WD 2007/ 015871PCT/ US2006/ 027878 SALTS OF 4- METHYL- N- &LSOB;

3-(4- METHYL- I M DAZQL- 1- YL) - 5- TRl FLUOROVETHYL- PHENYL&RSOB;

- 3- (4- PYRI DY REMZYISEBYRI M DI N-2- YLAM NO) - BENZAM DE PCT/USPH|6427878
application clains the benefit of U S. Provisional Patent Application
No. 60/701, 406, 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 salts of

4- et hyl - N-[ 3- (4- net hyl -i m dazol -1-y1) - 5- : -
trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimdin-2-ylam no)-benzam
ide, as well SBALDS mmMETHYImﬁJ&IJSOBkBa(@MEIHEDWEOEBEYL) 5-

conpositio a reat ment__usi ng the
ool ot THENL &RSO RS- RIDTN-3 Y L PYRIMIDING.-

4- et hyl - N—[3 (4 nEthyl-InldaZpLAj{Hﬂﬁ ﬁgmghﬁigﬁgonethyl phenyl ] - 3-
(4-pyridin-3-yl-pyrimdin-2- ylanlnoj-genzanlae of the formula CH3 WO
2007/ 015871PCT/ US2006/ 027878 - 2 - is described in WD 2004/005281 Al.

Val uabl e phar nnﬁm@gbﬁ@h c&ﬁ@@@k’bb&‘ﬁt f 6.9 bldvisiinaPPardi® ApBlisaeRMpound;
thus, it can be uséed, for as a_protein kinase inhibitor

useful i iNg. r@ﬁé?éﬁoé,cfﬂﬂbh%b&% ngwetfmﬂrf‘e@gfémrqqf vhiehi B incorneraséd 3t ot ei n
ki nase aQ%thk%h erbf) 2004/ 005281 Al does not disclose any specific
salts or sa drates or sol vates of 4- met hyl - NA3- ( 4-

met hyl -i m dazol - 1-y1)-5-trifluoronethyl -phenyl]-3-(4-pyridin-3-yl-pyr

i m din-2-ylam no)- benzam de. ng@g{uyd &f the MRvdnB¥gNt i on [0003] The
present invention is directed

4- et hyl - N13- (4- et hyl -i m dazol - 1-y1) -
5-trifluc In |']-3-(4-pyridin-3-yl-pyrimdin-2-yl am no) - benz

am de. Preferred enbodi nents of the present invention are directed to

the hydr QOMErT}ﬁﬁmv&&MQQl@@E’%ES ofth. ﬁf@@xﬁpﬂq@%—m 18 8az STEL SRS

sul fonat e, ethane sul fonate, benzene sulfonate and p-tol uene
sul f onat énﬂgp@gle@ﬁzl—phcnyl] -3- (4—pyr1dm— -yl-pyrimidin-2-ylamino)-benzamide, as well as to

4- met hyl - o&%f%kg%'ma ;3 el b tio!d%m e @ O bl el
pyri di n- pyrim ni no enza e present
|nventlonfmgmmmnwmmg&wsmmﬁed to a nethod of preparing a varlety of
crystalline salts of

4- nethylj&h&gréﬁig il % la74 M dazol -1-y1)-5-trifluoromethyl - phenyl]-3-(4
- pyridi n=3-yi-pyr -2-yl am no) - benzam de conpr|5|ng the step of:
reacting

4- et hy | 10QC2] (Therperippind 4ringdybN-(8- (ﬂﬂgletB}dtlmlldamloir-mlﬂfétth.ﬁberpmﬂuyl-phehyﬂﬁ-

ridin- base with an acid
g? fornuﬁ ¥%EE¥ ﬂggMBPventhﬁgggg% #ﬁﬁﬁﬁhven |8ﬁﬁﬁs further directed

to pharmaceutical conpositions conprising: (a) a@QFerapeutically

-b-E

U

effective anmpbunt of a salt of N
4- et hyl - N43- (4- et hyl -i m dazol 1-y1)-5-trifl uprokget hyl - phenyl ]-3-(4-p
yridi n-3-yl-pyrimdin-2-ylam no)-benzam de; a (b) at | east one :
pharmaceutically acceptable carrier, diluent, vehicle or excipient.

[ 0006] The present invention is also directed te_a nethod of treating

a di sease which responds to an inhibiti of bin ki nase activity
conprising the step of adanisgering to sul in qeed of such
treatment a therapeutica’l yx e Ao UK t of

4- et hyl - N[ 3- (4- met hyl - i
pyridi n-3-yl - pyrim di n- B p .

2007/ 015871PCT/ US2006/ 027878 -*"3 - Brief Description of the Draw ngs
[ 0007] Figure 1 shows th -ray powder diffraction patterns (XRPDs)
for forms A and B of th ochl oride salt of

4- met hy1- N13- ( 4- et hyl - ol -1-311)-5-trifluoronethyl-Phenylk 3
-(4-pyridin-3-yl-pyrimdin2-yl am no)-b enzam de. [0008] Figure 2



WD 2007/ 015871PCT/ US2006/ 027878 - 5 - C, C, Sc, D, and SE, were al so
i sol ated. The XRPD Pattern for forms A and B of the hydrochl oride
salt of WO 2007/01587 PCT/US2006/027878

4- et hyl - NA3- (4-met hyl -i m dazol -1-y1)-5-trifl uoromet hyl - phenyl] - 3-(4-
pyri di n-3-yl - pyri m di n-2-yl am no) - benzam de are shown in Figure 1.
[0017] The second enbodi ment of the présent invention is directed to
t he nonophosphate salt of

4- met hyl 5 @eicﬁbéém@g)%bmﬂ?)ﬁ%@ﬂ. ‘%Tﬂaaéﬁfahﬁécud%ﬁfea%%%&'agp Si¥bhtedds (4

-pyridin-3-yl PYrimdin-2-ylarnino)-benzam de. nono-salt 1s

r epr oduchhisiopmppanl dwd, if easrhersec frokamplernsarpsoteigdiinead whibitphespiidr i c

acid is i ght,| QoM. i ure. to 00) i

0. 200 - 2 bR Lot BBellEL ich o858, L3RTHHEBBER BN b8 ag B o 2BRRMss
212C. |t Al dogssbadisdbselmy ypeeificssabxaieskalt @pdrated iesokRRD of dtrhialiyl-N-(3-(4-he
nmonophosphat.e sal t. of . o .

4- ot hy| REATCAN ek Dr firflgpesmety phensTe -4 pyrisis st RYmiSRsA T pmino), 4- p
yridi n- 3peddapel M di n-2- yl am no) - benzam de is shown in Figure 2.
[0018] The third enbodi nent of the present invention is directed to

t he di phosphate salt of

4- met hyl - N-[ 3- (4- net hyl -1 m dagahmiary &F tie-Thkédtignor onet hyl - phenyl ] - 3- (4
-pyridin-3-yl PYrimdin-2-yl am no) -benzam de. The H3PO4 di-salt can be
pr oduced t hanol when .t equi val epts ph oric acid are, used.
e ver P TP Ea iy TR s b B 66 e Rb I ooy el

sanpl e deeaTRESRShAphaRIHE-(£H9Gdin-Bha-p¥RERIRAL Ak f-BnzhiRe dPRIGFAhat e

|t of
2. et hy| embedimerisedthg Prear ewicnzrg disectsdte frelydoskensy mosRiosHe. ( 4-

Py | 0i - Goudsp X i<l ncina A0kl BERFATIIAS, SaSRA It RaE Lo

[ 0019] The THurth enbodi nent of fhe pr esent i’nSent%,\%r}]O?%t ir ctuze “to
t he sul f afenaigpalts of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyi]-3-(4-

4- et hyl - 35 (- "'"i?gﬁé' -1-v1)-5-trifluoronethyl-phenyl]-3-(4
-pyridi np@kdﬁ?, 9@9%% % -y mno n%(lé%nzam' de. The H2SO4 salt (form
B) is reproduci bly produced from net hanol when one equi val ent

sul f uri cl08e4ldThepressetinvattioniefugher dimsted (o pwathoé nfpepringe vadet@0C) i s

bout 0. 00+1: h t i.t.h.. it t t .
cbout 0 AsBOrd PsSATRY S P BSOS LBkt AORE.
A) and apyriim3yhpysmidhr-pryleriso) et atidecorifingRROs Rt atasing Grmdioyi. A

and B of .t he |.f.at t..of 4-nmethyl -N-13-(4- Y-

ot o SRy Bl v Y w s omet) e S prsicing s pyrdingy | - pyr
i m di n- 2y13AhabaRhmidearea dadedeitdiLacs @M Brrinila FiBGH aQokent. WO

2007/ 015871PCT/ US2006/ 027878 - 6 - [0020] The fifth embodi ment of the

resent | ntjon is. di.rected.to the _nethan ul fonate (nesy| ate
g alt of [!08356‘\1 ’}he invention is er direcied to pharmaceut?ca composi%ons éompr slng: )

4- met hyl - NA3-{ 4- =] i -1- - 2=t £4 uor onetdhwl - phenyl] = 3- (4-
pyridin-3-yl -(%76? ;ﬁ%&ﬁéﬁt—l%gﬁn&ﬁig%- éﬁzogﬁ‘itsgc}g& #ﬁﬁ‘?@%w (iiﬁs%né%h3>i de%mgl
repr oduci bl y Ipylpdecifidorbmetiybplienlylj Se@tmtidinvrehpyaindd meliiviaalim) benmitids) e
sulfonic acid i.s used. The weight |oss (roomtenperature to 150C) is
about 0.44% a&ﬂd the sanple nelts at about 160C and deconposes at
about 260C. | r i . he
tet hane sul f O(Lr@]); tafélegsz Hﬂ: %lfa%ﬁ'&hﬂéa?ly aﬁceﬁﬂiﬂfe cal-‘m:?, dﬁﬁgﬂ?, \pe?ﬁctlee&réxr:l@{en{.

4- et hyl - NA3- (4- et hyl -i m dazol - 1-y1)-5-trifl uoronet hyl - phenyl] - 3- (4-
pyri di n- B09a1p¥kd prestnhingenpionnd aley ditveted dovi thethiod of tremtimgiandiseasgurtacts.
100211 16, 3kt SRR TERL o0l £ REATE Mo RYSE oAby oF aBLERSLSY 16 8

t he et han u

4- n‘e'([j hy! sub%&-l iﬁtﬁgma%ﬂmbhz irm'nﬁeu_italmé%petbieﬁlykgféédu?ﬁmmﬁh%al salp BEMyikdhyBN-4-
pyri di n- 3- i.m dj n-2-yl ani.no) - benzarni de. is salt is, ..

repr oducéf{ﬁvﬁ%ﬁ%ﬂ Olﬁ‘é]bﬁ%é?lﬂy%mg’@@ty ‘P@“ﬂﬁ@n(4cﬁ¥é‘d§’q%ﬂi€ff§ﬂ’@“’é%hane

ylamino)-benzamide.
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(1) rinsing solids with cold nethanol; and (n) drying the solids at
about 50-55C and 10-20 ton to obtain 4-nethyl-N43-(4-

met hyl -i mi¥WQ287043898 ) _ 5_t rj f| uor onet hyl - pheny11- 3- ( 4- pVFIASHOGOI/B8hy
i mdin-2- ylam no)-benzam de nonohydrochl ori de naonohydrate salt. In
nore preferred enbodi ments, stirring is conducted for about 15
mnutes in step (c), cooling is acconptished over a period of about
30 mnutes in step (e), cooling is acconplished over a period of
about 45 nmAutes.in e stirring is conducted for about 3 hours
in step%ﬂgs&gﬁ‘%%ﬁ@%ﬁ?&vgﬁ Tl i shed over a period of about 1.5 hours
in step (i), stirring is conducted for about 30 minutes._in ste%é%%e,
the col (00081 Fiameod 1 sfowstiepx-¢ay)poraler diffrastiprpaiemsdXBFLabsnforms g or

T Y1 09l G E OBl DA 8L 8098 Sl BRI B:cH0s o oFord Ay

n ventron 1s directe

phar mac gL atinofpsgintition -glamid)-dbmgmidea) a therapeutical ly
effective anount of a salt of 4-nethyl-N- 13 and (b) at |east one

phar maceut i A ceptabl e carrjer. i.:l i oY
o031]  i000sh dresfe S EFER Aok EnabideC Bt fitler U9} Bc B RHCLRLERe
amount  @flt b meMYERL BV r8dhl-infthkol- WS- tafludminstgi-ghbnyid-3e(4 qubidsel-yi-n
need thereof, is sufficient to effect treatnent for disease

condi ti mﬁsmaiméwleam@ewwzem@ei nhi bition of protein kinase activity.
The amount of a given conpound of the invention that will be

t her apeyhi@@a! fiyur&B ERGHI MO xWhy powds Wiftiapion ghmgn fpair dipiatsphiase sital 4as

t he di sease condition and _the severity thereof, j dent.ity. of the

subj ect meihyldeB-t4vaebrimidazel-1-Wn -t Uam%ﬁ%‘%ﬁw&?%ﬁ%?ﬂ Tt"?’l‘

determ E’S’ﬂn &'in-%&ﬁérﬁﬁﬂ)’ib @i nary skill in the art. [0032] The at
phar nmecc

| east o eutically acceptable carrier, diluent, vehicle or
excipient can readily be selected by one of ordjnar kill. ipn th rt
and wi | II00K0] dEpwe Aishaws by XUAR DRI AEAGHE8 SRS PRI GIINS f SR . the Sulfale
|11 ustratjve,: hEE-Af matitiabhLoMPYES- eifusdiicRiyb bhak 104 peldude-yl-
oral, ngstsag%,?‘l%rﬁgﬁkggaﬁmto lllca ,otr I2sder #al , ar?gbr%f:yt al . The

phar mac eutinddin-2edapme)-bérgamidsf WO 2007/ 015871PCT/ US2006/ 027878 - 10
- this invention may take any pharnaceutical formrecogni zable to the

ski |l ed @gﬁ]?’%&r@%s @{v%‘%e%ﬁ’la%g% : dHithb @Rl AR zbnbageBkicalfohas TS

i ncl ude sem s _lI'yophilized formulations, such
as t abl essylpe)wiios 4-melpg o¥-63-(4-nefpbiiterol-d 3)-Sirifperapahg - rheaPbd éfres,
and aerosol,s. 033]..T | event di mrent of the present invention
is di recRyéléhr’(%“g’ p%']l”ﬂ '31[%“1 cgée?%agﬁggdi sease which responds to an
inhibition of protein kinase acti Vid:ﬁ% conprising the step of

admi ni st[@0i2]gFikmes shorj Gretx-iap powdet difragtinnipatteradoribpethape sulfonate salt of 4-

t her apeuti cal fective, amunt,. of .a s f :
et ny DR TR RSy Sy B ke B enl A 2R 5- (4 py
ridin-3- Hintd-llafbind) pe@indy). - benzam de. As noted above,
illustrative nodes of adm nistration include oral, nasal, parenteral,

t opi cal ,_transder , and rectal . i ni.strati i

For m eyl TaBesi honS sy S anr Ard PRIt B do B phREaE b b
conposi t&-%ﬂgﬁ-nne%;%ahﬁ-iﬁﬁmai-mnts—@iﬂubmeu@wmﬂyﬁmwpmdmaﬂy ot her
ef fecti ve neans. 034-]b Speci fic enbodi nents of the invention wll

now be deyrisidinrGyeains)-bepsaBidhce to the fol | owing examples. It shoul d
be understood that these exanples are disclosed solely by way of

i L1 ustragopgy Fhard SW80E uRik-ARGosdeidifraeén Reteirfiseteipromaye wifpnitosalt of
limt the scope of the present invention. ExazEI e ;]%ega;fg%goi of
Monohy dr éatetioliNIES-Kbnehyldimidazosliyh- HaEupoesy) “HOPE Fal t

[0035] A 1.L...45] ¢ -pottom fl ask equi pped with a nmechani cal
stirrer, p%{ll{lﬁg}%g%e%@q),b%ﬁ%a 1|Hén)'g/ cooling capacity, and an addition

funnel was charged in sequence with




AMNLIO7AMN107 nesyl ate salt [0038] To a 75 nlL reactor equipped with a
tenperature probe and a condenser, 307 ngy of

4- et hyl - NE82PUOKSThy| - i mi dazol - 1-y1)-5-tri fl uor oret | afCTRRENHTEH. (4
-pyridin-3-yl pyrimdin-2-ylam no) - benzam de free base and 30 inL of
et hyl acetate were charged. The sl urry4was stirred and heated to 76C.
To the solution, 580 pL of 1 Mnethane"sulfonic acid solution (in

ethyl acetate) was added. The m xture was stirred at 76C for six

hours, cooled to 25C at a I¥edhitedIesOripfidirbithe Envntionel d at 25C
overni ght. The solid was coIIected’by filtration and was dried at

50-55C/ 1 n for. 8-16, hou b 4- -N43- (4-. .

ot TS, RS Badtion ot ditkclsrad e cht SN Uy i dagol vy
i m di n-2s. &Hiﬂifﬂrcﬁﬂf)thyl%Bi}am%?%ﬁbaﬁ%yﬁﬁhdmh ﬁ&ﬁmep%erﬁﬁmﬁiey feprali sh
solid. X-ray diffraction ern show ng _nmaxi ma at 10. 1,

20. 3, 266r2bod@a@m«fw%ﬂmsersaléw¢ é@spﬁbﬁddﬁl%n@%%m W@%h@amt “spltiveferniong

07 b I

W th o el ficBars@bl meuitibn doaforfants LR bO b it AR
4- et hyl acmpzattlanmﬁwr oxgramd agid Ior haSp:Lf)S-IEsd haréiny tsaldhmtlh§1¢s~lpﬂ@tgs :apd 3- ( 4-
pyridin- Sgyafces% I{nrg dema o bf%m%venggnfé (5 g'%gﬁ% Q%al % 76C

et hyl ace e e arge s urry was stirr

(ref | ux) acegstatiehfineal ok bgtanibeﬂiﬁﬁbﬂﬁasésezré msf listdGn Tables 1-8 in Handbook of
2007/ 015871PCT1US 8 m nut.e the.resul ti

cl ear so?e&f'r"&ﬁmwﬂafoa%{%ﬁ italﬂnaaéﬁz%n R G A 2 o ﬁgfé s
ethyl acgbete)aswasd RAE8HpolknforpirXbitrto WalSstidkd “CrRfl AbdifRbtid®lor 5 hour s,
cool ed down to roon1tenperature by natural cool'ing (coqling rate

- 0. 5C/ mi relyawPhe formgtor Nevstalling ol uvlich differsiiroyp apother rdthgatpeet taggay
col | ect eghbie; ﬁfffr&cfti%h'p%‘erﬁ‘r}ﬁilyiw@&h%ic‘?ﬁaﬂor PHamR O 2 Grdfhtick g8~ 16

hours to obta
4- et hyl ﬂlNI@:d(ynarrmtsta}aihty nﬁ?rdamngLU)Sli’atsnttﬁrppﬂlbalmdimﬁwm PO\ oIReY- (4-

41t “as Bodhet RELH-B e Rl RERCAP S5 SRS e GROK r B e

pattern aﬁrbmeﬂngl-Ns{Sr(ﬂmahyl-Zﬁldazcﬁ ]5y1) -B- tﬂﬂu&omsﬂlizﬂphhnyna @ pytidind3-yiL 7. 5,

17.9, 18.8 Ie 5 uen Ifon e Salt
AV 07 ANREERF B e P e gt o los #@ﬁ&? B pped
with a tgipmuesainug ﬁc&ﬁ@iﬁ%daﬂﬁs anﬁ@tslc&@m&e;renc&(&émﬁ

4- et hyl - N-[3 (4- met yI-|n1dazoI 1-y1)-5- trlfluoronethyl-phenyl]-3-(4

RO L IR Y I i T S e g R R s SR M A
To the spliiyem {35@%&1&3;1%1&&254 PyD S &ERErosekiyRRh & yACI-dh- %ﬁldﬁi BGD (in

et hyl acetate) was added. The mi xture was stirred at for_six

hour s, c%}r@éur%y@wcatbeazarra@ee Bre ydechleridesadt Eorm %Woavd@@bs

overni g hfepro-ﬁﬂﬁbﬁ(ﬂfrbcfhc&@ﬁoﬁ%étﬁﬁlble\ghgyoﬂe ehﬁﬁz?l%ht@érdﬁ)@gloﬂ@ﬁmg hd 804 ak i
50-55C/ 10-20 to or 8-16 hours to obtai

met gyl - | i eszopic (when firg-testéd, modstoraupiakd wahumip 2% 3—6(0% w}atm hwnizmylan@yp
2 5
B e B S T e e R e

maxi ma aﬁptﬁ&) FltTs Bery dighdy sdiobld in ¥dtebandlsBightly ddduille inl®1 K, HQ]Z elﬁancEmdrpl e

6 Fwdroc Ior|d

4- et hyl ﬂic[Pén‘( 4%&’&%?‘5%1 %Lh%%‘?%ia"ﬁﬁmé 2p3lys JH O hyF ey rees- (4

- pyri di NoRuy | THer AR s@ig@é&s}!ﬂ a@%&ﬁko@@s@\ﬁ@eﬁﬁ dteﬁﬁati&saad%ﬁéise%Ma 00

mL et hanol are charged into a le stirring, 744.4 37%
HC1 sol uwkight lpss (aicbedt HiB8pwigresentstibe bsmfrHCMémmme@a fts clysta structure

Too i ks it Bt b Shemk MG ad P AL el e AT L SR R T

for 2 hocomspresiosl The hydmc}m@i(m sak ik stabieatSbath kympesatdre b &aﬁi@@ﬂﬂﬁat&d
under ho%?t(sa Otier Bo yr%\é% 1c ms c% the }%%roch?ory de sal?qlec fglgnglﬂ %& i”Obt %I nSeB .




Acet one

Slurry becones thinner after HO addition. Excell ent form A

Et hyl acetate Slurry becones thinner after HCL addition. f orms
A & B Tel‘ﬂﬁ%}’r’@i‘f{fr’én Slurry becomes thinner after HCli’éf%ﬁsi’q[’éfﬂz"'s78
Excellent, formA -- Acetonitrile Slurry beconmes thinner after HC
addition. Excellent; forms A & B _ * excellent = when nmain peaks are

sharp and their intensities above 70 cpunts good = when nmai n peaks
are sharp and their I ntensities vm'thin 30-70 counts Table 2.

For mat | Sal t Sol e nity*
11-1- N rﬁ@: %Sﬁ,rvf’%feﬁlé%{? Eedt &ﬁ%&’ "’% gﬁ%i"é‘fésgaaéﬁ?%é © cood;
forms A l?rdﬁ)dﬂﬁ)rﬁ@ Lséd?é!{ht R ﬁtl\[gE(ﬂ%eﬂ@l%fdﬁzélﬂcﬁ%&nﬂﬁbrﬂﬂﬂélﬁlylalﬁﬂeﬁyl} -3-(4-
H2504 addi ti on d; formB sol vent peak 2-Propanol Slurry
becomnes mrdrmérylﬁm@rdm%ﬂ@ama@ohemmde p@@]aown mJIdewRd- Sl urry becones
thinner after 112804 addition. Poor

[0017] The second embodiment of the present invention is directed to the monophosphate
salt of 4—methy1—N—[3-(4—meﬂ1y1-imidazol~l—yl)-S—triﬂuoromemyl—phenyl]—3~(4-py11'din—3Qy1-
pyrimidin-2-ylamino)-benzamide. The HzPO,4 mono-salt is reproducibly produced from
methano! when one equivalent phosphoric acid is used. The weight loss (room temperature to
200°C) is about 0.29%, and the sample melts at about 208°C and decomposes at about 212°C.
Its crystal structure is excellent. The XRPD pattern for the monophosphate salt of 4-methyl-
N-[3-(4-methyl-imidazo}-1-y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2~

ylamino)-benzamide is shown in Figure 2.

[0018] The third embodiment of the present invention is directed to the diphosphate salt of
4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide. The H3PO, di-salt can be produced from methancl when
two equivalents phosphoric acid are used. The weight loss (room temperature to 200°C) is
about 0.2%, and the sample decomposes at about 210°C. The XRPD pattern for the
diphosphate salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-triffuoromethyl-phenyl]-3-(4-

pyridin-3-yl-pyrimidin-2-ylamino)-benzamide is shown in Figure 3.

[0019] The fourth embodiment of the present invention is directed to the sulfate salt of
4-methy]-N-[3-(4-methyl-imidazol-1-yI)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide. The HpSO4 salt (form B) is reproducibly produced from
methanol when one equivalent sulfuric acid is used. The weight loss (room temperature to
200°C) is about 0.15%, and the sample melts with decomposition at about 206°C. Its crystal
structure ranges from poor to good. One other form (form A) and an amorphous form were
isolated. The XRPD patterns for forms A and 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 are shown in Figure 4.
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Et hyl acetate Slurry becones thinner after 112504 addition. Poor
Tetrahydrofuran Slurry beconmes thinner after H2SO4 addi ti on. Poor
Acet oni t riWe 2878#3y1 becores thinner after 112504 addi t PEHUSPRIEP27878«
good = when nain peaks are sharp and their intensifies within 30-70
counts poor = when main peaks are broad and their intensities bel ow
30 counts; could be anorphous salt and{free base formA WO

2007/ 015871PCT/ U82006/ 027878 - 15 - Table 3. Fornmation of Methane
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Table 4. Formation of Ethane Sul fonate Salt
temperature to 150°C) is about 0.44%, and the sample melts at about 160°C and decomposes
at about 260°C. Its crystal structure is poor. The XRPD pattern for the methane sulfonate salt
of 4-methyl-N-[3-(4-methyl-imidazol- 1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-

pyrimidin-2-ylamino)-benzamide is shown in Figure 5.

[0021] The sixth embodiment of the present invention is directed to the ethane sulfonate salt
of 4-methyl-N-[3-(4-methyl-imidazol- 1-y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide. This salt is reproducibly produced from ethyl acetate when
one equivalent ethane sulfonic acid is used. The weight loss (room temperature to 150°C) is
about 0.74%, and the sample melts at about 259°C and decomposes at about 220°C. Its
crystal sttucture is poor. The XRPD pattern for the ethane sulfonate salt of 4-methyl-N-[3-(4-
methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-

benzamide is shown in Figure 6.

[0022] The seventh embodiment of the present invention is directed to the benzene sulfonate
salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl}-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide. This salt is reproducibly produced from ethyl acetate when
one equivalent benzene sulfonic acid is used. The weight loss (room temperature to 250°C) is
about 0.63%, and the sample melts with decomposition at about 260°C. Its crystal structure
ranges from poor to good. The XRPD pattern for the benzene sulfonate salt of 4-methyl-N-
[3-(4-methyl-imidazol-1-yl)-5-triflucromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-

ylamino)-benzamide is shown in Figure 7.

[0023] The eighth embodiment of the present invention is directed to the p-toluene sulfonate
salt of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-triflaoromethyl-phenyll-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide. This salt is reproducibly produced from ethyl acetate when
one equivalent p-toluene sulfonic acid is used. The weight loss (room temperature to 150°C)

is about 0.26%, and the sample melts at about 187°C and decomposes at about 256°C. Its
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phenyl]-3-(4-pyridin-3-~yl-pyrimidin-2-ylamino)-benzamide according to the following

(D

scheme:

68, - ={g28. )

ANMNTO7
AMN107 salt

[0025] More specifically, 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-
phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide salts are made by reactiﬁg
4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-triflucromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide free base with an acid of formula HB in a solvent. Such
reaction is typically conducted in two steps, though it is within the scope of this invention to

simply combine both the free base and the acid in the solvent at the same time.

[0026] In a first step, 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 or suspended in an
appropria;ce amount of solvent at an appropriate temperature. Solvents suitable for use in the
present invention include, without limitation, methanol, ethanol, 2-propanol, acetone, ethyl
acetate, acetonitrile, tetrahydrofuran and combinations thereof. Tt is within the skill of one of
ordinary skill in the art to determine suitable amounts of base to be used, as well as suitable

reaction temperatures.

[0027] In a second step of the present inventive method, the 4-methyl-N-[3-(4-methyl-
imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide

free base is treated with an appropriate acid of the formula HB. Given the pKa values for
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cl ear atsal? %%01588 By filtration or some other suitable means and the isolated salt is dried to
remove residual solvent. In a preferred embodiment of this invention, the hydrochloride salt
is first obtained as a methanol solvate which must be exposed to moisture in order to convert

to the monohydrate hydrochloride salt.

[00291 A particularly preferred embodiment of the present invention is directed to a method
of preparing 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-triftuoromethyl-phenyl}-3-(4-pyridin-
3-yl-pyrimidin-2-ylamine)-benzamide monohydrochloride monohydrate comprising the steps
of:

(a) combining 4-methyl-N-[3-(4-methyl-imidazol-1-yl}-5-trifluoromethyl-phenyl]-3-
(4-pyridin-3-yl-pyrimidin-2-ylamino)}-benzamide free base and hydrochloric acid in
methanol under a nitrogen atmosphere;

(b) heating the reaction mixture to a temperature ranging from about 42-50°C;

(c) stirring the reaction mixture;

(d) filtering the reaction mixture while maintaining the temperature above 40°C to

obtain a clear solution;

(e) cooling the clear solution to about 30°C while stirring under nitrogen atmosphere;
(f) seeding the solution;

(g) cooling the seeded solution to about 23°C;

(h) stirring the solution to obtain a suspension;

(i) cooling the suspension to about -10°C;
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addi t i onabout 30 minutes in step (j), the cold methanol of step (1) has a temperature of about -10°C,

and/or drying is accomplished over a period of about 8-16 hours.

[0030] The tenth embodiment of the present invention is directed to a pharmaceutical .
composition comprising:
(a) atherapeutically effective amount of a salt of 4-methyl-N-[3-(4-methyl-imidazol-
1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide;
and

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

[0031] A “therapeutically effective amount” is intended to mean the amount of the inventive
salt that, when administered to a subject in need thereof, is sufficient to effect treatment for
disease conditions alleviated by the inhibition of protein kinase activity. The amount of a
given compound of the invention that will be therapeutically effective will vary depending
upon factors such as the disedse condition and the severity thereof, the identity of the subject
in need thereof, etc., which amount may be routinely determined by artisans of ordinary skill

in the art,

[0032] The at Jeast one pharmaceutically acceptable carrier, diluent, vehicle or excipient can
readily be selected by one of ordinary skill in the art and will be determined by the desired
mode of administration. Iustrative examples of suitable modes of administration include

oral, nasal, parenteral, topical, transdermal, and rectal. The pharmaceutical compositions of
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[0033] The eleventh embodiment of the present invention is directed to a method of treating a
disease which responds to an inhibition of protein kinase activity comprising the step of
administering to a subject in need of such treatment a therapeutically effective amount of a
salt of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl}-3-(4-pyridin-3-yi-
pyrimidin-2-ylamino)-benzamide. As noted above, illustrative modes of administration
include oral, nasal, parenteral, topical, transdermal, and rectal. Administration of the
crystalline form may be accomplished by administration of a pharmaceutical composition of

the ninth embodiment of the invention or via any other effective means.

[0034] Specific embodiments of the invention will now be demonstrated by reference to the
following examples. It should be understood that these examples are disclosed solely by way
of illustrating the invention and should not be taken in any way to limit the scope of the

present invention.

Example 1 Preparation of Monohydrochloride Monochydrate Salt

AMN107 AMN107 HCI H,0 salt
[0035] A 1L, 4-neck, round-bottom flask equipped with a mechanical stirrer, a thermometer,
heating/cooling capacity, and an addition funnel was charged in sequence with 4-methyl-N-
[3-(4-methyl-imidazol-1-yI)-5-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
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as a white solid.

[0036] "H NMR 300 MHz, DMSO-dg), 8 10.9 (s, 1H), 9.58 (s, 1H), 9.29 (s, 1H), 9.20 (s, 1H),
8.70 (4, 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 26 = 7.4°, 9.4°, 11.6°, 12.1°, 15.8°, 19.3°, 19.6°, 22.1°, 24.1°, 25.7°.

Example 2 Preparation of Monophosphate Salt

(SR EBR

ANMN107 AMN{07 H,PO, salt

[0037] To a1 L round-botiom flask equipped with a mechanical stirrer, a thermometer, and a
condenser, 4 g of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-triflucromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base and 500 mL of methanol were
charged. The shury was stirred and heated to 64°C and held at that temperature for

~30 minutes. To the resulting clear solution, 7.5 mL of 1 M phosphorous acid solution (in
methanol) was added. The mixture was stirred at 64°C for one hour, cooled down to room
temperature by natural cooling (cooling rate ~0.5°C/min} and held at room temperature for
3-4 hours. The solid was collected by filtration and was dried at 50-55°C/10-20 torr for

8-16 hours to obtain 4-methyl-N-[3-(4-methyl-imidazol-1-yD)-3-trifluoromethyl-phenyl]-3-(4-
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pyrimidin-2-ylamino)-benzamide free base and 30 mL of ethyl acetate were charged. The
slurry was stirred and heated to 76°C, To the solution, 580 uL of 1 M methane suifonic acid
solution (in ethyl acetate) was added. The mixture was stirred at 76°C for six hours, cooled to
25°C at arate of 0.5°C/minute and held at 25°C overnight. The solid was collected by
filtration and was dried at 50-55°C/10-20 toxr for 8-16 hours to obtain 4-methyl-N-[3-(4-
methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl}-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-
benzamide mesylate salt (~250 mg) as a yellowish solid. X-ray diffraction pattern showing
maxima at 28 = 7.7°, 10.1°, 20.3°, 26.2°,

Exampled  Preparation of Benzylsulfonate Salt

\\ OH
\\
Ethyl Acetate

AMN1OT AMN107 benzylsulfonate salt

\\OH

[0039] To a 1 L round-bottom flask equipped with a mechanical stirrer, a thermometer, and a
condenser, 4 g of 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base and 500 mL of ethyl acetate were

charged. The slury was stirred and heated to 76°C (reflux) and held at that temperature for



Hydrochl oride (form B) 2.60% (RT-150C) 4.87% (150-250C)
Monophosphat e 0. 29% ( RT-200C) 212 -208 Sulfate (form B) 15%
( RT-200C) WOROMPISEPE. 5 2) 206.2 Met hane sul fonate O. 44‘9@(@‘}2@’@@?73260
160. 1 Ethane sulfonate 0.74% (RT-150C) 220 1) 259.2 2) 261.3 Benzene
sul fonate 0.63% (RT-250C) 260 >258.7 p-Tol uene sul fonate 0.26%
(RT-150C) 256 1) 187 2) 232 * The deddrmposition tenperature was
determ ned by the onset of the first derivative of the sanple weight

oo ot e BARELAL D fedbeolis B StSH 935PLEL M08 e acia solutign,in
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200770 15’:@:?1%@%4@ Syzr?a lgéloc%g ing (coohng ratcT%bSI 8/m1n) an%ahc d at room temperature for
~1 hour. The solid was collected by filtration and was dried at 50-55°C/10-20 torr for
8-16 hours to obtain 4—methy1—N—[3-(4-methy1—imidazol—1—yl)-5-triﬂuorﬁmeﬂlyl—phenyl]—S—(4—
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide mono benzyi sulfonate salt as a yellowish
solid. Melting point = ~260°C; x-ray diffraction pattern showing maxima at 20 = 6.5°, 7.8°,

9.4°,10.4° 13.7°,17.0°, 17.5°,17.9°, 18.8°,21.2°

Example 8 Preparation of p-Toluene Sulfonate Salt

\\ OH
\\
Ethy! Acetate

AMNIG7

\\ _OH

AMN107 p-tolysufonate salt
[0040] To a 75 mi reactor equipped with a temperature probe and a condenser, 305.6 mg of
4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyll-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide free base and 30 mL of ethyl acetate were charged. The
slury was stirred and heated to 76°C. To the solution, 580 pL of 1 M p-toluene sulfonic acid
solution (in ethyl acetate) was added. The mixture was stirred at 76°C for six hours, cooled to
25°C at arate of 0.5°C/minute and held at 25°C overnight. The solid was collected by
filtration and was dried at 50-55°C/10-20 torr for 8-16 hours to obtain 4-methyl-N-[3-(4~
methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-
benzamide p-toluene sulfonate salt (~250 mg) as a white solid. Melting point = ~187°C; x-ray
diffraction pattern showing maxima at 28 = 7.3°, 15.4° 16.1°, 17.5°, 18.3°, 19.0°, 19.7°,22.5°,

Example ¢ Hydrochloride Salt
[0041} 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide free base and about 400 ml. methanol are charged into a

flask. While stirring, 744.4 mg of 37% HCI solution is added dropwise. The slurry becomes

clear. The solution is stirred for 30 minutes. The solution is concentrated to 100 mL. The



% noi sture gain Hydrochloride (formB) 0.20 . Mnophosphate 1.33
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capture the true value; such may be true for the other salts as well.

Sol ubi it 005 The | upi Lty . sakts, O j '

det er m iSO paen atedTBy SR 1ty ) DGR Bl S AT B e
of each Baké vicluhQvethigh atGOPC e peRRGiphi: farh Bousbakdikida. yidlhef sbeopl es
were allowed to equilibrate at anbient tenperature for at |east 20
hours fof2®% 6.8 and 3.0 or about 5 hours for pH 1.0. The supernatant
was filtered and used for the solubility determnation by UV-VIS
spect r osgRfynie ¥Ne solid residue was anal yzed by XRPD. Table 14.

Sol ute SorubrITty at pH 6.8 (118/1111) Sol ubility at pH 3.0 (u.g/ni)

Sol ubi Ii tog4syt ABEH 50XB0RGSMoim RYSH QEBLILNYE- (5 M chyiifdmB-)-§ 0.9 1040

Monophosphate salt ---- 1160 Sulfate salt (formB) 0.1 6.5
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 a noted acid was
subsequently added to the suspension. For inorganic acids, the mixture was stirred at ambient
temperature for about 5 hours, and for sulfonic acids, it was stirred at 50°C overnight. Solids

were collected by filtration and analyzed by XRPD and NMR.

Table 1. Formation of Hydrochloride Sait

Results
Solvent Comments Crystallinity* YH-NMR
Methanol Shurry becomes thinner after HC] addition, Good; form B No solvent peak
Ethanol Slurry becomes thinner after HCI addition. Good; forms A & B No solvent peak
2-Propanol Slurry becomes thinner after HCI addition. Good; form A No solvent peak
Acetone Slurry becomes thinner after HCI addition. Excellent; form A =
Ethyl acetate Slurry becomes thinner after HCI addition. Good; forms A & B =
Tetrzhydrofuran | Slurry becomes thinner after HC] addition. Excellent; form A -
Acetonitrile Slurry becomes thinner after HCI addition, Excellent; forms A & B -
# excellent = when main peaks are sharp and their intensities above 70 counts
good = when main peaks are sharp and their intensities within 30-70 counts
Table 2. Formation of Sulfate Salt
Results
Solvent Comments Crystallinity* "H-NMR
Methanol Siurry becomes thinner after H,80, addition. Good; forms A & B | No solvent peak
Ethanol Slurry becomes thinner after HSO, addition. Good; form B No solvent peak
2-Propanol Slurry becomes thinner after H,S0, addition. Poor —
Acelone Slurry becomes thinner after H.S0O, addition. Poor —
Ethyl acetate Slurry becomes thinner afier H,S0, addition. Poor -—-
Tetrahydrofuran | Slurry becomes thinner after HpSO4 addition. Poor —
Acetonitrile Slurry becomes thinner after H,S0, addition, Poor -

* 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; could be amorphous salt and free
base form A
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[ #dadd@dp. It did not become clear at 50°C.

Pri96YG ) acetone

2) acid:base = 1.2:1.0

Tetrahydrofuran

Shurry became thinner and turned yellow after
acid addition. It did not become clear at 50°C.

Amorphous

* poor = when main peaks are broad and their intensities below 30 counts

Table 4. Formation of Ethane Sulfonate Salt

Results
Solvent Comments Crystallinity* "H.NMR
Acetone Slurry became thinner and turned yellow after Good 1) 0.9% (W) acetone
acid addition. It did not become clear at 50°C. 1 2) acid:base =1.4:1.0
Tetrahydrofuran | Slurry became thinner and turned yellow afier Foor -—
acid addition. It did not become clear at 50°C,

* 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

[0043] The ethane sulfonate salt from acetone has an x-ray diffraction pattern showing
maxima at 20 = 6.6°, 7.9°, 9.5°, 14.2°, 17.8°.

Table 5. Formation of Benzene Sulfonate Salt

Resulis
Solvent Comments Crystallinity*® "H-NMR
Tetrahydrofuran | Slurry became thinner and turned yellow after Poor 1) 1.2% (w) THF
acid addition. It did not become clear at 50°C. 2) acid:base = 1.4:1.0
Acetone Slurry became thinner and torned yellow after Poor -
acid addition. It did not become clear at 50°C.

* poor = when main peaks are broad and their intensities below 30 counts

Table 6. Formation of p-Toluene Sulfonate Salt

Solvent

Results

Comments

Crystallinity*

TH-NMR

Tetrahydrofuran

Shurry became thinner after acid addition, It
did not become clear at 50°C. White solid
was obtained by filtration.

Good

1) 4.6% (w) THF
2) acid:base=1.2:1.0

Acetone

Sturry became thinner after acid addition. It
did not become clear at 50°C, White solid
was gbtained by filtration.

Good

* pood = when main peaks are sharp and their intensities within 30-70 counts



Assay [ % ar ea] Un;tressed 0.00 ---- 0.00 ---- 100.99 [100.00
99.10 [100.00] O0.1%solutions or suspensions, 1 week aE 80C pL 1 (pH
measur ed: WO28//0618761 At 62.06 A* PH 1; 1 week @ 50C S5HCPISPAGIER At

46.68 [42.93] At 6.58 6.86 94.01 [93.44] 94.14 [93.21] pH 2
measured: 2.00) 5.20 Bt 8.41 Bt 96.090 [94.86] [93. 21 pH 2 (pH
-16 -

Example 8

[0044] About 300-310 mg of form B of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-
triﬂuoromethyl~phenyl]-3-(4-pyridin~3-yl—pyrimidm-?.-ylamino)-benzamide free base was
suspended in 9 mL of 2-propanol for HCl and 15 mL acetone for the sulfonic acids. The
stoichiometric amount of the noted acid was subsequently added to the suspension. For HC,
the mixture was stirred at ambient temperature for 5 hours, and for sulfonic acids, it was
stirred at 50°C overnight. Then, the mixture was cooled to ambient temperature, collected by

filtration and analyzed by XRPD and NMR.

Table 7.
Resulis
Acid Comments Crystaliinity 'H-NMR

HCI After HCI addition, the shury became 1) good 1) shifts changed
yellow, then off-white. After 4 hours 2) form A 2) no solvent peak
of holding, the slurry was like paste,
difficult to pour and filier.

Methane sulfonic acid | Slurry became thinner and turned Poor 1) shifts changed
yellow after acid addition. Itdid not 2) 0.67% (w) acetone
become clear at S0°C.

Ethane sulfonic acid Slurry became thinner and turned Poor 1) shifts changed
yellow after acid addition. It did not 2) 1o solvent peak
become clear at 530°C,

p-Toluene sulfonic acid | Shurry became thinner and turned Good 1) shifts changed
ycl]OW after acid addition. It did not 2) no solvent pgak
become clear at 56°C. White solid
was obtained by filtration.

Example 9

[0045] About 100 mg of form B of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-3-
trifluoromeﬂlyl-phenyl]-?a-(4—pyridin—3-yl—pyrimidin—z-ylammo)-benzanﬁde free base was
suspended in 15 mL of methanol for the inorganic acids and in 15 mL THF for the sulfonic
acids noted below. The stoichiometric amount of the listed acid was subsequently added to
the suspension, except for HyPOy, for which two equivalents were added. The solution was
stirred at 50°C for about 5 hours and then cooled to ambient temperature. Solids were

collected by filtration if shurry formed; otherwise, a slow Ny flow was applied to evaporate



91.77 [91.61] pH 3 (pH nmeasured: 2.94) 0.00 Al 0.00 Bt 102.19
[100.00] 98.84 [100.00] pH 5 (pH measured: 5.01) 0.00 At 0.00 Al
100. 80 [ 1080Q@[/0158010. 02 [ 100.00] pH 7 (pH measured: 6FPOPUSPIGORTAIS
0.00 Et 100.14 [100.00] 99.56 [100.00] pl19 (pH neasured: 8.92)
0.00 At 0.00 EI 99.19 [100.00] 101.19 [100. 00]
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some solvent to yield thicker shurry for filtration. The solids were analyzed by XRPD and

NMR.
Table 8.
Results
Acid Comments Crystallinity TH-NMR

HCI The shurry became clear while 1) good 1) shifts changed
heating and remained so. Slow N 2) Form B 2) no solvent peak
flow was used to evaporate some
solvent.

H;80, The slurry became clear after 1) good 1) shifts chanped
heating. It became slurry during 2) form A+ B 2) <2% methanol
cooling.

HPO, (diphosphate) Slurry becomes thicker after acid 1) excellent 1) no shift change
addition. 2) different from | 2} no.solvent peak

free base and
mono-salt

Methane sulfonic acid Slurry became thinner and turned Poor 1) shifts changed
yellow after acid addition. It did not 2) no solvent peak
become clear at 50°C.

Benzene sulfonic acid Slurry became thinner and turned Good 1) shifts changed
yellow after acid addition. It did not 2) no solvent peak
become clear at SO°C. )

p-Toluene sulfonic acid | Shurry became thinner and turned Excellent 1) shifts changed
yellow after acid addition. 1t did not 2) no solvent peak
become clear at 50°C. White solid
was obtained by filtration.

[0046] Elemental analysis was used to check salt formation for the diphosphate salt. The

results are as follows:

Table 9.
[ H N P
Theoretical 45.91 3.83 13.39 3.47
H,PO, above 45,86 3.81 13.32 901
Example 10

[0047] About 100 mg of form B of A-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-
triﬂuoromeﬂlyl-phenyll—3-(4—pyridin—3-yl-pyrimidm-Z—ylamino)-benzamide free base was
suspended in 15 mL of methanol for HCI and H,SO4 and in 15 mL of ethyl acetate for

methane sulfonic acid. The listed amount of the listed acid was subsequently added to the



[ 100. 00]
HCL salt: WO2007/013811 93 [ 100. 00]
99. 85 [ 99. 96]
131 100. 16 [ 100. 00]

100. 41 [ 100. 00]
100. 33 [ 100. 00]
-18 -

pH 11 (pH neasured: O. OO'AI 0.00 B.1 10.86) 100.50 [100.00]
Water (pH neasured: 0.00 At 0.00 Al 4.74)(
101. 43 [ 100. 00]

102. 19

pH neasured for
Et haRET/U§2004/025878
Acetonitrile 0.00 At 0.00

suspension. The solution was stirred at ambient temperature (HC1) or 50°C (H2S04 and

methane sulfonic acid). The solids were obtained by evaporating solvent to dryness using a
slow N flow and analyzed by XRPD and NMR.

Table 10.
Results
Acid Comments Crystallinity "H-NMR

1 equivalent HC} The slurry became clear while 1) pood 1) shifts changed
heating and remained so. 2) form B 2) no solvent peak

2 equivalents HCI The shurry became clear while Amorphous -

. heating and remained so.

0.5 equivalents oS04 | The slurry became clear while - 1) good 1) shifts changed

heating and remained so. 2) form A & 2) small solvent peak
free base form B

1 eguivalent H;S0, The slurry became clear after acid 1} good 1} shifts changed
addition and remained so. 2) form A 2) po solvent peak

1 equivalent methane | Slurry became clear after acid Poor 1} acid:base =1.3:1.0

sulfonic acid addition and remained so after 2) no solvent peak
4 hours holding,

2 equivalents methane | Slurry became clear after acid Poor 1) acid:base =1.9:1.0

sulfonic acid addition and remained so after 2) no solvent peak
4 hours holding.

Example 11

[0048] 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-ylamino)-benzamide free base was
suspended in 30 mL of methanol for the inorganic acids and in 30 mL ethyl acetate for the
sulfonic acids. The suspension was heated to reflux temperature -64°C for methanol and 76°C
for ethyl acetate. The stoichiometric amount of the listed acid, dissolved in the corresponding
solvent, was subsequently added to the solution. The solution was stirred under reflux for

5 hours and then cooled to ambient temperature. The solid was collected by filtration and
analyzed by XRPD,



Met hanol 1.06 A* 1.29 At 98.04 [98.90] 99.169 [98.72] WO

2007/ 015871PCT/ US2006/ 027878 - 22 - Salt form Free base (form B)
Hydr ochl orW@@onigighlydrate (form B) Test conditi ons DegPaHHE708¢{027878
products Degradation products Appearance Assay [To area] Appearance
Assay [% area] 2% solutions or suspensions, 1 day at room
tenperature 0.5% CMC 0.00 98.28 [100-38F Al 0.00 103.06 [100.00] Al
0.5% | -TPMC cel | ul ose 4000 0.00 98.27 [100.00] Al.

Table 11.
Acid Comments ' Form

H,50, The slurry became clear under reflux. Solid 1} sulfate
precipitated ont after holding. 2) form B

BP0, The sturry became clear under reflux. Solid Monophosphate
precipitated out after holding.

Methane sulfonic acid The solution remained slurry under reflux. It Methane sulfonate
became thinner and turned yellow after acid
addition,

Benzene sulfonic acid The solution remained slurry under reflux. It Benzene sulfonate
became thinner and turned yellow after acid
addition.

p-Toluene sulfonic acid | The solution remained sthurry under reflux, It p-Toluene sulfonate
became clear after acid addition,

Thermal Behavior

(0049] The LOD and decomposition temperature of the salts of the invention were
determined by TGA, and the melting point was determined by DSC.,

Table 12.
Decomposition :
Salt LOD temperature (°C)* { Melting point (°C)
Hydrochloride (form B) 2.60% (RT-150°C) '
4.87% (150-250°C)
Monophosphate 0.29% (RT-200°C) 212 ~208
Sulfate (form B) 0.15% (RT-200°C) 201 1) 1265
2) 206.2
Methane sulfonate 0.44% (RT-150°C) 260 160.1
Ethane sulfonate 0.74% (RT-150°C) 220 1) 259.2
2) 261.3
Benzene sulfonate 0.63% (RT-250°C) 260 >258.7
p-Toluene sulfonate 0.26% (RT-150°C) 256 1 187
2) 232

* The decomposition temperature was determined by the onset of the first derivative of the sample weight loss
v. temperature of TGA data

Hygroscopicity

[0050] The hygroscopicity of the salts of the invention was determined by TGA after one day

at ambient temperature and 93% relative humidity.



0. 00 100.44 [100.00] Al 0.8% Tween 80 0.00 98.78 [100.00] Al 0.00
102.42 [100.00] Al 5% solutions in DMSO, 1 day at roomtenperature
1: 100 di | WWPEH7IOHSEH 6.8 buffer 0.00 96.98 [100.00] Al PCHUSHO4/PRISHES
[ 100.00] Al. Solid state, 1 week 80C, tight container Bulk (HPLC)
0.00 99.77 [100.00] A 0.00 100.77 [100.00] A Bulk (XRPD) No change
No change 30%in mxture 1 0.00 100-28-[ 100.00] A 0.00 101.23

[ 100.00] A 30%in mixture 2 2.17 94.28 [97.75]

Table 13,
Salt % moisture gain
Hydrochlioride (form B) 0.20 °
Monophosphate 1.33
Sulfate (form B) 0.22
Methane sulfonate 0.22
Ethane sulfonate 1.1
Benzene sulfonate 0.11
p-Toluene sulfonate 1.02
Control — free base form B 0.08

[0051] It should be noted that, upon further testing, hygroscopicity results have varied. At
least with regard to the hydrochloride salt, moisture is lost too quickly upon testing to capture

the true value; such may be true for the other salts as well.

Solubility

[0052] The solubility of the salts of the iﬁvention was determined in pH 6.8, pH 3.0 and
pH 1.0 buffers by suspending 1-5 mg of each salt in 10 mL of corresponding agueous
solution. The samples were allowed to equilibrate at ambient temperature for at least

20 hours for pH 6.8 and 3.0 or about 5 hours for pH 1.0. The supernatant was filtered and
used for the solubility determination by UV-VIS spectroscopy. The solid residue was

analyzed by XRPD.
Table 14.
Solubility at pH 6.8 Solubility at pH 3.0 Solubility at pH 1.0

Solute (pe/ml) {Lg/ml) (pg/ml)
Hydrochioride salt (form B) 0.3 4.9 1040
Monophosphate salt ——- - 1160
Sulfate salt (form B) 0.1 6.5 1380
Methane sulfonate salt 0.4 52 1330
Ethane sulfonate salt 04 28 s
Benzene suifonate salt <3,0 o 1420
p-Toluene sulfonate salt <8.0 <100 1340
Control ~ free base form B 0.2 2.8 839




A 2.08 93.43 [97.82] A Solid state, 1 week 80C, 75%relative humdity
Bul k (HPLC) 0.00 99.97 [100.00] A 0.00 100.71 [100.00] A Bulk SXRPD)
No change WRBVERESFe 30% in mixture 1 0.00 99. 38 [ 100 POBUSHOEIZTE™E
100.88 [100.00] B 30%in mxture 2 3.71 89.37 [96.02] B 1.89 92.17
[97.99] B Xenon |ight (approxi mtely 1200 kLuxh) Bul k (HPLC) 0.00

96. 03 [100.00] A 0.00 99.73 [100.00] -AlBul k (XRPD) No change

Comparative Testing

[0053] The stability of both 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-
phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base (form B) and 4-methyl-

N-[3-{4-methyl-imidazol- 1-y1)-5-trifluoromethyl-phenyl}-3-(4-pyridin-3-yl-pyrimidin-2-

ylamino)-benzamide monchydrate hydrochloride salt (form B) were evaluated as described

below.
Table 15,
Salt form
Hydrochloride monohydrate (form
Free base (form B) B)
Degradation products Degradation products |
Test condifions Assay [% area] Appearance Assay [% area] Appearance
Unstressed 0.00 —-m 0.00 -—--
100.59 [100.00] 99.10 [100.00]
0.1% solutions or suspensions, 1 week at 30°C
pH U (pH measured; 1.26) 60.61 At 62.06 A*
PH 1; 1 week @ 50°C 50.22 [45.31] A¥ 46.68 [42.93] A¥
6.58 6.86
94.01 [93.44] 94.14 193.21] ‘
pH 2 (pH measured: 2.00) 520 Bl 841 B
96.00 [94.86] 91.77 [91.61]
PH 3 (pH measured: 2.94) 0.00 Al 0.00 Bl
102.19 [100.00] 98.84 [100.00]
PH 5 (pH measured: 5.01) 0.00 Al 0.00 Al
100.80 {100.00] 100.02 [100.00]
PH 7 (pH measured: 6.02) 0.00 Al 0.00 Bl
100.14 [100.00] 99.56 [100.00]
PH 9 (pH measured: 8,92) 0.00 Al 0.00 Bl
99,19 [100.00] 101.19 [100.007
pH 11 (pH measured: 0.00 Al 0.00 Bl
10.86) 100.50 [100.00] 102,19 [100.00]
Water (pH measured: 0.00 Al 0.00 Al
4.74)(pH measured for HC] 101.93 [100.00] 101.43 [100.00]
sait: 4.22)
Ethanol 0.04 A¥ 0.06 A¥
09.85 [99.96] 100.41 1100.00)
Acetonitrile 0.00 A¥ 0.00 Bl
100.16 [100.00] 100.33 {100.00]
Methanol 1.06 A 1.29 A¥
98.04 [98.90] 99.169 [98.72]
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No change Bul k corrosivity 2 day, 80%relative hunmdity vvith steel
coupon N'A No change . suspension A no change of color *

sol uti on a‘Vf’é?‘”’%’ﬁsg’ss test B sli ght di scoloration M X?GF@SIOOG’%%S

4- et hyl - NA3- (4-met hyl -i m dazol -1-y1)-5-trifl uoromet hyl - Phenyl] - 3-(4-
Pyridin-3-yl pyri m din-2-yl am no) - benzam de (free base or salt), 63%
| act ose 100 nesh/| actose 200 mesh (56286), 5% crosprovi done, 1%
Aerosil 200, 1% magnesium stearate M xture 2: 30%

4- et hyl FN{3=-(Z4=mmethyt =y mdazol - 1- yO-5-TTT §hipgiP et hyT-Phenyl |- 3- (#-
pyri di n-{3-3/ 1- pyrim di nF2=ytammo)=benzam de hiﬁﬁ)@hl&ﬁﬁ%o%hytﬁ@ﬂetfbnm
34% manni t ol 60, 34% Avicel Pl % ase Hebnf B osi | d % magnesi um
stearatg (% by weight of béﬁaﬁa@@ﬁ&iﬂg sart) v egradation products
_2|_007/ 01587 1P’1§¥c5‘ﬂ'§%@9 6/ 0278 'J%sag [%mea) P ]?earl-[@e 0 @Q@P[%f&p”poﬁﬁp%érﬁﬁe
Uﬁ:% r-cla-gf 2,% ﬂdtro,q%qrﬁqueﬁ\ﬁéJnsfi d 'aﬁwolﬁjﬁlﬁﬂpﬁﬁt‘ %‘?:\ guuz;?:f}i Assazul ;/t)?rea] 59
A p
[100. 00]| F Y 1. 5" m . DVBO F\ﬁﬁo&oﬂt hat & 3 da idjﬁ @@&,ﬁ j 75 ?4)
97. 04 [ 99 R 5t H-HEE—S ey ot
11. 64(7) %ﬁ#ﬁ?ﬁ g5 | bs. 45> Al 0
00 88727 [100.00] 100.44 [100.00]
0.8% Tween 80 0.00 Ad 0.00 Al
98.78 [100.00] 102.42 [100.00]
5% solutions in DMSO, 1 day at room temperature
1:100 dilution in pH 6.8 0.00 Al 0.00 Al
buffer 96.98 [100.00] 101.85 [100.00]
Solid state, 1 week 80°C, tight container
Bulk (HPLC) 0.00 A 0,00 A
99.77 [100.00] 100.77 [100.00]
Bulk (XRPD) No change No change
30% in mixture 1 0.00 A 0.00 A
100.11 [100.00] 101.23 [100.00]
30% in mixture 2 2.17 A 2.08 A
94.28 [97.75] 93.43 [97.82]
Solid state, 1 week 80°C, 75% relative humidity
Buik (HPLC) 0.00 A 0.00 A
99.97 [100.00] 100.71 [100.001
Bulk (XRPD) No change No change
30% in mixture 1 0.00 B 0.00 B
99,38 [100.00] 100.88 [100.00]
30% in mixture 2 371 B 1.89 B
89.37 [96.02] 92.17 [97.99]
Xenon light (approximatety 1200 kKLuxh)
Bulk (HPLC) 0.00 A 0.00 A
96.03 [100.00] 09,73 [100.00]
Bulk (XRPD) No change No change
Bulk corrosivity
2 day, 80% relative N/A No change
humidity with steel coupon
4 suspension * clear solution after stress test
A no change of color B slight discoloration

Mixture 1: 30% 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl}-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide (free base or salt), 63% lactose 100 mesh/lactose 200 mesh (50:50), 5%
crosprovidone, 1% Aerosil 200, 1% magnesium stearate

Mixture 2: 30% 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3- -(4-pyridin-3-yl-
pyrmnd:n-z -ylamino)-benzamide (free base or salt), 34% mannitol 60, 34% Avicel PH102, 1% Aerosil 200, 1%
magnesium stearate (% by weight of free base or salt)
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mL 10% H202 3 days/ 100C Er* 0. 34(2) 98&
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[0054] The chemical, physicochemical and morphic characteristics of both 4-methyl-N-[3-
(4-methyl-imidazol-1-yI)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)- -
benzamide free base (form B) and 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-
phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide monohydrate hydrochloride salt

(form B) were evaluated as described below.

[0055] Determination of Approximate Solubility: A weighted 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 temperature and then filtered. The concentration of DS in saturated filtrate

was measured by either UV or HPLC.

[0056] 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 HC, 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 vess

el.



Cal cul at ed Found Cal cul ated Found %C 63. 46 63.58 57.58 57.66 % 4. 15
3.97 4.29 4.25 % 10.76 10.22 9.77 9.83 % 18.51 18.57 16.80 16.58 %
3.02 356 5¥Q803/068704] N A N A 6.08 6.00 DSC purity (mBfTo2006/027878
(10C m nute) 98.65 N A due to deconposition prior to nelting HPLC
purity (area % 100.00 100.00 DSC nelting point (C (10C/ m nute)
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[0057] Hygroscopicity: Sorption/desorption isotherms were collected using a Surface
Measurements Systems dynamic vapor sorption device (DVS-1). The measurements were

carried out at 25°C.

Table 17. Chemical and Physicochemical Characteristics

Sait form
Parameter Free base form B Hydrochloride monohydrate (form B)

Elementary analysis Calculated | Found Calculated Found
%C 63.46 63.58 57.58 57.66
%H 4.15 397 429 4.25
%F 10.76 10.22 9.77 9.83
%N 18.51 18.57 16.80 16.58
%0 3.02 3.56 5.48 5.68
%Cl N/A N/A 6.08 6.00
DSC purity (mol %) (10°C/minute) 08.65 N/A due to decomposition prior to melting
HPLC purity (area %) 100.00 100.00
DSC melting point (°C) 249.0 N/A due to decomposition prior to melting
(10°C/minute)
Melting enthalpy (3/g) 153.9 N/A due to decomposition prior to melting
pH of 1% solution or suspension in 7.99 2.53
water
Solubility (approximately at 25°C, mg/mL)
0.1 N HCl 0.60 0.94
0.01 NHCI 0.0014 0.08
Phosphate buifer, pH 6.8 0.0002 Below detection
Water Below detection 0.17
Ethanol 0.63 3.69
Isopropanol 0.33 1.93
Thermogravimetry (weight loss %) 0.026 (RT to 200°C) (.91 (RT to 80°C)
{10°C/minute)
Residual solvents (%) 0.2 0.0
Intrinsic dissolution rate (mg min™cm™)
pH1 (0.1 N HC]) 0.17 0.17
‘Water 0.0013 0.0024

[0058] While the invention has been described above with reference to specific embodiments
thereof, it is apparent that many changes, modifications, and variations can be made without
departing from the inventive concept disclosed herein. Accordingly, it is intended to embrace
all such changes, modifications, and variations that fall within the spirit and broad scope of
the appended claims. All patent applications, patents, and other publications cited herein are

incorporated by reference in their entirety.
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1. A phosphate or sulfonate salt of 4-methyl-N-[3(4-methyl-imidazol-1-yl)-5-
trifluoromethyl-phenyl]-3-3(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide.

2. The salt of Claim 1, wherein the salt is a monophosphate salt of 4-methyl-N-[3-(4-
methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-

benzamide.

3. The salt of Claim 1, wherein the salt is a diphosphate salt of 4-methyl-N-[3-(4-methyl-
imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide.

4, The salt of Claim 1, wherein the salt is a sulfate salt of 4-methyl-N-[3-(4-methyl-
imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide.

3. The salt of Claim 1, wherein the salt is a methane sulfonate salt of 4-methyl-N-[3-(4-
methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-

benzamide.

6. The salt of Claim 1, wherein the salt is an ethane sulfonate salt of 4-methyl-N-[3-(4-
methyl-imidazol-1-y1)-5-trifluocromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-

benzamide.

7. The salt of Claim 1, wherein the salt is a benzene sulfonate salt of 4-methyl-N-[3-(4-
methyl-imidazol-1-yl}-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-

benzamide.

8. The salt of Claim 1, wherein the salt is a p-toluene sulfonate salt of 4-methyl-N-[3-(4-
methyl-imidazol-1-y)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-

benzamide.
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