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FIG 6: Overlay graph of sorption results for the free base and salts
of the compound of Formula I: -4-, free base;nnaleate salt; -0-,

esyl ate; -we0mmsyiat e. FIG 7: Plasma concentr aCtosmonéioihe
free base, nesylate and esylate salts of the conmpound of Formula |
after a single 100 ng oral dose. DETAILED DESCRI PTION Salts and
formul ations of salts of benzim dazolyl pyridyl ether conmpounds are
provi ded. Such formul ations may be used to inhibit RAF kinase, an

i nportant kinase enzyme WD 2008/ 027523PCT/ US2007/019152 in the MAPK
pat hway. The formul ati ons are useful, for exanple, in treating
patients with cancer and/or a need ggmdmyqnhahlbltor of RAF ki nase.
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"HDPE" is an abbreviation for high density pol yethylene. "HGC' is an
abbrevi ation for hard gelatin capsule. "HLB" is an
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surface of the liquid. "TBACI" is an abbreviation for
tert-butylamoni um chloride. "TFAA" is an abbreviation for
trifluoroagetesosmsisydride. "THF" is an abbreviati on foecrrus2o07/019152
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t hat canalg%per?éér%% tginéxg%sréﬁrgé%?Ocrf“grangf‘f‘&?go‘gfg}'?fémcorrpound in
accordance wi_ith the nethods of treating cancer provided herein.
Preferably, CRE giPrgpmpaund ofdiomanla Iand fommuybstions hekaut ag WEefifin/as
al t hougpharinacsutital forRtRAGRL 08 e 8imEamLes, of o0t her . .
suitabl e ani mal,s.include, but %renﬁé&# lhq_?lrr%l?e 0, rcg?cs?fa?ﬁfﬁreif"ﬁ‘b““’“ of
monkey s “MRIBEEESIE i & subjert i) meedtberaels Thyk.gs anethersspesidthtieard prlogided methods
"Treati fig'treafifg tdier YR iMibiiREAhSiobOhedN ; Lt on of Synptomns,
associ at q% wi_th a disor er 1o_r gi s%gge,e gfﬁhgﬁ%&%éo&p&vﬁn@%ﬁmﬁﬁwﬁg}e
progr es&t r?rg?m?kg?tg’é‘ﬁ fhrearbietto Seryssfivhn wits dessribpd bereimtmayboused, including
pr ophy| aui ot tifniteli €0 HieSRATRID bsyhs AhBfat X i th
context of anger . successf ul S)"Ejreat ner?t_ea%u?r_\q ude eé%goéjfm%‘v? ﬁeﬁt%toof
synpt onk CHSHS RETPEtRG capees, thgsaltorderlation is gministered o at hmoditsesfitent &5
measur egravidear €.adufiér 4ingle dbdeadatiMieRidndd S dh : | he
growt h ggouttaq i qr‘@ro&gjl fTquUCti on li n tFIe si ze gl?ougﬂ{fﬁﬁ&gpsut%({q%’)mgr
conpl et & Tenm ssi'y Thetoeghd o 560 ng/mdy ebawtd teUsQ ingmhL ratldo 06 ng/mL of
cl i ni cathelvempbintd of Formula I; SphMata@euticaBy HaRPtBRI Sit erl&f §m}xq¥r%%fan
associ afjon of .a é_srgltx/enﬁ1 wi.t.h gé’io ound, In the crystalline rorm >~
&SR Bihe sutiggisly

The sol ven‘? associatt i due to the use of the solvent in
the synthesis, crystallization, and/or recrystallization of the
conpound.  In otheremhordiments reledwavlethedsaifiteating einser theaflt 85 fRfIuBkiLA R
of _vat eidifiulsherdt SORRRHAM: seRobRfo oAl HLG, Lo dn IR at er

y du

association is typicall e to Lhe use of=(fh&e preiafies gministration of

synt hes?e: @ises fiaps, ifourtinass, oramate drily ecwyekdabf itoat 0,010 about 600 Q@Hﬁ’%ﬂd :
and nmayaah0.1868 1300 G i,C natu of , the conpound,
“pbout " as used her %f"’lh ’ a?’%“%%ﬁf‘ﬁ%ﬁ’?%n%wa?%t *%E‘SQ e ?Fe'ri"%“a‘%/mlu of
val ue, thefeproynd of Regpyla Ink pharmapewtioshpdcctpteblstsait eabredtd R Tal iR burl BF ate,
As usedvwhesrehdte tma,fyﬁlt%ﬁlbggépg[},gg% specified, "a" or "an" refers to

"one or nore"; -13- WD 2008/02 CT/ US2007/ 019152 It will be
readily undgrrsgood % those of skill in the art, that some materials
i dentified bBICGYW SSCHETHRE Klitaddo methads 98 tiyatingines, thesalt babtmaltionis

pol yneradmigiaterdddn an @fmodst suf&ladtitd thafRhig fal @nl,in éf%i/eaflf-géatei ﬁe? agmn%is?{atigr? [\:?
once, twice, three, four times or more daily or weekly of about 0.1 to about 6,000 ng/mL

about 0.1 to 1,000 ng/mL, about 0.1 to 500 ng/mL, about 1 to 150 ng/mL or [ to 10 ng/mL of
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conpound having the structure: F F It will be understood
by those of skill in the art, that a conpound of Fornmula I, can also
exi st in me2deorrsf sol vates and/ or hydrates and that pet/iismomdio1s2
sol vates and hydrates are enconpassed by the conpound and structure
of Formula I. It should al so be understood that organic
conmpounds according to the invention may exhibit the phenonenon of
tautonerism As drawi ngs of a chemcal structure can only represent
one possible tautonmeric forrn at a tinme, it should be understood that
t he conpound of Fornula | enconpasses any tautomeric formof the

drawn steheebmpsundFFoRy AN @pha%ﬁcda%al;béc%eﬁtwk QiTPFhefdbr P & nBRAROS Ly
of Formula I 1s shown bel ow as Tautorrer

2008/ 02 78S AEN9 e EE0eei1in 1o 8Pjecy s plasma. Those of skill in the art,
wi || recognize and understand that the conmpound of Fornula I, and

t aut oners t helna@mfer efmydlaiem DthSinethdd 561 tYatifg aﬂ%pﬁhéﬂﬁé%@ﬂaﬁmf qrms and
are al so £neo .sed thigfgorrpound and/ or_ structure of Fornul al

Li kewi sea YRS B3P PERP P SUEQeRs e proyidean AU rem Smemppp@riimeinfinity after
For nul a d singls or ﬂewaaaﬁms&aﬁ;mabamﬁtmoﬁpﬁ. ¥69 gsnangl/ zgfouh)'ﬁf @Jdé?

of t he c salts of the conpound of Formul

' sar 1 SHERT R ond | E GR0EP08 16 mL, oyt d e SaupAdO veheimds it 1
| nvent i ao apowviodeg*walll 6r a(HoubEbeIm@w&tﬂft}w&oh{ﬁbhn@BP%t%m]aS#Sh as
{1- rrethy -542- ég tnl‘lf| A aﬁ% i m dazol - 2-y1) - |n4%/ox] 1
1-1- beer PR FaI Y?CEFP?*‘ ?‘213 FPPrY PORBEHYIC QRN aﬁFﬁé" theggp
t he corrmnhjmdt oplakmaa.nul a | include acetate, tosylate, succinate,
lactate, nalate, sulfate, maleate, citrate, hydrochloride, phosphate

and met hanes% oA LHvSRhlefits ditnS QTo§ FRILMED Esces 1 R2LISHAT €

selected fro

(1- et hﬁdﬂBmFtZr@(dBHtan afrount syficientite previde anadzIdCdﬁnyig)adpying thitervdl-ay kexgy--
%%ngﬁl tdf gﬁ@roidmaglstréﬁjoﬁ drdnbd b GH%PJEE%oWLm%P Sar\}}/y A weeQFy of about 0.01 to
11- net hWPDEt@SQCBHE*MmLmﬁOGhéMWOUt BiSA0@ pg'dVmE; skt pyo amlmnmeg bgnyjn{J,H

-b

Denzol kel dioddu L ULAE LM PRSP AAT e et
1H benz dPRHRE & 1 pefiyinl( af the Icﬁmﬂgﬁmffwﬂnubﬁemypﬁmau@mcany acceptable salt
net hanesyétonat an@cﬁre{o]t' an{ Bl xlnﬁ e thereiaf in the C?UWG%TS Iasma] In Such treatmens |

[2(5tr|fluororreth H 1 m dazol -2-y1

azol - 2- ynetheds, therfpw'{leﬁwéﬁﬁlwmw@ﬁynqeame thegkcfotietimes os owes daily or
enbodi MBiAdekly. the salts of the conpound of Fornula | are selected to
have a m ni rrum aqueous solubility of at least 2, 5 or 10 tinmes or

nore than th ee bas suc saJts can have a
solubility 01?I o %helr Sﬁg Bi?trelﬁéggg“}?msf’ Ureptiogicpness thgtadtor formulation ig
anot her sdgpmsteredtihen kmoemtsuffivi@n ey ind2gaia LRGP R dotrfpauﬁu oif Ririileat kon

conpri si ceut | | ccep table acid salt of
oot byt PR RELER col R Kmiyie qfahf o 8 mbte tereof, in subject’
2008/ 0215@3&@%82@’@5%@ 18d53El at steady-state of about 0.1 to about 6 000 ng/mL about 0.1 to

y1)-pyri y yl) th henypam
i ne and Igéd@uré(rgjét %’fotu l_b %@6 n%él taI%% r}ag S}Wiﬂ Eécr Hlpw
her ei n magidBehisvanmeans Oﬁérteaiyepmd plasmed cgmmetraidrMeVﬂ,veloadﬂingﬂwﬁbf the salt or
sol ubi |'i e unf or.mul ree base, or
S0] {00 b aRinly 66 Rlrth}<Blled Bh6io ity AR SRkl o2 forhiTicD)
phar mac dieiretin pithe emeprtatfleading dise mymbet of de daily tihe isabmatacaoi d in
acid salts of the invention, acids having a pKa of about 4.7 or |ess

than 4.7 areipafiet §1Hi:@d’1ﬁx\énﬂsl%@ftﬁél methfd fcﬁ" t#28find O {h@Q: &rpﬁ% b%Qreated

limted, C?‘b‘f Ese t he apparent. pKa of the conpoun ormu
bel i evedqtF%Butaspet mited tachla %hrﬁa%lba@nd%eaéﬁ%ech:m @hawact can
| Npr ove chidthod@ds lddiutd dndl cBForiEmpRBROEMGEMid YSute bifh SQBIC %%%Eemtléulgtma,

chronic myelomonocytic leukemias, colorectal, gastric, gastrointestinal stromal, glioma,



WO 2008/ 027523PCT/ US2007/ 019152 Composi tions and fornul ati ons
of the invention may include a range of anobunts of the surfactant.
For exanphegg 2d0be278a0unt of the surfactant can range frgareababiei0is0l
wt%to about 60 wt% fromabout 0.1 Wt % to about 50 wt % or from about
1 wt%to about 25 wt % based upon the total weight of the
conposition. The amobunt of surfactant in conpositions and

formul ations of the invention varies with the intended application,
and it is well within the skill of those in the art to determ ne the
appropriate amount for any particular application based on the

di scl os for

i nvent i g%ﬁaﬁghgéhglreéaéog}af’znq@ﬂgg %I?Iﬂ% "%frp? r§§ %ls?ﬁs?‘o? “3‘?{8@“‘300“"6
di ssol utlteg spatl esli iwgaqmmagc,snbmuemsalwe; satdfmmds meé thyasid coticess.

sal t.of conmpound of Fornula I. For exanple, in sone enbodinents, the
conposi tion or formnul atjl%r_l incl udi ng_}ra surfactant has a solubility of
at | east about 0.058 ngPRIEFPESCRIPIIGNQFINEFIGURESt ed gastric
fluid. In other enbodi nents, the conposition or formnulation including
a surfact ant Fi@s1a:sREMMidrdgrasf ofdonRasd obbeiul 1 8PRse 1is896, 0. 46 or
0.78 nmg/nmL in distilled water or in sinulated gastric fluid. In still
ot her enbodi t st has a .sol’ |Iity of
at | east abo[}?;i &Oi;% I@'%MP % %‘lab&%gcglﬁp % dmé:a aSF‘eiy’éte L in
distilled water or si rrul ated gastric fluid. In sorre enbodi nents, at
least 90 wt %0 ECs &M Migrerbt sfperspeundrofSiorhulerub asylansdf. t he

i nvention containing the equival ent of about 100 ng of f1-nethyl-542-

(5-trifluor o#Ghyb: SBM Mld@gfﬂph%fyampmfdldflmnﬁubéh%yﬂﬂéa;élsahenz0| m daz
ol -2-y1}-(4- trifluoronethyl-phenyl)am ne di ssoI ves in 900 nL of

si mul at ed gasdfigi $af n_abou s.or less than 90
m nutes. In gixﬁe%p‘e%gpglloﬁgﬁ%égfé%o as (95%1: [‘TEH: e:fﬁ’ﬁF% di ssol ves
in about 60 minutes or |less than 60 m nutes, or in about 30 m nutes
or |ess than 38 #nTCERTA rRsulis e commovnd pbRersmis | sefietb®6, 98 or 99
wt % of the sanple dissolves in about 90, 60 or 30 mnutes or in |ess

than 90, 60 GIG3BANSotfitien results for cCRPROS b RAMUMChsiRdHUtSddons of the
i nvention nay further include additional ex0|p|ents Such as a

carrier, a3 R0 Ler or a r arrier. The
carriers of tFFI%r ?}%vgﬁtﬁ?gﬁqg%?sfomo Pend, ngxﬁgly%@ﬁy tgsallyi t abl e
for use as a_nediumto deliver a drug substance Thus, e.g., a
carrier may Be&G a%a%mtl@eﬁ?SUB%\ﬁrrreempomdsﬁﬁoegmmas ebylaerlt. | ubri cant,
glidant or diluent that will facilitate delivery of a drug substance

to a subj ect FIGUB:aBGEPAlyE s daipoud 5 FEIGUISEacds9Rse dalink ed
povi done; cross-Ilinked sodi um carboxynet hyl cel | ul ose; cross-Iinked

f 3-cycl odext ki ] ed d Cross | i nked car borer;
o3l odext 516, 960 KA Lt B AR A S 23Sl R

hydr oxypr opy | | ul ose; hydroxypropylneth | cel | ul ose-acetate
succi nat e; E@?ﬁgxﬁ%s“é G Bp aewlts i coppanmd Nds3ngedtt 640152
phthal ate; a-, p- or y-cyclodextrin; polyanionic-f3-cyclodextrins,

sul f obut yl et FiG-G- Qﬁerlay)grhmdﬁ}sbfpti@n raflty fdrahé 86¢ BesceRl 8ALSH 1ild Mpound

honmopol rli aC|d ner f acrylic acid
deri vat ?55@%&'12%{)0 y#er % &Pn%psg - ‘?’féi]o rfflsf‘l?sﬂﬁ'ied derivati ves;

met hacrylic acid copol yrrers poI ymet hacryl ate pol yners,

pol y(met hacr §I%c7: apemareartisghirationk afthy Ifree dpse, pekylbwmbil asyiyth kalts of the
aci d- et Bythp QORI ul2 8 REDD copol ymer, ‘pol y(et hyl
acryl at emelt: hyl net hactrlf}l at e- t%lﬂ%weg??g?r%m%ﬁ?oggt hyl methacrylate
chloride), poly(ethyl acrylatenethyl nethacrylate), polyvinyl alcohol

wi th an average nol ecul ar weDETAQIED DEREROMIIGY, 000 to about
200, 000 g/ nmol, polyvinyl pyrrolidine/vinylacetate, povidone with an

average ol egbilcsazfnd%mgti&fs otflsfﬁ{y o %gélmldazggd (? l? L. 200, 000 g/ mol,

er compounds are
provided. Such formulations may be used to inhibit RAF kinase, an important kinase enzyme



grinding the solid dispersion to formgranules. In sone enbodi nents,
granul es forned by such nethods have a size of |ess than 250 pm In
sone enbodvoeab®el7sishe granul es are screened (i.e., paspegushnpugis:a
screen) to provide a uniformsize distribution for filling a capsule
with the granules. In enbodi nents where tablets are prepared instead
of capsules, the granules are m xed with excipients(s) as descri bed
below to forma second m xture, which is then pressed into the
tablet. In sone enbodi nents of nethods of the invention, the anount
of the pharmaceutically acceptable acid salt of

( i) met h}g@e‘WPQT‘"W“%@M@&S@M?E ithéfﬁﬁér}%?mplfer in treating patjents with,
y1) - pyrid&h : i. - 2- -(4-trifluoronethyl-p

) am ne ran&ghgs ?rg%xadgﬁgﬁ%%vl\ig%)? H%%‘%‘CBO wt% fromabout 0.5 wt %
to about 70 w % _ from about 1 wt%to about 50 wt % or from about 1
W% to about 2% fRKo¥KEshbrevistions dnd detinifonsveieghid gmfmagnsutctﬁmgﬁliigaiﬁgg.-
Al'l methods of preparing conpositions and formul ati ons of the ’

i nventi on mayAldssibb@rcairite? Halg s @PRRiRI | ric or non-polyneric
carrier aw,léotrﬁaéxhe. idsalt and ﬁ?@h@%@?@’ﬂ?‘x@ﬁvaeq Rerdsrbiigd®r may
further “Tncru é‘u@?‘fﬁﬂi"ﬂiﬁ‘ﬁ‘ﬁf’-an anti oxi dant, a coloring agent, a

cycl odextri n,ﬁz}a}i%‘/\llgavori ng agent, a preservative, a sweetener, or a

m xt ure of afipPive aombbreriativoh 65reofivebHaRnhds a8 d .l .

sur f act @ﬂ{erw@y'hgégl LpBGkds tﬁurfact‘-ﬁlt S, poflsﬁrré%rg‘ﬁg'#d%%ouﬁ?%gﬁfﬁlﬁe?‘?%ss
carriers, ant ii\OrXI;) anZs, EOI%0PT AYTRYENE o I-ostblot Bk (3-trifordrhethngdf IERg
agent s, pidegedrd el ipydin-swleayp Narenzami0b C4CH-+7i [e,as )
descri bed throughout this disclosure. In E%Srr,%a} %@h‘?ﬁeﬁﬁté’lﬁ’%’ema%ﬁ%
of the inventAo» i he30H rfactant ranges from about 0.01 wt %
to about 60 wt % fr%?ﬁaaboufgﬁodgfr\%t% 78 ‘*fi%%ﬂ{“’% epiyef the sencghimationlof a
Wt % to SHBRRUNSHn Rlogdplasan aygotimehe tot al wei ght of the conposition.
In sonme enbodi nents, the antioxidant is present at up to about | w%

based upon t t@eltuldsal insRideb theQfaribherohAL HP%&{\RAJ}(%Q 53é‘£ﬁ 9%8%% inte 33%@;23 S

t he swe . 1s.present at up.to about
wei ght i ions) ikheies tow oot hwenes etyberdiuinses e lulobeadet s, ehibagy RSP
i s presestiuloae calpiutm sadiomt cadh Y=Y t al i,ght of the
f or nul aﬁl;d%}i ol hﬁn SO, e od?l?}ent é;!b%tQ %3&%&%@3@%%9%&’3@%"86@3@
form ng]zgy %;q B! gl %gﬁpgieﬂ‘%?*woﬁﬁmewl wltlosehe. . .a¥oi 208, @Ros, o 1 guCh
capsul xypedplybhethylt detulosd glhthABE Smih eufi cal |
accept a@iﬁb@%g?s?% t.of th .glil)rri@und of Q?Iﬁggggﬁ??sgﬁb@sm?‘%ﬂ?ﬁ Besaf
0.01 to about: 400 TRFVYHERT ebiblose forpse in Mppulatia@Oofits investonahaude,
to abo utawmq&gmlﬂeémonﬂammuterimmma&bmﬂm&%ﬁ%oﬂ1&%@:@9- 104 %f}ﬁ&&‘}
50 ny. ’Ré@@mﬁbft#bb}f-?of@%’rﬁarbﬁ mg,_.from about to abq&! or
froml| to about mg.” 1 %ﬁ%ﬁ%rﬁ%?m?wammcané&msﬁmmOn,
conpourfdVied Salgs.iareus Hoak dhar svdasibireahbypofccept abl e salt thereof, or
a mxture of any two or nore thereof, contained within the capsule or
tabl et, rangeg,f iPm AL bout .10 , fromabout 0.1 ny
to about 10 ng, from abop?t%gg%fqgn%;st 8%5%%6?“%‘ osepved fpagsatRtian of any
to abo&?mgf"ﬁgﬁnﬂ Rlesm, tiseurepr blobddf nerbis:t td Which BeddoniPasid Bs 128
conpoundmifisttred. a2 t}picALPHR aut i cal l.y .acceptable salt thereof, or
a mxtyre. of a0y %V\D;‘%ll(’: n}greﬁgﬁgx_?g}ékg%ﬁ%n AV e beurnllewinaul e or
t abl et 2*THRYBEOR PHATABBYNNAo @ Bubigets andals depentiet upgn the i@m@Rkout 0.1 ny
t o abophysi®@hergicall &dBicBEL] il , fromabout 0.1 to
about 50 ng, from about %@oﬁ‘ﬁg&%‘oﬁﬂgﬁw“é@%@ or fromabout 0.1 ny
t o about 25“%.,, | QP%QIEE—E SFCh met hods where a capsule is formed the
capsul e may dl‘“: ;{%u LOYBHOT that tedegs fosthe mipiseune apsented soasendaser bhed
above. compound S tei plgpned, tismpsat RGod BN L8;cAE, ' met hods
known Sﬂnihﬂﬂ‘ﬁﬁor%foﬁ#é éolmionnt h ?{ art .. IIn -!soma e do Iﬁgﬁ%ﬁ?lr{%ﬁ%qepng
net hods i ncl ude spraying & fhi Sindyricallyivenss ahthewnd of theGhtatvabet@BéD an
times of compound administration.




Experi nment al Nonencl ature for the conpounds was provi ded using
ACD Nanme version 5.07 software (Novenber 14, 2001) available from
Advanced GheniosphingzDevel opnent, Inc., Chenl nnovati on NagBxpmotoidis2
Nonmencl at or TM brand software available from WO

2008/ 027523PCT/ US2007/ 019152 Chem nnovati on Software, Inc., and

Aut oNom version 2.2 available in the ChenOfice(r) Utra software
package version 7.0 available from Canbri dgeSoft Corporation
(Canbridge, MA). Sonme of the conpounds and starting materials were
named usi ng standard | UPAC nomencl at ure. Various starting

mat eri al s may. e obt ai,n [ 0 rcial sour n epare

ot hode. known SE B r 4 pre R FREG) o MR T RGPl ERRNRRRGY o
f | - met hydontphind 5t & fikéd dosingreehéddlle When G4 and Crn.2-iy g3chpdosingiinkerval become

£ kPSR L ol L BB R e
mechani capeaéd adminisaadorcdty gprapomnd bt K8 CBddsingldshedulS OEvamnla)ly afiliesome

vessel s seal ed _evacuated, and.fl.ane dri.ed.,The .apparatuys was

T owed e B8R g oy R i R e AL S S o R AR Bt gprsten
was addeaivet iz and-ade conmidered ph etaady-dtate TiBS8 K, re2ch ‘fehmkly-staterdftebrepydted

4- chloropyri ding-2-carbokyl at b .2 2 | ) ,and..dr O(3

. Therbbintifiadoriatiindate bed RulreionfiulERotaf i wleat Fomdoe of
for -14 the chhnvponshintsubjectieisdopdur ed over i ced phosphate buffer (pH =

7) and the reaction flask was rinsed well with MIBE and water. The

conbi ned bi ph@?&s@armeﬁBws%g}é\@rgﬁ%HsEQirnﬁgd L@ﬁ%g&b%&ﬁyﬂaeﬁuﬁ%pad) -

The | ayers were partition separate t he” agueous phase was
extracted withh MIBE (3 x 100 nl). The cong,i negl organi c Iafyer_s wer e
washed with wat@FPQEIope] e Witp-ngelualy Fargdmisd hampplvmpor - vayl-Fhe

crude repyredIRlinG® tAfEAYIRLIngHnGnHiHcallyalRErR el fav@@ gdihof de@R weight of greater
chr omat o&g aqré% (046 1, 2:1, 1:1 hexanes/Et0Ac) to furnish 4.92 g (14.9
mol , 7495°yi 998t 1¢c as a yel low brown solid. Il-1 NVR (300 MHz,
CDC13) 88.58 (d, J= 5.8 Hz, 1 H), 7.90 (d, J= 2.8 Hz, 1 H, 7.56 (d,
J= 2.5 Hz, | ¥Wyclddex#in(deferskto aXaBjly 8f 8ydHze oligosddechabided cqrdaining mt ledst8ix
5.8, Hz, 41 = 9.1 H, 1H, 6.25 (br s, 2 H, 1.62 (s, 9
H: 13C Hbﬁwﬁ?@%‘f‘g%ﬁ&%ﬁ) 5 165.8, 164.0, 151.8, 151.5, 143.4,
143.2, 131.5, 129.8, 121.0, 118.0, 114.2, 113.1, 83.0, 28.4; np
163-166C. St epPMSGfids anaghrevznapiociinyshyonfaxide 52 | el d To a
solution of Ilc (5.62 g, 17 mmol) in CH2Cl12 (85 nL) at 0C was added
TFAA (2.4 i, “BedAd@.is d abBBHtion oL et@9DAderd. Dat h was then renoved and
the reaction maintained at rt for 2 h. The reaction was cooled to 0C
and TBAC1 (2. 8.2 .. .- Mg .2 m, 4.3 g 34 mol), and 10%
NaOH (34 nl) %&ﬁéaéW%ﬁ%tlﬁéog%&né'm xture was stirred vigorously
for 4 h at rt. The reaction was diluted with water and the resulting
| ayers were paratiacshets wad hersiparefes do amphel themespsrsptfadarsgaeoup of

ext r act eghowbbddiGldElepbdany 488 Huhd iPREmb A CREBLPR GO LEARHIC hIYRES
wer e vvasheg%yﬁt?h t%{xl%ne (2. x 10Q nL), drjed and evapor at ed.

. %100 (M3SA) , L ed
The crud&m ity deidiHUEPLIEH 8 bE"’i“Fﬁ“?fla"h@E! allgr pr ﬁU‘FPYIi EERUmRAVinE Ip 22
chr omat ogdrapy wheésel de barbdxylic abidisReyaRahRELS fthe bBh ¥Raid. 5 9 (13.0
mmol, 76% of 1d as a yelloworange solid. Ili NVR (300 MHz, CDC13) 5

8.54 (d, J= 5.4, Hz,., 1K), 8.04 (.hr =4 7.Hz 7.93 (d, J= 2.

Hz, 1 H), 7. SBéty&?ﬁ‘ﬁeé’ Fs 5‘5‘5@,‘5“41‘“1—56?“’"57802%&( %??S“ﬁ%l%"‘tlﬂ_‘pgéréf’%? °rd‘.(“1"e|§|,‘"di g

H), 6.91glyneroR I)spms.cfbofitinends; the &idd,ardfatl)y acitis.5 Medsym-Bhdih glyb S dedi

(75 WHz, 1 5 165. 164, . 44.7,.142.1,..130.4,,118. 8

(15,51 ¢lyoordsds §PRpgugriigss frd Sl codiifind okt By no b migtiof tn some
embodiments, 6 to 10 carbon atoms. Medium chain fatty acids include: caproic acid (Cg);
caprylic acid (Cs), capric acid (Cy) and laurie acid (C)2). Long chain glycerides are glycerol
esters of long chain fatty acids containing from 12 to 22 carbon atoms, or in some

embodiments, 12 to 18 carbon atoms.



A flame dried 500 nL three necked round bottom flask purged with N2
was charged wwth LAH (3.0 g, 75 mmol ) and dry THF (240 nli). The

resul ti ng wos@snsziszn was cooled to OC and 1d (20.7g, 60ChUSio7W@ss:2
slowy added while keeping the internal. reaction tenperature under
5C. The reaction mxture was stirred at OC for 2 h foll owed by
stirring at rt overnight. NaBH4 (2.27 g, 60 mmol) was added and the
reaction mxture was stirred for an additional hour at rt. After the
reaction waS judged conplete, the reaction mxture was treated with
successive dropw se addition of water (3InL), 15% NaOH (3 nL), and
water (9 ml) . “HMPE2R08/08reo280 TrnS200GtPI0 aRyithe resul ting nixture
was filtered through Celite, and the remal ning solids were washed

wi th Et OAc an OH .. T onbi ned o LC portions were evaporated
and the resul ﬁ‘?‘% graﬁla%%eg%ainaﬂ Of 5‘{3“3@8}??5&“1%0 Si 02 and purified
by flash chromat o,g_raphg (97:3 CH2C12/ MeOH) to afford 7.63 g (27.7
mrol , 46% of tH-B'eig-anehbrgeiation for hadrophilicdipophilibvBalz369) Miahe G610 water-

020 (4 cBiSoibodoib bortbngSrdbictuiq Bh s il acepiangs ding yoming
4.68 (s.foonylp: 3 07 (d, J= 5.23 Hz, 3 H). Step 4 NO2 lelf " A 100

(6.52 g, 76 mol) and Creti g s0onrtoblfiey wbigholtpoledplic: on
L1 11 ed(CmtnA W, adifkaiTh BT SERCELAN Gy BT Bl LLELFS- DSOUER

Celite, and t,hg_: remai ni ng sol ids were successive
and Et 0 25TREC CERBISH(18F Yaiile Cpdlin Weh LCaleulaticaaf iR Mathes abSonade

ont o si |Sueficgrls; JANELIEHIS SR &, t (,98: 2
CHRCI2/ MOR) T give 700 e, 93%%{3‘,?@%58'%}&05?@%%6%%% solid as

i f.NVR (300 SC13), .8 10.01. (s, .1 , 8.64 (d, J=55Hz, 1 H,
8.09 (br s, %%)L 75 6%2‘?"&‘?“5@“2@%%@?%@%%*/193133 Gheprgatogragly. Hz, 1
H, 7.29 (d, J=2.75 Hz, 1 H, 7.08 (dd, J= 2.47, 5.5 Hz, 1 H), 6.94
(d, J= 9.35 HAPMCHs an3bb@viatipn for Hyd2&ybtopdl ithyBemjloR. WO

2008/ 027523PCT/ US2007/ 019152 Ketone | g (Lancaster, 25.75 ni,
136.5 nmmol) W’@d,q%gbgeoiagﬁpdr%hﬁgh_of sodi um acetate (NaOAc) (22.4
g, 273 mmol) in H20 (60 nL) and the resulting solution heated to 100C
for 10 mn. AH r E ol, ) ngl tcﬁ?ﬁ%t_, the solution of Ib was added to a
suspensi ion of “P'T P25y, 25 F1ChREPN. fefernfasoprienaighairpaditydlissodies (4E8tents) .
The resdissolmes watet. UtHEydnaphilsd solventh ake §dlveane Wi N :

CH2C12/ W@pr‘ts%ﬂ%%ddis%owgl'et e con&,u tion of If. Tﬁg%gﬁggﬁﬁ’?%%ﬁ%‘%“%%%‘
concentrat ed I nto an 3qaeoiaes Pl ?%Hf"%\’iﬂ%arti tioned with saturated
Na2CO3 and CH2Cl2. The aqueous phase was extracted three tines with
CH2C12, and th&HEni AddedatiparforBthivas hisehimirh lhybidene, dried with
MySO4, and concentrated to give 31.6 g of |i (83 nmml) as an orange

Al urty ot T1LAS) Sp o PHSHRRISRNS L Gt R i Y S S B miR Ry
was s papr{%tgH”&#tﬂ%R?zgfso PilS v areth Stekqies apd avelyermidge dhasiatehineolshls pewsicobutof
10 % Pdédbulflé 2n ddktpolat JegamTeolveh, MROKL (8P tdink t?u-[:n.e reaction was purged

with H2 and naintai ned under a H2 at nosphere Tor 2 days. The reaction

was filtered.t; » of .Celite and the collected solids were
washed succ esltél}]ééﬁgawg% ﬁ&ﬁ/ehﬁﬁ“h Kefetstp Amataal chb pesrile disgelyesin dipids or
fi |t L r gtgsﬁsjcqémsé?déap‘@gmbmc s_a]vd?tﬁheferseﬁrehtts mﬂcmltsdodvev@%i%g%%eﬁﬁafg
Wi L2 ;209 adEd . [ under, .vacuum to give . g
mol) of 1] as a talﬁ plg\\/{\lggdso?gﬁg/%’}wsglf%??’ LCVMS mz 336.1 (MH), tR =
1.81 min. Step 7  Li . . 4-(Trifluoronethyl)phenyl

i sot hi ocyanatlé-1931sn gpbreyiatiomfen jquic shravhd@graphy ansst bpecirdgoppl Ut i on
of I'j (40.17 g, 115 mmol) in MeOH (460 niL) at it. The reaction was
mai nt ai ned &tMeOH” is an abbreviation for methanol.

“MPEG?” is an abbreviation for methoxypolyethylene glycol, a polyether having the

general formula CH3;O[CH,CH,0},H, and having a wide range of average molecular weight.

-10 -



WD 2008/ 027523PCT/ US2007/ 019152 it for 16 h. After the reaction was

j udged conplete, a solution of FeCl3 (20.52g, 126.5 mmol) in MeOH (50
m.) was adu@dooso27ise reacti on and the resulting m xturecwasostamwised
at it overnight. The crude reaction m xture was added to a 3 L
separatory funnel containing EtOAc (750 nL) and water (750 niL). The

| ayers were separated, and the aqueous phase was extracted with EtOAc
(aqueous phase saved). The organic |ayers were conbi ned, washed with
sat urat ed agueous Na2CO3 sol ution, water, and brine, then dried
(MgS™), and concentrated. The saved aqueous phase was nade basic (pH

= 10) byAs6tetidhed#in @hd sadept ﬁ&ﬂerﬁ%@%&t&'ﬁ%%ﬂﬂa‘vg Bn Q@Qaéﬂrﬁolecular
resultin separatory funnel contalnin

Et OAc (5%6’4?1 *r%el*ﬂé‘g?ﬁtiﬂdjﬁﬁ%am 23’899&{1@8 arfdgheaie resul ting emul sion
was filtered through filter paper, and the | ayers were then separated
and the aqueotidTpEASeanatsbrevstiacfortheiyl-lerEb@ACethed. X 500 nl). The
organic | ayers were conbi ned, washed with brine, then dried (MgSQ),
added to previQus- ri;al._and concentrated. The conbi ned
product was triturat glg%\nlﬁ%%&gu? EHPIRFIC WEUEPERd onto Si 02 and
purified by flash chromatography. A final trituration of material
with CH2C12 pridicEgnehbreyistipn favdobictisbmeslysoll a aslyethprpdymetsathylene

SOI [ d L%lrﬂaﬁnglﬁe éen(aMl"fc)rmu ﬁiﬁ@;@?%]g@zan‘?%) Vgld§4 go{‘giﬁrage

7 59 (d mg cglanF{,ghQ Iﬂ)som; eg'g)o@@qengsj)fghgp:}qgent invieiptiony {IBBPK G jpps ah avkrage
8 5 11; shotdrularwéi h(&!fﬁ'o]m

) el ol S5 o ke
= 2 57 ?’ Smﬂﬁsﬂﬂge H@i@mr Pistehtofifmm rENea. 000 Eobto o8t H1000Nmol,
16. 21; Faurd ‘otHer BBbBdimeht 3 abbutlBodtio MMBat L3d0 3§9C (dec.). Exanple
2: Aqueous Sol ubi I i ty of API The aqueous so ility of the
conmpound of F was assesse a function of pH Solubility of
t he conpound g{h © holl}ﬁid - §8 %ﬁi gﬁ&%?%?‘ﬁé‘dpwph@%héo@ﬁaws lipjdgdhat are

met hod. Simepdised heinlngf faty ecids, agtbosyitiacgroa)s, ah&drsﬁﬁﬁ(}kgfgr%ﬁ%c%ﬁé;l@mﬁéi%

:‘N(e;lrﬁoe\nr n%gégglegélgs%hgﬁﬂdgwga&"@&ﬂ%ﬁfﬁ%ﬁ?@r@ﬁs ARk OH) were prepared:

1.2 and 0.4 mM_The ionic strength of each of these solutions was
adj usted to OPBEOUiskngblreviatien fﬂmobbﬁwieaie OXEECMSlsain&tEihSaIQIfexb&ﬁas

1 (5 ae h f

; ggegugg(fﬁﬁ%g Hllﬁkﬁe& ?MSF %a@%geo(}o(% ;’ %ﬁr oif dlbyggi‘?%?cé)l E'lavmg an
agi t at edPY&T2EE sntsdanyeight of erchisr ﬂ@naay)@o lgéh@lr dn aorat ymbsdm@ats; the aderyige
of anal yabReulh\@eibhFP B {sS &F B fa{e]; Hﬁﬁ%og)g)g]u?tg gg%bg(y %)n% Bg%{gay be used

mnute(rprr) using a _mcrocentri
concent riatioRmgot coprivund voih ethennelanérsi n t he super natant was
measured by WD 2008/ 027523PCT/ US2007/ 019152 HPLC. The pH of the

super nat ant Vgt appasnt §ia oiStha goxﬁﬁotﬁ’dl oTFoRhlul® r8fers thifleCdh ﬁ%ﬁt 1omzatmn .
e conpou nd a

cal i brat f ueopus solubility of t

vari ous g’l%sstgnet qul’tklles?onéPouﬁdfo ﬂgo%ql g Nk 2 L v) i PIAé’r%fﬂBﬁﬂUb‘mY study. Thus,

{1 a lr)ret hythe Bprfapert 5Kamffﬂmrmahmw Fdrhhmem i@a?o@hrp?eméan Btlststhg offﬂ‘;\‘éeloi(Y]
enz et amne Is practically

i nsol ubldﬁlmmglzx%%%ons Sﬁlcﬁléo?ﬁcéﬁ g"‘l‘ﬁ“‘ﬂi’l as a function

of pH PH Solubility (mg/nL) 1.36 0.7094 2. 19 0.1253 3.75 0.0019 5.78

0. 0004 10. 13 Revibos aﬁys@bh@emoea pobsacrif - BnylP-ppesldinond) agf hSahg & wade

the Conpeshralelat Hdlddular weight. In some embodiments, the povidone has an average
molecular weight of from about 2,500 g/mol to about 300,000 g/mol, or greater.

“RH” is an abbreviation for relative humidity.

“rt” is an abbreviation for room temperature.
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The conpound of Fornula | was prepared as described in Exanmple 1.
Hydrochl oric acid (HCl), sodium hydroxide (NaCH), acetic acid, lactic
aci d, sucovmbmsearsd, nmalic acid, citric acid, ethanesubénosmoBmbS
=l ei acid, methanesul fonic acid, toluenesulfonic acid, phosphoric
acid, and sulfuric acid were all United States Pharnmacopoei a- Nati onal
Forrmul ary (USP-NF) grade or ACS grade. Conversi on of the
conpound of Fornula Ito various salt fornms was acconplished via an
aci d-base reaction in an organic liquid nmediumfollowed by a slow
evaporation of the organic solvent, except for the nesyl ate, esylate,

and mal eat e §Sﬂmmhsahabmaaﬁ5@ﬂﬁ@&@teﬁaﬁls@|@ﬁfgf drigdeliver e
bel ow. An accurately wei ghed anount of the corrpound of ormJ a

1(443. 4 ng) a.sol vent mxture
conposed of \;@% Mwﬁ%ﬁﬁﬁ%c‘l’sﬁqﬁfmﬁﬁ 5%'&5)18%616‘56@%%@05#%%?@%
this solution we |aced in 1.5 nL polypropyl ene tubes to yield 30
ng of the sol rS&’I%IBPg i abbremintion for selfuporoctnysifidng drupdsti e kidthd)d
the conpound of Fornula | were |eft overnight in the chem cal fune
hood t-0 air- d‘SysrbitEﬁrmaﬁrﬁée’ﬂrhe?ém%fe%t%fdeB?cﬁ-a{ fve cognate acids
were added to the vials fromacetonitri (eAg\l?[ﬁsol utions of the

acids (1 n o 25 aC| d sol uti The resulting converted salt
suspensi ons V\érag&agl at ed G i‘?"ﬁ ‘ﬁ‘ﬁlf"%aa)"‘f%‘i%’ﬁ’tg%%ﬁ%ﬂ?@ angtfigylopectin.

fol | owi rifregelptinizbdstsmh? isstirpiettint R OOR ERerklicAIBPANGS ﬁ%h%@al%h&és?é&htgf

0.5 L @f J‘Iﬂ&%“% gitate forthl hr and allowed to air

cheni cal qume STEEIYTHY 1% HEsse pHwalsr andyaibasquantly digde Some
subj ect &xpbes ofmegclosma@i gareh aviyrtetrhatified ) 264 Ghisin sahwasdﬂsl& )émi ASHEEE in
M cr oscepibegxanm nation was performed with a polarized

m croscope to assess the crystalline nature of the mat erl aI s The
salt solublllty studi es were perforned by addi ng excess solid salt
material to ISPgar&ttycrsidnayessdharcr, refarsto 5 faty pid withapykaifoibiyhescia
agitating for 48 hr at roomtenperature. The tubes were then

centrifuged &Swisd0Q as Wffﬁfelgc’stdﬂdg fot “s&%&e Rt fe 0GP ’O%%ﬂts'als{cz Sice
Concent E‘%t |510ln5 of the vari OUSé)%a ts in Super n ant were neasured

by HPLC ZHE 'PHES s B¥fase imsiga Hteagfef}% llaﬁ@1¢’éél§r(ﬁtﬁélve¢md@mm ghet
was themtafmandmnam dstha ;ﬂﬁkdseﬁrﬁi WEdoRAih BISUR B RHEE y1als 8%’&0 gz ed
water fgq é ! gt é#életermnatlon 4 ysSes were
per f or rremum éla Otir ip 8‘??4%‘953%%@&Eaﬂbﬂﬂﬂhﬁmp@dmmﬂpp§d sofuble
Wat er s @nﬁ]:sodacwquaay theafuefatOfensiSR BAL BLLiAD

150 mm Qy. Q¢ -RP C 18 reversed phgse ﬁ‘@?%@%%l%% m&e&sagxpgvénﬁe
terrperature o] bi | e phase conditions consisted of 0 1%

Trifluoroacetic aC|d (TFA) in water (Solvent A) and 0.1 VOTFA in ACN
(Sol vent B). “FPdGdiasn pblpmviatioretbr st +-butylanmonivint dhidrhie, | | near gr adi ent
elution shown in Table 2. Table 2 I PLC Solvent Gradient (mn.) Tine

Sol vent A SofVeAA” B 4 3Brevifdn40r S8 ubradtich nﬁﬁ?x‘?& S

Quantitative anal yses of the corrpound of al were perforned at

254 tu-n wav g usin n_externa standard curve. In an
attenpt to |ﬁfclr§€’afssleant ﬁéregl&ﬁ%ggt%%ﬂq@ﬂquw and di ssolution rate of
compound of Formula I, initially ten acids were screened for their

ability to for sisre gbheviatioméraimiarendhofmakgraphya | free base. The
acids included relatively weak acids such as acetic and | actic acids.

They al so m.al“pdadmsémmmy Aepiab R 4alk ﬁ%luaeéé'shm ith BY ﬂ{o‘{?cm Obas organic
t ol uenebsulfon a nmet hanesul foni ¢ aci ds as shown o 3"

The cry%tal P?”ﬁamﬁ BP10y WEHPIC @S 19T BRsi¢ pracidie pavneerid aBalts qﬂamrmelsaseﬂ

mi cr osciepludalel gy, aliedingetalspalchta 26l #HbtaBiGhOSRANE: cafifl nSAAM LD aeTaD! €

3, mcr 0$C0 i.c.exam nation of.
calcium and magnesium or aluminum; and ammonia. Salts of organic bases include, e.g.,
trimethylamine, triethylamine, pyridine, picoline, ethanolamine, diethanolamine and
triethanolamine. Salts of inorganic acids include, e.g., hydrochloric acid, hydroberic acid,

nitric acid, sulfuric acid and phosphoric acid. Salts of organic acids include, e.g., formic acid,
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WD 2008/ 027523PCT/ US2007/ 019152 col | ected salts indicated that sone
salts were crystalline and the others were m xtures of crystalllqe
and anor plwoiscophasss. \Wen the salts were eval uated fopct/ioglesro19152
equi i bri um aqueous solubility, they exhibited |ow |evels of
solubility and | ow pH of the saturated solutions. Gven the veré Chat
weakly basic nature of the compound of Formula I, it was assunﬁ a
the salts dissociated in aqueous nmedia and nostly reverted bac Lo
the free base and the respective free acid counter ions during the
equi libration process. The residual solids in these agueous

ratlon. SO X ) L - ity
suspensiasatc wad.dpmiatie naid analic acill] eabdeacidinalbib ki, BSHEAS &AL YR i Yoo
m;spevauﬂﬁiggﬁch%resﬁgxﬁaﬁded q |on|éeg mg%er&dAsdsE&&n I&ﬁiggpéggéﬁt
the obtal néd solubt I S8 a5d, hefrensulfonip agid gpd piieluenes cecid. Salts
conf i r miaf@asihamindeidahtiads, exerakgidingAgkink and bidiirge Ab.ﬁﬁ@aﬁ{&%cfag E‘,il;cggc}e,

' | la |
wth water. . erved behavi or of conpound of Formu _ tsS’
not an Jﬁ%k%%%?@%gﬁﬁgg§ﬂ§@ﬂ“¥ﬁ “weak basicity and the low intrinsic

lubi lity of the conpound. A closer inspection of the
S S0t o P st n s i R
' in Xl solubility, even
onest | Rt g olf i theythh ol o T SRl Ricd heskin s h peotpennd of
sat ur at é@rasleds & pharmacentisallyt acoéptiige suit theteolf,Sor hﬂkﬁ%&es?dﬁﬂy &v@%ﬂrg\%%' t{l%‘eof
' . .aj.n.t saturat ed sol ution are

be. LSt apre e e 1 Apd e b ol BB il ottt e comaonmd
agqueous "NBHCHNGR Wi derinethpdsTof thatiag darfeeiprpeideil hieinSarbfeS®lye tld inal is a

nesn Adan ical Salts.Propertij.es,
Sel oct o ang PR YARRY P AL RASHEL 3 poftoleRadd 2heso lipgios, Examples of
W | ey- Vefljer sstghfeanimalsindudeobutianengdimpitadrtd, wmfs, Fitelttoakdys g, cats, cattle

t al i ikgho/ m) P113 Sol ubility of Residua .
?Lé?nﬁ)hg?§%¥§§§§#ﬂgﬁéiﬁﬁﬁﬁéne 0.004* 5.235 0.009 Acetate Crystalline

M xture 0.011 2.91 0.006 Succinate
%r 32? aI3I .822 QTroeg.gng’(,)gs}/lLsga %erein, refers to an alleviation of symptoms associated with a

disorder or disease, or halt or slowing of further progression or worsening of those symptoms,
or prevention or prophylaxis of the &iseasc or disorder. For example, within the context of

cancer, successful treatment may include an alleviation of symptoms, or halting or slowing of
the progression of the disease, as measured by a reduction in the growth rate of a tumor, a halt
in the growth of the tumor, a reduction in the size of a tumor, partial or complete remission of

the cancer, or increased survival rate or clinical benefit.

“Solvate”, as used herein, refers to an association of a solvent with a compound, in the
crystalline form. The solvent association is typically due to the use of the solvent in the

synthesis, crystallization, and/or recrystallization of the compound.

“Hydrate”, as used herein, refers to an association of water with a compound, in the
crystalline form. The water association is typically due to the use of the water in the

synthesis, crystallization, and/or recrystallization of the compound, and may also be a result

of the hygroscopic nature of the compound.

“About”, as used herein, in conjunction with a stated numerical value, refers to a value
within =10% of the stated numerical value.

As used herein, and unless otherwise specified, “a” or “an” refers to “one or more™. °
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i 58 2.668 0.004 Mal ate
0.018 2.552 0.003 Lactate Crystalline 0.0
M xture 0.092 2.918 0.001 Sulfate MxtUre 0.096 2.517 0.021 Mul eate
Crystal |l i meo@oo8ed7523 415 0. 017 Citrate M xture 0. 155 2. #8Du6200089152

Hydr ochl ori de

It will be readily understood by those of skill in the art, that some materials identified
below as belonging to a category such as a surfactant, a polymeric carrier, or as a coating
material may fall into one or more of those categories, although not listed as part of the other
categories. For example, hydroxypropy! cellulose is a polymeric carrier in some
embodiments, and/or may used as a coating for a capsule or tablet in other embodiments.
Other such materials belonging in more than one category, but listed in only one category,

will be readily identified by one of skill in the art.

Salts and compositions and formulations of salts of benzimidazolyl pyridy! ether
compounds are provided in accordance with one aspect of the present invention. More
specifically, the invention herein pertains to salts and formulations comprising salts of a
compound of Formula I, and to methods for preparing and using such formulations. As used
throughout this disclosure, Formula I refers to {1 -methyl-5-[2-(5-trifluoromethyl-1H-
imidazo]-2—y1)-pyridin—4—y10xy]—1 H—benzoimidazol—z-yl}—(4-triﬂuoromethyl—phenyl)amine, a
compound having the structure:

N O F# ﬁ ;\ )
eenent
/ i |

It will be understood by those of skill in the art, that a compound of Formula I, can
also exist in the form of solvates and/or hydrates and that all such solvates and hydrates are

encompassed by the compound and structure of Formula I.

It should also be understood that organic compounds according to the invention may
exhibit the phenomenon of tautomerism. As drawings of a chemical structure can only
represent one possible tautomeric form at a time, it should be understood that the compound
of Formula I encompasses any tanfomeric form of the drawn structure. For example, one

possible tautomer of the compound of Formula I is shown below as Tautomer Ia:
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Crystalline 0.457 2.079 0.010 Methanesul fonate Crystalline 0.774
1.992 0.004 !Crystallinity was assessed by pol arized |ight

m cr oscopev@imsienss sol ubility of salts coll ected fronmrorgsnogoieisz
sol vent WD 2008/ 027523PCT/ TJS2007/ 019152 3pH of the saturated
aqueous sol utions 4Agueous solubility of residual solids collected
fromthe saturated aqueous sol utions Exanple 4: Capsule Solid Dosage
For mul ati ons The API, a weak base, exhibits increased aqueous
solubility as the pH of the nmediumis | owered. Thus, the aqueous
solubility of AP y be inproved through its conversion into an
acidic salt for Two acids, i.e., hydrochloric acid and

nmet hanesul f oni ¢—ae{ d were chosen as prototypical acids to convert API
free base into its salt forns. The conpound of Fornula | was
prepared as describ Exanmpl e 1. d-a- Tocopher i\ pol yet hyl gne

gl ycol 1000 succi ! GS; Eastman Chenicals), GeNici 14
(Gattefosse), Pol oxarnéf 188 (PI urqni ¢ F~68; Signma ]
Pol yoxyl 40 stearate ( ri 528 p ?
surfactants to aid as V\ﬁ'ﬂ ; i nd aqueous|{sol ubi Il ity enhancers
for APl free base. Thege surfg
hi gher HLB val ues and are sol/ids at anbi ent tenperatures.

Crospovi done (BASF), sodium starch glydesl ate, and Starch 1500

(Col orcon) were chosen as potential disintegrants. Avicel PH 101
(FMC), Povi dqm@smkﬁ%&} |, Cor por ati on)
were us g bul ki ng agéeﬁ?%% Ife%gesand geégta?(?ﬁ'ﬁﬁtge crepEdiqtvel v,
PEG 800 OHBPlé C"mgé?‘(tFOmﬁ’étth%rﬁ‘éfsmﬂV@hp@xmtmckohhwhﬂﬁhﬂhgﬂﬂaee @%pﬂn@g}g also
acet one eneimBpadsRathyvase b X The

formul at i ans &e E B @ par ed u5| ree approa

enpl oyi AGR ahie Splis PE eé‘ﬁ‘l“?“l"@r F]@rlrﬂdoamc‘ﬁrﬁﬂ)asuthd do&bﬁ]ﬁm&ﬁllglémda{egy
enhancersd/oohypirees 6 thB phdinikd z
solubility enhancers alono. Tdﬂhggl?%%ccg at | tos%lgsn()ﬁg%ﬁc%@%?“ﬂé”ﬁg "E"Hgéé

appr oac ummprj zed Tabl es 4 and 5, respectively.
Use of rves‘?Fﬁ t'loﬂsgf$%} S5alt formation to prepare various

formul ati ons Table 4: Formul ations Using Various Salt Formation
Processes ' Iheficecaspesttibe ponposivcntion pifvidek Yitsb bdidiRiabfiyl pyridy) ethers,

such as {1-methyl-5-[2-(5- -trifluoromethyl-1H- -imidazol-2-yl)-pyridin-4-yloxy]-1H-

benzoimidazol-2-yi}- ~(4-trifluoromethyl-phenyl)amine. Salts of the compound of Formula I
include acetate, tosylate, succinate, lactate, malate, sulfate, maleate, citrate, hydrochloride,

phosphate and methanesulfonate salts. Tn some embodiments, the salts are selected from

{1-methyl-5-[2- ~(S-trifluoromethyl- 1H—1mzdazol-2—y1)-pynd1n—4—yloxy]-IH-benzoimidazol-Z-
y1}-(4-trifluoromethyl-phenylamine hydrochloride, {1-methyl-5 -[2-(5-trifluoromethyl-1 H-
imidazol-2-yD)-pyridin-4 4-yloxy}-1H-benzoimidazol-2 2-y1}-(4-trifluoromethyl- -phenyl)amine
ethanesulfonate or {1-methyl-5- -[2-(5-trifluoromethyl-1H-imidazol-2- -yD-pyridin-4-yloxy]-
1H-benzoimidazol-2-y1} - -(4-trifluoromethyl-phenyl)amine methanesulfonate, or {1-methyl-5-
[2-(5-trifluoromethyl-1 H-imidazol-2~yl)-pyridin-4-yl oxy]-lH-benzozm:dazol—}yi}-(4-
trifluoromethyl-phenyl)amine maleate. In some embodiments, the salts of the compound of
Formula ] are selected to have a minimum aqueous solubility of at least 2, 5, or 10 times or

more than the free base. For example, such salts can have a solubility of at least about
0.058 mg/mL. in distilled water.

In another aspect, the invention provides a composition or formulation comprising a

pharmaceutically acceptable acid salt of {1-methyl-5-[2- -(5-trifluoromethyi- 1 H-imidazol-2-
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yl)-pyridin-4-'yioxy]—1H-benzoimidazol-z-yl}-(4-triﬂuoromeﬂ1y]-pﬁenyl)amine and a
surfactant. The compositions and formulations described herein may be solids or liquids and
generally have improved solubilities and dissolution rates over the unformulated free base or

saits of the compound of Formula L.

While many pharmaceutically acceptable acids may be used as the cognate acid in
acid salts of the invention, acids having a pKa of about 4.7 or less than 4.7 are particularly
useful. While not intending to be so limited, because the apparent pKa of the compound of
Formula I is believed to be about 4.7, acids with pKas at or below this level can itnprove the
solubility of the compound. Thus, in some embodiments of compositions or formulations of
the invention, the cognate acid of the acid salt has a pKa of from about 4.7 about -6. In other
embodiments, the cognate acid of the acid salt has a pKa of from about 4 to about -6, about 3
to about -6, about 2 to about -6, about 4.7 to about -5, about 4.7 to about -4, about 4.7 to about
-3, about 4 to about -5, about 4 to about -4, about 4 to about -3, about 3 to about -6, and about
3 to about -5, about 3 to about -3, and about 2.5 to about -3.

Suitable cognate acids of the acid salts of the invention include a carboxylic acid,
carbonic acid, acid salt of an amino acid, ascorbic acid, isoascorbic acid, amino acid,
polyamino acid, alkanesulfonic acid, inorganic acid, polymeric acid, or a2 mixture of any two
or more thereof. For example, the cognate acid of the acid salt can be malic acid, citric acid,
t.artaric acid, oxalic acid, succinic acid, adipic acid, fumaric acid, acetic acid, formic acid,
lactic acid, maleic acid, phthalic acids, creatinine hydrochloride, pyridoxine hydrochloride,
thiamine hydrochloride, cysteine hydrochloride, glycine hydrochloride, cystine
dihydrochloride, peptides, toluene sulfonic acid, methanesulfonic acid, ethanesulfonic acid,
phosphoric acid, phosphonic acid, orthophospheric acid, hydrochloric acid, sulfonic acid,
sulfuric acid, nitric acid, sodium metabisulfite, potassium phosphate monobasic,
polyphosphoric acid, polyvinylsulfuric acid, polyvinylsulfonic acid, or a mixture of any two
or more thereof. In some embodiments, the cognate acid of the acid salt is selected from the
group consisting of acetic acid, toluene sulfonic acid, succinic acid, lactic acid, malic acid,

sulfuric acid, maleic acid, citric acid, hydrochloric acid and methanesulfonic acid.

Compositions and formulations of the invention may include a range of amounts of
the lihannaceutically acceptable acid salt of {I—methyl—-5~[2-(5—tﬁﬂuoromethy1—1 H-imidazol-
2-yl)-pyﬁdin—4—yloxy}~'£H—benzoimidazol—2—-yl}—(4—tr1'ﬂuoromethy1—phenyi)amine. For
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example, the amount of this salt can range from about 0.1 wt% to about 80 wt%, from about
0.5 wt% to about 70 wt%, from about 1 wi% to about 50 wt % or from about 1 wt% to about
25 wt% based upon the total weight of the composition. The amount of active pha::maeeutical
ingredient in compositions and formulations of the invention varies with the intended
application, and it is well within the skill of those in the art to determine the appropriate’

amount for any particular application based on the disclosure herein.

Any suitable surfactant can be used in compositions and formulations of the invention.
The surfactant is typically used to improve wetting of API and excipients, and prevent the
acid salts of the invention, especially salts of the compound of Formula I existing in
ionization equilibrium with its free base in aqueous media, from precipitating upon dilution in
aqueous solution, although the invention is not intending to be so limited. Thus, in some
embodiments, the surfactant has an HLB value of about 8 or hi gher than 8. For example the
surfactant may have an HLB value of from about 8 to about 40 or higher, from about 8 to
about 40, 18, 16, 14, 12, or 10. In other embodiments, the surfactant may have an HLB valie
of about 9, 10, 11, or 12 to about 20, or from about 9 to about 18, about 9 to about 15, about 9
to about 16, about 10 to about 18, about 10 to about 16, or about 10 to about 15.

Surfactants that may be used in compositions or formulations of the invention include
polyoxyethylene castor o0il compounds, polyoxyethylene mono- and di-fatty acid esters,
mixtures of polyoxyethylene mono- and di-esters of Cs-Cy; fatty acids and glyceryl mono-, di-
and tri-esters of Cg-Cyp fatty acids {e.g., sold under trade names Gelucire 44/1 4,

Gelucire 50/13, Gelucire 53/10 by Gattefosse), d-a-tocopheryl polyethylene glycol 1000
succinate, polyoxyethylene - polyoxypropylene copolymers, polyoxyethylene sorbitan fatty
acid esters, polyoxyethylene alkyl ethers, sodium dioctyl sulfosuccinate, sodium lauryl
sulfate, sorbitan fatty acid esters, sugar fatty acid esters, or a:rnixture of any two or more
thereof. In some embodiments, the surfactant can be polyoxyl 35 castor oil, polyoxyl 40
hydrogenated castor oil, polyoxyl 60 hydrogenated castor oil, polysorbate 20, polysorbate 40,
polysorbate 60, polysorbate 80, polyoxyl 40 stearaté, polyoxyl 150 stearate, polyoxyl 150
distearate, d-a-tocopheryl polyethylene glycol 1000 succinate, poloxamer 124, poloxamer
188, poloxamer 407, sorbitan monolaury! ester, sorbitan monopalmityl ester, sorbitan
monostearyl ester, or a mixture of any two or more thereof. In still other embodiments, the
surfactant can be d-a-tocophery! polyethylene glycol 1000 succinate, poloxamer 188,

Gelucire 44/14, Gelucire 50/13, Gelucire 53/10 or a mixture of any two or more thereof.
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Compositions and formulations of the invention may include a range of amounts of
the surfactant. For example, the amount of the surfactant can range from about 0.01 wt% to
about 60 wt%, from about 0.1 wi% to about 50 wt% or from about 1 wt% to about 25 wt %
based upon the total weight of the composition. The amount of surfactant in compositions
and formulations of the invention varies with the intended application, and it is well within
the skill of those in the art to determine the appropriate amount for any particular application

based on the disclosure herein.

Compositions and formulations of the invention are characterized by having improved
solubility and dissolution rates in aqueous solutions over the free base or a salt of compound
of Formula I. For example, in some embodiments, the composition or formulation including
a surfactant has a solubility of at least about 0.058 mg/mL in distilled water or simulated
gastric fluid. In other embodiments, the composition or formulation including a surfactant
has a solubility of at least about 0.092, 0,096, 0.46 or 0.78 mg/mL in distilled water or in
simulated gastric fluid. In still other embodiments the composition or formulation has a
solubility of at least about 0.9, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0,0r2.3 rﬁg/mL in distilled water or
simulated gastric fluid. In some embodiments, at least 90 wt% of a sample of a composition
or formulation of the invention containing the equivalent of about 100 mg of {l-methyl-5-[2-
(S-triﬂuoromethyl-1H—imidazol-}l-yl)-pyridin-4-yloxy]—1H-benzoimidazol—Z—yl}-@-
trifluoromethyl-phenyl)amine dissolves in 900 mL of simulated gastric fluid at 37+0.5°C in
about 90 minutes or less than 90 minutes. In other embodiments, at least 90 wt% the sample
dissolves in about 60 minutes or less than 60 minutes, or in about 30 minutes or less than
30 minutes. In other embodiments at least 95, 98 or 99 wt% of the sample dissolves in about

90, 60 or 30 minutes or in less than 90, 60 or 30 minutes.

Compositions and formulations of the invention may further include additional
excipients, such as a carrier, e.g., a polymeric carrier or a non-polymeric carrier. The carriers
of the invention are polymers or other materials suitable for use as a medium to deliver a drug
substance. Thus, e.g., a carrier may be an adsorbent carrier, disintegrant, binder, lubricant,
glidant or diluent that will facilitate delivery of a drug substance to a subject. Suitable
polymeric carriers include cross-linked povidone; cross-linked sodium
carboxymethylcellulose; cross-linked B-cyclodextrin polymer; cross-linked dextran; cross-
linked carbomer; hydroxyethylcellulose; hydroxypropylmethyleellutose;

hydroxypropylcellulose; hydroxypropylmethylcellulose-acetate succinate; cellulose acetate
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10 mg or from 1 to about 5 mg. In other embodiments, the total mass of the compound of

" Formula 1, a pharmaceutically acceptable salt thereof, or a mixture of any two or more
thereof, contained within the capsule or tablet, ranges from about 0.01 mg to about ID-mg,
from about 0.1 mg to about 10 mg, from about 0.01 mg to about 5 mg, from about 0.1 mgto
about 5 mg. In still other embodiments, the total mass of the compound of Formula I, a
pharmaceutically acceptable salt thereof, or a mixture of any two or more thereof, confained
within the capsule or tablet, ranges from about 0.01 mg to about 100 mg, from about 0.1 mg
to about 100 mg, from about 0.01 to about 50 mg, from about 0.1 to about 50 mg, from about

0.01 mg to about 25 mg, or from about 0.1 mg to about 25 mg.

Compositions and formulations embodied herein may also include pharmaceutically
acceptable additives, such as an antioxidant, a coloring agent, a flavoring agent, a

preservative, a sweetener or a mixture of any two or more thereof. Antioxidants suitable for
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use in the embodied formulations include, but are not limited to, ascorbic acid, ascorbyl
palmitate, butylated hydroxyanisole, butylated hydroxytoluene, ethylenediaminetetraacetic
acid, salts of ethylenediaminetetraacetic acid, propyl gallate, sodium metabisulfite, vitamin E,
esters of Vitamin E, or a mixture of any two or more thereof. Preservatives suitable for use in
the embodied formulations include, but are not limited to, butylparaben, calcium sorbate,
ethylparaben, methylparaben, monothioglycerol, potassium sorbate, propylparaben, sodium
benzoate, sodium sorbate, sorbic acid, or a mixture of any two or more thereof. Sweeteners
suitable for use in the embodied formulations include, but are not limited to, aspartame,
glycyrrhizin salts, monoammonium glycyrrhizinate, saccharin, saccharin calcium, saccharin
sodiumn, sugar, sucralose, or a mixture of any two or more thercof. Flavoring agents suitable
for use in the embodied formulations include, but are not limited to, citric acid, menthol,
peppermint oil, sodium citrate, vanillin, ethyl vanillin, or a mixture of any two or more
thereof. Coloring agents suitable for use in the embodied formulations inchade, but are not
limited to, FD&C blue #1, FD&C blue #2, FD&C green #3, FD&C red #3, FD&C red #4,
FD&C yellow #5, FD&C yellow #6, D&C blue #4, D&C green #5, D&C green #6, D&C

orange #4, D&C orange #5, iron oxides, or a mixture of any two or more thereof.

In some embodiments, formulations of the present disclosure are solid solutions, or
dispersions. In some such embodiments, formulations are contained within a capsule or a
tablet. In some embodiments, the capsule is a hard shell capsule, a hard gelatin capsule, a soft
gelatin capsule, natural pullulan capsule, or a hydroxypropyl methylcellulose shell capsule. In
some embodiments, the total mass of the pharmaceutically acceptable acid salt of the
compound of Formula I, in the capsule or tablet ranges from about 1 mg to about 400 mg. In
some embodiments, the capsule or tablet is coated with polymer or gelatin, or is encapsulated
within a gelatin sheath. The capsule may be hard shell capsule and may further have a band-
sealed head section and a body section. The capsules, or tablets may be encapsulated within a
gelatin sheath and the gelatin sheath may further include a pharmaceutically acceptable
coloring agent, a sweetener, an opacifier, or a mixture of any two or more thereof.

Optionally, capsules or tablets may be coated with a sweetener, a cellulose polymer, a
polymethacrylate polymer, polyvinyl acetate phthalate, a gelatin, or a mixture of any two or
more. In embodiments where cellulose polymers are used to coat a capsule or tablet, the
cellulose polymer may be selected from methylcellulose, hydroxyethylcellulose,
hydroxyethylmethylcellulose, hydroxypropyl cellulose, hydroxypropylmethylcellulose,

ethylcellulose, cellulose acetate phthalate, or a mixture of any two or more thereof. In
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Methods

In another aspect, methods for producing compositions and formulations described
herein are provided. Thus, in some embodiments, the methods comprise combining a
pharmaceutically acceptable acid salt of {1 -methyl—S«[é-(S-triﬂuoromethyln1H-imidazol—fl-
yl)-pyridin--‘-!-y]oxy}—lH-benzoimidazol-z-yl}-(4-triﬂuoromethyl-phenyl)amine and a
surfactant to provide a composition or formulation as described herein. In other
embodiments, the methods include combining a compound, {1-methyl-5-[2-(5-
trifluoromethyl-1H-imidazol-2-y1) -pyridin-4-yloxy]-1H-benzoimidazol-2-y1}-(4-
trifluoromethyl-phenyl)amine, a pharmaceutically acceptable acid, and a surfactant to provide
the compositions and formulations of the invention described herein. For example, the
compound, acid and surfactant can be combined by mixing the compound and acid together to
provide a salt of the compound, and subsequently mixing the salt of the compound with the
surfactant to provide a composition or formulation as described herein. The salt may be in the

form of a paste which may be dried and/or further processed prior to being mixed with the
surfactant, '

Alternatively, the compound and the acid can be mixed by dissolving the compound
and the acid in a formulation aid such as an organic solvent to form the salt of the compound.
The salt can be isolated from the organic solvert by, e.g., precipitation or removal of the
organic solvent through evaporation or under reduced pressure, or by any suitable technique
known to those skilled in the art, including combinations of two or more such techniques.
Organic solvents suitable for use as formulation aids inciude ketones, alcohols, ethers, esters
or a mixture of any two or more thereof. Exemplary organic solvents include acetone,
tetrahydrofuran, methanol, ethanol, isopropanol and mixtures of any two or more. [n some
embodiments, the formulation aid is removed by spray-drying, and/or spray coating the

formulation onto a pharmaceutically acceptable carrier to form a solid dispersion, and/or

-21 -



#6 #/7 #8 15 74.1 68.3 94.6 81.5 96.6 53.3 61.9 7.9 30 90.4 91.3 100.3
96.9 99.9 66.4 83.3 17.4 45 99.7 96.8 99.4 98.6 99.6 70.7 93.2
WO 2008/027523 PCT/US2007/019152

grinding the solid dispersion to form granules. In some embodiments, granules formed by
such methods have a size of less than 250 pm. In some embodiments, the granules are
screened (i.e., passed through a screen) to provide a uniform size distribution for filling a
capsule with the granules, In embodiments where tablets are prepared instead of capsules, the
granules are mixed with excipients(s) as described below to form a second mixture, which is

then pressed into the tablet.

In some embodiments of methods of the invention, the amount of the
pharmaceutically acceptable acid salt of {1-methyl-5- [2-(5-trifluoromethyl- 1 H-imidazol-2-
yD)-pyridin-4-yloxy]-1 H-benzoimidazol-2-yl}-(4-trifluoromethyl-phenyl)amine ranges from
about 0.1 wt% to about 80 wt%, from about 0.5 wt% to about 70 wi%, from about | wit% to
about 50 wt % or from about 1 wt% to about 25 wt% based upon the total weight of the

composition.

All methods of preparing compositions and formulations of the invention may further
include combining a polymeric or non-polymeric carrier with the acid salt and the surfactant.
Any of the methods may further include combining an antioxidant, a coloring agent, a
cyclodextrin, a flavoring agent, a preservative, a sweetener, or a mixture of any two or more
thereof with the acid salt and the surfactant. Suitable acids, surfactants, polymeric and non-
polymeric carriers, antioxidants, coloring agents, cyclodextrins, flavoring agents,
preservatives, sweeteners, and other excipients are as described throughout this disclosure. In
some embodiments of methods of the invention, the amount of surfactant ranges from about
0.01 wt% to about 60 wt%, from about 0.1 wt% to about 50 wt% or from about 1 wt% to
about 25 wt% based upon the total weight of the composition. In some embodiments, the
antioxidant is present at up to about 1 wt% based upon the total weight of the formulation. In
other embodiments, the sweetener is present at up to about 2 wt% based upon the total weight
of the formulation. In other embodiments, the flavoring agent is present at up to about 2 wt%

based upon the total weight of the formulation.

In some embodiments, the methods further include forming at Jeast one capsule or
tablet with the formulation. In such capsules or tablets, the total mass of the pharmaceutically
acceptable acid salt of the compound of Formula I ranges from about 0.01 mg to about
400 mg, from about 0.1 to about 400 mg, from about 1 to about 400 mg, from about 1 to
about 100 mg, from about 1 to about 50 mg., from about 1 to about 25 mg, from about | to
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dried and m | led.to _give UnifqQrm granul e Addi ti gnal . exci pients can. .
be. added t ot NEAIHER GPRSIeE GRS RSUME SPER BY K AR KRV PopRiflsin
filled : t‘lieQal brﬁ: wzasp;he@ﬁ.bg@ihﬁa{sns@ﬁnyﬂml oﬂai}ﬁ:ll.{h RSpralitg o hizebt elhécﬂfaﬂaﬁwb ater
opti ona e caonpressed, | ablets. The t et or capsule can be
Prthor EAPEHSTE Bhttae i Qiube b a6t 6 s g ket MisTUGESH ¢ © o an
appear anedtiesaelgel, phioihzake hade@iondh pblitoPbesuld bddyaatidaao Forad AgRapsule,
environ rrg}pl;[dsing the capsule to an elevated temperature of from about 35°C to about 55°C, and

allowing the adhesive gel to set. In other embodiments, the capsules are band-sealed.

Tablets formed by the disclosed methods are, in some embodiments, formed using a
conventional tablet press or molding calendar with a pair of counter-rotating, chilled molding
rolls. Thus, methods of preparing solid formulations include, but are not limited to hot melt
methods as described above and below in the examples, and solvent dissolution/evaporation

methods as described above and below in the examples.
Packaging

Pharmaceutical packagings are ubiquitous throughout the industry and most are well-
suited to the formulations disclosed. Pharmaceutical packagings and/or containers for
inventive formulations may include a storage vessel for one or more capsules, tablets, cachets,
or lozenges of formulations embodied herein. Such embodiments of storage vessels include
those made of any of a number of pharmaceutically compatible polymers, glasses and metals,
including, €.g., high density polyethylene. Disclosed pharmaceutical packagings include
blister packaging, with at least one capsule, tablet, cachet, or lozenge of the formulation(s)

disclosed herein. Further, such storage vessels may include a cotton or rayon coil and/or a
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Forrul ation 9 Sodi um starch gl ycol ate, pol oxaner 188, and

m crocrystalline cellulose are dry blended in a Key International KGb5
gr anul at ornwo Addkozs23di ssol ved in 5% hydrochl oric aci d i aceugloassorsz
beaker and transferred into the 1{05 as the granulation fluid. The
granulation is mxed at a 400 rpminpeller speed and a 2,000 rpm
chopper speed for |I mnute. The resultant granules are dried in an
oven at 40C until the noisture content of the granulation is |ess
than 10% The granules forned are then screened through a #20 nmesh
screen. The screened granules are mxed with additional

m crocry I odi.um. starch | ender
for 5 m ﬁ%@égh&%nl S%%lolnguglg %ggc%nd“s e eﬁ?’ cn%‘%ﬁggytg‘%ée 55%101“ hand 1s not
bl end anlimitinged tedrroader astaictsiofthzb dfsclmmut es. The final blend is then
di scharged fromthe V bl ender and conpressed into tablets using a
Carver piRatoddidfiraatidy | NCh round standard concave tooling. -38- WO
2008/ 027523Pg1§"} US£007/ 19152 Granul e Fornul ation I ngredient % w w API

12.5 Hydrochloric acid 4.75 Saodi um starch gl ycoI ate 20.0 Pol oxamer
188 10.0 M crBdngdenpspertemethors fosdisating cancery inkibitpgangiogsnesis, and/or

For mul at inBibitiripoe &Hikefke A Daiibljech Bfe pfGRIQL  InWBmTeAblEdney Mdhadhan 400

nmg (Equivalent to 50 ng APlI) Mcr ocr ystalline cellul ose 158 ng Sodi um

starch gPRrasIsst administering to a’subject in neéd of a cancer treatment, a composition or
formulation as described herein. In some embodiments, the method comprises administering
to a subject in need of an angiogenesis inhibitor, a formulation embodied herein. In other
embodiments, methods comprise administering to a subject in need of an RAF kinase
inhibitor, a formulation embodied herein. The formulations are typically administered in an
amount sufficient to provide a Cyx of about 0.1 to about 5;000 ng/mL, from about 0.1 to
1,000 ng/mL, about 0.1 to 500 ng/mL, or about 1 to 150 ng/mL and/or an AUCy_,of about
0.01 to about 5,000 pg*min/mL, about 1 fo about 5,000 pg*min/mL, about 1 to about
2,000 pg*min/mL, or about 1 to about 1,000 pg*min/mL of the compound of Formula I, a
pharmaceutically acceptable salt thereof, or a mixture of any two or more thereof, in the

_ subject’s plasma. However, while exemplified dosage rates were used in controlled studies,

administered dosages of API in a subject may range from about 0.01 mg to about 50 mg per
kilogram body mass of the subject, including from about 0.01 mg/kg to about 25 mg/kg, from
about 0.01 mg/kg to about 10 mg/kg, or from about 0.01 mg/kg to about 1, 2, 3, 4 or 5 mg/kg.

Treatment regimens and methods of treating a subject with a compound of Formula I,
a pharmaceutically acceptable salt thereof, or a mixture of any two or more thereof, are
provided. In some embodiments, methods of treating cancer and/or inhibiting angjogenesis in
a subject include administering a formulation of a compound of Formula 1, a pharmaceutically
acceptable salt thereof, or a mixture of any two or more thereof, once, twice, three times, four,
or more times daily., In some embodiments, administration of such formulations includes
treatment cycles of administering such formulations daily for 7, 14, 21 or 28 days, followed
by 7 or 14 days without administration of the formulation. In other embodiments, the
treatment cycle includes administration of the formulation daily for 7 days, followed by 7
days without administration of the compound. In some embodiments, the treatment cycle is

repeated one or more times,
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20 ng Silicon dioxide 10 ng Stearic acid 12 ng Total Tablet weight

600 mg Method 2: Wet Granul ation APl and carriers are mxed

in a hi ghvehmasoarsser or a planetary m xer. An acid sopgt/zsmov@Estshen
added to the dry blend as the granulating fluid. The resultant wet

m xture may then be further dried and mlled to give uniform

granul es. Additional excipients can be added to the granules to
produce a final blend. The final blend is then filled into a
two- pi ece gelatin or HPMC capsule. The final blend may alternatively
be conpressed into a tablet. The tablet or capsule can be further
coated to NMOAA{ yorkd §1)0R1@| Qée%%h:hﬁﬂ ac'i: (iR zﬂy & tb%éomwund of Formula I may
appearance/taste, or ot ect uct rom

envi r onrhgrised ﬁtsrtmm@m Of @arious canca&Pln a gubireh ol Sdm@mbpdimm;ﬂte <h8&sr to
and i crpGr4ahdhdis bQ | 0, eallfa R

gr anul atﬂc%ﬁt{exu | ut e%ke})rgﬁﬁg#esgﬁft%dnﬁtﬁ%?% 1?;@95‘?3;5411 6] IXE d& yhB‘fp gfa'fyo
f or m wettragh spginemas; Eevterand whramin Lymphoigllswkergas, acue dmd duonip myeleRE®USs
fIui d bagdeyel AR T IdsH aehie DG ¢

Gi ve.r anga R RS ThGHoR R Klkblay A LR R R bl
gl ycol atgioms, ymphgmepdes aﬁQﬂlaSBmmtmﬁ wyelogial m@@lnpdﬂléwgtd\j@ dissdsasagnesi um
st ear at g c@fRnddlaR, ihg, ARcrBARD Hr ARk, Pl 9 ﬁﬂf&'@ Gers.
minutes. The final blgetrll% i ?g%h%?egg%éfrom are ; Bl{haéan ors

2008/ 027523PCT/ US 07/019152 the V bl ender and the granules are
filled into d"&p gorﬁ’e‘ IaHep g BrdqrPackasing efdheptesppt ivionds isgentemplted
machi ne. wl@r@ﬂd{is&lef&fe@u |p?6\h@éli taB et £ E Bfso %Md%&lalanagv}ére ta?_lgtsoare 50

Cr ospovi done 20. 0 Pol oxaner
MEI':? gg?fpg%‘gg?c’ %@5‘3@ mﬂyd'g@ lwg:@owded Where tablets and/or capsules are so provided,

cachets and/or lozenges may also be provided.

One skilled in the art will readily realize that all ranges discussed can and do
necessarily also describe all subranges therein for all purposes and that all such subranges also
form part and parcel of this invention. Any listed range can be easily recognized as
sufficiently describing and enabling the same range being broken down into at least equal
halves, thirds, quarters, fifths, tenths, etc. As a non-limiting example, each range discussed

herein can be readily broken down into a lower third, middle third and upper third, etc.

All publications, patent applications, issued patents, and other documents referred to
in this specification are herein incorporated by reference as if each individual publication,
patent application, issued patent, or other document was specifically and individually
indicated to be incorporated by reference in its entirety. Definitions that are contained in text
incorporated by reference are excluded to the extent that they contradict definitions in this

disclosure.

The present embodiments, thus generally described, will be understood more readily
by reference to the following examples, which are provided by way of illustration and are not

intended to be limiting of the present invention.
Experimental

Nomenclature for the compounds was provided using ACD Name version 5.07
software (November 14, 2001} available from Advanced Chemistry Development, Inc.,

ChemlInnovation NamExpert + NomenclatorTM brand software available from
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Total 100 Capsule Formul ation Ingredi ent Anbunt per Capsule, ng

G anul e Formul ation 400 nmg (Equivalent to 50 ng APlI) Sodi um starch

gl ycol at e w@6&ooemz7st3 i con di oxi de 10 ng Magnesi um st ear aggudfdoH®ioket al
Capsule fill weight 440 nmg Method 3: Wt Granul ation APl and
a surfactant are dissolved in a volatile organic solvent to forma
solution. An acid is added to the solution to forma granul ating
fluid. A pharmaceutical carrier(s) and other inactive ingredients are
then wet granul ated using the granulating fluid. The resultant
granules are dried and mlled to give uniformsize granul es.

Addi t i onGhengtfbRHBASSAIRYe, e i pal
bl end. The final blend myhg:e%qg%é%ﬁ?ﬁnpgmg{n?&%L‘g@é‘%‘%Im}fedljti @Fﬁfﬁg
capsul e UHReofWaE Pagkaged g AP gwrilsblefsom @mtdgeSﬁbeambmmbe(Ca&h@dge
tabl et QviAgaBSHET MRYcoRfolkds SATstL QR rel.e

profile, tg |gﬁ€ove |t§ﬁ,appea4rﬁar?f:e/ta§tgtghgls ? éé?é&{?‘s, Sta’%aasaf%IéJPAc
product‘FWﬁWF ©storage environnent. Fornul ation 11 APl and
pol oxarmer 188 are dissolved in acetone, and sulfuric acid is added to

forma gr anul\éztridmg sifahiﬁgdnat@‘iﬂS ylb@%ﬁllﬁbﬁq:rdﬂlQérﬁﬁlrei/cgél%h&]c%ean%%rg (.stbey
are dry ?fﬁ‘g"i in.a BE hl e one-pot processor

gr anul at’B8&q qﬁ'@‘”{lﬁ%‘)@?a ]éﬂﬁ%ﬁaft} uid. The granulation is dried in

t he one-pot processor using vacuum and heat. The resultant granul es

arﬁ m | I%‘tmgeﬂg -Sgdlﬂ'les:s dﬂ({n-ﬁﬂﬁﬁ&@ﬂﬁ@ﬁ@[ﬁ&ﬁﬂ%ﬁ?}%}ﬁ%ﬁowy‘Lyrg.ﬂn_
achi eve the desira e_Sj 7 e mlled granul e§ are
then mxed with cros? %ﬁh%gzglwgﬁ?ﬂ%"%é (£t'3ﬂ!éﬁ'd’é‘i’eq‘ P'F“M)ﬁm"eﬁs.
Silicon di OXI de anc(FnagmksI)um stearate are added to the blend and

m xed f Qe additional m nutes. The final blend is discharged from
the V bI ender and fi IIed into a size 00 hard gelatin capsules using a
MZ2 encapsulati gan machi ne. £ anul e Formul ation | ngredi ent % w/ AP/J<

K,COy, DMSO
(PRY]

A 500 mL three-neck flask was fitted with amechanical stirrer and charged with
K7CO3 (4.15 g, 30 mmol). The vessel was sealed, evacuated, and flame dried. The apparatus
was allowed to cool to rt and purged with argon. To the reaction flask was added 4-amino-3-
nitrophenol 1a (3.08 g, 20 mmol), fert-butyl 4-chloropyridine-2-carboxylate 1b (5.2 g,
24 mmol) and dry DMSO (30 mL). The resulting mixture was stirred vigorously and heated
to 100°C for ~14 h. The reaction was poured over iced phosphate buffer (pH = 7) and the
reaction flask was rinsed well with MTBE and water. The combined biphasic mixture was
filtered through Celite (>2 cm pad), The layers were partitioned and separated and the
aqueous phase was extracted with MTBE (3 % 100 mL). The combined organic layers were
washed with water (5 x 100 mL), dried (Mg80y), and evaporated. The crude residue was
adsorbed onto SiO,, and purified by flash chromatography (4:1, 2:1, 1:1 hexanes/EtOAcC) to
furnish 4.92 g (14.9 mmol, 74% yield) of 1c as a yellow brown solid. 'H NMR (300 MHz,
CDClL3) 6 8.58 (d, J=5.8 Hz, 1 H), 7.90 (d, J=2.8 Hz, 1 H), 7.56 (4, J=2.5 Hz, 1 H), 7.17
(dd, J=2.8,8.8 Hz, 1 H), 6.94 (dd, J=2.8, 5.8, Hz, 1 H), 6.91 (d,./=9.1 Hz, 1 H), 6.15 (brs
2 H), 1.62 (s, 9 H): “"C NMR (75 MHz, CDCl3) 8 165.8, 164.0, 151.8, 151.5, 143.4, 143.2,
131.5,129.8, 121.0, 118.0, 114.2, 113.1, 83.0, 28.4; mp 163-166°C.

Step 2
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12.5 Sulfuric acid 7.23 Crospovi done 20.0 Pol oxaner 188 10.0

M crocrystal line cellul ose 50.27 Total 100 Capsule Fornul ation
I ngr edi entwénmemi7sper Capsul e, ng G anul e Fornul ati on #88usibor/019152
(Equi val ent to 50 ng API) Croscarnel |l ose sodium 20 ng Silicon dioxide
10 ng Magnesium stearate 10 ng Total Capsule fill weight 440 ng.

Met hod 4: Spray-drying APl and a surfactant are dissolved in a
vol atile organic solvent. A solid carrier is added to the solution to
forma suspension followed by the addition of an acid to forma final
suspensi on for spray-drying Additional excipients can be added to the
spray-dried granules to psoduce a final blend. The final blend gan bhe
filled into a_twgspi ece Iatﬁg or HPMC capsule. Thg fi pal CEE<:
al so be Conff egSed nt let. "THEhPEblet or c e C

further coa o] ' its releas%:%g?Fﬂke,\Lo j ve Iits_ wn
appear an®€/ taste, and/or to protect ki pr oduct ¥ r ofn t he stdrage
envi ronnment . ®¥ormul ation 12 N,

1c 1d

To a solution of 1¢ (5.62-g, 17 mmol) in CH;Cl, (85 mL) at 0°C was added TFAA
(24 mlL, 3.6 g, 17 mmol). The cooling bath was then removed and the reaction maintained at
1t for 2 h. The reaction was cooled to 0°C and TBACI (2.5 g, 8.5 mmol), Me;SO4 (3.2 mL,
4.3 g 34 mmol), and 10% NaOH (34 mL) were added. The resulting mixture was stirred
vigorously for 4 h at rt. The reaction was diluted with water and the resulting layers were
partitioned and separated. The aqueous phase was extracted with CH,Cl, (3 x 100 mL), and
the combined organic layers were washed with brine (2 % 100 mL), dried {MgSQy), and
evaporated. The crude residue was adsorbed onto silica gel and puﬁﬁed by flash
chromatography (4:1, 2:1, 1:1, 1:2 hexanes/EtOAc) to give 4.5 g (13.0 mmol, 76%) of Id as a
yellow-orange solid. 'H NMR (300 MHz, CDCly) 6 8:54 (d, J=5.5 Hz, 1H), 8.04 (br d, J =
4.7Hz, 1 H), 7.93 (d, J=2.8 Hz, 1 H), 7.53 (d, J=2.5 Hz, 1 H), 7.25 (app dd, J=2.8, 9.1
Hz, 1 H), 6.91 (m, 2 H), 3.04 (d, J= 4.9 Hz, 3 H), 1.59 (s, 9 H); '3C NMR (75 MHz, CDCls) 8
165.9, 164.1, 151.5, 144.7, 142.1, 130.4, 118.8, 115.5, 114.1, 112.9, 82.9, 30.4, 28.5; mp 187~

189°C,
Step 3
8] k .
o. Ta)
N o s OH
L LAHTHF |
\N =N 2. MaBH, o ~n N
N 3. ¥,0, NaDH H
NO, NOQ,
id 1e

A flame dried 500 mL three neckéd round bottom flask purged with N; was charged
with LAH (3.0 g, 75 mmol) and dry THF (240 mL). The resulting suspension was cooled to
0°C and 1d (20.7 g, 60 mmol) was slowly added while keeping the internal reaction
temperature under 5°C, The reaction mixture was stirred at 0°C for2 h foll.owed by stirring at
1t overnight. NaBH, (2.27 g, 60 mmol) was added and the reaction mixture was stirred for an
additional hour at rt. After the reaction was jl:ldged complete, the reaction mixture was treated

with successive dropwise addition of water (3i mL), 15% NaOH (3 mL), and water (9 mL).
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APl and pol oxaner 188 are dissolved, in acetone to forma solution.
Crospovi done and mcrocrystalline cellulose are added to the sol ution
to form awaspsnsisen. Sulfuric acid is -41 - added topthesayseess on
and the resultant mxture is subjected to a Niro spray dryer. The
resultant spray-dried granules are m xed with Croscarnel |l ose sodi um
in a V blender for 5 mnutes. Magnesium stearate is added to the

bl end and m xed for an additional 3 mnutes. The final blend is

di scharged fromthe V blender and filled into a size 00 hard gelatin
capsul e using a M2 encapsul ati on machi ne. Spray-dried Fornulation

Pol oxarmr S 5 Mt BT S AR Tl e BB RS i Washed witn
Capsul e Fé& sk Mo@H) rfde edinkined mugania pqmpnscmgs gVeporated @datha kesulting crude

For mul at j.Qt,4Q9s Mkoftcd th@él@q bind Buéﬁecﬂ%r f?ﬁh)chgrga?&ﬁ%ﬁﬁl 699%%§ ijl (ﬁ%

my Magnesium stearate 1
to afford 7.63 g (27.7 mmol 46%) of a red-orange solid as 1e. '"H NMR (300 MHz, CDCl3) &

8.40 (d,J = 5.5 Hz, 1 H), 8.05 (br s, 1H), 7.96 (d, /= 2.75 Hz, 1 H), 7.29 (d, J=2.75 Hz, 1
H), 6.52 (d, J=9.35 Hz, 1 H), 6.75 (m, 2 H), 4.68 (s, 2 H), 3.07 (d, /= 5.23 Hz, 3 H).

Step 4

o
O
\O/\ _Mnoy cHely = H
e N Tt 2 days I N
~ N e
H
NO,

le 1f

A 100 mL round bottom flask was charged with 1e (1.38 g, 5.0 mmol), MnO; (6.52 g,
75 mmol) and CHCl: (20 mL). The resulting suspension stirred. at rt for 2 d. The reaction
mixture was filtered through Celite, and the remaining solids were washed successively with
CHCl;3 and EtOH. The combined organic portions were evaporated, absorbed onto silica gel,
and purified by flash chromatography (98:2 CHCly/MeOH) to give 790 mg (2.89 mmol,
58%) of an orange solid as 1f. 'H NMR (300 MHz, CDCls) 5 10.01 (s,1H),864(d,J=5.5
Hz, 1 H), 8.09 (brs, 1 H), 7.96 (d, /= 2.75Hz, 1 H), 7.37(d,/=2.48 Hz, 1 H), 7.29 (d, J =
2.75 Hz, 1 H), 7.08 (dd, /=2.47, 5.5 Hz, 1 H), 6.94 (d,J=9.35 Hz, 1 H), 3.08 (d, /= 5.23

Hz, 3 H).
Step 5
f'o o]
HO
E\C)H< Br +  waoac ! - p.‘ckfo
& Br 1XY'C, 40 win Br
1g 1h
o] N
o |,‘\>_CF-'
S H © N
| + 1h e | > ’
N =
\'ﬁ MeOH, 1t, ofn \'}}‘ #N

NO, NO,

‘lf . 1i
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Total Capsule fill weight 430 ngy Method 5: Co-Precipitation

In co-precipitation nmethods, APl and a surfactant are dissolved in a
sui t abl e wob adokhesty gani ¢ sol vent. An insol uble solid sarusgyr@sdzan
acid are then added to the solution to induce the co-precipitation of
an in situ APl salt with the surfactant and carrier. The solvent nmay
then be renpbved by evaporation or by other appropriate nethods. The
resultant co-precipitate may be collected and dried. The particles so
obtained are mlled, sieved, and filled into two-piece hard, capsul es.
Alternatively, these formulations nmay be further processed through
mlling, sievi | Xl |t r ci pient s ' LNt o
2 tabl ot dosesaors b iidbelln 2B AT 1705 reS g GRS ETBLAST bl
2008/ 02 7&2RAINGE20) 1204 @1 B2 mmol) in HAPI (68 mal oidakaresultidS8olatien heated to

di ssol ved, 4 ne. 0 i an Il igone. di.Qxi e o]
the solu |03§ f&gﬁ# [%oalrnr'n‘% %&?@@%ﬁggﬁﬁ%ﬁ’g tg‘:’lnnoe %y‘garsoag ﬁ%%g’ﬁad%gﬁesngg’gd’gﬁt o]
t he susp@fg, 6hmonel) indHEE@HE ! $Gund.) and MeOdH {45030b}). cltegdsull tngamirdicre owas
evaporat Qf_1t.0.r.e e . .th { . resultan i Lcl es gLe
Thon m 1 T ds SR Ty SRS ub Rl P RH REHRsBorts: e
m nut es. crivdgpeduciwstconcentreted snta ddegudons siverybirehneri@chedmitbdafuoatedNaCO;
addi ti ongl LN s. The final blend IS discha rQm_t V .

bl ender IS CRRTFob o600 iR e pEiis Ttk BEAS AR AT L e fombined
capsul e dérghtichgashed wéfh brides dhicicwibh MgSQanaddoromoératatedrio lghgr3ddi gaf 196 w w

10.0' 1{-E5AEhASAREge SROTI TS NORRRY datRarlh DulRhET 100
Anount psetrep%apsul e, ng Ganule Fornul ation

N N
I/ycﬁ I/ycﬁ
G )
| PA/C, d
T . =N - =N
N EtOAc/ EtOH ™~
H H
NO, NH,
1i . 1j

A slurry of 11 (45.76 g, 120 mmol} in MeOH (220 mL) and EtOAc (200 mL) was
sparged with N, for 20 min, and then charged with a suspension of 10 % Pd/C (12.77 g,
120 mmol) in MeOH (60 mL). The reaction was purged with H, and maintained under a H,
atmosphere for 2 days. The reaction was filtered through a pad of Celite and the collected
solids were washed successively with MeOH and EtOAc. The combined organic filtrates
were evaporated, and the resulting solid was azeotroped with CH>Cl; and dried overnight,
under vacuum, to give 40.17 g (115 mmol) of 1j as a tan powder (96% yield). LCMS m/z
336.1 (MH"), trg = 1.81 min.

Step 7
G

N[/\>—CF_, FiC NI/S_CF
HEN]@/C)\@/L N @ N NN, N '
. HN / ﬁ H
"--.H =N _<N l N
I -

NCS
————n e Y
2 FelCly

1j I

4-(Trifluoromethyl)phenyl isothiocyanate (23.37 g, 115 mmol) was added to a stirring
solution of 1j (40.17 g, 115 mmol) in MeOH (460 mL) at rt. The reaction was maintained at
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400 ng (Equivalent to 50 ng API) Croscarnel | ose sodi um 20 ny
Magnesi um stearate 10 ng Total Capsule fill weight 430 ng Any
of a nunbevogﬁm@pgmoprlate appar atuses are avail abl e t pcBsSio601b132
bl endi ng, extrusion, sizing, encapsulation, sealing, filling,
pressing, and other processes in preparing pharnmceuti cal
formul ations. Various types of two-piece hard capsul es include, but
are not limted to, tryo-piece HGCs, HPMC capsul es, and natural
pul l ul an capsul es. Al such capsule shells may contain opacifiers
such as talc and titani um di oxi de, and colorants. Listed herein are
NUMer ous t
DUt ar e maq o MRESHE RALINHELS: HARH cohrlCle, SLRAHERTREL (038285 pmon
makes, nidddeQH (8% Hﬂﬁﬁ’fﬁﬁfadéﬂédﬁoéh%ﬁ‘éﬁtimaﬂﬂﬁ ¢ resulfing nsxmrmasssmed lagrt For
exanple i I

O\L&lﬁﬁi‘i’t %e%ﬂi&eﬁ@&ﬁ%m %ﬁﬁ(tu%@ﬁé%’gﬁe&) &3 B s‘éﬂﬁ? ory, ﬁﬁlﬁ%ﬁ hm qll}l%s

bl enders, fluid bed granulators available from
and Ni roE%G7ﬁ9“§9§ﬂémat®'l(é$féméﬂyTh¢ lagers weatsepaiabitlo andothe gieross phise was

mel t ext &4mbRen Wil 29
Mcro 18; and M crgm rot ft{l"%%gggegd countgwc 1%'\%%\3&3 wmbi%§§washéf
2008/ 0275tk prtHRsd 2gpTTY MR EO: s@pmn, ieptarvind byineetherdtiedMdeSO yaid abl e
from Anegdneaiiratedl Sttt ng 19/.2

and twin sncre‘\./?/ DSE fggied@é‘éé%{%ﬁ%%%%?&nég Ic( il_,llnt e(§ hs'%td e Off’a gted
screw exiquaeksNaxC0s seiBEian andithe rm%mnwa&ctdsdm oB ISpparetmsy ﬁmnel

Cal A S
Procees o LBRL(y *?%?2“% e e S R el e

avai | abl & *?r%wqg&l}dil@r p the layers merssthay asiasdsecbaridr tberrdqiiepupphase wis
Gsci | | at @itrasted Yith KONV (@ :JBU@)QEL) Of'hevcﬂ‘ggf?é ﬁiytellﬁ%e%J&ﬂ'H@%g wWashdd W brine,

machi nes for fl||ln8 a rm ten nass such as

F- 40- LI Gbrt digiMes Oy sddrdigrmeriogely exiartedsnpterignd comieh@APE The combined
F-120- LI H&&%@&i@&t 4, | L
CapsugeII% 1000, Ca e':sul e FilTing aﬁfgz S!é(gél}dr?%ﬁ{ ?%gnéﬁgn%éﬁg SaiPe

CFS
seal i ng TTEFRMAEPRY;cf 98l rigratipmed mapdaloyislo CHp Clapsriacedihd cvmound of
QUALI CAPSprmlD0asil ) Wﬁ sof’@r ﬂCﬁf?Epﬁz!éI ﬁQfl' I\J’IHJ%1 ) A ﬂgr@é% Igjﬂ(lﬁlé}n@
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1.36 0.7094
2.19 0.1253
3.75 0.0019
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10.13 0.0003
11.00 0.0003

Example 3: Preparation of Salts of the Compound of Formula I

The compound of Formula I was prepared as described in Example 1. Hydrochloric
acid (HCl), sodium hydroxide (NaOH), acetic acid, lactic acid, succinic acid, malic acid, citric
acid, ethanesulfonic acid, maleic acid, methanesulfonic acid, toluenesulfonic acid, phosphoric
acid, and sulfuric acid were all United States Pharmacopoe:a—Natlonal Formulary (USP-NF)
grade or ACS grade.

Conversion of the compound of Formula I to varicus salt forms was accomplished via
an acid-base reaction in an organic liquid medium followed by a slow evaporation of the
organic solvent, except for the mesylate, esylate, and maleate salts which were prepared as
described in Example 6, below. An accurately weighed amount of the compound of
Formula I (443.4 mg) was dissolved in a total of 8.39 mL of a solvent mixture composed of
7.39 mL acetone and 1 mL methanol. 0.567 mL aliquots of th.is solution were placed in
1.5 mL polypropylene tubes to yield 30 mg of the solid compound of Formula I upon drying.
Tubes containing the compound of Formula I were left overnight in the chemical fume hood
to air-dry. Equimolar amounts of the respective co gnate acids were added to the vials from
acetonitrile (ACN) solutions of the acids (1 mL of 57.86 mM acid solutions). The resulting
converted salt suspensions were agitated overnight at room temperature. The following day,

the salt suspensions were dissolved by the addition of 0.5 mL of methanol, agitated for 1 hr
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and allowed to air dry in the chemical fume hood. Upon drying, the solid salt materials were
subjected to microscopic e);aminaiion and aqueous solubility testing. Microscopic
examination was performed with a polarized light microscope to assess the crystalline nature
of the materials. The salt solubility studies were performed by adding excess solid salt
material to 1 mL of deionized water in 1.5 mL‘polypropylene tubes and agitating for 48 hr at
room temperature. The tubes were then centrifuged at 15,000 rpm for 20 min at 22°C in a
microcentrifuge. Concentrations of the various salts in the supernatant were measured by
HPLC and the pH of each was measured and recorded. The supernatant was then discarded

and the pellets were resuspended in deionized water for another solubility determination.

HPLC analyses were performed using Waters Alliance™ 2695 Separation Module
equipped with Waters 2996 Diode Array Detector. Separation was.performed using 4.6 x
130 mm Synergi Hydro-RP C 18 reversed phase HPLC column at temperature of 35°C.
Mobile phase conditions consisted of 0.1 % Trifluorcacetic acid (TFA) in water (Solvent A)
and 0.1 % TFA in ACN (Solvent B). Flow was maintained at 1 mL/min with the linear

gradient elution shown in Table 2,

Table 2: HPLC Solvent Gradient

Time % %
{min.) Solvent A Solvent B
0 95 5
40 40 60
45 95 5
50 95 5

Quantitative analyses of the compound of Formula 1 were performed at 254 nm

wavelength using an external standard curve.

In an attempt to increase the aqueous solubility and dissolution rate of compound of
Formula [, initially ten acids were screened for their ability to form salts with the compound
of Formula I free base. The acids included relatively weak acids such as acetic and lactic
acids. They also included strong acids such as sulfuric, hydrochloric, toluenesulfonic, and

methanesulfonic acids as shown in Table 3.

The crystalline nature of each of the collected salts was assessed microscopically

using a polarized light microscope. As shown in Table 3, microscopic examination of
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collected salts indicated that some salts were crystalline and the others were mixtures of
crystalline and amorphous phases. 'When the salts were evaluated for their equilibrium
aqueous solubility, they exhibited low levels of solubility and low pH of the saturated
solutions. Given the very weakly basic nature of the compound of Formula I, it was assumed
that the salts dissociated in aqueous media and mostly reverted back to the free base and the
respective free acid counter ions during the equilibration process. ‘The residual solids in these
aqueous suspensions were, therefore, collected, and their agueous solubility was evaluated in
freshly added deionized water. As shown in Table 3, the obtained solubility is consistent with
that of the free base confirming that the salts reverted back to the free base upon contact with
water. The observed behavior of compound of Formula 1 salts is not an unexpected one given
the weak basicity and the low intrinsic aqueous solubility of the compound. A closer
inspection of the pH-solubility profile of compound of Formula I in Table 1 reveals that the
compound did not attain maximum solubility even at the lowest pH tested, i.e., pH 1.36. This
indicates that the pH of a saturated solution of a salt of Formula I is lower than 1.36. Salts
that require a low pH to attain the saturated solution are known to be unstable and to revert
back to the free base when in contact with aqueous media (Serajuddin A.T. M. and Pudipeddi
M. Salt Selection Strategies. In Handbook of Pharmaceutical Salts Properties, Selection, and
Use. Stahl P.H. and Wernauth C.G. (Eds). 2002, Wiley-VCH).

Table 3: Salts of the Compound of Formula I

Solubiity of
Solubility® Residual Solid*
Salt Crystallinity'! |  (mg/mL) pH> {mg/mL)
Free Base Crystalline 0.004° 5.235 0.009
Acetate Crystalline 0.006 3.892 0.002
Tosylate Mixture 0.011 2.91 0.006
Succinate Crystalline 0.018 2.552 0.003
Lactate Crystalline 0.058 2.668 0.004
Malate Mixture 0.092 2.918 0.001
Sulfate Mixture 0.096 2.517 0.021
Maleate Crystalline 0.096 2.415 0.017
Citrate Mixture 0.155 2.405 0.006
Hydrochloride Crystalline 0.457 2.079 0.010
Methanesulfonate | Crystalline 0.774 1.992 0.004

'Crystallinity was assessed by polarized light microscope

?Aqueous solubility of salts collected from organic solvent
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*pH of the saturated agqueous solutions

*Aqueous solubility of residual solids collected from the saturated aqueous solutions

Example 4: Capsule Solid Dosage Formulations

The AP, a weak base, exhibits increased aqueous solubility as the pH of the medium
is lowered. Thus, the aqueous solubility of API may be improved through its conversion into
an acidic salt form. Two acids, i.e., hydrochloric acid and methanesulfonic acid were chosen

as prototypical acids to convert API free base into its salt forms.

The compound of Formula I was prepared as described in Example 1. d-a-Tocopheryl
polyethylene glycol 1000 succinate (TPGS; Eastman Chemicals), Gelucire 44/14 (Gattefosse),
Poloxamer 188 (Pluronic F-68; Sigma chemicals), and Polyoxyl 40 stearate {(Myz) 52-8,
Unigema) were selected as the surfactants to aid as wetting agents and aqueous solubility
enhancers for API free base. These surfactants were chosen because they have higher HLB
values and are solids at ambient temperatures. Crospovidone (BASF), sodium starch
glycolate, and Starch 1500 (Colorcon) were chosen as potential disintegrants. Avicel PH 101
(FMC), Povidone K30 (BASF), and fumed silica (Degussa Corporation) were used as a
bulking agent, a binder, and a glidant, respectively. PEG 8000, oleic acid, methanesulfonic

acid, hydrochloric acid, and acetone were used as received.

Formulation Preparation

The formulations were prepared using three approaches: (1) by directly employing a
harvested salt form of Formula, (2) utilizing solubility enhancers coupled with in-sifu salt
formation and (2) utilizing solubility enhancers alone. The formulations prepared using these

approaches are summarized in Tables 4 and 5, respectively,
1. Use of Harvested and Jr-situ salt formation to prepare various formulations

Table 4: Formulations Using Various Salt Formation Processes

Composition, %, w/w
Ingredients #1 #2 #3 #4 #5
API (free base) 27.15 27.14 23.48 22.99 23.89
Acetone' 250 250 0 o 0
HC1 37% 9.10 0 0 24.45 543

-34 -



1%in mxture 1 0.7 A0.5 A0.5 A0.4 A - 46 - W
2008/ 027523PCT/ US2007/ 019152 Conditions APl Salt Form Test
Condi ti onsvbe@eobase Mesyl ate Esyl ate PCT/US2007/019152

Compositioﬁ, %, wiw
Ingredients #1 #2 #3 #4 #5
IMethanesulfonic acid 0 9.05 | 23.53 0 0
PEG 8000 0 0 0 0 41.27
Avicel PH101 21.67 21.80 18.35 18.18 0
Poloxamer 188 36.09 36.14 30.62 30.56 18.19
TPGS ‘ 4.60 4.54 4,01 3.82 941
Fumed silica 1.39 1.32 0 0 1.81
TOTAL 100 100 100 100 100
Capsule fill weight, mg 368 368 425 435 419
Target API dose, mg 100 100 100 100 100

'Pharmaceutical aid, removed after preparation

Formulations #1 and #2 in Table 4, which employed harvested (i.e., pre-isolated) salt
Jorms, were prepared as follows: 3 g of API was dissolved in 25 g of acetone and mixed with
either 1 g 0of 37% HCl or 1 g of methanesulfonic acid (about twice the equimolar ratio to
API}. The clear yellow solution so formed was set aside undisturbed for several hours unitil
the salt form of the API completely precipitated from the solution. The precipitate was
collected by filtration and dried. The salt form was blended with the rest of the excipients
(except fiuned silica) and wet granulated with about 1.5 mL of water in a grinder. The
granulation was then dried in a laminar flow hood at room temperature for more than
24 hours. The dried granulation was blended with fumed silica in the grinder. The resultant
granulation was stored in a 10 mL scintillation glass vial until needed for further use.

Approximately 368 mg of the granulation (i.e., equivalent to 100 mg AP] free base dose) were
filled into size 00 hard gelatin capsules.

Formulations #3 and #4 in Table 4, which are salt forms prepared in situ, were
prepared as follows: 3 g of API was mixed thoroughly with either about 3 g of 37% HCl or
about 3 g of methanesuifonic acid (about six times the equimolar ratio to API) using a spatuia
to form a homogeneous paste. The paste was set aside ovémight. The paste was mixed with
the other excipients and granulated with about 1.5 mL of water in a in a grinder. The resultant

granulation was dried and stored in a 10 mL scintillation glass vial until needed for further
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use. Approximately 435 mg of the granulation (i.e., equivalent to 100 mg API free base dose)

were filled into size 00 hard gelatin capsules.

Formulation #5 in Table 4 was prepared within-situ hydrochloride salt as follows:
APl was mixed with PEG 8000 at approximately 60°C to form a paste. The paste was mixed
with 37% HCI solution. Poloxamer 188 and TPGS were added to the hot melt and mixed
thoroughly until 2 homogeneous molten mass was formed. The molten mass was spread onto
an Aluminum foil as thin sheets and allowed to cool. The sheets were cut, milled in a grinder,
and mixed with fumed silica to form granules. Approximately 420 mg of the granules (i.e.,

equivalent to 100 mg API free base dose) were filled into size 00 hard gelatin capsules.

2. Comparative Examples: Wet granulation with surfactants as solubility
enhancers

Table 5: Formulations Using Solubility Enhancers

Compeosition, %, w/w
Ingredients #6 #7 #8
AP] free base 11.4 12.8 20
PEG 8000 38.6 49.4 0
Gelucire 44/14 0 0 39.7
Polyoxyl 40 stearate 30.6. 0 0
TPGS 0 9.9 0
Sodium starch glycolate 0 20 0
Crospovidone 15.5 0 40.3
Oleic acid 0 7.9 0
PVP K30 3.9 0 0
TOTAL 100 100 100
Capsule fill weight, mg 877 781 500
Target API dose, mg 100 100 100

Formulation prototypes #6, #7, and #8 in Table 5 were prepared as follows: All

ingredients designated for each formulation prototype were blended and granulated in a
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grinder using 2-2.5 mL water. The granulation was dried and filled into size 00 hard gelatin

capsules so that each capsule contained 100 mg API free base.

Dissolution Methodology

The dissolution test was performed in 900 mL simulated gastric fluid (SGF) at
3740.5°C using a USP type 2 dissolution apparatus. The dissolution test was performed at
100 rpm paddle rotation speed. Sinkers were used to prevent the capsules from floating,
Approximately 2.5 mL samples were withdrawn through a coarse inline filter at 15, 30, 45,
60, 90 and 120 minute intervals. The samples were further filtered through 0.45 pm disk
filters and assayed using an HPLC procedure. The dissolution profiles of the formulations

prepared using the three approaches are summarized in Table 6.

Table 6: Dissolution Profiles of API from Capsule Formulations in SGF Media

. . % API released
Time, min
#1 #2 #3 #4 #5 #6 #7 £#8
15 74.1 68.3 94.6 81.5 06.6 53.3 61,9 7.9
30 90.4 21.3 100.3 96.9 09.9 66.4 83.3 17.4
45 90.7 96.8 _ 09,4 08.6 99.6 70.7 93.2 27.0
60 99.8 99.7 99.0 102.0 999 72.9 87.6 34,9
90 100 100 100 100 100 751 100 43.8

Formulations #1-5 were prepared using solubility enhancers and in-situ salt

Jormation approach.
Formulations #6-8 were prepared using solubility enhancers only approach.

Inan apprbach that couples solubility enhancers with the in sifu salt formation
approach, salt formation was achieved either by dissolving both API and an acid in a suitable
solvent, e.g., acetone or molten PEG 8000 (e.g., #1, #2 and #5) and harvesting the salt that
precipitates out of sclution for further processing or by directly mixing both components
together in the acid and wet-granulating the blend with a granulation fluid (e.g., #3 and #4).
The results suggest that the dissolution profiles were not influenced by either the type and
equimolar ratio of acid used (hydrochloric acid versus methanesulfonic acid) or the method or
process employed in generating the in situ salt (solvent precipitation versus direct granulation

in the presence of an acid) to prepare the granules. The resultant capsule provided a very
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rapid dissolution, i.e. = 90% API was released from the capsules in <30 minutes. In contrast,
the formulations prepared utilizing the solubility enhancers alone approach (e.g., #6, #7 and

#8) provided a less than optimal dissolution from the capsules.

Example 5: Tablet and Capsule Solid Dosage Formulations

Method 1: Wet Granulation

In wet granulation methods, API and an acid are mixed at a molar ratio of 1:1 to 1:6,
with or without deionized water, in a mixer to form the granulating fluid. The other inactive
ingredients are then wet granulated using the granulating fluid. The resultant wet mixture is
dried and milled to give uniform granules. Additional excipients can be added to the granules
to produce a final blend. The final blend is filled into two-piece gelatin or HPMC capsules.
The final blend may optionally be compressed into tablets. The tablet or capsule can be
further coated to modify its release profile, to improve its appearance/taste, and/or to protect

the product from the storage environment.

Formulation 9

Sodium starch glycolate, poloxamer 188, and microcrystalline cellulose are dry
blended in a Key International KG5 granulator. API is dissolved in 5% hydrochloric acid in a
glass beaker and transferred into the KGS5 as the granulation fluid. The granulation is mixed
at a 400 rpm impeller speed and a 2,000 rpm chopper speed for 1 minute. The resultant
granules are dried in an oven at 40°C until the moisture content of the granulation is less than
10%. The granuies formed are then screened through a #20 mesh screen. The screened
granules are mixed with additional microcrystalline cellulose and sodium starch glycolate in a
V blender for § minutes. Silicon dioxide and stearic acid are added to the blend and mixed for
an additional 3 minutes. The final blend is then discharged from the V blender and

compressed into tablets using a Carver press with a 4 inch round standard concave tooling,
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3.43.08 3.823.63 Ingredient % wiw
API 12.5
Hydrochloric acid 4,75
| Sodium starch glycolate 20.0
Poloxamer 188 10.0
Microcrystalline cellulose 52.75
Total 100
" Tablet Formulation
Ingredient Amount per Tablet, mg
Granule Formulation 400 mg (Equivalent to 50 mg API)
Microcrystalline cellulose : 158 mg
Sodium starch glycolate 20 mg
Silicon dioxide 10mg
Stearic acid 12 mg
Total Tablet weight 600 mg

Method 2: Wet Granulation

AP1 and carriers are mixed in a high shear mixer or a planetary mixer. An acid
solution is then added to the dry blend as the granulating flnid. The resultant wet mixture
may then be further dried and milled to give uniform granules. Additional excipients can be
added to the granules to produce a final blend. The final blend is then filled into a two-piece
gelatin or HPMC capsule, The final blend may alternatively be compressed into a tablet. The
tablet or capsule can be further coated to modify its release profile, to improve its

appearance/taste, or to protect the product from the storage environment.

Formulation 10

API, crospovidone, poloxamer 188, and microcrystalline cellulose are dry blended in a
PMS high-speed granulator. Diluted methanesulfonic acid is added to the dry blend to form
wet granules. The resultant wet granules are dried in a GPCG fluid bed dryer and milled bya
Comill to achieve desirable particle size range. The milled granules are mixed with sodium
starch glycolate in a V blender for 5 minutes. Silicon dioxide and magnesium stearate are

added to the blend and mixed for an additional 3 minutes. The final blend is discharged from
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the V blender and the granules are filled into a size 00 hard gelatin capsules using a MG2

encapsulation machine.

Granule Formulation

Ingredient Y wiw

APl 12.5

Methanesulfonic acid 9.5

Crospovidone 20.0

Poloxamer 188 10.0

Microcrystalline cellulose 48

Total 100

Capsule Formulation
Ingredient Amount per Capsule, mg

Granule Formulation 400 mg (Equivalent to 50 mg API)
Sodium starch glycolate . 20mg
Silicon dioxide 10 mg
Magnesium stearate 10 mg
Total Capsule fill weight 440 mg

Method 3: Wet Granulation

API and a surfactant are dissolved in a volatile organic solvent to form a solution. An
acid is added to the solution to form a granulating fluid. A pharmaceutical carrier(s) and other
inactive ingredients are then wet granulated using the granulating fluid. The resultant

- granules are dried and milled to give uniform size granules. Additional excipients may be
added to the granuies to produce a final blend. The final blend may be filled into a two-piece
gelatin or HPMC capsule. The final blend may also be compressed into a tablet. The tablet
or capsule may be further coated to modify its release profile, to improve its appearance/taste,

and/or to protect the product from the storage environment.

Formulation 11

API and poloxamer 188 are dissolved in acetone, and sulfuric acid is added to form a
granulating fluid. Crospovidone and microcrystalline cellulose are dry blended in 2 LB Bohle
one-pot processor, and then wet granulated using the granulating fluid. The granulation is

dried in the one-pot processor using vacuum and heat. The resultant granuies are milled using

- 40 -



Heating rate 20 mn (% Not applicable Not applicable Not applicable
Not applicable HPLC-Purity (e.g. area-% 0.6 0.5 0.5 0.3 Melting point
(DTA) 162. Mo 2bd07623238. 2C 175. 5C Mel ting ent hal py (J/ grdNpusappdiotabl e
pli of 1% solution or suspension Deconposes Deconposes Deconposes In
water5.5 2.0 2.2 2.7 Solubility (approx. at 25C, ng/m) (HPLC)

0.1IN HA0.20 5.7 3.7 2.3

a Comill to achieve the desirable particle size range. The milled granules are then mixed with
croscarmellose sodium in a V blender for 5 minutes. Silicon dioxide and magnesium stearate
are added to the blend and mixed for an additional 3 minutes. The final blend is discharged

from the V blender and filled into a size 00 hard gelatin capsules using a MG2 encapsulation

machine.
Granule Formulation
Ingredient % wiw
API 12.5
Sulfuric acid 7.23
Crospovidone ) 20.0
Poloxamer 188 10.0
Microcrystalline cellulose 50.27
Total 100
Capsule Formulation
Ingredient Amount per Capsule, mg
Granule Formulation 400 mg (Equivalent to 50 mg API)
Croscarmellose sodium - 20m o
Silicon dioxide 10mg
Magnesium stearate 10mg
Total Capsule fill weight 440 mg

Method 4: Spray-drying

API and a surfactant are dissolved in a volatile organic solvent. A solid carrier is
added to the solution to form a suspension followed by the addition of an acid to form a final
suspension for spray-drying, Additional excipients can be added to the spray-dried granules
to produce a final blend. The final blend can be filled into a two-piece gelatin or HPMC
capsule, The final blend can also be compressed into a tablet. The tablet or capsule can be
further coated to modify its release profile, to improve its appearance/taste, and/or to protect

the product from the storage environment.
Formulation 12

APl and poloxamer 188 are dissolved.in acetone to form a solution. Crospovidone

and microcrystalline cellulose are added to the solution to form a suspension. Sulfuric acid is

-4] -



Measured pH 1.3 1.4 1.4 pH 30. 00006 0.0005 0.0023 0.00015 Measured pH
3.6 3.4 pH 4.50.00009 0.0001 0.0037 0.00003 Water0.024 0.07 0.06

0. 01 Sol i dNo2mbarvgs No change No change No change Met hagpdibodorrze
>50 >50 Acetonitrileb. 2

added to the suspension and the resultant mixture is subjected to a Niro spray dryer. The
resultant spray-dried granules are mixed with Croscarmellose sodium in a V blender for 5
minutes. Magnesium stearate is added to the blend and mixed for an additional 3 minutes.
The final blend is discharged from the V blender and filled into a size 00 hard gelatin capsule

using a MG2 encapsulation machine.

Spray-dried Formulation

Ingrédient % wiw
API 12,5
Sulfuric acid : 7.23
Crospovidone 30.0
Poloxamer 188 : 10.0
Microcrystalline cellulose 40.27
Total 100

Capsule Formulation

Ingredient Amount per Capsule, mg
Granule Formulation 400 mg (Equivalent to 50 mg API)
Croscarmellose sodium - 20 mg
Magnesium stearate 10 mg
Total Capsule fill weight 430 mg

Method 5: Co-Precipitation

In co-precipitation methods, API and a surfactant are dissolved in a suitable volatile
organic solvent. An insoluble solid carrier and an acid are then added to the solution to
induce the co-precipitation of an in situ API salt with the surfactant and carrier. The solvent
may then be removed by evaporation or by other appropriate methods. The resultant co-
precipitate may be collected and dried. The particles so obtained are milled, sieved, and filled
into two-piece hard capsules. Alternatively, these formulations may be further processed
through milling, sieving, mixing with other excipients, and compressing into a tablet dosage

formulation.

Formulation 13
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API and poloxamer 188 are dissolved in acetone. Crospovidone and silicone dioxide
are added to the solution to form a suspension. Cysteine hydrochloride is added to the
suspension and the resultant mixture is subjected to a vacuum evaporator to remove the
solvent. The resultant solid particles are then milled and mixed with croscarmellose sodium
in a V blender for 5 minutes. Magnesium stearate is added to the blend and mixed for an
additional 3 minutes. The final blend is discharged from the V blender and filled into a
HPMC capsule using a Torpac™ Profill capsule filling system.

Co-Precipitation Formulation.

Ingredient % wiw
API 12.5
Cysteine hydrochloride 13.0
Crospovidone 30.0
Poloxamer 188 10.0
Silicon dioxide 34.5
Total 100

Capsule Formulation

Ingredient Amount per Capsule, mg
Granule Formulation 400 mg (Equivalent to 50 mg API)
Croscarmellose sodium 20 mg
Magnesium stearate 10 mg
Total Capsule fill weight 430 mg

Any of a number of appropriate apparatuses are available to assist in blending,
extrusion, sizing, encapsulation, sealing, filling, pressing, and other processes in preparing
pharmaceutical formulations, Various types of two-piece hard capsules include, but are not
limited to, two-piece HGCs, HPMC capsules, and natural pullulan capsules. All such capsule
shells may contain opacifiers such as talc and titanium dioxide, and colorants. Listed herein
are numerous apparatuses that were used in the experimental processes, but are not intended
to be limiting in any manner as many different makes, models, and manufacturers exist in the
industrial setting. For example, blending equipment may include PK V-Blenders, cone
tumble blenders, fluid bed granulators available from Glatt Air Techniques and Niro Pharma
System, planetary mixers, and ribbon blenders. Hot melt extrusion equipment ma;y include
ZSE 18 HP; Z8E 27 HP; ZSE 40 HP; Micro 18; and Micro 27 co-rotating and counter-
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rotating twin screw extruders available from American Leistritz Extruder Corporation; single
screw 19/20 DN, and twin screw DSE 25 & DSE 35 co-rotating & counter rotating twin
screw extruders from Brabender Measurement & Control Systems; and Caleva Extruders .
Models 20, 40, and 100 available from Caleva Process Solutions Ltd. Sizing equipment may
include Comil Sizers available from Quadro; Hammermill sizers available from Fitzpatrick;
Oscillator sizers from a number of vendors. Hard capsule filling machines for filling a molten
mass such as the QUALICAPS F-40-LIQFILsuper40, QUALICAPS F-80-LIQFILsuper80,
QUALICAPS F-120-LIQFILsuper120, QUALICAPS F-150-LIQFILsuper1 50, and the
Capsugel CFS 1000 Capsule Filling and Sealing Machine. Hard capsule sealing machines
such as the QUALICAPS S-40 HICAPSEAL and the QUALICAPS S-100 HICAPSEAL-.
Hard capsule filling machines for filling solid powders include the MG from MG2, the GKF
from Bosch, and the Zanasi from IMA. Tablet press equipment available from Manesty,
Fette, and Courtoy. Tablet coating equipment available from Niro Pharma Systems such as
SIROCCO®; MULTI-PROCESSOR®; MP-MICRO®; STREA-1®; and MP-1 MULTI-
PROCESSOR® and Glatt such as their fluid bed granular/dryer/coater.

Fuarther Modifications of the Table Dosage Formulations

Tablet dosage forms may also be coated to improve appearance, elegance, and/or taste.
In some cases, the tablet is coated with a sugar, cellulose polymer, and/or polymethacrylate
polymer, Some examples of coating materials available commercially are under the trade
names OPADRY®, SURELEASE®, AQUACOAT®, and EUDRAGIT®. The coating
material may further contain a pharmaceutically acceptable coloring agent and/or a
pharmaceutically acceptable opacifier, including but not limited to opacifiers such as titanium
dioxide or talc. Alternatively, the tablet formulation may be coated with gelatin or
encapsulated within a gelatin sheath. The gelatin sheath material may further contain a

pharmaceutically acceptable coloring agent and/or a pharmaceutically acceptable opacifier.
Example 6: Salt Stability, Characterization and Morphic Studies

Twenty acids were further screened for their ability to form salts with the API under
different conditions than those described in Example 3 above. Three salts of the API were
further investigated to determine their stability, chemical and physiochemical properties and

morphology: mesylate, esylate and maleate. The ratio of acid to base (API) in these salts was
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2:1 for mesylate and esylate salts and 1:1 for the maleate salt. The salts for these studies were

prepared as follows.

Mesylate: Two equivalents of methanesulfonic acid were slowly added to 3g of APl
in 20 mL of THF at room temperature. The resulting suspension was equilibrated for two

hours before solids were collected by filtration. Solids were dried under vacuum at 50°C.

Esylate: Two equivalents of ethanesulfonic acid were slowly added to 3g of APl in
20 mL of THF at room temperature. The resulting suspension was equilibrated for two hours

before solids were collected by filtration. Solids were dried under vacuum at 50°C.

Maleate acid: One equivalents of maleic acid were slowly added to 3g of APLin
20 mL of THF at room temperature. The resulting suspension was equilibrated for two hours

before solids were collected by filtration. Solids were dried under vacuum at 50°C.
Instruments and Methodologies used in these studies were as follows.
Determination of solubility

Excess solids were equilibrated in each solvent for over 24 hours at 25°C = 0.1.

Concentration in aqueous supernatant was measured by UV and HPLC and concentrations in

organic solvents by gravimetry.
Dissolution

The intrinsic dissolution rate measurements were carried out in 0.5cm? VanKel die
assemblies and a pellet pressure of 1 ton. The dissolution was measured using a Cary 50
spectrophotometer with a stirring rate of 200 rpm. The solution medium was held at 37°C

and measurements were made at 276 nm.
Hygroscopicity

Sorption/desorption isotherms were measured using VT vapor sorption device (DVS3-

1}. Measurements were carried out at 25°C,

Polymorphism bebhavior
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A suspension of 6mg of drug substance in 300 pl of solvent is prepared. Samples are
agitated for >24 hour at 22°C + 2°C. The solids are collected and investigated for changes.

HPLC method

Column: Symmetry C18 (Waters), 3.5 um, 3 x 150 mm
Mobile phase: A =10.1% TFA in water; B = acetonitrile
Gradient: 20 to 100% B in 10 minutes

Flow rate: 0.6 ml/min

Column temperature: 40 °C
Amount injected: about 1pug API
Detection: UV 254 am
Stability of the three salts with respect to color and degradation products were
assessed under various conditions. Results are shown in Table 7, below. Chemical and

physiochemical characteristics for the three salts were measured and are shown in Table 8.

Results of morphology studies are shown in Table 9, below.

Table 7: Degradation Products (DP) (or Assay) and Appearance (Color, CL) of API

Salts
Conditions API Salt Form
Test Conditions Free Base Mesylate Esylate Maleate
Dr CL by CL DP CL DpP CL
, (] (%] %] %]
Unstressed 0.6 0.5 0.5 0.3
0.1% solutions or suspensions, 1 week 80°C (# or 50°C, or lower Tor unstable substances)
pH 1 1.4 A X x x
pH?3 0.9 Al X X x
pH S 0.6 Al x x x
pH 7 0.9 ad  x X X
pHS 27.0 Ad x X X
pH 11 >99 Ad X X X
Water 0.6 Ad 0.5 Ad 04 Al 03 ad
Methanol 0.6 A 2.7 A 2.5 A 04 A
Solid sihalc, 1 week 80 °C, tight container
Bulk (HPLC) ' 0.6 A 0.5 A 0.5 A 0.7 A
1-2 weeks 50°C, tight container
1% in mixture 1 0.7 A 0.5 A 0.5 A 0.4 A

1

+

)
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Not neasured Not measured Crystal nodification after 24 hours

equi libration DSC/ XRPD/ TG DSC/ XRPDY TG DSC/ XRPDY TG DSC/ XRPDI TG
Wat er Chamnge:20@karrges No change No change Et hanol No chanrgeubBondiarsge
No change No change 2-propanol No change No change No change No
change Ethyl acetate No change No change No change

Conditions API Salt Form
Test Conditions Free Base Mesylate Esylate Maleate
1% in mixture 2 . 0.6 A 0.6 A 0.6 A 0.4 A
Solid state, 1 week 80 "C/75% r.h :
Bulk (MPLC) 0.6 A 0.8 A 0.6 A 0.4 A
1-2 weeks 50°C/75% r.h,
1% in mixture 1 0.8 A 2 A 1.8 A 11 A
1% in mixture 2 0.5 A 1.2 A 0.8 A 0.5 A
Xenon light (approx. 1200 kLuxh)
Bulk (HPLC) 0.6 A 0.6 A 0.7 A 0.3 A
Bulk corrosivity
2 day 80 r.h. with steel coupon X X X x

d Suspension ¥ Clear solution after stress test

- no change A No change of color

B Slight discoloration C Medium discoloration

D Strong discoloration X test not performed

DPs are analyzed by HPLC (method see Appendix 2). They are calculated as area-% products or
against external standard 1%).

DSC: Purity: 100% - {surn of byproducts and degradation products)

Compoaositions of the excipient mixtures {mass-%)

Mixture 1: Lactose 200 mesh / maize starch modified 1500 LM / Aerosil 200 / Magnesium stearate
78.5:20:0.5:1 {m/'m/m/m}
Mixture 2: Mannitol / Avicel PH 102 / Cuatina HR (57:38:5) (m/m/m}
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Change Acetone No change No change No change Change PEG400 No change
No change No change Change Acetonitrile Change No change No change
Change Metapok/ieiNe23change No change No change Change PReT/Usdoe7/Epse
M croscopy (pn) 10-20gm <10pm

Table 8: Chemical and Physicochemical Properties of API Salts

Parameter Salt Form

free base Mesylate Esylate Maleate
Elemental analysis calc. found ecale, found cale. found calc. found
%C 55.6 53.86 4395 4282 4554 440 5300 52,84
% H 3.1 3.33 34 3.08 382 3.63 13.25 292
% N 16.21 15.82 11,83 11.43 11.38 10.78 13.25 1322
% O ) 3.09 15.76 15.16 16.17
%F 21.99 20.68 16.04 1485 1543 13.85 17.97 16,89
%S 9.02 9.18 8.68 8.77
Stoichiometry
NMR (acid:base) NA 2:1 2:1 1:1
DSC-Purity _
Heating rate 2°C/min {%6) Not applicable Not applicable Not applicable Not applicable
HPLC-Purity (e.g. area-%) 0.6 0.5 0.5 0.3
Melting point (DTA) 162.1°C 177.7°C 238.2°C 175.5°C
Meling enthalpy (J/g) Not applicable Decomposes Decomposes Decomposes
pH of 1% solution or suspension
In water 5.5 2.0 2.2 2.7
Solubility {approx. at 25°C, mg/ml) (HPLC)
0.1N HCI 0.20 5.7 37 23
Measured pH 1.3 14 1.4
pH3 0.00006 0.0005 4.0023 0.00015
Measured pH 3.6 34
pH4.5 0.00009 0.0001 0.0037 0.00003
Water 0.024 0.07 0.06 0.01
Selid MNo change No change No change No change
Methanol 11.4 >50 >50 =50
Acetonitrile 5.2 4.0 2.1 4.7

- Thermogravimetry (weight loss in%)
Heating rate 20K/min {%) 33 1.3 2.1 0.11
Intrinsic dissolution rate ( mg min! cm™)
HCI0.1N 0 0.056 0.06 0.03
Water 0 0.0024 0.0036 0.0076
Table 9: Morxphic Properties of API Salts
Parameter API Salt form
free base Mesylate Esylate Maleate

Thermal properties '
Asis
- DSC 162.1°C . 177.7°C 250°C 175.7°C
- XRPD {(crystallinity) Crystalline Crystalline Crystalline Crystalline
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order of esylate = mesylate > maleate >> free base. In water, the order changes to maleate >

esylate = mesylate >> free base.

Stability. The optimum pH for aqueous stability of APl is 5. At lower pH, there is a
small increase in degradation products and at higher pH (9 and 11) API decomposes. In
methanol, the free base and maleate salt are stable while the esylate and mesylate show 2.7%

impurities. 0001

Salt Properties and Morphotogy. Unlike the well formed crystals of the free base,

crystals of all three salts tended to be less well formed (See FIG. 1A-D). Thermogravimetric
data of the free base and maleate (FIGS. 2A and 5A) shows that the former is a hydrate and
the latter is free of éesidual solvents (LOD 0.1%). The differential thermal analysis (DTA)
pattern of the maleate is flat up to its melt, the melt endotherm shows a strong homogeneous
transition (FIG. 5B). In contrast, the mesylate and esylate salis have relatively high loss on
drying (FIGS. 3A and 4A) suggesting that the samples have residual solvents or volatile
impurities. In addition, their DTA patterns show multiple weak transitions indicating phase
changes with heating. The moisture sorption profiles show the free base to be non-
hygroscopic, the maleate to be slightly hygroscopic, and both the mesylate and esylate to be
hygroscopic. An overlay of the sorption profile is shown in FIG. 6. -

Example 7: Bioavailability Study of API and Salts of API in Dogs

Bioavailability of the free base, maleate and mesylate salts of the API was studied in
beagle dogs. For comparison, a microemulsion of the free base was also studied. The study
was performed with 4 dogs, weighing 9-15 kg each. A crossover design with a washout
period of at least 1 week was used, The dogs were given a single oral dose of 100 mg of test
compound, administered under fasting conditions. Blood samples for determination of the
plasma concentrations of API were collected for up to 48 hours after dosing, The plasma
samples were analyzed for API concentration by HPLC-mass spectrometry. Data from a
previous study in dogs was used to determine the bioavailability of the free base, maleate, and

mesylate salts relative to the microemulsion of the free base.

Resuits of the study are shown in FIG. 7. As may be seen in FIG. 7, API as the free .

base exhibited low and slow oral adsorption. The mesylate and maleate salts had much
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0.12 4.0 1218 + 320 29646 + 5916 18.8 * 7.7 12.9 + 2.6 63.9 12.7
Mesylate 0.13 5.0 1573 + 530 54364 14184

(0-0.25) (2.0-24.0)
21.4 13.0 WO200842782% 117 + 31 (0-0.5) (2.0-24.0) (r3PCUHSP7019152

improved oral adsorpﬁon with higher C,p,, then the free base. Table 10 contains a summary

of pharmacokinetic parameters measured during the study.

Table 10: Pharmacokinetic Parameters of API After Single 100 mg Oral Dose in Dogs

Formulation | T, T rmax Crnax AUGC,... Ty Absolute F®| Relative F°
h h ng/mL ng.h/mL h
Free Base 1.0 16.0 62.9+74.4 | 5310+ 4514 nd 232197 11497
(0.5-2.0) | (2.0-24.0)
Maleate 0.12 4,0 1218 4: 320 | 29646 5916 18.8x 7.7 129+£2.6 {63.9=12.7
' (0-0.25) | (2.0-24.0)
Mesylate 0.13 5.0 1573 £ 530 |54364 % 14184| 214 13.0 | 23.7+6.2 117+ 31
(0-0.5) | (2.0-24.0) (n=3) (n=3)
Micro 6 3070 46416 10.8 203
Emulsion
{normalized to
10 mg/kg)

a Median (range) for Tlag and Tmax and mean and sd for ather parameters

b Relative to an iv dose of 1.25 mg/kg

¢ relative to the micro emulsion

~51-
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12,

13.

Claims

Asalt of (1-methyl-6-[2-(5-trifluoromethyl-t H-imidazol-2-yl}-pyidin-4-yloxy]- 1H-benzoimidazol-2-yl)-{4-iifluorome-
thyl-phenyl}amine selected from the group consisting of acetate, tosylate, succinate, lactate, malfate, sulfate,
maleate, citrate, hydrochloride, phosphate, ethanesulionate, and methanesuifonate and their solvates andfor hy-
drates thereof.

The salt of claim 1 selected from {1-methyl-5-[2-(5-rifluotomethyl-1H-imidazo-2-yl)-pyridin-4-yloxy]-1H-benzoimi-
dazol-2-yi}-{4-trifluoromethyl-phenyllamine metha-nesulfonate, {1-methyl-5-[2-(5-triflucromethyl-1H-imida-zol-2-
yi-pyridin-4-yloxy}-1H-benzoimidazol-2-ylj-{4-tiflucromethyl-phenyljamine ethanesulfonate, or {1-methyl-5-[2-(5-
triflueromethyk-1 H-imidazol-2-yf)-pyridin-4-yloxy]- 1H-benzoimidazof-2-yi-{4-triflunromethyl-phenyamine maleate,

Acomposition comprising a pharmaceutically acceptable acid salt of {1-methyl-5-[2-(5-tiftuorormnethyl-1H-imidazol-
2-yl}-pyridin-4-yloxy}-1H-benzoimidazol-2-yl} (4-trifluoromethyl-phenyliamine and a surfactant.

The composition of claim 3 wherein the cognate acid of the acid salt has a pa of 4.7 orless than 4.7.

The composition of claim 3 wherein the cognate acid of the acid salt is malic acid, citric acid, tartaric acld, oxalic
acid, succinic acid, adipic acid, fumaric acid, acetic acid, formic acid, lactic acid, maleic acid, phthalic aclds, creatinine
hydrechloride, pyridoxine hydrochloride, thiamine hydrochlotide, cysteine hydrochloride, giyeine hydrochloride, cys-
tine dihydrochlotide, peplides, toluene sulfonic acid, methanasulfonic acid, ethanesulfonic acid, phosphoric acid,
phosphonicacid, orthophasphoric acid, hydrochleric acid, sulfonic acid, suifuric acid, nitric acid, sodium metabisuffite,
potassium phosphate monobasie, polyphogphoric acid, pelyvinylsuifuric acid, polyvinylsulfonic acid, or a mixture of
any iwo or more thereof,

The compositlon of claim 3 wherein the cognate acid of the acid salt is selected from the group consisting of acetic
acid, toluene sulfonic acld, succinic acid, factic acld, malle acid, sulfurle acid, malelc acid, cittlc acid, hydrochloric
acid, ethanesulfonic acid, and methanesufonic-acid,

The composition ¢of claim 3 wherein the surfaciant has an HLB value of 8 or higher than 8.

The composition of claim 3 wherein the surfactant is selected from polyoxyethylene castor ol compounds, polyox-
yethylene mono- and di-iatty acid esters, mixiures of polyoxyethylene mono- and di-esters of Cg-Cp. fatiy acids and
glyceryl mone-, di-, and iriesters of C-Cpp fatty acids, e-tocophery! polysthylene glycol 1000 succinate, polyoxyeth-
ylene-polyoxypropylene copolymers, polyoxyethylene sorbitan fatty acid esters, polyoxyethytene alkyl ethers, sodi-
um dioctyl sulfosuccinate, sodium lauryl sulfate, sorbitan fatty acid esters, sugar fatly acid esters, or a mixture of
any two or more thereof,

The composition of clairm 3 wherein the surfactant is polyoxyl 35 castor oil, polyoxyl 40 hydrogenated castor oif,
polyoxyl 60 hydrogenated castor oil, polysorbate 20, polysorbate 40, polysorbate 80, polysorbate 80, polyoxyl 40
stearate, polyoxyl 150 stearate, polyoxyl 150 distearate, d-o-tocophery] polyethylene glycol 1000 succinate,
poloxamer 124, poloxamer 188, poloxamer 407, sothitan monolauryl ester, sorbitan monopalmityl ester, sorbitan
moncstearyl estar, ora mixture of any two or more thereof.

The composition of claim 3 wherein the sudactant is d-c-tocopheryl polysthylene glycel 1000 succinate, poloxamer
188, or a mixiure of any two or more thereof,

A method comprising combining a pharmaceutically acceptable acid salt of {1-methyl-5-[2-(5-trifluoremethyl-1H-
imidazol-2-yi)-pyridin-d-yloxyl -1 H-benzoimidazol-2-ylj-(4-wifluoromethyl-phenyljamine and a surfactant to provide
the compositiah of elaim 3.

A method comprising combining a compound, a pharmaceutically acceptable acid, and a surfactant to provide the
compozition of claim 3, wherein the compound is {1-rethyl-5-[2- (B-triflucromethy!-1 H-imidazol-2-yl}-pyridin-4-yloxy]-
1H-benzoimidazol-2-yl}-(4-trifluoromethylphenyliamine.

Use of a salt of claims 1 or 2 or the composition of any one of claims 3 to 10 in the preparation of a medicament for
treating cancer and/or Inhibiting angiogenesis.
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emulsion Clainms 1. Asalt of

(1-methyl -5-[2-(5-trifluoromethyl-1Hi m dazol -2-yl)-pyridin-4-yl oxy] -

1H benzoi m dazol -2-yl)-(4-trifluoronethyl -phenyfiam ne selected from

the group consisting of acetate, tosylate, succinate, |actate,
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trifluoronmethyl-1Him dazol -2- yf|-pyr|d|n 4-y| oxyHEIl - benzoi m dazol - 2-
yl)-(4-trifib qu)iF'@Pr@‘G'*WSIw prheﬂylﬁmlamaabofcnm*seaﬁzertheaompesltﬁwa@webﬂcﬁr&s3mosub;ecz
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{1- met hyl - e BY BisIr e Bt R oL Iopringidpee il FBa o  ogr i di n- 4- yl oxy] - 1H
-benzoinidazol 2-y1) (4-trifluoronethyl-phenyfiam ne and a
surfactant. 4. The conposition of claim3 wherein the cognate acid of
the acid salt has a pKa of 4.7 or less than 4.7 5. The conposition of
claim3 wherein the cognate acid of the acid salt is malic acid,
citric acid, tartaric acid, oxalic acid, succinic acid, adipic acid,

f umaric acid, acetic acid, fonfic acid, lactic acid, nmaleic acid,

pht hal i ¢ acids, creatinine hydrochloride, pyridoxine hydrochloride,

t hi am ne hydrochl ori de, cysteine hydrochl oride, glycine
hydrochl ori de, cystine dihydrochl oride, peptides, toluene sulfonic
aci d, nethanesul fonic acid, ethanesulfonic acid, phosphoric acid,
phosphoni caci d, orthophosphoric acid, hydrochloric acid, sulfonic
acid, sulfuric acid, nitric acid, sodiumnetabisulfite, potassium
phosphat e nonobasi ¢, pol yphosphoric acid, polyvinylsulfuric acid,

pol yvinyl sul fonic acid, or a m xture of any two or nore thereof. 6.
The conposition of claim3 wherein the cognate acid of the acid salt
is selected fromthe group consisting of acetic acid, toluene

sul fonic acid, succinic acid, lactic acid, malic acid, sulfuric acid,
mal eic acid, citric acid, hydrochloric acid, ethanesulfonic acid, and
met hanesul fonic-acid. 7. The conposition of claim3 wherein the
surfactant has an HUB val ue of 8 or higher than 8. 8, The conposition
of claim3 wherein the surfactant is selected from pol yoxyet hyl ene
castor oil conpounds, polyoxyethylene nono- and di-fatty acid esters,
m xtures of pol yoxyethyl ene nono- and di-esters of C8-C22 fatty acids
and glyceryl nono-, di-, and triesters of C3-C22 fatty acids,
a-tocopheryl polyethyl ene glycol 1000 succinate,

pol yoxyet hyl ene- pol yoxypr opyl ene copol yners, pol yoget hyl ene sorbitan
fatty acid esters, polyoxyethylene al kyl ethers, sodiumclioctyl

sul fosucci nate, sodium |l auryl sulfate, sorbitan fatty acid esters,
sugar fatly acid esters, or a mxture of any two or nore thereof. 9.
The conposition of claim3 wherein the surfactant is pol yoxyl 35
castor oil, polyoxyl 40 hydrogenated castor oil, polyoxyl 60

hydr ogenat ed castor oil, polysorbate 20, polysorbate 40, polysorbate
60, polysorbate 80, polyoxyl 40 stearate, polyoxyl 150 stearate,

pol yoxyl 150 di stearate, d-a-tocopheryl polyethylene glycol 1000
succi nat e, pol oxamer 124, pol oxaner 188, pol oxaner 407, sorbitan
nonol auryl ester, sorbitan nonopal mtyl ester, sorbitan nonostearyl
ester, or a mxture of any two or nore thereof. 10, The conposition
of clains wherein the surfactant is d-a-tocopheryl polyethyl ene
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