SALTS OF 4- METHYL- N43- (4-1 NI ETHYL- | M DAZQOL- 1- YL) - 5-

TRI FLUOROMETHYL- PHENYL1- 344- PYRI M V- 3- YL- PYREVI | DI N- 2- YLAM NO) -
BENZAM DE WO 2007/0T§876 appl i cation clains the benefit of RATRIS2006/027878
Provi si onal 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-

trifluoromnethyl - phenyl] 3- (4 pyri di n- 3- yI pyrlnldln 2- ylanlno) benzam
ide, as well ALES QF dsMBTTHik: N SR E L - IDRE Y AS ‘

conposi ti LSt
sane. Relgg;gﬁggﬁath : SO POTHTO

4-met hyl - N-[ 3- (4- nethyl-lnldazol l;ENEmaannEfluoronethyl phenyl ] - 3-
(4-pyridin-3-yl-pyrimdin-2-ylam no)-benzam de of the fornmula CH3
NN WO 2007/ 015871PCT/ US2006/ 027878 - 2 - is described in WO

2004/ 005281 Al I ha ol agi ert rlbuted to
t hi s conpound,; Thfshaﬁgﬂ%gpggfa%h t@@fés%agig f@r rova éﬁa%en%ﬁ‘PBrl €' ki nase
i nhi bi t orNa$6£701,406) filédE=Tudyp30, 2005, dlé@ﬁﬁﬁﬁsdl%ﬂ;ﬂf&bfrvﬁﬁm@dlcb@oraﬁédlhy tion
of protein, kinase activity. WO 2004/005281 Al does not disclose any
speci fi crgfﬁﬁ"geaﬁﬁmgalt hydrates or sol vates of 4-nethyl-N43-(4-

met hyl - hni dazol - 1-y1) - 5- trlfluoronethyl phenyl] 3-(4-pyridin-3-yl-pyr
i mdin-2-ylam no) - benzanide.BS mrar t? nventlon [ 0003] The
present invention is directed nvent
4-nethy|-hM3-(4-nethyI-inidazol-l-yl)-

5-trifl udiddef thy lawhdoy! | - 3- (4- pyri di n-3-yl - pyri m di n- 2-yl am.no) - benz
am de. Preferred enbodinents of die present invention are directed to

Sut 1 onat G000 EyEREARAREP Rl ot L RO PR aTe flﬁﬁfdﬁﬁ&‘ﬁ%?

sul f onat enﬂﬁdrbﬁlem@l—phenyl] 3- (4-pyr1d1n 3-y]—pyr1nudm-2—ylammo) -benzamide, as well as to

4- et hyl - thyl -imdazo 5-trifluoroneth hen (4
b oyr i et o eRine e ety e rapaciions FRBRrYnS o Sincdilphods
i nvent i onyfinsatbiéht @ fﬂﬁégﬁﬁged to a method of preparing a varlety of
crystalline salts o

4-nethyI-Ni3-l4-§Ethyl-|nldazol 1-y0-5-trifluoronethyl - phenyl ] -3-(4-
pyridin- le A yl am no) - benzanai de conprising the step of:

reacti ng

4- et hyl -[NilBH (Prer®tipyphind 4- ﬂied@?—NL[-31(4Mxléﬂ1ﬁ'1hﬁda&blullﬁll@15&hﬂlibmﬁﬁﬁﬂy iaiaen%ﬂ(aﬁl

-pyridin-3 pyrimdin-2- ylamno)-benzam de free base with an acid
of for rrul(ﬁPB‘Bd]Pr? W-EBnyeingg2- YIF@‘G@%PE’WI aRfghg fosRulas further directed
to pharmaceutical conpositions conprising: (a) a uhgrapeutlcally
effective anount of a salt of A
4- et hyl - N13- (4- et hyl -i m dazol 1-y1)-5- tr|qu r oiet hyl - pheny11-3- (4-p.
yridi n-3-yl-pyrimdin-2-ylam no) - benzam de; d ) at | east one -
pharmaceutically acceptable carrier, diluent, Vghicle or excipient.
[ 0006] The present invention is also directed th a nethod of treating
a di sease which responds to an inhibitian of ei n ki nase activity

s in qged of such

treatnment a therapeutic e
4- et hyl - N[ 3- ( 4- nethyl-lhlda'm
pyridi n-3-yl - pyrim di n- B 7
2007/ 015871PCT/ US2006/ 027878 H:C3 Br i ef Descrlptlon of the Draw ngs
[ 0007] Figure 1 shows the X-ray powder diffraction patterns (XRPDs)
for forms A and B of th ochl oride salt of
4-nethy|-hMS-(4-nethylh$hi ol -1-y1)-5-trifluoronethyl-Phenyl]-
3-(4-pyridin-3-yl-pyri k< 2-yl am no) - benzalflide. [0008] Figure 2

ﬁfluoro rthyl phenyl] 3-(4-



WO 2007/ 015871PCT/ US2006/ 027878 - 5 - C, C, Sc, D, and SE, were al so
i solated. The XRPD pattern for forms A and B of the hydrochl oride
salt of WO 2007/015871 PCT/US2006/027878
4- et hyl - NA3- (4-met hyl -i m dazol -1-y1)-5-trifl uoromet hyl - phenyl] - 3-(4-
pyridi n-3-yl - pyri m di n-2-yl ar ni no) - benzam de are shown in Figure 1.
[0017] The second enbodi nent of the present invention is directed to
t he nonophosphate salt of

oyr 1 ai 5 SR B BB PR b Bl P mecelSE v propieh g kbRl

r epr oducihi sonfpoasiyciag, f E:Q{leeﬁﬁbﬂl@&%xaﬁ@%aﬁ‘?o@ﬁ#kﬂ@sb%ﬁﬂﬂ%&ﬁl%' c
acid is E}ged The wei ght |oss (roomtenperature to 200C) is about
a

0. 29% rapy Eor Sisepice Whihirespapd togshibitiop 9€pietran kisewmstiviss WO 2006005281
r2ré ﬁ gp " IOtS%%l g?%s%sog lils§]to§é’éiﬁtéb§czfi§sa?c§ 6Lk hrated 38 st RRR M—ﬁl%?l—lﬁqg-(i-h e

4- et hyl m@ylcmdmowm) Frivifiuontnacthy) phesyl}-3-(4-pyidio eyl ipyrimidie @yl dmBo)-4- p
yridin- ?_?]éﬁlz rﬁ%llél m di n-2- yl am no) - benzam de is shown in Figure 2.

[ 0018] ¥R Td enbodi nent of the present invention is directed to

t he di phosphate salt of

4- et hyl - N43- (4- rrethyl-lmdaz =1 r omet hyl - phenyl ] - 3- ( 4-
pyridin-3-yl PYrimdin-2-yl am % OT?het nk;‘; id H3PO4 di -salt can be
produced from net hanol when two eqw val ents phosphoric acid are used.

The wei gif003lo%ke preesphinventivarindivctedito sd6OCH-mahH O3 -(Dmdtyl-mnidazohd-yl)-

Zﬁgﬁggpﬂg %gmégﬁ&hﬁgphggﬁfg (3 %9r1dln-5hﬁ—pl§§|ml&)m— —5['1;[11%1"11%) Lenzaml e. Preferred

4- net hyl srhl#tﬂar(léhtmmybresm ﬁarzmﬁonlar@/d.l)ecﬁadttﬁ tl'felhydfdahlbhhy,lm@f@pm@]]mta (4-

Fho16] "R et e, B LA Bty S Pae i Bvi o

t he sul f atifengeakdits@f 4-methyl-N-{3-(4- methyl-lrmdazoLI fyl) S-tnﬂuoromeﬂ;\yl-phenyl 3-(4-
4- mthyl@?’\g@ 4 met hyl -im dazal - 1-y1)-5-trifluoronethyl-phenyl]-3-(4-

pyri di n- B Hi’rél'lnﬁln? WWWO‘)eﬂB%WQ&m de. The H2SO4 salt (form B)
i's reproduci bly produced from methanol when one equival ent sul furic

acid i s [eeed]. Tﬂ_eﬂﬁcé/éﬁt ﬂlbéntioﬁSﬁuﬁﬁ]&QiﬂeEtﬁﬂﬂﬁi REHOE ofﬁzegﬁﬁ@a daﬁe@t&ﬁ’m
0.15% and the sanp ts. with deconposition at about” 206C.

crystal %rmwwaéts P%‘i‘r@&hbﬂ%ﬁ &dmthﬂdmj%al—lﬂae‘i féstfhleiomedrmmrwﬂ]na 4y
and an agprpeYSs {ﬁﬁlf&‘]ﬂ‘@ ﬁ@l—tﬂ% & -;;dér W BALESbP Sel P U MRyIAN-

and B of "t he suIFate sal t of

met hyl - i Bi(dapehyldmydapolst- b’lr)15f-tk1ﬂ©0mmﬁfrifphqmﬁfWM}P}@}d(rA?;-prypymhndnﬁzyI - pyr

|2(r)n0(;} 81%%%%@' ?%%%‘g%} @g%%ewa{%a%f%%wl? llnl fSPH’e%thbodi ment of the

present invention is directed to the methane sul fonate (rresyl at e)
salt of [0005] The invention is further directed to pharmaceutical compositions comprising:

4- et hyl - N43(4 met hyl -i m dazol -1-y1)-5-trif| uoronet hyl - phenyl] - 3-( 4-
pyri di n-3-yl - ﬁwﬂ?ﬁm&ﬂﬂ@ﬂy eHRRtYe P L4 Aisaleof 4rme§1thIH%§ G4smethyl imidazol-

reproduci bl y ppdugathbiy 1 34@LAL G416 t gl e
sul foni c aci dpjl;ss)— usedr %ﬁg kt] C@@?Pooﬁ??%ﬁn%g%g?gir@ﬁ bfg%a &
about 0.44% aadd di e sanple rrel ts at about 160C and deconposes at
about 260C. S stal structure is poor. The XRPD pattern for the
met hane sul f&t‘r)af’@e ppe garmaceutically acceptable carrier, diluent, vehicle or excipient.

4- et hyl - NA3- (4-met hyl -i m dazol -1-y1)-5-trifl uoronet hyl - phenyl] - 3-(4-
pyr i di n-[8606] PRtd presdhiinvenyibAE ) diReRd & Dindoll 3f BEAMNS al dlsehleditlish S
[0021] The sixth enbodi nent of the present invention is directed to
t he et hdR®°a{d P @nanhdbitgn of prptein kinase activity comprising the step of administering to a
4- et hyl gaq;ac I Y h

pyri di n- Su %né/?jf’m QM&hﬂl Ig%ﬁ(ra\o e}ﬁéﬂ@gﬁ E%&lﬁg%@%ﬁ c{f%lsgf?? gp L}%

pr oducec[%(ﬂmmtlaﬂ-lmyﬂdaamidt plbé wifieoromathykephenydi3e@tpyeitdahel-pyrirhidin-2- aci d

ylamino)-benzamide.




- 8 -

4- et hyl - N- E3- (4- net hyl -i m dazol -1-y1)-5-trifl uoronet hyl - phenyl]-3-(4
- pyri di n- 3wyl 09ra1s87di n- 2- yl am no) - benzam de free base afCBUSkomwd7s3s 9,
salt formng acids with a pKa of 53.1 have the potential to form
stable crystalline salts therewith. Suitable acids include, wthout
limtation, inorganic acids such as hgdrochl oric acid, phosphoric
acid, sulfuric acid, and sulfonic acid and organi c acids such as

met hane _sul foni c ,aci d Ethane sul fonic acid, benzene sulfonic acid,

p- t ol uemaies Description ofdhgDrawings « "acid, fumaric acid, gentisic acid,

mal onic acid, maleic acid, and tartaric acid. [0028] In optional
steps ofipdore Hi’cftﬁ§§@ﬁowmeﬁ1rh9/§ovmﬁ Bﬁﬂacttbh @attems (XRPDs) for forms A and B of

4- t hyl - N-[ 344- et hyl dazo| o- 1, th 3- (4-
AR RAAE LRI RNUR R RN AN ol Bl S bt
f||trat@qg ldﬁb- -ﬁﬁhﬁﬁﬂﬁy 13008 vBAREdand the isolated salt is

dried t dual vent In a preferred enbodi nent of this

i nvention, the hydrochlorlde salt is _first obt S . a neth
sol vat e [\#83 Fignre @ shevseip sgarpewdenditiagion patters 2%%4’8? g’f&%‘t}%‘i‘o@ ?t?ktt‘tﬁe

hydr, I P Ayl
embod man B e e e
prepari rpgrumdm—?.-ylammo)-benzaxmde

4-met hyl - N-[ 3- (4- net hyl -i m dazol -1-y1)-5-trifluoronethyl-phenyl]-3-(4
- id . ) . ! ]
ol AL 0 B X PO BTSRRI MRt do

4- et hylmétlaﬂa\l{m(fhmbﬁnyl }mlﬂuziﬁrzlQﬂ)_wi-tnjﬂl)or@ntthj’lmhemlbg'é‘frJ@yﬂdlﬁtﬁeﬂyI ]-3-

(4-pyridin i n-2- Ianlno)-benzanlde free base and
hydrochﬁﬁ??%d%é%ﬁxmﬁpkgPﬁﬁﬁ5 “under a nitrogen atnosphere; (b)
heating the reaction mxture to a tenperature rangi ng from about
42-50C; [0010] Ripirerishgws the xFIaapbwdm diffrattionguatterfis for formseh amrbB ofthe sulfate

obt i n_ SaErEAmDl AL SRR e gD EERFL e EARREs bt s o

whil e stivinifgg-2ygamopbesagede. at nosphere;  (f) seeding the sol ution;
(g) cooling the seeded solution to about 23C, (h) stirring the

sol ution t ai suspensi on cool i.n dfdhen sus about
*20G | ehBuoBegea Rt H s an s ity Rl P F HRBRRE Lok
SUSPensi @fksylbd) saltiof UahtRR- 998 ietylimidbng-1ng)- Smd:ﬂﬂxtomm_hl -gehg]-3-(4-
nmet hanol ; and (m drying the salids at about 50-55C and 10-20 ton to
obt ai n 4yt Y-pguidin-2-ylamino)-benzamide.

met hyl -i m dazol - 1-y1)-5-tri fl uoronet hyl - phenyl ] - 3- (4- pyri di n- 3-yl - pyr
i m din- ooyi}a ﬁte)s slﬁﬁﬂ?r aie ey peweEfectdoskes M@hﬂﬂﬁﬁit&f{)ﬁah'sah -
nore preferred enbodi ments, stirring is conducted fo

M nut es mnﬂasltlgﬂ%(fb)lleﬂwé@rmda@oh%ylkééeﬂb?fp@ﬁ@éil rayll4- "é’ryflgﬁl %)%P about -
30 m nut R hd1g is acconplished over a period of
about 4 nf%ﬁ?giﬁﬁﬁﬁg%bdﬁ%al stirring is conducted for about 3 hours
in step (h), cooling is acconpllshed over a perjiod of about_1.5

in step [00)3] Eigiuer7 shgwh ghegorpeweer ditrachonprttemuforihs bearens splipals S?‘f ?f
th | d ‘ d/
drying | 5 TRUDEREN Gmdh Dol 5% kR i o bt " The.

tenth enpﬁdmﬂﬁm y]rainmdjememmémt invention is directed to a

phar maceut i cal conposition conprising (a) a therapeutically

effectiv

% et hy! (RS iRt s i gy dpngifiacion pitem for hep-folnepe ulfopats it of
yri di n- 34.ydettp¥-N- mczhrﬂctaylythﬁmmbl-yb)@ﬂmweﬂm{phéﬂﬂ] -2(4-peadin-3epte
pharmaceutically acceptable carrier, diluent, vehicle or excipient.
[0031] APYHRigiy ehﬁF%QﬂFQEEW'%Ctlve amount" is intended to mean the
anmount of the inventive salt that, when adm nistered to a subject in



[0037] To a 1 L round-bottom flask equi pped with a nechani cal

stirrer, a thernoneter, and a condenser, 4 g of

4- et hyl - NW®-20emares7hy| - i m dazol - 1-y1) -5-tri fl uor onet hyl rqunesrydclo2 B 4-
pyri di n-3-yl -pyri m di n-2-yl am no) - benzam de free base and 500 nil .,

of net hanol were charged. The slurry was stirred and heated to 64C
and held at that tenperature for -30 mffRutes. To the resulting clear
solution, 7.5 nL of 1 M phosphorous acid solution (in nmethanol) was
added. The nixture was sti L& Phefs nIn?rfﬁIl‘?[nII fom cool ed down to
room tenperature by nat ra%m%#wmﬁaég—-o 5C mn) and held
at roomtenperature for 3-4 hours. The solid was collected by )
filtrati E91ahdhosresent irwentiom is@i:&fﬁ@/tm@alm)fﬂcnethyirN%—1‘6n1¢d1yl-gn1dazcrbﬂt5d) n

o Sos ey R BT B G Yttt L MR RTRA 8 Bl {4

pyri di n- @nyddimymuts of Hose sakyira ﬂesm_ﬁ))ed)mmnﬁelmerﬂgn Gmlmﬁ ﬂh&ine “siltl teférs ta2d

g) as a white solid l.ting poi = -208C ; ra dlffraqtlon
) rera Sotiaind Srvggienly i BeBR gPln rgeric S bt b hine Sy Lplapmadranoayy
23. 1, 24a&e tgifle Enineral oﬁ%ﬁﬁwmﬁaﬁﬁs\ﬂs@l BerEﬁI tsalr O3 RllesTydRatdOaninL

react or UI pped with a tenperature probe and_a condenser, 307 _ng of

4- net hyl & es(of spHstTRde- I AgcgrdaBee Witk thys igventiony E@%W@mwﬁ@ﬁmlys (4-
pyri di n- Rebime hmléilmrbl %rgsshi%rzb Qbr ﬁ@?ﬁglaéjﬁstécfﬁerag heat :%Hktogf .

et hyl acetate were urry was st |rre
To the sBIzmﬂmuncaB@zlm,uRH SifahIJanN/lG@tWanmtls (ﬂdmn‘ifHCACZdndopp,t?ﬁéfsti(Su n

et hyl ac e) re \a JdLe L6C.f Qr siXx
hour s, @b?ﬁe)d %S%g%%g% aI) 0r 0erp e THEAR ISI e “Bid" 1 I.‘lneOIi IﬁFﬁcﬁIlonzé)é
over ni ghtpoljthepkiolfordh \wa Sciysthilliae fc&ﬁ”bg(hlf:]n Htﬁ’eﬁd fran aadtlerwaith @speetioatray

50-55C/ 10- 2 tf r 16 _haur i n, 4- net.h 4-

net hyl - i B ES% riCII?f)PagerP’rR F‘ﬁ%ﬁi’fi IC”I ?%IRE?I?IWO@X?IE%M Spang. | - pyr
i m di n- 2thighadiyRehic sbBNZANT 6 Qeiisy UM, Pat%ﬁ’tIApp(Irc&ﬁﬁ Nfg)smm aoy@A&&m
solid. X-ray dlffractlon attern show ng maxi na at 0,

20. 3, 2@D90keE&Tan15ﬁ‘é384) B 8‘EIFQ%IY@PTGB’ z%FIdE‘iﬁfeISéIPf‘a‘fﬂéloganlymOIPhEtfﬁWS
Acet at e of%A}I@@lpl-Néfwmﬂeﬂﬁ%ydawl 1.9z @ttﬁﬂ§&5&em%p%1]@(4agﬂ1dﬁ 3oyl

round-bottom flask equi pped a" rechani cal her nornet er,
and a Comgwggrzy]@rrgnq)fbenzam]de and salts thereof; the disclosure of that co- pending

4- et hyl - N ronmet hyl - phenyl ] - 3- (4-
pyri di n-%II-}I Fat{oérlﬁk géglhg%y%éégfgﬁ% II ‘IIge base and 500 ni of
ethyl acetate were char ed The slurry was stirred and heated to 76C
(refl ux){08h&l et fjrsmmbw@pent@ﬂﬁ@mtsgmemfa@hon {8@irected to the hydrochlonde salt of

2007/ 015 200, 4

cl ear so%z‘geﬁl? /NUé @—lgrrétﬁilf ﬁjigw)loiﬁ/z) eﬁtél%él IIIOIID gIIhS’iPIé%]I ¥ 3II§AI Bfrs t3'I( |n g

et hyl acgtratiéin- leghnmmtdé:dnza]ihee rihethydsclagds saly (ferth BimomGyiiate) & hour s,
led d t t t I I I )

cooLe SO SRR TREh BBl SO0 ML ESELL05 81

col | ect eleygbosc6plb twlgdn fﬁﬁt tadhel, WRstet LpEkalvadlly 22% 4G020rd DR hiRidi§-a38 up

hours to obta

4- et hyl tov%% a( %Sq’ﬁréftlﬁwalﬁ?‘&a’z thongh spbyeqyent testing Basoe AV eTpgreaig moistures
- ridi €5 DR €
sal't ss DOSH D IR UEHIy SRR Rae AROERRISLTRER CERG, pul AR
pattern %‘D@Mmj Nﬁ)@ﬂmtedtwiﬂﬂhem@g&ivuﬁetaf; agalysis (T AP, tWiBwaightldssGlagdsy . 5,
17.9, 18.8 Ie5Pre iion of p-.Tal uene fonate Salt
AVNLO7 A‘I\ﬂQIIfO%IJII?%F Akt R ab 2?@%5@21%%?@&5%' ‘OHLar‘ﬁéIA%IeBPn‘gﬁ ®oped
with a t\Qﬂ@l@lﬂaésl(éﬁlbbﬁlolb3°@7}§bréseﬁﬁﬁ1i@l&§s&5f HOQ@e®@nisifibn), Its crystal structure
4- et hyl - N43- (4-net hyl -i m dazol - 1-y1)-5-trifl uoronet hyl - phenyl] - 3- (4-

pyri di n-T308As LA BRadi th excellpntmt h@)oﬂl?é ﬁ@amha@s yRoe Erigdias apthil ca@wrﬂzstaﬁd
et hyl ac r Vs C
To I/he sol %OIIE %%Hfa E&III(IUCI}IIQII -to eyu%:ne su II(’%I:]@% %ﬁ@@ﬁ%@%’gﬂ%ﬁn

tests. Other polymorphic forms of thc hydrochloride salt, i.e., forms A, A’, A”’, B, Sg, Sp’,



[ 0042] About 50-60 nmg of form A of

4- et hyl - NA3- (4- et hyl -i m dazol - 1-y1) - 5-

trifl uoronwompbrqgbeymyll- 3- (4- pyridin-3-yl-pyrim di n-2- yrGms0)shesgam
i de free base was suspended in 0.75 nL of a |isted solvent. The

stoi chionetric anpbunt of a noted acid was subsequently added to the
suspensi on. For inorganic acids, the xture was stirred at anbi ent
tenperature for about 5 hours, and for “sulfonic acids, it was stirred

at 50C overnight. Solids were collected by filtration and anal yzed by
XRPD andCNWRScTabind Sk, Wﬁ@raisatﬁfo&metbf'l’wm pateern fo fgmstA Syl B ehthe

Co t M

Chi mner O te sffgl PR b LB LIS UieaR R 5 -
Slurry bpnfiims- ﬂ#pwﬁnﬁdmatylamnbaemahdlcb|aﬂamho@nmdF1gﬁmrm A & B No

sol vent peak 2-Propanol Slurry beconmes thinner after HCl addition.

CGood:; sol v one urry. bec s h'nner 110

Saart boloBi KR SR P SRS aF Moo i dptor B RTERe I Wn B hatlch e

gf ter HCéafl}taﬁdthhm?er@Q%meﬂgﬂmméz&1By13~5 l-t:illﬂ-lﬁirblab&sl]’-pﬂeu}’/@-ﬁ (&pyhﬂmsi -yl-
econes thinner after HCl1 addition., Excellen 0 Ace ri e

Slurry bEESHEE-2Hiamag)-bepgamios %H@P%ﬁonwﬁéq melé‘?lamﬁ%dtuﬁe

excel | enﬁleﬂiam%eﬁ%hé‘ e@ﬁ@é‘iéﬁ @ﬁ&pﬁ&% i @séch et viddHe sk to6id tahﬁefﬁu{éqo

counts good = when mai i pea are sh arp and their intensities Wthin

30- 70 co°E) Fadbbet (20 %omddhd sarnplsf melts ot abant R8°C Bdideemepostsratebeut 212°C.
Resul ts Its crystal structure is excellent. The XRPD pattern for the monophosphate salt of 4-methyl-
N-{3-(4-methyl-imidazol- 1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3 —yl-pyrimidiri—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-y)- 5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide. The H3PO, di-salt can be produced from methanol 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-yI)-5-trifluoromethyl-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-methyl-N-[3-(4-methyl-imidazol-1-y1)-5-triftuoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide. The H,S0, 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. Jts 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 sait 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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temperature to 150°C) is about 0.44%, and the sample melts at about 160°C and decomposes
at about 260°C. Iis 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-yi-
pyrimidin-2-ylamino)-benzamide. This salt is reproducibly produced from ethyl acetate when
one equivalent ethane sulfonjc 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 structure 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-(4~1ﬁeﬂ1y1—imidazol—1-yl)—5—triﬂuoromethyl-phenyl]-3~(4—pyridin—3—yl—pyrimidin-?.—

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-yl)-5-trifluoromethyl-phenyl}-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

scheme:
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AMN107
AMNIO7 sait

[0025] More specifically, 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-triflucromethyl-
phenyl]-3-(4-pyridin-3-yi-pyrimidin-2-ylamino)-benzamide salts are made by reactiﬁg
4-methyl-N-{3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-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

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

[0026] In afirst 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
appr0p1iafe 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. It is within the skiil 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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acid addition. It did not become clear at 50C. Poor 1) 1.2% (w) THE

2) acid: bag® @mo7lo1%71. 0 Acetone Slurry becane thinner angtud0@d217878
yell ow after acid addition. It did not becone clear at 50C. Poor *

poor = when main peaks are broad and their intensities bel ow 30
counts Table 6. Formation of p-Tolueng Sulfonate Salt Sol vent
Comrents Results Crystallinity* I HNNER Tetrahydrofuran Slurry
becane thinner_after acid addition. It did not becone clear at 50C

Wi t e sdtPEbYkE-Srtansied-imydarelt I ylabitgHuoraps By phenyB o @vpyrittines-zh-
aci d: ba AT . -aCi

S 1 oo ety Bl ORRidR Y s SR 0 MR or B AR o pinof |
filtrat |ﬁnl h@@(ﬂ@b potentiaktodomalstablevrystalime salfsabdiswish. eSwstablepcian thetude) r

intensit 4,01587 [ 1JS2006 0 878 -. 16
i Exarrpldé E@) %@Qéﬁ?o Ag'xoz %n%dug%%?%h:%)hkg& g }{18 caeidp gTs Honc acid, 1c acid,

4- et hylanﬂl:ﬂl’ﬂfc(rﬂemﬁhl;d orgmiclacidyl sudk &/ niléth&re sulfonic acid, ethane sutfonic acid,

trifl th di n- 3- m dj n- 2- 34 b

e 11 o oBaE SHEBTSHRD Srigetns Seniack b et Btk Ag LB
acet one @l niafeec &, bBMaGadChEE. The stoichiornetric amount of the
noted acid was subsequently added to the suspension. For HCL, the

m xture tirred at a |ent tenperature for 5 hours, and f
sul t on dUBANG obfine) SepSelthe aseat s pesghe o o eSO

was  Coolifghiak&l- BRI seRu b HREKALMNE-CAL bRl RS yRY yrirh] il 5 £0n A nzamid
anal yzed by XRPD and NVR &}]gb? 5 %@g { ?331 Resul ty né)Yenzamide
salt 1s isolated by filtration or some other su1table 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.

[0029] A particularly preferred embodiment of the present invention is directed to a method
of preparing 4-methy}-N-[3-(4-methyl-imidazol-1-y1)-5-trifluoromethyl-phenyl}-3-(4-pyridin-
3-yl-pyrimidin-2-ylamino)-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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[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-y1)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide;
and

(b) at Jeast one pharmaceutically acceptable carrier, diluent, 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 atJeast one pharmaceuticaily 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, Tlustrative examples of suitable modes of administration include

oral, nasal, parenteral, topical, transdermal, and rectal. The pharmaceutical compositions of
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Theoreti fbﬂ£3]4%}ﬁeggle\%h§1 1bod§1§en§ oil’]r 516 ciﬁ%tlant%)v%\rlltmnélxg d?rgcted to a method of freating 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-triflucromethyl-phenyl]-3-(4-pyridin-3-yl-
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 I’reparation of Monohydrochloride Monohydrate 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-yl)-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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after dﬁe\?@mst@ ebiaiarddmetbiaiNréd4-sesthl imidazolfioyl)-§- triBrapmethylPehsnyll-3-(4-

pyridin-3-yl-pyrimidin-2-ylamino)-benzamide monohydrochloride monohydrate salt (9.8 g)

as a white solid.

[0036] 'H NMR 300 MHz, DMSO-de), § 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 2 Preparation of Monophosphate Salt

(8= 8B

AMN107 AMN107 H,PO, salt
[0037] To a1 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-trifiuoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base and 500 mL of methanol were
charged. The slurry 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-yl)-5-trifluoromethyl-phenyl]-3-(4-



1) acid:sbase = 1.3:1.0 2) no solvent peak 2 equival ents net hane
sulfonic acid Slurry becane clear after acid addition and renmai ned so
after 4 howosobtmodisi7mg. Poor 1) acid:base = 1.9:1.0 2) nCcuwene7sgeak
Exanpl e 11 [0048] About 300 nmg of form B of

4- met hyl - N-[ 3- (4- net hyl -i m dazol - 1-y1) - 5-
trifluoronethyl-phenyl]-3-(4-pyridin-3mpyl-pyrimnmdin-2-ylamnm no)-benzam
i de free base was suspended in 30 nil of nethanol for the inorganic
acids and in 30 nL ethyl acetate for the sulfonic acids. The

suspensi BfGRs-h@atimédie-&- Hamipexbenaipide aouPBIeBIRG (3 AR eherrophitlide C
for ethy - | b t o
di ssol ve eﬁ %;D%Eelﬁco-rﬁpgoscg g% Ql gaff\}%é&h()ﬁg\?\gés%gu vgléﬁﬁaéa%ﬁaa?% %dfit?)st "he
sol uti on9. 1Th§.8§dﬁlﬂ’|k&8°V§H§°,sza rragoyuneletr reflux for 5 hours and then
cool ed to anbient tenperature. The solid was collected by filtration
and anal 4zed X 015 CT. 06/ 027878 - 19 - Table
11. ACI R'% ﬁlﬁ.ep?ﬁ% gg?%ﬁléa%%ﬁf) %ﬁlegsitme cl ear under refl ux.
Solid precipitatedegut after holding. 1) sulfate 2) foretg B H3PO4 The
slurry becane clear der reflux. Solid precipitated any J f{’ter

hol di ng. Met hane gul fonic acid The enmal ned
slurry u It becane }\‘h'r"ﬁne-r—&nd—aturn\ g fter amd0H
addi ti on. nate Berizéme siivfassiite acy’d Thaso /\\0
remai ned efFux. It became thinn fow

after aC|bI ddlth"n Berizene sul fonate p-Tolu
sol ution rémained sl urr)f under reflux. It becan® clear after acid
addi ti on. p- Tolt¥B¥& sul fonate Thermal Behavior [ O®#%3§ mfyete tadD and

deconposjgoBgINTh awsem%edétsr QhuippB@ wilaltsin 1aﬂafaeprbw/£ﬁta' daﬂdéf@ér%ov m
determned by TGA, and the nelting poin det erni ned by D %“abe

12. Sal t4etiybet Briosethylomidasapbyht mélue@;neﬂnﬁ-ﬂ)hw@ Ebfﬁ-mndq@ yl—

Hydrochl ﬂﬂrﬁﬁmﬁ-?faﬁiu@)-benzamlde 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 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-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 26 =7.7°, 10.1°, 20.3°, 26.2°,

Exampled4  Preparation of Benzylsulfonate Salt

W, -oH 2 \,~OH

]
\\
Ethyl Acetate

AMN1O7 AMN107 benzylsulfonate salt

[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)-53-trifluoromethyl-phenyl]-3-(4-
pyridin-3-yl-pyrimidin-2-ylamino)-benzamide free base and 500 mL of ethyl acetate were

charged. The sluiry was stirred and heated to 76°C (reflux) and held at that temperature for
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ethyl acetate) was added. The mixture was stirred at 76°C for 5 hours, cooled down to room
temperature by natural cooling (cooling rate ~0.5°C/min) and held at room temperature for
~1 hour. The solid was collected by filiration and was dried at 50-55°C/10-20 torr for

8-16 hours to obtain 4-methyl—N—[3—(4—methy1-irrﬁdazol—1—yl)-S—triﬂuoro'meﬂlyl-phenyl]-3-(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 S Preparation of p-Toluene Sulfonate Salt

\\ OH
\\
Ethyl Acetate

AMN107

o,
N _OH
\S/

AMN107 p-tolysulfonate salt

[0040] To a 75 mL reactor equipped with a temperature probe and a condenser, 305.6 mg of
4-methyl-N-[3-(4-methyl-imidazol-1-yI)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-
pyrimidin-2-ylamino)-benzamide free base and 30 mL of ethy! acetate were chargéd. The
slurry was stirred and heated to 76°C. To the solution, 580 uL 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 a rate 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-yl)-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 20 = 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-y])-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% HCl solution is added dropwise. The slurry becomes

clear. The solution is stirred for 30 minutes. The solution is concentrated to 100 mL. The
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trifluoromethyl-phenylj-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 Salt

Results
Solvent Comments Crystallinity* 'H-.NMR
Methanol Slurry becomes thinner after HC] addition. Good; form B No solvent peak
Ethanol Slurry becomes thinner after HC! addition. Good; forms A & B No solvent peak
2-Propanol Slurry becomes thinner after HCI addition. Good; form A No solvent peak
Acetone Shurry becomes thinner after HCI addition. Excellent; form A -
Ethyl acetate Slurry becomes thinner after HCI addition. Good; forms A & B -
Tetrahydrofuran | Slurry becomes thinner after HC] addition., Excellent; form A -—
Acetonitrile Slurry becomes thinner after HCl addition. | Excellent; forms A & B o

* 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

Resulis
Selvent Comments Crystallinity* "H-NMR
Methano! Slurry becomes thinner after H,SOy addition. Good; forms A& B | No solvent peak
Ethanol Slurry becomes thinner after H,50, addition. Good; form B No solvent peak
2-Propanol Slurry becomes thinner after H,SO, addition. Poor -—
Aceione Slurry becomes thinner after H,SO, addition. Poor —-
Ethyl acetate Slurry becomes thinner after SO, addition. Poor -
Teirahydrofuran | Slurry becomes thinner afier H,SQ;, addition. Poor -
Acetonitrile Slurry becomes thinner after HSO, 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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* 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 ) 0.9% (w) aceione
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 after Poor -
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

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

Results
"H-NMR
1) 4.6% (w) THF
2) acid:base =1.2:1.0

Comimnents

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

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

Solvent
Tetrahydrofuran

Crystallinity*
Good

Acetone Gaood —

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



0. 1% sol utions or suspensions, 1 week at 80C pH 1 (pH nmeasured: 1.26)
60.61 A* 62.06 At PH 1; 1 week @50C 50.22 [45.31] At 46.68 [42.93]
At  6.58 WwW0607/0194101 [ 93.44] 94.14 [93.21] pH 2 (pHonzEsR0cmd787s
2.00) 5.20 134, 8.41 131 96.00 [94.86] 91.77 [91.61] pH 3 (pH

measured: 2.94) 0.00 Al 0.00 BI 102.19 [100.00] 98.84 [100.00] pH
5 (pH neasured: 5.01) 0.00 -16 -

Example 8

[0044] About 300-310 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 9 mL of 2-propanol for HCI and 15 mL acetone for the sulfonic acids. The
stoichiometric amount of the noted acid was subsequently added to the suspension. For HCI,
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.
Results
Acid Comments Crystallinity 'H-NMR

HC1 After HCI addition, the slurry became 1) good 1) shifts changed
vellow, then off-white. After 4 hours 2) form A 2) no solvent peak
of holding, the shurry was like paste,
difficult to pour and filter,

Methane sulfonic acid | Slurry became thinner and turned Poor 1) shifts changed
yellow after acid addition. It did not 2) 0.67% (w) acetone
become clear at 50°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 50°C.,

p-Toluene sulfonic acid | Slurry became thinner and turned Good 1) shifts changed
yellow after acid addition. It did nat 2) no solvent peak
become clear at 50°C. White solid
was obtained by filtration,

Example 9

[00451 About 100 mg of form B of 4-methyl-N-[3-(4-methyl-imidazol-1-y1)-3-
trifluoromethyl-phenyll-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide 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 HyPOy4, 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 shury formed; otherwise, a slow Ny flow was applied to evaporate
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some solvent to yield thicker shury for filtration. The solids were analyzed by XRPD and

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

HCl The slurry became clear while 1} good 1) shifts changed
heating and remained so. Slow Na 2) FormB 2) 1o solvent peak
flow was used to evaporate some
solvent.

H,80, The slurry became clear after 1) good 1) shifts changed
heating. It became slurry during 2) formA+B 2) <2% methanol
cooling.

H;P0, (diphosphate) Shurry becomes thicker after acid 1) excellent 1) no shift change

addition.

2) different from
free base and

2) no solvent peak

mona-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 tumed Good 1) shifts changed
yellow after acid addition. It did not 2) no solvent peak
become clear at 50°C.

p-Toluene sulfonic acid | Stury became thinner and turned Excellent 1) shifts changed

yellow after acid addition. It did not
become clear at 50°C. White solid
was obtained by filtration.

23} no solvent peak

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

results are as follows:

Table 9.
C H N P
Theoretical 45.91 3.83 13.39 8.47
H;PO, above 45,86 3.81 13.32 9.01
Example 10

[0047] 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 for HCJ and H,S04 and in 15 mL of ethyl acetate for

methane sulfonic acid. The listed amount of the listed acid was subsequently added to the
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suspension. The solution was stirred at ambient temperature (HCI) or 50°C (HzSO4 and

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

Table 10.
Results
Acid Comments Crystallinity "H-NMR

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

2 equivalents HCl The slurry became clear while Amorphous —

. heating and remained so.

0.5 equivalents H,80,4 | 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 equivalent H.SO, The slurry became clear after acid 1) good 1) shifts changed
addition and remained so, 2) form A 2) no 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

suifonic 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-y1)-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 stired under reflux for

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

analyzed by XRPD.




Degradation products Appearance Degradation products Appearance
Assay [To area] Assay [To area] 2% solutions or suspensions, | day
at room t eWPAVe¥AUIFK10. 5% CMC 0. 00 98.28 [ 100. 00] A 4 0.00/UNBAR7378

[ 100.00] Al 0.5% HPMC cel | ul ose 4000 0.00 98.27 [100.00] A 0.00

100. 44 [100.00] A4. 0.8% Tween 80 0.00 98.78 [100.00] A 0.00 102.42
[ 100.00] Al. 5% solutions in DVMSO, | dEy- at roomtenperature 1:100
dilutiOn in pH 6.8 buffer 0.00 96.98 [100.00] A' 0.00 101.85 [100.00]
. Al. Sol ird,gtygt e, 1 week 80C, tight container Bulk (BPLC) 0.00 99.77
[ 100. 00] _A

l-': Acid Comments . Form

H,S0, The slurry became clear under reflux. Solid 1) sulfate
precipitated out after holding. 2) formB

H;PO, ‘The slurry became clear under reflux. Solid Monophosphate
precipitated out after holding. '

Methane sulfonic acid The solution remained shurry 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 shurry under reflux. It p-Toluene sulfonate
became clear after acid addidon.

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 1.OD 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
Suifate (form B) 0.15% (RT-200°C) 201 1) 126.5
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.



0.00 100.77 [100.00] A Bulk (XRRD) No change No change 30%in

m xture 1 0.00 100.11 [100.00] A 0.00 101.23 [100.00] A 30%in

m xture 2 WORPOQMSTB [ 97.75] A 2.08 93.43 [97.82] A Sol rei/e320066927818
week 80C, 75%relative humdity Bulk (HPLC) 0.00 99.97 [100.00] A
0.00 100.71 [100.00] A Bulk (XRPD) No change No change 30%in

m xture 1 0.00 99.38 [100.00] B 0.00 -1@0. 88 [100.00] B 30%in m xture
2 3.71

Table 13.
Salt % moisture gain
Hydrochloride {(form B} 0.20°
Monophosphate 1.33
Sulfate (form B) 0.22
Methane sulfonate 0.22
Ethane suifonate 1.11
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 aqueous
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 supemnatant was filtered and

used for the solubility determination by UV-VIS spectroscopy. The solid residue was

analyzed by XRPD,
Table 14,
Solubijlity at pH 6.8 Solubility at pH 3.0 Solubility at pH 1.0

Solute (pg/mlL) (lg/mL) {ug/mL)
Hydrochloride salt (form B) 0.3 0.9 1040
Monophosphate salt - S 1160
Suifate salt (form B) 0.1 6.5 1380
Methane sulfonate salt 0.4 5.2 1330
Ethane suifonate salt 04 2.8 -
Benzene sulfonate salt <3.0 e 1420
p-Toluene sulfonate salt <8.0 <10.0 1340
Conirol ~ free base form B 0.2 2.8 839
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relative humdity with steel coupon N A No change 4 suspensioncl ear
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- Tabhle. 16 Forc d De ri Tes st condl ti on Appearance
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[ 100. 00]beRs.k 3 days/ 100C A 0.00 (0) 99.02 [100. 00]

Table 15.
Salt form
Hydrochloride monohydrate (form
Free base (form B) B)
Degradation products Degradation products | .
Test conditions Assay [% area] Appearance Assay [% area] Appearance
Unstressed 0.00 - 0.00 _—
100.99 [100.00] 99.10 [100.00]
0.1% solutions or suspensions, 1 week at 80°C
pH 1 (pH measured; 1.26) 60.61 A¥ 62.06 AY
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 [93.21] ‘
pH 2 (pH measured: 2.00) 5.20 Bl 8.41 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 [100.001
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 B!
100.14 [100.00] 99.56 [100.00]
PH 9 (pH measured: 8.92) 0.00 Al 0.00 Bl
$9.19 [100.00] 101.19 [100.00]
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 HCI 101,93 [100.00] 101.43 [100.00]
salt: 4.22)
Ethanol 0.04 A* 0.06 A%
99.85 [99.96] 100.41 [100.00]
Acetonitrile 0.00 A* 0.00 Bd
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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94.28 [97.75) 93.43 [97.82]
Solid state, 1 week 80°C, 75% relative humidity
Bulk (HPLC) 0.00 A 0.00 A
99.97 [100.00] 100.71 [100.00]
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]
XKenon light (approximately 1200 kLuxh)
Butk (HPLC) 0.00 A 0.00 A
_ 96.03 [100.00] 99.73 [100.00)
Bulk (XRPD) No change No change
Bulk corrosivity
2 day, 80% relative N/A No change
humidity with steel coupon

4 suspension
A no change of color

¥ clear solution after stress test
B slight discoloration

Mixture 1: 30% 4-methyl-N-[3-(4-methyl-imidazol-1-yi)-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-methyi-N-[3-(4-methyl-imidazol-1-yl)-5-triflucromethyl-phenyl]j-3-(4-pyridin-3-yi-
pyrimidin-2-ylamino)-benzamide (free base or salt), 34% mannitol 60, 34% Avicel PH102, 1% Aerosil 200, 1%
magnesinm stearate (% by weight of free base or salt)



Tabl e 17. Chem cal and Physi cochem cal Characteristics Paraneter Salt
form Free base form B Hydrochl ori de nonohydrate (form B) El enentary
anal ysi s CAIOW718871 Found Cal cul at ed Found %C 63. 46 63.B3/GR20G32B73 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 9% 3.02 3.56 5.48 5.68 %0 N A N A 6.08 6.00 DSC purity (nol %
(10C¢ m nute) 98.65 N A due to deconpodi3ti on prior to nelting

Table 16. Forced Decomposition Test

Test condition Appearance | Degradation products | Assay [% area]
Unstressed 0.00 (0) 99,22 [100.00]
Bulk A 0.00 () 99,02 [100.00]
3 days/100°C
10 mg/1.5 mL DMSO + 0.5 mL water A* 0.75 (4) . 97.04 [99.24]
3 days/100°C .
10 mg/1.5 mL DMSO + 0.5 mL 0.1 N HCl A 11.64 (7) 89.15 [88.45]
3 days/50°C AF 0.00 (0) 100.04 [100.00]
10 mg/1.5 mL DMSO + 0.5 mL 0.1 N NaCH AF 6.79 (3) 94,64 [93.30]
3 days/50°C
10 mg/1.5 mL DMSO + 0.5 mL water A* 1.66 (5) 96.89 [98.32]
containing 200 ppm Fe™*, Ni** and Cu*
saturated with O
3 days/100°C .
10 mg/1.5 mL DMSO + 0.5 ml. water A* 0.58 (2) 99.37 [99.42)
saturated with O,
3 days/100°C
10 mg/1.5 mL DMSO + 0.5 mL 10% 1,0, B 0.34(2) 98.85 [99.66]
3 days/100°C
10 mg/1.5 mL DMSO + 0.5 mL water B* 2.74 (5) : 96.10 [97.23]
xenon light (1200 kLux)

[0054] The chemical, physicochemical and morphic characteristics of both 4-methyl-N-[3-
(4-methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)- -
benzamide free base (form B) and 4-methyl-N-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-
phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide monohydrate hydrochloride sait

(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 (JDR): 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 vessel.



HPLC purity (area % 100.00 100.00 DSC nel ting point (C) (10C m nute)
249.0 N A due to deconposition prior to melting Melting enthal py
(J/g) 153.9ONMR/MELt 0 deconposition prior to nelting pRETEPS200%027878
solution or suspension in water 7.99 2.53 Solubility (approximtely
at 25C, ng/nmL) 0.1 N HCl 0.60 0.94 0.01 N HCI 0.0014 0.08 Phosphate

buffer, pH 6.8 0.0002 Bel ow detection-@ater Bel ow detection 0.17
Et hanol 0.63 3.69 |Isopropanol 0.33 1.93 Therm)graw nmetry (weight |oss
Resi dual soI vent s

0 c to C RT to
/%/o ( éoz gb@é"t ! e’%lﬁrfﬂss“fz’%lcﬁ?( SE%PB?‘P g#”fl?ﬁ?%lse g ‘P’%fFe epfedqsng aSgrgcey
HCl) 0. 1 Ménshréméats Sys@mP d3intlc 084 sorption device (DVS- 1) The measurements were

carried out at 25°C.

Table 17. Chemical and Physicochemical Characteristics

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

Elementary analysis Calculated Found Calculated Found
%C 63.46 63.58 57.58 57.66
%H 4.15 3.97 4.29 425
%R 10.76 10.22 9.77 9.83
PN 18.51 18.57 16.80 16.58
%0 3.02 3.56 548 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 (J/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 HCI 0.60 0.94
0.01 N HCi 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
Thermogravimetry (weight loss %) 0.026 (RT to 200°C) 0.91 (RT to 80°C)
{10°C/minute)
Residual solvents (%) 0.2 0.0
Intrinsic dissolution rate {mg min"cm™)
pH 1 (0.1 N HCI) 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.



[ 0058] While the invention has been descri bed above with reference to
speci fic enbodi nents thereof, it is apparent that many changes,
nodi fi cations, and variations can be made w thout departing fromthe

i nventive concept disclosed herein. Accordingly, it is intended to
enbrace all such changes, nodifications, and variations that fal
within the spirit and broad scope of the appended clains. Al patent
applications, patents, and other publications cited herein are
incorporated by reference in their entZhrety. WHAT IS CLAIMED IS 1. A

salt of WHAT IS CLAIMED IS:
4- et hyl - NA3- (4- et hyl -i m dazol -1-y1)-5-trifl uoronet hyl - phenyll- 3-(4-

2 et byl N ot £ RReR T oA AR e M b S ] 5
pyri ﬂi 3 3; yﬂgﬁﬁwﬁ-yﬁﬁjﬁaﬁcﬂnﬁﬁaﬁmﬁ)ﬁmmlddlimwnﬂtwmb[ét(dmdﬂdbimidazol—l—
nono rate.. 2. A ne Q rin . .

et gl - NSRRI Rea S B Sty - dmpipppenamide

phenyl) - 3- (Menp#ydreihloridie ydonphyrdtatd. di n- 2- ylam no) - ben2ani de

nonohydr ochl ori de nonohydrate conprising the steps of (a) conbining

4- et hyl - N-f 3- (4- i i - - - -3
(4 pyr T di n-boyt bRt prbaal Phbi i bk AT G G
hydr ochl or i ghesyd)-th(4-pyridit-Brahpdrimidid Srylanine)tbengmideananokyiehisride phyohydrate

heating the reaction m xture to a tenperature rangi ng from about
42-50C; (c°)°“‘§f‘?’?$$’ﬁ§‘e?ﬁw‘§yr eaction mixture; (d) filtering the

reaction m xtur %a)%h{bﬁﬁﬁ@l—ﬂkﬁ&ﬂt@ﬂ(&ﬁ&hﬁ%ﬁﬁioﬁll%ﬁ-&ﬁ%ﬁnﬂ@@- Henyl}-3-
obtain a clear solution; (e) cooling the clear ‘solution to about K 30C

while stirring (heediedyl-pyiridiahyiapne)enzanideires baseiangdhydsechlonr agid Bin:
(g) cooling theﬁgﬁga%gglaﬁm&éﬁ?@?&&t 23C, (h) stirring the
[

solution to obtain a suspensi on; cool ing the suspension to about
-10C,  (j) stif {B)rigeatifeths teaginasiigmie to § tejnpécathtearangimy feom atebag 42(507C;
rinsing solids with cold nethanol; and (m drying the solids at about
50- 55C and 10- 26€c)t iFringghorsaction mixtue hy| - N43- ( 4-

met hyl -irni dazol ;. 1-y1)-5-trifluoronethyl -phenyl ].- 3- (4-pyri.di n-3-yl - py
e o yi an o e Bt BB kR RRd trsrar A e E AT 37
pharmaceut i cal obrRQdidar stidappri sing: (a) a therapeutically
effective anount of a salt according to claim1; and (b) at |east one
phar maceut i cal | {e)arobng b Flearcaintiondte abayr paie mhile stsrpgyndorritresee ptgiognhers;

(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;

(i) stirring the suspension;

(k) filtering solids;

(1) rinsing solids with cold methanol; and

(m) drying the solids at about 50-55°C and 10-20 torr to obtain 4-methy]-N-[3-(4-
methyl-imidazol-1-yl)-5-trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-
ylaminc)-benzamide monohydrochloride monochydrate sait.

3. A phaumaceutical composition comprising:
{2) a therapentically effective amount of a salt according to claim 1; and

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



