0080] A 1 L, 4-neck, round-bottom flask equipped with a mechanical stirrer, a tﬁermometer,
heating/codling capacity, and an addition funnel was charged in sequence with 4-methyl-N-
[3-(4-methy1—imidazol—1-yl)-S—triﬂuoromethyl—phenyl] -3-(4-pyridin-3-yl-pyrimidin-2-
ylamino)-benzamide free base (10 g), methanol (250 mL), and 37% hydrochloric acid (1.85 g)
under nitrogen purge. The mixture was heated to 42-50°C and stirred for an additional

15 minutes. The resulting solution was filtered through a polypropylene pad, while

maintaining the batch temperature above 40°C. The clear solution was transferred under

nitrogen atmosphere to another 1 L, 4-neck, round-bottom flask equipped with a mechanical

stirrer, a thermometer, and heating/cooling capacity. The batch was stirred and cooled to
30°C over a period of 30 minutes. Seeds (20 mg) were added at this temperature, and the
batch was cooled to 23°C over a period of 45 minutes. The batch was stirred for an additional
3 hours to obtain a thick white suspehsion. The suspension was cooled to -10°C over a period
of 1.5 hours and stirred for an additional 30 minutes. Any solid was collected by filtration
and rinsed with cold (-10°C) methanol (20 mL). The solid was dried at 50-55°C/10-20 torr for
8-16 hours to obtain 4—methyl-N-[3}(4-methyl-imidazol—1—yl)—S-triﬂuoromethyl—phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide monohydrochloride monohydrate salt form B
(9.8 g) as a white solid. '

[0081] 'H NMR 300 MHz, DMS0-d6), 5 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-yl)-S-triﬂuoromethyl—phenyl]—3-(4-pyridin—3-yl-pyrimidin—2-ylamin0)—benzamide free base
was equilibrated with 2 mL of thirteen different solvents (acetone, '-acetonitrile, 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. Th:;



B 11.91 C flour 26.37 A5.63 B7.99 C 24 hours 4-.96 B 4.00 B 6.12
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solid part was inilestigated by XRPD. No form transitions occurred with the exception of one
trial of form B in water; in one instance, a mixture of free base forms A and B resulted, but

those results could not 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-1 -yl)-5-"triﬂuoromethy]—phenyl]-3 —t4—pyridin—3 ~yl-pyrimidin-2-ylamino)-
benzamide free base was equilibrated with 2 mL of seven different solvents (ethanol absolute,
methanol, 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 solid part was investigated by XRPD. No form

transitions occurred.

Example 18

[0084] Solubility for each of form A, form B and a mixture 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 Afform 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 ] 1.93
Ethanol/water (1:1) 0.06 0.07 - 0.07
Methanol/water (1:1) = | 0.01 0.0} 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 Iow to perform

proper comparison in water,

Example 19

[0086] 12 ¢ 4-methy1—N—[3-(4-methyl-irnidaz01—1-yI)-5-triﬂuoromethyl-phenyl]~3-(4-pyridin-
3-yl-pyrimidin-2-ylamino)-benzamide hydrochioride 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



1338 B 17.70 C+ B 24 hours 12.19 B 12.21 B 12.09 B 45 10 m nutes
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crystallized before 0°C; therefore, the cooling ramp was stopped at 20°C and let stand with -
stirring for 2 days. The suspension is cooled down to 0°C in 2 hours before filtration under
vacuum to obtain form A of the hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-
y)-5 -triﬂﬁoromethyl—phenyl]-3 -(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide.

Example 20

[0087] 4-Methyl-N-[3-(4-methyl-imidazol-1-yl)-5-irifluoromethyl-phenylj-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide hydrochloride form B is prepared by suspending free base
in methanol at room temperature or at 50°C. 1.06 equivalent of 37% aqueous hydrochloric
acid is added, and the mixture is heated to reflux (64°C) to give a solution that is clarified by
ﬁlﬁation. The clarified solution is then cooled to 42°C and seeded with 0.1% seeds per base.
The seeds are suspended in a mixture of 99% methanol and 1% water. The suspension is
stirred at 42°C for 2.5 hours and afterwards cooled down to -10°C according to a slow cooling
profile. At 20°C, the cooling is interrupted for four hours in order to let a potentially formed

. methanol solvate transform to the desived monohydrate.

[0088] The suspension is filtered and washed with two portions of methanol/water mixture
(99% methanol/1% water). The filter cake is dried in an oven at 70°C under a vacuum below
‘10 mbar overnight. The water content after filtration was found to be below the theoretical
value of 3.05% for 50 g scale and above. 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-trifluoromethyl-phenyi]-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 addiﬁonal 12g
4-methyl-N-[3~(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3 -yl-
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pyrimidin-2-ylamino)-benzamide hydrochloride is added, and ihe suspension is let stand for
1 hour at room temperature. The seeding suspension is placed 10 seconds in an ultrasonic

water bath.

[0090] 4-Methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-y1amino)-bénzan1ide hydrochloride (12 g) is suspended in 192 mL of methanol
and 14.87 mL of water. The solution is heated to 64-66°C in 10 minutes and kept for

5 minutes at 66°C. The solution is then cooled down to 42°C in 15 minutes and then seeded.
The suspension is kept for 2.5 hours at 42°C and cooled down to 20°C in 7 hours and cooled
down within 6 hours at -10°C. The suspension is kept fof 79 hours before filtration under
vacuum. The solid is.washed 2 times with a cold mixture of methanol/water 66 mL/5 26 mlL
(-10°C) and dried under vacuum at 70°C for 20 hours to obtain form C of the hydrochloride
salt of 4-methy1~N—[3-(4-methy1—imidazol-l—yl)-S-triﬂuoromethyl—phenyl]—3 ~(4-pyridin-3-yl-

pyrimidin-2-ylamino)-benzamide.

Example 22

[0091] 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyi]-3-(4-pyridin-3-yl-
pytimidin-2-ylamino)-benzamide hydrochloride (14 g) is dissolved in 1,000 g of methanol in
a hot water 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—imidazolj-1-yl)—5—t1iﬂuor0methy1— ‘
phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide.

Example 23

[0092] 4.0g 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-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 pL) of hydrochloric acid is added as a solution in 2 mL of
methanol. The solution is let stand for 60 minutes at 50°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—pjrridin—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
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down in 7 houts at 20°C. The suspension remains at 20°C for 56 hours. The suspension is not
filtrated before analysis. The dimethanol solvate form Sg of the hydrochloride salt of
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-3 -trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-

pyrimidin-2-ylamino)-benzamide is obtained. ‘

Example 24

[0093] 36.0 g 4-methy1—N~[3-(4-methy]—imidazol-1-yl)—S-triﬂuoromethyl-phenyl]-3-(4—
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide hydrochloride is dissolved in a solvent mixture
of 576 mL of methanol and 44.61 mL of water at 52°C. The solution is heated up to 64-66°C
in 15 minutes and kept for 5 minutes at 66°C. Then the solution is cooled down at 42°C in

15 minutes and the solution is seeded. The suspension is kept for 2.5 hours at 42°C, cooled
down within 7 hours at 20°C, and maintained at this temperature for 11 hours. The methanol
solvate form Sc of the hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-
triﬂuor_omethyl-phenyl] -3-(4-pyridin-3-yl-pyrimidin-2~ylamino)-benzamide is obtained.

[0094] The seed solution was obtained from 3.6 mg of hydrochloride 4-methyl-N-[3 -(4-
methyl-imidazol-1 -yI)-S-triﬂuofomethyl-phenyl] -3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-
benzamide dissolved in a methanol/water solution (360 mg/36 mg). To the solution, an
additional 36 mg of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-
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 hydrochioride sait 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, tetraliydrofuran) for one day in a water |
bath at 25°C. Then the solutions were filtered and the solid part investigated by XRPD.
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[0096] In methanol, form A transitioned to form B, and in methanol/water (99:1), form A
transitioned to form C with a small amount of form B; in methanol/water (99.3:0.7) and in
methanol/HC] 0.1 N, form A transitioned to form B with a small amount of form C. No form
transitions occured for form B. In methanol, form C transitioned to form B and in water,

form C transitioned to form A.

[0097] Similar equilibration studies were done at 50°C for 1 day for forms A and C and for
2 days for form B. In methanol, form A transitioned to a mixture of forms B and C, and in
each of methanol/water (99:1), methanol/water (99.3:0.7) and methanol/HCl 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 form B and in water, form C transitioned to form A; also in
ethanol/water (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 xﬁg 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 mI, 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
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(quenchelp)—3—AcCEYPt g 3 Eq.; > Zhaws 10 12 hours 24 hours
¥ethanol / / Ss
Methanol/water (99.5/0.5) / / Ss+ 8¢
Methanol/water (99.3/0.7) / / Sp partial + S¢
Methanol/water (99.0/1.0) / / Sc
Methanol/water (95.0/5) / / Se

/ =no crystallization observed



32a4- CH3OH / t-BuCH / KOAc [00106] 14.5 g

(60.0 mmol ) of B6 and 20.8

g (64.8 mol) of B5 are dissolved in 120 nlL tetrahydrofuran absol ute

at

room t enNpeneEousseo under

inert and water-free conditi euT/usTtne/ 027875

suspension is cooled to IT 0-5C and 101.0 g (180 nmol) of potassium
tert-butoxide solution 20% in tetrahydrofuran were added within 1
tenperadqure at 0-5C. The reaction
m xture is heated gradually to IT 50C wthin 1 hour and then stirred
at this tenperature for another

hour ,
suspensi
aqueous

i s added

nor nal

fdoa

to

essu

il

(9)

enched at
Stirring is stopped, and the two phase systemis let to separate.
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reac

Qé sa"[’t

keepi ng wareous eblvents. cHirstailts ard seeforth delowdntTabke @dge from

tetrahydrofuran to ethanol.

The reaction mxture (yell ow
| T 50C by the addition of 50 nL of water.

The

d_ﬁetg};ll d

The suspension is cooled to IT 0-5C

o e TR, 3oty WD eh SrER PR RS att @ 2a AR Sr 1 o Form B
4- et hyl F NA3-((4-met hyl -{[i m daZgdnr A-y1) - b-tr1 fb&glrg)mat hy] phenykdanZ (4-P
yridin-3ryfr-pyrim di n- Z-yhamno) - benzam gerrrystar iine sobrd s
col l ected ¢y [fildoivaiti 0N ghgmvashetkey th dphuiLl| ofxresl d g tg 94%p
The producis Tisyipen drifed ,at 50C 1 va,uo%.zé,neﬂ C TR
and Nor ph| c C‘har act elv'lr t | cS rnn1 07 The chem r‘:\| nh\IQ rnrhnm al _and
nor phi ¢ har AGFESk | cd ofl3Bot 4. At h{l - RAG- 2.35 A
(4-methy] -i mi|ASNHGA- y1) - 9481 il uohonet hyP-shhenyl 1B 3- (B- p#i di jp- 3-4/1 -
pyrim di p-2-y|&# Ne)1 benddm de free baseofd or m B)Band 1.29 C+A
4- et hyl | N43- |(ocboomxt Bl 11 modazoll - 1- x1) - b- t puf | upr on@t hy| - -1 30 C+A
2007/ 0158 70PQiddarfl06/ 0278 - |39 g 1437 B . 1820 B .
henyl ]| - B3={4- arn- 39yt T dir p- 2=yt am, o)y bernzam ge 1 nunFy'd'l?Al‘E—
Iﬁydr'gc]hl or"iiog pdf{ﬁt%rf ffnr.yn ) \Ae4_e_e§al_uu_edﬁr]4ic) describe hL QW
[ 00108] Det_errﬁlrI‘LH%n of Aﬂﬁrn imatte Spl ubbtity: BX feipght &3 anpunt +
(20-50 nyg) of| CHMHEB was @Barged iAto P nilddbf | he Bol vent 1.69The] A
obt ai ned| sl urjroowasical | owedst o|equinli brat €34 or| 24 mours ag.7r oom A
t et hper at ur e Jadottheo: fli | beged] Thg concemgs at| on pf DS 1 Hssatlurated
filtrate was ngaskicd By & Fhey QV,gf HPLL [ OPTO9] TNITI@sET B
D ssol utTonRate (IDRj- DrssofutTtom rate measurenents were performed
at 37C using the rotating disk nmethod (VanKell Instrunment). A si ngl e
rotati on'rsmqg Sbiudiifly &pmmsnttmﬂ%erﬁﬁfred fhbhaRolAVhker .5/%) RO ni
vol une, for IDRIiNn vwater a 2 vol une were use he’solution
was cont| nuousl y punped thr omgh]ﬁ WV measuri agmael | and recypdrgd; to
the dissolwtijon vessel | daklig 21. Chem cqlup@fd] Physico
Charactericsyijcs Pakeanel eimghal)t | f ;tRPD FI egn e| f ogrDB w@,ﬁﬁ LOl’depD
nonohydrat-ﬁ(fqunﬁ)es El emepf@ary|analyst $ Caggul At €0z Found Ggf cul at gd
Found % 63. 63—58—5+58-57—66—4+4—5—-3-97
lhour 26.37 5.63 B 7.99 - C
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 5223 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




4.29 4.25 % 10.76 10.22 9.77 9.83 %\ 18.51 18.57 16.80 16.58 %o
3.02 3.56 5.48 5.68 % N A NA 6.08 6.00 DSC purity (nmol 9%

(10C m nutwd 20806870V A due to deconposition prior to nMeiCriusgokPiers
purity (area 9% 100.00 100.00 DSC nelting point (C (10C/ m nute)
249.0 N A due to deconposition prior to nelting Melting enthal py

(J/9) -36 -

Tabie 20. Solubility at Different Temperatures in Methanol/Water (95/5) v/v

Form A Form B Form C
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 B 7.74 C
24 hours 4.74 B 4.835 B 11.00 - C
20 10 minutes 25.69 A 13.64 B 18.88 C
1 hour 28.18 A 1343 B 13.03 C
24 hours 13.07 B 13.01 B 11.76 C
43 10 minutes 46.08 A 34.49 B 37.68 - C
1 hour 61.15 A+B+C 38,18 B 3115 C
24 hours 36.80 C 41.70 B 3226 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 hydrochioride in aqueous media such as water, pH 1, 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-y1)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is made

according to the following scheme:

N
1,08 Eq. Qj

CH,
H
/N N
m/ H_N CF
. N 2 3
1. THF (abs.)
I S O OCHS K-OtBu in THF 20%G (3 0 Eq ) xn
~N

0-5°C ->50°C/4h
2. H,0 (quenchen) [
3. AcOH {~ 0.3 Eq.) > "pH" 10

320.4 - CH,OH/t+BuQH / KOAe 5295




153.9 NV A due to deconposition prior to nelting pH of 1% solution or
suspension in water 7.99 2.53 Solubility (approximately at 25C, mArL)
0.1 N HCl wo@&Go7®140 0. 01 N HCl 0.0014 0.08 Phosphat e bwifrarszoophk878
0. 0002 Bel ow detection Water Bel ow detection 0.17 Ethanol 0.63 3.69

| sopropanol 0.33 1.93 WD 2007/ 015870PCT/ US2006/ 027875 - 40 -
Parameter Salt form Free base form B_flydrochl ori de nonohydrate (form
B) . .

[00104] 14.5 g (60.0 mmol) of 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 0-5°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 anoﬂ'ler 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. Seeding crystals (0.2 g) of form A are
added to the remaining organic phase, and the thin suspension is stirred for 1 hour at 50°C
during which time crystallization is initiated. Approximately 1.0 mL of acetic acid is added to
the drganic phase until a pH of ~10 is reached. Solvent (260 mL) is distilled off at 80-100°C
(external temperature) under normal pressure, aﬁd simultaneouslﬁr 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 with_in 1 hour, and agitation is continued for another
" 1 hour. 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 (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:



El emrentary anal ysi s Cal cul at edFound Cal cul at edFound Thennogravi netry
(weight loss %9 (10C/ mnute) 0.026 (RT to 200C) 0.91 (RT to 800
Resi dual swbwveintosssf@9 0.2 0.0 Intrinsic dissolution ratPeT{Usg006/027875
mhf 1cm2) pH 1(0.1 N HC1l) 0.17 0.17 Water 0.0013 0.0024 [00110]
Ther nogravi metry studi es were undertaken for each of forms A, B and C
of the hydrochloride salt of -38-
4- met hyl - Nd3- (4- net hyl -i m dazol - 1-y1)-5-trifl uoronet hyl - phenyll- 3-(4-
pyridin-3-yl-pyrimdin-2-yl ainino)-benzam de. The results are shown
in Tabl e 22 bel ow. Table 22. Forg_? on drying Stoichionetry

\

Interpretatlo?oéAI\ES 69% 5. 69 (200 D hydrate
q

CH, 241 2 1.00 Eq.
N__N
el
ot
XN
1. THF (abs.)
| S 0% “ocH, K-OtBu in THF 20%G (3.0 Eq.)
~N

0-5°C->50°C/4h
2. H,0 {quenchen)
3. AcOH (~ 0.3 Eq.} -» "pH" 10

3204 - CH,OH / +-BuOH / KOAc 'm

[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 at room temperature under inert and water-free conditions. The
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. Thereaction 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 (Jower) 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 tet_rahydrofuran 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-triflucromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-
benzamide free base (form B) and 4-methyl-N-{3-(4-methyl-imidazol-1-yI)-S-trifluoromethyl-



(theory 5.9%
Monohydr at e
wat er ( 39C-280QL5370

B 4.02% 1. 00 / Resi dual _
(100G 220C) (theory 3.1% C 3.50%0.51 / Resi dual

wat er

-39

(30C- 1000) 3.02 1

PCT/US2006/027875

phenyl]-3-(4-pyfidin—3-yl-pyrimidin—Z-ylamino)—benzamide monohydrate hydrochloride salt

(form B) were evaluated as described below.

[00108] Determination of Approximate Solubility: A wéighted amount (20-50 mg) of

sample was charged into 2‘mL of the solvent. The obtained slurry was allowed to equilibrate

for 24 hours at room teniperanlre and then filtered. The concentration of DS in saturated
filtrate was measured by either UV or HPLC.

[00109] Intrinsic Dissolution Rate (IDR): Dissolution rate measurements were performed at

37°C using the rotating disk method (VanKell Instrument). A single rotation 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 volume were used. The solution was continuously pumped through a UV measuring

cell and recycled to the dissolution vessel.

Table 21. Chemical and Physicochemical Characteristics

Salt form

Parameter Free base formB Hydrochloride monohydrate-(form B)
Elementary analysis Calculated Found Calculated " Found
%C 63.46 63.58 57.58 37.66
%H 4.15 3.97 4.29 425
%F 10.76 10.22 977 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) ‘ _
Meliing enthalpy (J/g) 1539 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 NHCI 0.60 -0.94
0.01 N HCl 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




2.99 1 Monohydrate

dissolution rate was al so determ ned for
C and t he WousEreisgo f or m of the hydrochl oride salt of

(80C-2200) (

theory 3.1%

4- et hyl - NA3- (4- et hyl -i mi dazol - 1-
y1)-5-trifluoronethyl -phenyt]-3-(4-pyridin-3-yl-pyrimdin-2-ylamno)-,
benzam de in various solvents. The neaggrenments were carried out on a

each of form A,

[00111] The intrinsic

formB, form
PCT/US2006/027875

VanKel instrunment using a Cary 100 photoneter. The results are shown
in Tabl e 23 bel ow WO 2007/ 015870PCT/ US2006/ 027875 - 41 - Table 23
Di ssolution nediumiIntrinsic D ssolution Rat&a&rme (ng/ m n/cnR) B
Form A Fpr m BPeasmeC AnDN phousFidER@ fdmMN 0. 6778/ ByRetfidridd mbiiydirate (form B)
0.2323/0 glgﬂé)ntag/- a&ﬂﬂﬁ HCL10. Ehlcutdled | Found Calculated | Found

Thermogravimetry 0.026 (RT to 200°C) 0.91 (RT to 80°C)

{weight loss %)

{(10°C/minute)

Residual solvents (%) 0.2 0.0

Intrinsic dissolution rate (mg min~'em™®)

pH 1{0.1 N HCI) 0.17 0.17

Water 0.0013 0.0024

[00110] Thermogravimetry studies were undertaken for each of forms A, B and C of the
hydrochloride salt of 4—methy1-N-[3-(4¥methyl-i1r1idazol-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 dryihg 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 Monchydrate
(100°C-220°C) (theory 3.1%)
Cc 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-

y1)-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.




0.0178 0.0224 0.0247 / 1-1Cl1 0.001 N 0.0089 0.0045 0.0057 / HC

0.0001 N 0.0003 0.0010 0.0004 / pH 2 (citrate buffer) 0.0076 / 0.0099
0. 0250 VAtw0 200706840 0. 0001 0. 000 / [00112] Further st #TIISR060278TH es
were al so undertaken for all of formA formB, formC and the

anor phous form of the hydrochloride salt of

4-met hyl - N-[ 3- (4-net hyl -i m dazol -1 -yl1)t 5-

trifl uororret hyl - phenyl] - 3- (4-pyri di n-3-yl -pyri m di n-2-yl am no) - benzam

i de. E;Ifrb ransitions were observed for fornms A, B and C after

st orage ous relative humdities; the anor phous formof the
hydr ochl pride salt spontaneously cry FT—addrtT o,
egch of the fo mS ha; good chem cal ﬁlrtrmgﬂcfﬁgﬁ“:})&gt%amenth at 50C, for
1 nonth at g )I-LFgUII hat OO\F au] A-eH-—t

t hOUgh beth IINU are—t hCrmam phCUS {om hawed—& XU \,\ﬁmgﬂjl}o}ﬁ‘ m
A under hn I- fa¥a¥al ‘ll tQ@Wﬁ”-Z W'Y| Ql (91PQ3 FI' | ﬂl’ grm?’/p33]§lvest | gﬁtzﬁqgns

were undbrt BEEPIRNr {or mE\Znd £ grm SH%B¢ the hydP-8RéAl or i de sal t_of
4- et hyl  N-YIG 0.00UN net hyl -0.088%dazol| - 1- ya§o4s -trii f | uapwmet hyl - phenyl ] - 3
-(4- pyr| dibci @eopl Npy i mi dimes2- yl am noj.edpenzani de. o bugit ablle si ngfe
crystal s| wer eprobt ai ned by gg¥e0W ST vent yevapor|at T oppdod metinanol, o3
room t enperatattiveieryTNe results ar¢ set forth ijn Table 24 del ow. Tabl e

24.  Form B Rpgin SD 0.0004 0.0001 0.000 /

[00112] Further stability studies were also undertaken for all 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)-S-
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 cﬁemical stability for 1 month at 50°C, for 1 month at
80°C and for 1 month at 80°C and 75% relative hum1d1ty, 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-y[)-5-trifluoromethyl-phenyl]-3-(4-
pyridin-3 -yl-py*;imidin—Z-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)
Doy, g om™ 1.369 1.447
Z 4 4




Crystal system Orthorhonbic Othorhonbic Space group P212121 P212, 21
a, A 7.6316(4) 7.596(6) b, A 15.322(2) 16.048(9) c, A 24.140(3 i
23.73(2) WORMWESIBTE(5) 2893(4) Denme, g cnc3 1.369 1. 4FFTHS004/027%¢5
20071015870PCT/ US2006/ 027875 - 42 - Form B Form Su Radi ation, A

1. 5406

-42 .
Form B Form Sy
Radiation, A : 1.5406 1.5406
® range, ° 5.00-60.00 3.32.58.92
No. variables refined 37 404
No, reflect. Refined 511 4147
GOF/Rpregg 3.8 1.020
Final R; [1> 26(1))/Rp 0.1168 0.0572
Final wR; {1 > 20(1)]/Rwp 0.1368 0.1147

[00114] While the invention has Been described above with reference to specific
embodiments thereof, it is apparent that many changes, modiﬁcai:ions, and variations can be
made without departing from the inventive concept disclosed herein. Accordingly, it is
intended to embrace all such changes; niodiﬁcations, 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.



1.5406 0 range, 5.00-60.00 3.32-58.92 No. variables refined 37 404
No. reflect. Refined 511 4147 GOF/ Ri k&§y 3.8 1.020 Final Rl [1>
2a(1)]/Rp 0.1168 0.0572 Final wit.' [1> 20(1)]/Rwp 0.1368 0.1147
1001141 Wail.e the invention has been described above with reference
to specific enbodi ments thereof, it is apparent that many changes,

nodi fi cat hOnssubstRthiny\bak h@&élzﬁ@@mﬁ@dﬂthb%dﬁ@a@ﬁde%t@oh&mmﬁ@ R bRt R&rior-
inventive care@pbhetliiSed-BeHh-Eyiida-2-yAGHED b dAgeYohalabtedz8d by Hr8NE8-wdePdifiraction
enbrace all psieothagdyangasene nechd deeatd romnaboussrd, v.at, i odtj 100S 1d.datk 2f ad d°, 22.1°, ang
wi thin the $p0Y(EEdeara) bhapaduosiatigie poé” rclne trappenttedo e cihersydrodlididezalt @ Admethy!-
appl i cat i ong B fartntigazenal-gtifiermpubpiewi s {omdingt-mdmibies-giminchbazamideis present
i ncor por at ed‘ﬂ?&?‘:'ﬂ’%ﬁ“@?f@'ﬁbe | n the| r entirety. - 43 - Cains 1. A

subst ant i y, bu st al rm A of the hydrochloride salt of

4- et hyl - %ldg ?% S@t’%’m CPFftﬂlgﬁd’f”l T ‘g‘etet"lfOfTﬁéFSWf’yl - phenyl ] 3- (4-
pyddl n- 3 ¥| ﬂygubggngé U% L Qmo Egnlzta'meg% egll%glg gl Ure Ci 2lineTar IS ATAC 12en
powder di ffrgehi.Q pd&g&r%ﬁcéém &%&rﬁé\ﬂﬂé atrlegéﬁo ,t:%:ﬁwa Qggé E'Po EH o ﬂ % ?e:{? 2?

about 8.5, }% 30&2°b&a°5221 | dnd®e.0(Bs greels? 2, 22. 1, and 2
degrees); wher e "subst ant’i ally pure' neans that nore than 50 %of the

hydr ochl oni deusghtalypire crystaline form A’ of the hydrochioride salt of 4-methyt-N-{3-(4-methyi-imidazol-1-yl)-5-trifluor-
4- et hyl Ni 3-ofndthyirphemyiz-(4-nyiidhetrd byitidip yladird)-pankdmirer abamtirizkd nhany@-rdwdedipaction
ridin-3-yl - pylieredngtLioas “ﬁﬁ?"i‘i‘@)”‘b‘éﬁﬁf&‘ﬁ?@é 4i35 BT &SRB 11, IV- B804’ 24.5%, 25.8°, 25.8°,
crystal | i ne %f-orif ¥ (Z‘Tﬁeé”%ﬂ b¥tegnt-pEanfa) [fr wesgs P& Mg amed °f efptimberFocttdrids sit of
1, wherein FOEYAFE "?Fhéilt”ﬁ' ?'dﬁ’@S -triguor ﬁ RS ARYIE-T Py }eR-2 viamino)-benzamide

cryst alline ﬁ‘péers?ﬂt’afa%ws“al M™wherein the substantiall y pure

crystal l'i ge Tté)tuaatan@nmﬁr ?atm%t Hoff 8 i ek i RNy dld T racti on
pattern having at |east four naxima sel ect fromabout 8.5, 11.0,

11.5, 17. R, ThdsuBsianially pdre cry@ékinSional Clhim 4uidreid Ghe QuobrdBaigl ¢ @R&Nine (éhm isRharacterized

subst ant i al by aperaypoedesiitatioh paren fingatbast iaf mbxdve shiacth peddoa 4. shes s3,al &0, 1@fic, 17.1,

4- met hyl - N- GB5% 25y Fya5-87. AT Yanti1 61y Ep=&t ri f | uor onet hyl - phenyl | - 3- (4

-pyridin-3-yl- r| m di n- 2-yl am no -benzam de, characterized by an

x-ray powders F‘ta%(g’t'ff Eﬁ‘F‘ na‘?t“t"t‘;“l”‘n"' W’ﬁ‘ bate SF’@é‘t’t’E"tyh*érif*rtﬁﬁ@?”f*tﬁ'%éﬁ*’@dt)éwﬂmf
|de2c$arscter Sd @; anzgaygaowc?vdnf‘gactmn

frgmsi‘b(éUt 2 m tn thn lea mamma,se%stQ i 53 1 t{,ﬁP 1 .3, 16.9°,
an ( '}@Lt‘!dg‘i wb egregg\ ere suéY&ntta ypure means

t han 50% of tl'tahrﬁor@t}‘ :’,@Gm QIE'h sa f4 methyl-N-{3-(4-methyl-imidazol- 1 yl) trfluoro othyl- i}
4- et hyl - N- B3a-fyhoinpg mnhrahmyraam aentaryae)lsp'%s rftinfszl itk kY. - nyl ] - 3- %hﬁny
-pyridin-3-yl-pyrimdin-2-ylam no)-benzam de is present | n sal d

crystal | i fe ThowmanBlly flkerysalibs toand! Cainl7ywipein ®@meAysiniddietsne f orm of C aim
4, wherein formA is a nonohydrate. 6. The substantially pure
crystallife Tf“b-“r“hﬁ‘sd’l‘ﬂ“ﬂuﬁlcﬁf 2fiine {ppey BRI 7t%@fe§ﬂ“ﬁ§u°§t&’ﬁt"b’aqf¢ «wspmeéorm is characterized

crystalline®¥ Y aglion Eies BRYIngleagtjourm QP 4§ il Y, 11.9%33.0°,
pattern haV|1‘r;18P{agz1 e ?‘% lg?ﬁ 1r?'§xf% 1§§I §1cet éxgl? o4m25tf)o‘?]t9 Fag!. 58296’99'%5)
11.6, 12 C}lgts bsta ai’t purec lalf2e thl ydrochiorid salt and 31,9 01 l% rfluor-
7 A subs %iq d\y@ y;vl]-gl(le{ ;éj ﬁg@? ‘t)dm gylgrrnég) e%ams fﬁgtﬁig]@rby an Et@af:l pgréier H r;{chon
- et hy! - BT AR, ’@aéét'l‘* L aloe bo o kot tiéar%%etja;a 1600 el B
yridin-3-yl r| m d| n- Iam no -benzam de characterized by an x-ray
powder di ffst”% il ff‘taé i %tty‘ 0% o Prabydrpchigrie SHield REIVENIBEE Rae ezl 1)
about 4.5. é" gemm H_[ ny1]131(4 §yrl ig @jnmocﬁ_niz antmi)zf:ergamiiqgs gesentrgan@cwsialjmedom

192, 109. 3, 24. 5 4, 26.4, 272 and 31.5 (20 degrees)

where " ﬁbg%%?‘l‘??‘%?ﬁ"{/p%%%m”'%ﬁ'ﬁ’sd?’ﬁ‘g‘tw’ﬁﬁ‘f“@”{%ﬁ ISONIBES t he

a” et iyt SRTBE R e el o oCoyn o shes e sl g charactriza
3- (4-pyridi h“re* %{Wg O PP RRYRrR Maing 34189 sﬂaléﬁ@afﬁﬁs@ctﬁ%fmp@é%m“ %%a ®o°,13.9°,
crystal | i nd3fot 8% e Db 3t-anta %128 ¢" Pk 2481 ¥52° 36107 RE6T &kah28£", 89.28iard 30.0°
7, wher ei n{34F%##eA 1's anhydr ous.



9. The substantially pure crystalline formof Caim?7, wherein the
substantially pure crystalline form & characterized by an x-ray

powder dlffractl on pattern haV| ng at | east four maX| ma sel ect ed from
about 4.5 5, 11.9, 00, 144,148

19.5, 19 1@ Asg slaghally&ﬂ‘g? ﬁﬁima.om‘ﬁ@ftb efiydr hQuﬂgs%tffc‘.Sm bNHlé 'F"é@'z idaﬁl_)bT yl ﬁzrﬂuor
subst ant i aI t aﬁlegv' S ‘aemb!reniaﬁ@ewg %’ﬁF MY ’%Va‘r"t’*d-éf’”*’““":‘
4- et hyl - N-% "'ﬁgeaz ‘°’ler‘ﬁaé|@26‘1“‘fdr dogut ¢,p'. § 449,
-pyri di n- 3-3f£> 3~ (e dagigeRlg 10 SprizbepurecRegp %Pﬁ“@ rFt? 50% Hydm "’““de
x-ray powder |“1“TEF" 'cN[P&H“ pIpEszR- ’ﬁ’éi\?l“ﬁ’b““’a“ie’hb‘@&%‘l"] BEY R YR B TR ben-
f r om about Z?m'ﬂe's Pf@‘*‘%“““fﬁ g2ling®™hy  13.9, 14.3', 15.4, 17.6, 18.6,

20.3, 21.7,_22.5, 41, 249 252' 26. 00, 266 275 28.2, 29.2
and 30. 0 ¢26e ﬂ’@@?@ﬂ@?“m °‘¥Rk’r@?eé°”“§l‘rﬂ§?é%t”l‘%ﬂ'§/"“pﬁm‘sé‘ dmelaRksoMHEt mor e

%

t han 50% of /drochl or i de salt of
4- et hy | T§e$§ lly] re olryﬁ{a of l , wherain the substantially pure crystalfine form is characterized
5-trif I uor gfé

2 HP? fonpatiejn giipojatiFagtiogr marima seleief (mAbat 15" 5% Y94
o e | o AR ?%ﬁ%ﬁy %%TSS"WW df?g f et vioy

crystalll e formof d ai zreln i S anhk‘/?drou

subst ant it%4 &ﬂ? Pé!fﬁ‘ ysiinp ]Oﬁ’bsgf ?ﬁxygcpch © tbmet%lg éfl HELE%@ICIBZOH -y} trifiuor-
subst ant i al YENARIET Gy yipaigichy fylsminoxbeazanide. ghprs

¥ he substanti al | y pure
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I

ci/ %?Xder diffraction
r} i t 5 11 i 20.2°,
gg\(l)\ﬁte ' 7d|2f fpta. 9 38& g ji gﬂeénahggj eg‘ ;’3?%{%@317 (8adre rﬂﬁﬁ lih %:Eliségt Py L}fn(ig?]s that
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SB of th h
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C ar
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from about a xra erd| it ch nga I %ﬁ Z age , 13.4°,
25. 6, 25. 9, end reé‘; 27 g i’ (26 Eiﬂgeeé)
nmeanst hat Flr, 00/ t he

| anlia ur taHm form y o pride Salto 8 r{4-met idazols1-yi).5-trifluer-
4r :Tg;[ gyg DN: Omf’ P P-f‘-)E fo 1 lzplﬁ arnm C;Ezgamt 4)rFl:lamcte zed Qﬁe)‘l' "] p:‘a! ﬁlpetlon
Y y ' 17.3%, 18.4°,

x aboul ‘f

crystallin oo%?\ a lIann fy’ Fr ‘fne n%ﬁa% Sré‘% &rmf%e hydrochloride
G aim 13, ki I y 1m 3\./\#'1 rldm -y pﬁ'nmld:neyiammo) -ben-
subst ant i al M:a?@ r%seﬁ zén‘?u fo

substantialTy u I ne ormls characterlzed by an x-ray

P ooat! 7d'15f’39§}°5‘%a'§9‘5“;1§y %"m%f’“i%gc‘% 4 SAGHn B TREIRBS! S8Led Lrom

26 3 and 6[' ..ﬁ] nel (;Fmb Cﬁ] b\ﬁﬁe%ﬁtiﬁe%msbénﬁ Qreg SYEE&%IJ é‘l&afac erlze

form Sp o hé% ﬁévggjaf%i):ﬂ&;éiﬂz " ke ) e
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et hyl - mé) t least four maxima selectad from about .67, 7.0°, 8.9°, 11.2°, 11.8%,

g 23 0° {26 degrees),

yl) 5tr|fluororrethy pheny 4-pyridin-3-yl- pyrlmdln 2-yl am no)

- benzam dg, y SHRU-RG] Gfd glgmrQY & o?‘thé r?} RS ol 3. (@ FheBFlidaldN1-yi).5-ritluor
havi ng at 'm&}; éf ba) t 3 ﬁx Bittract
13.4, 13.8, pa&én wn%ﬁ Xi af"%éte roma%gbﬂ 652%99” 11%;’ &58 2%"%4@311;3;5%"
'[ZﬁatB mz)rgeBtrF%@ ﬁﬂ{ |g| s a\%{{?@r@ rneansé Fnbe Ih§&% @me'h &Mongygaﬁofq%ﬁagq‘l [3-{4
4- et hyl - N 3 fkdim 2 "" g “W i W&%’?’%ﬁe‘f’?’ﬁ“"’ PRERY 1) - "éesf“&'"sa'd

pyrl din-3-yl'- pyr| m d| n 2 yl am no) - benzam de is present in said
crystall 'uf'efhg QJbEnamlEI@pure éﬂ%mﬁé&@:ﬁﬁoﬁé\%% l\.Mererr'{oﬁ'x @Qé%)arkdq' ne form of
Claimlb, wherein form I's a nononet hanol solvate. 1?. The
substantially pure crystalline formof CaimlIt> wherein the
substantially pure crystalline formis characterized by an x-ray
powder diffraction pattern having at |east four maxi ma selected from
about 7.5, 9.3, 11.6, 12.4, 13.4, 13.8, 14.9, 19.7, 20.2, 22.0, 23.0,



(a) atherapeutically effecfiye amount of asubstantially pure

crystal li nef orm of -45-

4-met hyl - N- (3-(4-net hyl -i m dazol 1-y1)-5-trifl uoronet hyl - phenyl 1- 3-( 4-
pyridin-3-yl-pyrimdin-2-yl am no) - benzan de according to any one of

cl ai ms 1 AroTrgsubstanaily e ?cwaﬂm@ars‘tof @rie 2h whirsnibebsian il gpregoetelye fivh is characterized
carrier, di *PYL?éH‘EaWWH’ &fra@w@:ﬂaﬂésae@v?p aiifest foggnaximp eelqsteairomabei 6./ el 817, 11.4°, 12.0°,
conposi ti on'3Gf 1ERaR4R" BUL25.83{R%depi )t he subst antially pure crystalline
formis farmB of the h drochl orlde sal

4- et hy| 2P1\f|‘$“ S‘ a” PP Do 1hg hx@*f%h‘rtf&d? ¥ 46 m%f*ﬂ%ﬁ "@W@vaﬁwg =yfirifuor-
P 2k 1n b i P ow, d firact
g%/r ltldi'ilnrrg y Ieast%?n mgmaﬁ‘g clét?i%rom 8boutﬁt;gsa° 1%% ‘g.'gﬁ , 13 é@}{ 4, Sgﬁd 9‘° T?; gf

) 2:> 0%, 25.4%, 26.2°, 27.4° and 28.4° {20 degrees); whz.re substanbalry pure" means thal more than
0 % of lne hydroch!onde salt of 4-methyl-N-[3-{4-methyl-imidazol-1-yl)-5-lrllueromethyl-phenyl]-3-(4-pyridin-3-y)-
pyrimidin-2-ylamino}-benzamide is present in said crystaltine form.

26. The substantally pure crystalline form of Claim 25, wherein form Sg is a methanol solvate.

7. The substangally pure crystaliine form of Claim 25, wherein the substantially pure crystafline form is characterized
by an x-ray powder diffraction patiern having at least four maxima selected from about 6.5°, 7,3°, 9.1°, 10.8°, 12.1%,
13.0°, 14.5°, 14.9° 18.9°, 19.4°, 24.2°, 25.0°, 25.4°, 26.2°, 27.4° and 28.4° (20 degrees).

2%, A crystaliine form D of the hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl-5-triflupromethyl-phenyl}-
3-{4-pyridin-3-yl-pytimidin-2-ylamino)-benzamide, characterized by an x-ray powder diffraction pattern having at
ieast one maxima selected from about 5.7%, 8.4° and 9.8° (28 degrees); where "substantially pure” means that mera
than 50 % of the hydrochloride salt of 4-methyl-N-[3-(4-rmethyl-Imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-{4-pyridin-
3-yl-pyrimidin-2-ylamino)-benzamide is present in said crystalline form.

. The crystalline form of Claim 28, whereln the crystalline form is characterized by an x-ray powder diffraction pattern
having at least two maxima selected from abeut 5.7°, 8.4° and 9.8° (28 degrees).

30, A substantially pure crystalfine form Sg of the hydrochloride salt of 4-methyl-N-[3-(4-methyl-imidazol-1 -yi}-5-tritluor-
omethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide, characterized by an x-ray powder diffraction
patiern having at least one maxima selecled from about 3.4°%, 4.8°, 5,1°, 5.8°,7.2°, 8,3°, 10.1°, 12.8°, 13.3°%, 13.8°,
14.8%,15.7° 17.4%,18.6°, 20.8%,21.3%,22.5°, 24.4%, 25.5°, 26.0%, 27.4° and 27.9° {28 degrees); where "substantially
pure® means that more ian 50 % of the hydrechloride salt ot 4-methyl-N-[3-{4-methyl-imidazoi-1-y1)-Sriflupreme-
thyi-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is present in said crystalline form,

31. The substantially pure crystelline form of Claim 30, wherein form Sg is a dimethyiformamide solvate,

32. The substantially pure crystaliine form of Claim 30, wherein the substantially pure crystaliine form is characterlzed

by an x-ray powder diffraction patlern having at least four maxima selected from about 3.4°, 4,8°, §,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),

33 A substantially pure amorphous form of the hydrochloride sak of 4-methyl-N{3-(4-methyl-imidazol-1-yi)-5-tritluor-
omethyl-phenyi}-3-{4-pyddin-3-yl-pyrimidin-2-ylamino}-benzamide; where "substantially pure” means thatmeore than
50 % of the 4-methyl-N-[3-(4-methyl-imidazal-1-yl)-5-triffuoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidia-2-ylami-
ne)-benzamide is present in said form,

34, A phammaceutical composition comprising:

(2} aiherapeutically effective amount of a substantially pure erystalline form of 4-methyl-N-[3-{4-methyl-imidazol-
1-yl}-5-trifluoromethyl-phenyi]-3-(4-pyridin-3-yh-pyrimidin-2-ylamino}-benizamide according fo any one of ciaims
110 35; and

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

3%, The pharmaceutical composition of Claim 3%, wherein the substantially pure crystelline form is form B of the hydro-
chloride salt of 4-methyl-N-{3-(4-methyl-imidazol-1-yi)-S-trifluoromethyl-phenyi}-3-(4-pyridin-3-yl-pyrimidin-2-ylami-
no)-benzamide as described in any one of claims 10 to 12,



