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SUBSTI TUTED BENZI M DAZOLES AS KI NASE | NHI Bl TORS CRGCSS
REFERENCE TO RELATED APPLI CATI ONS Thi s appli cation
waeb@ins79she benefit under 35 U S.C. 119(e) to PCT/US2006/034100
provi sional applications U S. Serial No. 60/712,539
filed on August 30, 2005, U. S. Serial No. 60/713,108
filed on August 30, 2005, U. S. Serial No. 60/731, 591
filed on Cctober 27, 2005, and U.S. Serial No.
60/ 774,684 filed on February 17, 2006, each of which
Is incorporated herein by reference inits entirety.
FI ELD OF THE | NVENTI ON The present invention rel ates
to new substituted benzi m dazol e conpounds their

r S re0|soner esters,
NO‘IFETLEE‘E'%’\YQ"@ P SES FOR W@?@%ﬂummg NFOPLASMIC

accept abl e Qunds,_ tautoners,
st er eoi soneﬁgé,élg%%é%ﬁgbnggpw TSHEHEBEBY: es, and
prodrugs, to conpositions of any of the af or enent i oned
emgqbﬁggﬁgogqggtmgél_dg;;& pharmaceutical |y acceptable
carriers ny of the aforenentioned
e
| Zﬁéﬁ%%ﬁ@ﬁ%*%ﬁ%%ﬁ&ﬁsz {eP1hg Jea e hiflobical bssue sices,

mcludlngr thirse dErlsecbrfrdmeanyrEmajo@for@&hp&frgaﬁ@é@i@"&blﬂrd tisBue using

ases known to be associated with

somatiq ﬁ‘ﬁlEFrle‘rBéﬁés?r any Otheiestent crth pased iragimen. dosludingeordsleleod, any
a5 PO 5408 8 it TR, st
candidatesy dregs Mnhbdeig matabiolifeseds Brroethiod dfi maslellr(g\/ﬁéﬂébnahzed medical

dul e ont rols a co
treatmefn E JH]g't R@%a\nsfﬂ'rgg r?alne oﬁ@@gp%o eXpdy ndiseases, such as
carcmog@hésﬂs aih fidsuslinat Haaf b@@lﬂ%&lé&@é’@ ba8Ed 'Usdim éﬂ@ﬁ(ﬁﬁgfcvgﬁalyss or
serine-threoni ne-specific protein kinases
any othgp Rrptaomies. ngenemicse o.rargetab@ogm analysjs anethpds,t incfuding nano-
system Blo%@: aitd égm‘ésl on pathway believed to consist of

tor 'tyrosiné kinases, p2l1l ras, Raf protein

e RK activator ,or MAPKK) ki nases and E
Do b el B i g B RS 30 s it
respect 1td$ presafarkéti any iﬁ@@ttrﬁéﬁ(et tektingl BP/%WWX IekiHéa?R?XX‘@edebacle
tivated by Ras and phosphoryl ate and I vate two

made it;leATotvab ep s tosirsaen A@ndm@t@jfmrmmfm disnase skateaseatments is

e T R T T A—

Using cirentie mvaitable ajepcbniic rark prote it ana@SISSM@ﬂ‘IOdS high risk patients
K, als aIIed Extracel l ul ar Li gan

and Cat%%rﬁsaf’fs%mﬁs‘é’ d ﬁMeztlséHquiemlrEaﬁzgmcemé beiseKsubject to
such poﬂiiifﬁé ﬁgbfhfgﬁ gnmrgygg)&@w&gbpﬁbydl ng transcription

factors and 1 n so set u err transcriptional

f p ti nth
LIRS oSl S5 R LORYA S FRRIARE ano i
the needsufuntherteadungs af thiy prddedt didciburd Tﬁl@ftféﬁohﬁésl é‘@/stal clear upon
0? Y% gg Fnco eni c transformati on and apoptosis.
review ﬁée bisEeuicel BNBET S which e s e oISy hissnntiey
nal i ng pat hways have been denonstrated from studies
uz», Td @g%‘i’%fﬁgé eort wodenalop anmw.dmgyemaeedau 4808 million,

sccorngTREY B9 FE 2Bl Ty SO e SERANPER, or i

approxinhatelya$y6 crilion, on heerefel pert ¢c§iﬁﬁ9|f1y Rels ised ﬁfr%ﬁéiﬂhﬁmbh?ésearch
stinmulate cellular tyrosine phosphorylation s
dependent on the activity of Ras, indicating that Ras
functions upstream of Raf.TUpon activation, Raf-1 then
phosphoryl ates and activates Mekl, resulting in the
propagation of the signal to downst r eam effectors,
such as MAPK (m togen-activated protein kinase; Crews
et al., 1993, Cell 74:215). The Raf serine/threonine
ki nases are considered to be the primary Ras effectors
involved in the proliferation of animal cells (Avruch
et al., 1994 Trends Bi ochem Sci . 19 279). Raf Kki nase

T I L -~ A o -~ O\ e -~



10

15

20

25

are known to activate RTKs. Signaling RTKs involves

i gand binding and a shift in conformation in the
w@zaioenemBs domai n of the receptor resulting i n PEHUS2006/034100

di meri zation (Lynboussaki, A. "Vascul ar. Endotheli al

Gowt h Factors and their Receptors in Enbryos, Adults,

and in Tunors" Academ c Dissertation, University of

Hel si nki, Mol ecul ar/ Cancer Bi ol ogy Laboratory and

Depart nent of Pathol ogy, Haartman Institute, 1999;

Ulrich, A et al., Cell 61:203-212, 1990). Bi nding of

the ligand to the RTK results in receptor

transphosphoryl ation at specific tyrosine residues and

subs nt actlﬁlo ,of the catalytic domains for th

t

Reductigry of e AT g fIrig Heelansientzip dberafore agiigeal factor to

the surgivaf aﬂhidsﬁﬁhafmﬁg—éﬁﬁlcéfﬁ ﬁﬂgﬁﬁL | fh haditiBR, YiRes thére i is usually more
endot hel i um These i ncl ud e vascul ar’ endot hel’l

than onge eamparyceempetimGin theishare dyugadend) eary eonmeth@radvantage is

welconﬁ%&ﬂﬁhﬁ%ﬁoﬁéﬁgﬂg ﬁ@mléjn y g S gl('q-:lll_nr?gdrtﬁ\éEl%ﬁz approval
processé SHoteyer, iiucktofahis co3tCOaRINE Bo Ridhaela, lnlﬁr%osalﬁér\ﬁﬁ{/‘ that pre-
et al,_Oncogene 6:1677-1683, 1991; Aprelikova, O
C"nlca'é?PSEﬁ can. cﬂh@é’dm@ssoamwm@ -Gligcal DYsts, musnefficiensfaffardable, and
a oh e d g
imely MRS, D" P RaEAA ST Bl new arg
candidqteslaréef aiglndmaahmérest imctheiiddugtii i ed as a maj or
i nducer of angi ogenesis and vascul ogenesis (Ferrara,
Nln dbv@lbpng@d@W tng, toXieiy isl8iwhydSan iﬁﬁaﬁtantV&ﬂildlé*atlon Since
. speci f| cally bind to RTKs including FLT nd
the "qu| rmﬁta ¢ imagst drugs; liyer damagenise ofxBeaBgORCAMN. Lgl@mse other

roan st B S8, 55 gpoorn

Convendionahitoviie Iandl inasrd tesds dilizing! smllmmam icell b,utthrd technlq ues
Bi ol

are fhe%ﬁfezw%[] U gas§@<§gpve¢gﬁﬂgqu|n cﬁ;ugéjevglopmgnt UQ"Yﬁver these

convenhBNzﬂSfestéf h%é%ér%ﬁlar%%dvaﬁﬁé@é’é asudh %t IFR?'IVIdIrIéﬂ variation, high
Endocri nol 5, 19977 Leung

costs t@@ﬁ@d@@@%”@@&@%ﬁ G_fgwuraﬂyc&mﬁtlng]charac’@lnstlcimm/ér in situ.

380 989 es | n vario cul tur
The safies & ug Al o Orpose A8 Gl AihuliBled asedntifzscsefpese other
organs e hbWStkb?ebﬁmﬂ‘(shgm lﬁfo %@W‘ﬁ‘tdﬂ@@ﬁ]&ef‘é & v bfo-drugs,
angi ogenesi s ., Clinical Advances in
drugs, P@ﬁ’msllnégya%os &o@}ﬁ rglaglve4sgnmoem,se of Etherinstant disclosure

| endothelial cells is believed
becomé'éeﬁil'o?ég efﬁg@; Ség%!ggﬁ'%{'tt he Ras/ Raf/ Mek/ Erk pat hway

VR B3t 65, sl B L BURE SiFtamsave beon used.

Howevetr[ edsi theseceiodeld a8llRS-cSIRREAReCiVENBIERABESHS chMdStObQ maintained
ancer , guost ate cancer, and ovarian cancer (see

for a d%ﬁlre&il length, gF &ime. ee sﬁ(l—zrpﬁgll eonoecihh isdast, tfalmresofy ihe testlng
scheme,SEBAGSUE bebalt RERSIONL Brbtied bl S5 Kbl or oroaniem

level re§Ghs®41, 1993; Rockwell et al., MI. Cell Differ.
3: 315, 1995). Because angi ogenesis is known to be
cBlidartifidialt ordare deviews haref cGrBRBY IRNgevelopteRONt nQI Bélkved that
by VEGF and VEGF- RTK, substantial efforts have been

organ flmﬁi@nnt e RANYobYY é@lé'ﬁ@%d ddthpthenbiolagical rsubstiats, tthat is, for example,
retard angi ogenesis and i nhibit VEG- RTK. Pl atel et
derived growth factor receptor kinase (PDGFR) is
anot her type of RTK. PDGF expression has been shown in
a nunmber of different solid tunors, from gliobl astonas
and osteosarcona to prostate carcinonas. In these ‘
various tunor types, the biological role of PDGF
signaling can vary from autocrine stimulation of
cancer cell gromh to nore subtle paracrine
i nteractions involving adjacent stroma and
angi ogenesis. PDGF interacts mnth tyr03|ne klnases
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found in patients with achondropl asia and rel ated
chondr odyspl asias disturb this process, leading to

wo ewyoriosy) of activated receptors and anplifi cBECT/U82006/034100
FGFR3 signals (Cho et al., Proc. Nat. Acad. Sci.
101: 609-614, 2004). Cho et al. suggested that this
nmechani sm contributes to the nol ecul ar pat hogenesi s of
achondropl asia and represents a potential target for
t herapeutic intervention. The |ysosomal targeting
defect is additive to other mechani sns proposed to
expl ain the pathogenesis of achondroplasia. O her

results indicate that FGFR2 and FGFR3 are significant
Mut at i

iver st &€ bP Bruhfle VepsbaEa Pk FaeReinesaisiblin biveissue from
xenogepi®Wrhnégsihomid eeaRd<y, ResSMesfians ochvit %@n’ﬂﬁl%%z g‘)ﬂgglgamcal and

gastric and col orectal cancers" Cancer
blolog|qsl3ppomg1§tem§u|@ hybridhiidier suppertidevigast prema;zleehmnal component of

ese HLARIERH op B 14TBALEENSAS 2058 BRBE aPlor btwoen he

patlentkl smans angahei lmulo@lid yohipahBht of $hé>fI|inG§B€ é‘ﬁ%le:v%:eq% Fhe biologic
ort role in the treatne of cancers .

COmPOV&e% Q%%X%% P"HEF'V%@@@%? deyicgsimay I@pﬁal§t90f)bVeIrt§jlcag, granulated
liver, oﬁ%t%ﬁé@tﬁ%‘rm iGgk¥d ﬂﬂnbﬁc&%@lﬁé& égfexnﬁ%é?tpgygte& [hese biologic

hemat opor etic pro en
componreis e&rsl lmuSstwhihﬁm chalpibecsabﬁénl referradi o eds @forééél@ﬁsr SHowever,

pr °b'e”i%§?rﬁgfé‘2‘8\tﬁ?%$%ec &9 6’%1%5 'ngéag ?@nmﬂt%zgltyaéﬂ theringividual cell lines

used |ntth€§é§ gevieed! Moy ab0BeE Qlds (
thr ol cuken a, nearobl asltrﬁfnﬁgf%“nzgd c@W-I}nes It has been found that

over t'm,ea sa&ells lasesspacificiusictions ( Hei nr i eh M c et aI J.
din. One. 20, 6 1692-1703, 2002 (reV| ew article);
Skbetec are BevaraltgralJps Blemtbpngg blﬁartlﬂléiéBilﬁéerl)swces for example,

cres YRR 8T o R ) Bt st
MN), artUARRINHO{SHBIERRWE MR). "THEBirck 8ib d‘ﬂ%l%l% [ENA afég Jiable liver

t he breast, ovary, enhdometrium | ung, ney, ancr
cells w@hcp|9¢@~gpgﬁ@e(wbraae$ 131763) anBeatrach@r@ﬂQ bleairmtwlal hver assist

system. g\gﬁe@/ar}??iéﬂl l(éxtf%(%oiﬁé%%é@n{é?sfﬁ|§g§$\t§8é gﬂgplal leer is a two-

chamberecansu@wtﬂb@n oaamagemn@amhgcé clhSregiehdo Jﬂé&hlcf lﬁfe‘?tdeﬁrhne (C3A).
differentiatign. CSFIR is expressed in the nmanma

The ca@ﬂ CeNAIRg 3 senHanEyeahie Metbsane it chasictasad Rolecular
weght QUGN PR Relrtl ol b ot o BpaltiHaelind RS cuturea

neoplas(m@eelShpe ansluthe patieAt’s alttafiitrate ARk ppﬁvﬁe% a 8ystem in which an

ounds that inhibit the proliferation of
external; SRl ‘fr%oﬁ%m&syﬁiﬁm HEes tﬂPéC'g?olwqﬁ csflist Individuat peegine hepatocytes

pass thﬁﬂfgﬁeé mBRIBIARE o G5obesy thé rild; ?’asiaglcaﬁ‘lgag rcélghgéé{c&p Medical's

nolecul es such as one or nore
device agntzins a\mugmﬂtqe(memurane (wit-&BBRDA, cutefKi BiordaotdRhat separates

I W T MR -
have beeNIlﬁrSeéted frozh (pemigosd-raased, rba‘-’cﬁ@%ér%rg%%ﬁg%%@%es though a

rmaceut i cal formul ations I cahent s
cylinder 55@‘? whihshellovspelymer dibers aeda sUspession GuNalARY kioRBIBT pig liver -

cells. Th&%g%%ﬁﬁéﬁ@ﬁ%ﬂg\%ﬁ ;7)? A mr%?a 8('3@3 n&guqr% of the pig cells

i ndependent|ly sel ected from hydroxy, halo, Cl-6 alkyl,
Cl-6 al koxy, (Cl-6 al kyl)sélfanyl, (Cl-6

al kyl )sul fonyl, cycloal kyl, heterocycl oal kyl, phenyl,
and heteroaryl; R2 is Cl-6 alkyl or halo(C 1-6 al kyl);
each R3 is independently selected fromhalo, Cl-6

al kyl, and Cl-6 al koxy; each R4 is independently

sel ected from hydroxy, Cl-6 al kyl, Cl-6 al koxy, hal o,
het er ocycl oal kyl car bonyl , carboxyl, (Cl-6
alkoxy)carbonyl aninocarbonyl Cl 6
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or a tautomer, stereoisoner, polynorph, ester,
nmetabolite, or prodrug thereof or a pharmaceutically

wa@eweprakd e salt of the compound, tautomer, PCT/US2006/034100
st ereoi sonmer, polynorph, ester, netabolite, or
prodrug. In other enbodi nents, new substituted
benzi m dazol e conpounds are provi ded of fornulas
(1)-(I'v), wherein each Rl is independently sel ected
fromthe group consisting of hydroxy, chloro, fluoro,
brono, nethyl, ethyl, propyl, butyl, nethoxy, ethoxy,
propoxy, butoxy, trifluoronethyl, trifluoroethyl,
trlfluoronethoxy, trifl uoroethoxy,

from digﬁé@/l o o lyfpualt{&fawgé l,bgﬁ)%sﬁtré Mémle’ap%lésga@épg@haﬁyb,ehueen the
cells sdmatma/wxmsu.hemélblodw&ér@bexfémo%aa pyrimdinyl. In

ot her enbodi ments, new substituted benzi m dazol e

C‘Vﬁ?%dés s foot}‘n}egé d(%é?flcéso le@énl( Hﬁ'@’% g%&% 'br&-existing

is 1 or and at [east one
technologyh bait they fsltlllolnmrmtplayﬂlculamdrsbtieant@lgbedTlh‘ienéﬁecth@Wess of these

devices iboh WHIch S RANA Hepuaor. e hanies wlafa e skt ceHo-cel

interaciéns, fvatick chERA@ i@'ﬂ’%’h & ire t
embodi nent s, nee\?vnsubst |I¥ut Iedw)glr,]zvl"}rgw?j%% g&f:oor(rjrlpgl},h(? bioartificial

organ, gpreem@p}e@ebveffwmmmmoygd(efjlcle(\cy )viakility, ant)funetfoeaditynfor use in

|
o et Bhoblo T EShandl AL ses o 1o
instant geahivigsy indich gfovf firs) f@ﬂldmg tdsting!Wih biebsrtiftial fisdue dlicegdnd

R3 is Cl-6 al koxy, such as, for exanple, nethoxy. In

y#s fthet RehneEgdiofeBioartima o | b |

conpounds ar emgryow ded 01! for Pg?a'ﬁ é(yf%&i(;i?l 8?“"\\;91%@8 advance,
improved methods sqreeams; campeunds alse develap. Riscoid B thlikgpplication are

* methodg Sl RLE b ARHRTSS Wi By sysems, anc

spemﬁdaﬂyeapplyghaarevemp@uqﬁow@wﬁﬁﬁéoplélsrmcftwgﬁ@ or ani mal
subj ect in need of such treatment conprising

adm ni sterl ng 60 sai d subj ect an anount of any of the
P HUNAR, SISCLOSHEINd or a pharmaceutically
acceptabl e salt thereof of formula (1), (I1), (Il1),
oPigalegedeis @ Movekmeathed ferctesting pissusnin aLhmar’tIQCIahprgamsystem

cell cull 5 SPhecibelcak ety ARG dng blBrRATS bap system or cel

culture d\n’d;\oablmast onea:dmmncband%b‘%wlﬁg lthe &ifech ores Bibaftifiehl organ
trea t co rlsln adm ni steringto said subject an
system {culfurs. ke wisen dhes sKilas i he @Mz aiergiand that further
r
dlscloseflf‘;r’s’f aaisﬁﬁé@hh%tha&%% ﬁgey}%g%{)%% %%ggﬁ’nefﬁﬁdrgubﬁthe present
dlsclostﬂeéomiowde for tigguenad iorgarspacifi¢ scteeningcfampatientsoin complement
east. one, addi ti onal ent for the treatnent
with CUtm@ @Qﬁ@&enoﬁ}l%@f)t‘?ﬁ"ﬂ'& and H&t@gonqmg FAKIRt i nvention
ovi des her apeutic c | tions conprising at |east
hésc&ﬁ?ﬂo REEBr 1Sy apﬂﬁ?tz‘é’@ed?ﬁ PEPYigingc sipulakick igavivo conditions
compns‘irﬁé&?&fdlﬁ@ d de?’é‘é@to( for sdﬂs‘téntléélglddphcg m% /ryl/ on%lssue anctlon in
ination wth one or nore ona or t
vitro, provigingréart thef biorganter, taabolt at laastnmmleyalmmita;f@tlssue sample, and

allowind AERE« b oRit 19 9BnEB SR aBlanc i il i mg.

carci nomas (e.g., of the lungs, pancreas, ovaries,
thyroid, bladder or colon), nelanoma, nyel oid

di sorders (e.g., nyeloid IéUken1a mul tiple nyel oma,
and erythroleuken1a) adenonas (e.g., villous colon
adenonma), and sarcomas (e.g., osteosarconmm). In

anot her aspect, the present invention relates to

met hods of inhibiting at | east one serine/threonine
ki nase in the MAPK signaling pathway in a subject, or
treating a biological condition nediated by a
serlne/threonlne klnase |n the NAPK S|gnaI|ng pathmay

o, o o g,

g, o
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FIGURE 7B is a PAGE slide showi ng the inhibition of

downstream si gnaling from Raf kinase in A375M t unor
w@ei07927988 m ce 8 hours after the 14th treat meneCTUS1906/034100

t he conpound of Exanple 1, as described in Exanpl e 84;

FIGURE 7C is a PAGE slide showi ng the inhibition of

downstream si gnaling from Raf kinase in A375M t unor

cells in mce 24 hours after the 14th treatnent with

the conpound of Exanple 1, as described in Exanpl e 84;

FIGURE 7D is a PAGE slide show ng the nodul ati on of

mar kers downstream from Raf ki nase in A375M t unor

cells 24 hours after the 14th treatnment vvith the

conpound of Exanple 1 as descrijbed i n Exanp

Fildsrgisg Aai "Qetiloérfﬁb gubsianfialy simeulating, in éerac@qrwhthnﬁ is disclosed,

compri R HHHATS, BUETACE oL BSElP BB 18868 uncton i
vitro, obtainippea lissw@s serple,i dret usingExtdenpsicoBs aliGlGUBEh8Risstieasample to
PAGE fs’ i,de showi ng the inhibition of downstream
generage Ysefti 48t% r om Raf ki nase in MEXF276 tunmor cells in
mce 4 hours after the 20th treatment with the

csHHichureb Hiseloseglis aimefodifos substNTAHY Siawatied @ vivo conditions

comprisi hg’bﬁgvﬁﬁbcim Sr%r E %ﬁ?u? glﬁgﬁaggﬁmr']@a g%hﬁﬁ@@%%&bto%nngéle into tissue

slices, msdllhdang thedissuakliess bba ﬁ@rtth)fter kimantificial wissbe tsgstem, and allowing

e oS RRL 00 o5 1 B8 AP Ao i ot et one
drug rég%ﬂgﬁ t&b@%fbt@fu\?ﬁ@]@é{é‘}l (N-Ras @61K) nel anoma cancer

tunors i'n mce treated with the conpound of

. |
S oSSR LanEremY Sudhif) Gt ibEuue systom
contairihhmaeeplasnﬁ&l(&tuééllc&s,l nasing: tHd bioartifitial dlséuecsys’samhydreatlng the
. the 2Qtli treatnent with the co
tissue HiEs Wi at [4SERAR S Begiar o ERREA e USE A RIRL P Lorfbaring the
data tosdl‘é’dé’rrﬂﬁet r'i‘lﬁoﬁ@ﬁéﬂnﬂfi/ Bkidly oRa ‘&%h’}»dﬂl‘hﬂnﬂf h%%‘béth@!@g?af:hoosmg a
ki nase in t unor  cel hours after the
drug regirean taaed wintthe compasispoared data.Exanpl e 1, as descri bed
in Exanple 85; FIGURE 10A is a graph showi ng the nean
r eﬁimltyl om businessomethbdi rfer afedpd@snhicl isgue ﬁhstn@ls\ib)lch compnses
ect al rci noma, tu en t{leat

providifg b atALPare B et 1o houCinguteaniagmic isste: Slicesy populating
the blcﬂégé%nlﬁséé Sy STAHFE WA @H%oﬁfé‘émagtléﬁ@ 't@@tu{i’qté %gﬁhen on the

downstream si gnal i ng from Raf kinase in tunor
neoplagmid tissue, ﬁnde:oueﬁmg@safts:er the 3rd treatnment with the
conmpound of Exanple 1, as described in Exanpl e 86;
F ' ' showi ng the inhibition of
d IETioR OF EE I'é f kinase in HCT-1 16 tunor

ggllrplﬁmﬁhg) Smf C%téqﬂﬂ rf% tafterfé_dl; rqbiegcg we%érent gg\f% d|sc|i]osure will
becomE'@@aé@ehﬁmﬁth%@eﬁbé& 4 tﬁ@%ﬂdﬁ)\ﬂng RResth dh Ie\l@h iAf conjunction
) downstream si gnaling from Raf kinase in - t unor
with the @iccempaniting rzw'mwbeaﬁm diketratergnep numralﬁrdenmte tike elements
and in \@F%D(:orrpound of Exanple 1, as described in Exanpl e 86;
RE 11 is a graph showi ng the nean reduction in

) A§ PR RGrrD G wye FUACL N DROGRent of a bioarifcial

organ sfefeuUnd of Exanple 1, as described in Exanple 86;
IGURE 12A is a graph showi ng the nean inhibition of

tumor growt h of Mv4-11 (FLT3 I TD) acute nobnocytic
| eukem a cancer tunors in nbce when treated with the
compound of Exanple 1, as described in Exanple 86;
FIGURE 12B is a PACE slide show ng the downstream
signaling fromRaf kinase in MV4-11 tunor cells in
mce 4 hours after the 3rd treatnent with the conpound
of Exanple 1, as described in Exanple 86; FIGURE 13 is
a graph showi ng the inhibition of VEGF-nediated
angl ogene3| s |n a CHOVEGF I\/Eltrl gel rmdel after

. A PN 1 Y
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cis 1or 2; or atautoner, stereoisoner, polynorph

ester, netabolite, or prodrug thereof or a
w@banroemsetit i cal |y acceptable salt of the conpoR@mUS2006/034100

taut omer, stereoisoner, polynorph, ester, netabolite,

or prodrug.In other enbodi nents, new substituted

benzi m dazol e conpounds are provided of the formula

(1'11): wherein, each Rl is independently selected from

Cl1-6 al kyl, Cl1-6 al koxy, hydroxy, halo, (Cl-6

al kyl ) sul fanyl, (Cl-6 al kyl)sulfonyl, cycloal kyl,

het erocycl oal kyl, phenyl, and heteroaryl; each R4 is

i ndependent |y sel ect ed fron1hydroxy, Cl-6 aIkyI ClL 6

aleq?;o%a{? b%,ﬁ)ﬁrSlge?é@%o%fzwr WEP@QY‘%{& tb a |¥eoplasm|c tissue and
bioartifibied ergmysystahkmbcorﬂmgemw%aahkdrbéleébfw' phenyl,

and heteroaryl; wherein Rl and R4 may bé opti onaIIy
13 tigitge
SPRELS 8 LIRS oFE GFHRBEHEE 3 bigrengtay faled n a
neoplasipig t@gug afiddoiegrtifigial ergan systam, acccﬁdlr@rtd tbeumténmlsaosure
or a tautomer, stereoisoner, polynorph, ester,
mEigatoisia perspecivedieugoftareermbbdimertt Gilhe @?@t@m bERigl ¥-Fig. 3;
acceptabl e salt of the conpound, tautoner,

sF(g eﬁ)lesarpﬂ‘rsp@ctl\fyanﬁéwfbf & epbodimbAber tHe insbint system showing
di scl osed are conpounds of the foll'ow ng

ru
the plac%glpg%o%a(nqu aginistissye sligeh R1 i s i ndependently
sel ected from Cl1-6 al kyl, Cl-6 al koxy, hydroxy, hal o,
( Eig- &6 ds kan )%QH’IIQ@WMGV‘( of -@ @myodiment cofya, tissue slice apparatus
contaln@é%l @éﬁ%ﬁm@ﬁéﬁq | oal kyl', phenyl, and heteroaryl;

al o( Cl1- 6 al kyI) each R3 is
Cl-

i pdepandent | ed from hal o, -6 alk and

T RS T 3 s S foamen
of a nedplagmpe! tiggue éﬁ&lﬁoéﬁh@?ﬁ]’or%ﬁ{ éystérﬂr boxyl (Cl-6

al koxy) car bonyl , am nocarbonyl, - _

a d - .

aﬂ%?)gn‘b ggﬁ%ﬁ@g@\}e VI%Z{ c@?@% t;\ée:ogﬁﬂs@?rtlg%‘é klidd Gfrfmdafent of Fig.
7A;  heterocycloal kyl (C 1-6 al kyl),

het er ocycl oal kyl carbonyl, phenyl, and heteroaryl;

\/\Elgr;eiB |tmsta gmépl:]iml, repre:sevtation getln?i/iﬂ@?alhlbyaine clearance with

subst i ne or pore, substituents
°°”“”“?¥r°‘d%'i5%ﬂﬁ%ﬁ?' t?“@%?'i%?'@'a UFMSrﬁ Hmﬂ&@a QFgRR SYSteNs al kyl |

a]_n§6alkxy ais 1, or 5; and b is O 1,

I90F 18:2 gap 'qaémmﬁﬁﬁntaﬁﬁ@pém wl@elidoogmqmbamnce with a 6-hour
anda2@-$1bﬁfruﬁ“ﬁ§|ﬂ§‘7tﬂatb‘?oarﬂﬁc@ c&ﬁéH%gHé fp.eof or a
abFe s a

phar maceut | accep f the conpound,

P 8, A B b B ARG o -hour

and a 24+bonf mnﬂasmgeh@tbimtiﬁtﬂ@l drgan ByStensiethof T ormul as
(1)-(1V), wherein each R Ts independently sel ected

fmgm1t1h% ar gmm%tés&tafombﬁr/ﬁWtro Ricia fdk%é)réﬂce with a
yl t et hoxy,

ronp, methyl nmet hoxy,
6-hour %\doepgﬂsj'\o%m@@wmgtt%efbl g@at mlan stylstérh;uor oet hyl ,
trifluoromethoxy, trifluoroethoxy,
thigf 1248 amhlamailalsl’rmymg the pryceds myidert@ke® by a neoplasmic tissue

ridin razi nyl, Cl-6 al kyl pi perazinyl,
slics ap@%ﬁ%@ﬁﬁgﬂﬁ d'&dg?tff& nyl, and pyrimdinyl. In
ot her enbodi ments, new substituted benzi m dazol e
conpounds are provi ded of formulas (1)-(1V), wherein a
is 1 or 2, and at |least one Rl is halo(C 1-6 al kyl),
such as trifluoronethyl. IR other enbodiments, new
substituted benzi m dazol e conpounds are provi ded of
formulas (1) and (1V), wherein Ris Cl-6 al kyl, such
as, for exanple, nmethyl or ethyl. In further
enbodi nents, new substituted benzi m dazol e conpounds
are provided of formulas (1), (Il), and (FV), wherein
bis 0, and thus R3 is not present. In alternate
enbodi ment s, new subst i tut ed benZ| m dazol e conpounds

o r
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antitunor antibiotics; antinetabolites; hornones;

pl ati num conpounds; nonocl onal anti bodi es conj ugat ed
WOwREn/021988 cancer drugs, toxins, and/or radi onuRCT/UERN6/034100

bi ol ogi cal response nodifiers (e.g. interferons [e.qg.

|FN-a, etc.] and interleukins [e.g. IL-2, etc.],

etc.); adoptive immunot herapy agents; henmatopoietic

growt h factors; agents that induce tunor cel

differentiation (e.g. all-trans-retinoic acid, etc.);

gene therapy reagents; antisense therapy reagents and

nucl eoti des; tunor vaccines; inhibitors of

angi ogenesi s, and the |ike. Numerous other exanples of

CTopr S0l R, Biheinetl HerRsfeti anmethod of using a

neopladm'ﬁ@h@élﬁjaﬁéfm@alﬂ‘mﬂélapbrééﬁ @‘flétén( to ob(dlh)use(‘dl'r’ekult@raccordlng to
are known to those sk in the art

embodwnemténfélaﬁ @W@iﬁﬁﬁ@u@ntl cancer agents to be used in
combi nation with conpounds of the present invention

CﬁE’ﬂ\IL%BD"&%% Ié,‘;]at i nduce or stinul ate apoptosis.
g'em's'—rr'm—rrﬂute apoptosi s include, but are not

[ o] ki nas hi bitors (,e.

UL 1, B Rl eSS e, et Pl be understood to
mean ondidri tore dfagsulcampoudsh theapeti %@%ﬂl@fntﬂé{@%%mds peptides,

lil nase i nhibitor, Fibroblast G owh Factor Receptor
metabqlifeg: Mruges Lasteriehios M'?ﬁ‘r aganis hatmaiebe eeplied twalvell or tissue.

Fact or Receptor [PGFR] ki nase inhibitor, and Bcr- Abl
kilhes @resgntbin rs hels a(tSCEWIereﬁilan dreoved avatiular system for

- ant i_bodi.es
cruafid s SBRbeRRgs T S L pBRR S Sdlte @ sysem for
neoplasraicctisstienestimy intaraka.f en] ; anti androgens [e.qg.,
flutam de, bical utamn de, f| nast eri de,
amr@ﬂfﬁrtdlﬁédt%ﬂtlﬁ’@ SRINP RIS
ycl ooxygenase 2 E:OX— 2) inhi l’gl gsofrds‘&onetéﬁ%iffe@ﬁ\fé figifiod using
a platfqrfm wxitedling afsthezefficaey of n@mp@uedeumwlr taradtwmfachmmtsltraruyn of the

compmﬂ{dﬁg% (I!v?fhgﬁeé%tgn%;é%ﬁ@%rm%@e E‘fér"i‘ ? Lh?ldc drﬁ%éc effects are

realized Hhrodgh a, wrzkatmfcbﬂz viteo Ghihhdl) testifg apRWRIEA NP 'Q_resent disclosure
Myl otarg, VP-16, cisplatinum 5-

xantro
allows gﬁ%ﬁﬁtﬂs@* o '% @P@W Seopia%aNg | angehympa 1 bgneuliuned and for the

esting PRy PR BRsGB AR AR o A HRTBENTE e t o
minimugpy, dhe dew drbgramd:eamh toa(1)amvetw h |phaanaoolbgicqmrﬁﬂleadf the drug; (2)
determlggatﬁt St Co cg‘ ﬁm a L&h ';?ﬁ%fét' @?4 %e?@‘ée@ﬁ %llmals and (3)
conduct Stesi- bé?fn WXH"cy%tlﬁ’d]éé %@H%'fﬁ‘n I2yw KLy 3‘*1“:1\(?ntﬁ§‘rdé§e’nd|ng on the

suitable for admni stra nto a man or ani na
proposed, ijusation @ndhuese aifothe substagee her the phomadeelr clinical studies. The

process T EEAMCRYT el ORTRE, ehl sBSEeR pusancs o

compoupidsflwimgitestdd.) , (1), (111), or (1V) as descri bed
herein. In yet other aspects, the present invention

A quitiksSots ek spreBk AN dRERs L isPlo! ovid a i i which a
Raf ki nase. Since the enzyne 1s a downstream e
drug regimen1fersexampie, i asthemoiherapsutior segimeny sesfrulbei personalized for

T c for, human or veterinar
incividu B GSCERBh it SHRERIY, Ml Botngr sy abIEy ot 21l regimens
indicated, e.g., in the treatnent of tunors and/or -
cancerous cell growth nedi ated by Raf kinase. In
particul ar, the conpounds d e useful in the treatnent
of human or animal, e.g., murine cancer, since the
progressi on of these cancers is dependent upon the Ras
protein signal transduction cascade and therefore is
susceptible to treatnent by interruption of the
cascade by inhibiting Raf kinase activity.Accordingly,
t he compounds of the invention are useful in treating
solid ~cancers, such as, for exanple carC|nonas (e g.,

o a1 o
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trifluoronethoxy."Hal o(Cl-6 al kyl)sul fonyl" and
"hal o(C 1-6 al kyl )sul fanyl" refer to substitution of
wa o7 oemeBs and sul fanyl groups with hal o(Cl- 6 aP&yiU$2006/034100
groups wherein sul fonyl and sul fanyl are as defined
herein. "Heteroaryl" refers to an aromatic group
having from1l to 4 heteroatons as ring atons in an
aromatic ring with the remai nder of the ring atons
bei ng carbon atons. Suitable heteroatons enployed in
conmpounds of the present invention are nitrogen,
oxygen, and sul fur, wherein the nitrogen and sul fur
atons may be optionally oxidized. Exenplary het er oar yl
oups have 5 |

work the pava %g}ﬁlf H?E‘%étﬁir Qrogruat Ongtq%ntggb ed 'gﬁglg)rg&lgoq)%ent will be

ineffectilieaeal diiférent waBiet, TH@/ Ft?s'em/bhso%é&ﬁé ?rbﬁ ide®¥ hidthod to test the
pyridazinyl, pyrim pyrroyl, zolyl,
efficacy gba srdg yqaglrnem mgzrdp)aslminmiatlpn tomaﬂlantsl yhereby administering only
u qU|nazoI|nyI qui noxal i nyl ,
the m°%ﬁa€%ﬁk’§¥ég'{¢1 % é&%ailr’]%}%% azolyl. "Heterocycl oal kyl "
subst i nts, that hav

P LT R R ——

methodfiretheatRily bMdisBAsé idHll e Wedys! @ whibht é@lln?ounds affect a tissue,
het er oat ons enpl oyed in conpounds of the present

particulafy &istngoneeplasmicttissyen, oxygen, and sul fur, wherein
the nitrogen and sul fur atons nay be opti onaIIy
oEbditlzecpurpiaep&sesérhhiatdiiselobelteertbeytermamésﬂe smhpté eissue slice, or

tissue adliqblgtJ [egﬁ\:%f/%ra ?&H:ééhqrg@ s-yf gr ce cu uresyof tissue cells that are

not parbbiky bidaefiffi éﬂ@t‘?é@@%téh’n ariyf &drﬁc&l@rl?‘ nBBpRISARY G KY!
group substituted wth a Cl-6 group.

Wé@é&@&ﬁé@Wlthyérf]%o@uﬁéﬁtyw Teﬁfr(e@éﬁt algclgur@ &' is provided
substituted wth heterocyc
a neoplappietissuatesting yhethod dhad Usesch @lcsarhﬁmah orghn systenyfaugvaluation,

oo Rt AR EHPBL itah i reomorates

by referefce) The k¥ stehiehas Blndo &ésrﬁ@%s@ué'éﬁié)chﬁh@ Qﬁﬂ%ﬁﬁ |O‘ther similar

Hydroxy" refers to - droxy(C 1-6 al kyl)
systems &h%t GIUPMBfOéiItWIngngdeﬁPF%Qm”Qlcl ttS@UédﬂnAi blhaﬁsﬂdmbﬂygans are expressly

contemgAd WY ok oo el RSHAERRT Y b5 31 Byt sccsure

may be' Umedlla\tltti comventivhelhtissigs samplesef ¢fovdver! héoﬂé@h‘ﬁb tlssue is most
to a conpound cont ai ni ng such a

gro
effective %%&ﬁ%ﬂ%é@% tiEng FRoa éndriea I@i@anwpemeﬁhwhﬁ@tqmbl@@d ¥th human

tlssuelnfﬁs‘{'@g? -C(=NH) OCH3. "Nitro" refers to -NO 2.
"Sultonyl" refers herein to the group -SO

“TeyisPibispoSLEl BrdRdt 3 LAt ict B4 Jpsig testing that

prov1desfm vsay totpareonaiizeRtBeinothdrapbutitl 2egimetiskif individual patients, to
| sul fanyl" refers to a substituted sulfanyl of
predict %C"g/ f & COFPOURGID NOFMAhfigsiew AnddoAtugy disease. Accordmg to an

I I
erooafheht PNl o § By D4R ETHUGHE o Buractn. The
sample i3 kNdedsintd argwraéitydof(t(ssué slicky) Vammaohémomapemnmragﬁmens are

applied ﬁ%?ﬁgﬁgﬁgﬁé%} R%r t%%krgémnsgggélpféph e)resuﬂs are compared to
determifé ibié %ﬂlééw%f, eaﬂﬂ'ﬂ réﬁnﬁ%hs Bg/fé%ﬂﬁbaﬁn Qaﬂoﬂq‘ ?égﬁm%h% bérsonalized
ethyl), propylsul fonyl, propyl s fan
where R12 is propyl) and the |ike. Hydroxy
protecting group" refers t® protecting groups for an
OH group. The termas used herein also refers to
protection of the OH group of an acid COOH. Suitable
hydroxy protecting groups as well as suitable
conditions for protecting and deprotecting particul ar
functional groups are well known in the art. For
exanpl e, nunerous such protecting groups are descri bed
|n T W Greene and P. G M Wits, Protecting G oups

o s —y
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invention. The terns "S" and "R' configuration, as
used herein, are as defined by the | UPAC 1974
WORRGORMBEBHOATI ONS FOR SECTI ON E, FUNDAMENTAL  PCT/US2006/034100
STEREOCHEM STRY, Pure Appl. Chem 5:13-30 (1976). The
terns a and b are enployed for ring positions of
cyclic conpounds. The a-side of the reference plane is
that side on which the preferredsubstituent |ies at
the | ower nunbered position. Those substituents |ying
on the opposite side of the reference plane are
assigned b descriptor. It should be noted that this
usage differs fron1that for cycllc stereoparents, in
ch "a" nmeans "bel ow the and denotes absol ut

chemoﬁwp@{trcaregaﬂenw@yt kg ﬁgs'angﬁ% @aseé Rrthguesylisofomdbe tests. Other

ol RE 55 e B9 DR e 00 i STty anc

study asidszyabeatedystopatholagyt hose skilled in the art that the
conpounds of the invention, including the conpounds of
f glignd msa 6Ehemétit }epr(ekdarht}atlon of eh\émbd)dltﬁmit f a drug testing system
st ereoi soners and tauto

10 in agrardance vith the pr%ﬂﬁqﬁ%rga?f@ r@§§|g/pg 12 culture medium 13 is
introduBBd 3Ry 'tﬁ@solor%%]@td?r 9 rVﬂﬁ“m?fbléfBéc@ér tlgeﬁl S’"?%as??‘(‘)r% tis8ue slice
S avi ng

various crystalline forns (or "polynorp
apparatliss20 ngblcslmorgpm%a’cblasboneéls*suesllce QSsdtmmhgeobbetween two wire

meshel B TR dHOF-oHk el B HyP AR Tl A WiRo digactor 16. As

culture Shedian RIARbEUCENMS B @ﬁ?ééotoﬁ%hé\@hltur%&nbaﬁlm level begins to rise
phar maceutical |y acceptabl e sal'ts of any of them

until it corses dtopontaatywithinectigssie slispshwhichrallows tigssie sl@em2&to contact

amyrigorReud iR RELER nuPhiced PR B B ouc i car 1y
2 TERS BRMB43E 1A S i Eieb8 shACBRR A S eaSk iperchangeabie
with a Ehﬁélﬂ?'dﬁ&%ﬁed @@Imuﬁﬁépﬁmﬁahems rafpmhstemd ProcBESSE. Ulikewise,
of Formulas (1), )y, (1), These salts can

machings qfrteplsr Rerforming ¢ Iue mnthgsmféhe.slame ranbgt fresly dnlgchanged with

reservdi 4 Wi dRophr FipfFBSBHS of nd @*;si%“t%é S8 Base or

acy fun ons W.t suj t abl e or nor
“Ehiosnagd 888 Sy b9 us FBRNI 51 ) hEJPRZY fre chamber.
Althougmﬂ\@@esbv&lvérus dhowr inmthedop Gft the éﬁérhl@é\ﬁ Nois arRy abktemplated
ate I nat e, C|trate aspartate benzoate

herein Mibﬁé@@l\f veaceulddye antthe sidear ypﬁ@@ ofthepthanzher, provided with

an s RTS8t 3 R EAAE NIy R TR APSTR RLBRA i

of 95%9015_031 mﬂhmbﬁd &% heoL, syl yatme, iamﬂt |§r§!fptpﬂied |‘a‘:t><ailrb®@éwre ranging
fumar at.e, hydrochl ori de, hydr r obr oni de ydr oj odi

from 1 ztoh%I%Weftoh’ﬁﬁe§mm§ﬁbtﬂérougacthﬁt @as ryalvga@@d dlscharged therefrom,
while Cgﬁgpat g%bf Redkhre Bgcé)b'ré@u‘?e c%n%ﬁ?é\ @teslm)f A'@bRenoid valve

anoat e, ctinate, persu

(also n6ét sy maglmaoepledlvmﬂaﬁe pressateacantirqlieo o omzinkain a pre-set gas

suc ina%g fat.e artrate, hlocy natF . .
Pressufg: t(gfr‘ E'E!”Qoﬂ%‘f"éé 1% fomBaraRies e SYTHIGS, iterRayjng jg; pore size of
about @QQHRQGIQ grefdrablyi |ﬁ§taﬂléeqﬁ5% £&20ake PBRLSileF %@lt%kl‘bbes thereby

such agents as [ ower al al i des, such as neth
steriliziag tye supplargas todhe qb\amhercﬁaemh@ek vaiveni twsth ggsdsterlllzmg device

i odi des; dial kyl sulfates Iike dinethyl, diethyl,

dibutyl, and di anyl sul fates, |ong chai n hal i des such

as decyl, lauryl, nyristyl &nd stearyl chlorides,

brom des and i odi des, phenyl al kyl halides |ike benzyl

and phenet hyl brom des, and others. Water or

oi | -sol ubl e or dispersible products are thereby

obt ai ned. Exanpl es of acids which may be enpl oyed to

form pharmaceutically acceptable acid addition salts

i ncl ude such inorganic acids as hydrochloric acid,

sulfurlc aC|d and phosphorlc aC|d and such organlc

s o o o o - o o o o o, o o
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(2-Fluoro-5-pyridin-3-yl-rhenyl)-{l-methyl-5-[2-(5-tri
fluoronet hyl -1 H i m dazol -2-yl)-pyridin-4-yl oxy] -1 H ben
waQ im0zl - 2- yl } ~am ne, PCT/US2006/034100
(2- Fl uor o- 5-pyridi n-4-yl - phenyl ) -{l -methyl -5-[2-(5-tri

fl uoromet hyl -1 H i m dazol - 2-

yl)-pyridin-4-yl oxy] -1 H benzoi m dazol -2-yl }-am ne 5
(4-tert-Butyl-phenyl)-{1-nethyl-5-[2-(5-trifluoronethy
| -1Hi m dazol - 2-yl)-pyridin- 4-yl oxy]-

1H benzoi m dazol - 2-yl }-am ne,

{I-Methyl -5-[2-(5-trifluoromethyl-lHimdazol-2-yl)-py
ridin-4-yloxy]-IH benzoi m dazol -

18 is p%@?ﬁé%%é %n pth'gf_{b#? |u?|?n?$r=b%/rm)f? Hysgw%sn{or edvalizesthe: resying between

the reseniofraaral atodphepyr i di n-4-yl oxy] -
1H benzoi m dazol - 2-yl } - am ne,

( &éﬁlhﬁt@npbﬁm@ l‘lsiue '§'ﬁ&€'§’ | méru[:iﬁ—]'g( Rebplabhti®HREEL hY s hportant
-im dazol - 'z|') pyrid
featuremtb@nrz\tﬁnﬂona oe- tgss e} Sll&ﬁ$ @€e cultured under the supplies of the culture

medlungdéngaZOF g&%!%;ﬂ%sdl tg?ﬁwoggtg,lfur 5mtecrhjuf‘r|1 orthe plgglma Is supplied

througHl thebrsszoiaii e the 2hiimbef@nbahe oxy?enated gas is sugplled through the
Chl oro-3-trifl uoronet hyl - phen

top of tfﬁﬁuchﬁm%n%wws supptiedataegu rwtyrv@h ) ‘thfat4eesﬂ he neonolasmlc
tssue ifoR % EARBET Atprraty ARG iesumy A tp the afp @52y sxpgsure-time

ratio rangingl froom abeiubyit td—hlnmmtarlml A ratiy lof abput 206 fo ¥beuty1:3.5 has been

AHDb da
found 19 BeyE{egvSx8i1ch8 (afe bF bbask biarip hesalsn Baenfoundto bpgfrective,
al’[houghI @héhg‘ing’ ltRsyd 'pa%éh@?égox ﬁ%}f]é?bliy within_the normal skill level of an

A-trifluoro
artisan. (EUlF-IIOu coBlrols fHQJﬂOWndtﬂnpl etpitmseyh¢d|(1m rfﬂtmydateSrn{ Which-a tissue

stie is el 2Pyt 4t HH AUAHS LG corennends mugy fo the rate

of metapbjisram ne,
(2- Fl uor o- 5- trlfluororrethyl phenyl ) - (Il - net hyl -5-{2-[5-

"ﬁilhlé'présérﬁ‘rdlﬁlﬁél&@r\ﬁll‘égﬁ{bﬂlﬂpwr%xy% Gyiture medium is preferred over

1H i m dazol I n-4 enzol m da
plasmayThe pairticular ch0|ce of the type of culture medium or plasma WI|| be known to

a perscﬁl faﬁg;}gﬁlﬁ%ﬁ %Ilﬁ%hﬁiﬁﬁ{/ ré/'afnl/ ¥r%rrr§)régh Wpe ?henﬁlt%% n.% prevent central

necrosm'l eydaspptixidien désdided abbié i 95%eL, rd 54 CO.d &ML tils mixture
carboxylic acid ethyl ester,

may proguqe, fee- exygein,eadicals . whidhuareo piien toxishientissue nolfure- ealls, care

st 3 ] FoLEFSERT U1 ol 88 A it o gt an

vitamin 2E{ 4] loxiygehyifre@- fatfidal fsd:av(?hg@gé falﬁd Rirgirysi@amt80)areHal8ed and
supplen;ae@gﬂq V‘m?u’gé% I@ggﬂ\@g%fﬁ%mm}n& seyum and L-glutamine.

(3-tert- Butyl henyl ) - {1- net hyl -
[ RefesringhBay to1ftig; 31 aamb@hmept pi/awmwlasnylbdbsype and bioartificial

organ %ﬁ%ﬁ?‘@"?é" SR SBigkrneh BRaan xstem 210, Gormprisen fng. pr more

bnoreacioms(yb' duspdmuzmu mdbator 32ythat (ehulates ltwmpergtiy bad!Huamdlty within

the Cha’(‘gef gﬁ?”@ii’ﬁf GHewsI1users tavaomate she sonditiens pf adiearifisigl organ,
| -1 Himdazol -2-yl)-pyridin-
4-yl oxy] - 1H benzoi m dazol - 2-yl }-am ne,
[ 4- Fl uoro- 3- (tetrahydro- f ofl@n- 3- yl)-phenyl ]-{I-nethyl -
5-[2-(5-trifluoronethyl-1H mdazol -
2-yl)-pyridin-4-yloxy]-IH benzoi m dazol - 2-yl }-am ne,
(4- Brono- phenyl ) -{l -nmethyl -5-[2-(5-trifluoroniethyl-IH
-i mdazol -2-yl)-pyridi n-4-
yl oxy] - 1H benzoi m dazol - 2-yl } -am ne,
(4- Fl uoro- 3-i sopropyl - phenyl ) - {1- net hyl - 5-[2- (5
-trifl uororrethyl 1H-| m dazol 2

R 1 ~ 13 e
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2-{4-[2-(2-Fluoro-5-trifluoronethyl-phenyl am no) -1 -
hyl -1 H- benzoi m dazol - 5-

wWQ k@92 7op8/ri di n-2-yl }-3H i m dazol e- 4- car boxyl i BCHUSZH06/034100
(2- hydr oxy-et hyl)-am de,
{1-Ethyl-5-[2-(5-trifluoronethyl-1Him dazol -2-yl)-pyr
i di n-4-yl oxy]- 1H benzoi m dazol -
2-yl}-(2-fluoro-5-trifluoronethyl-phenyl)-am ne,
(2-Fluoro-5-trifluoronethyl -phenyl)-{6-nmnmethoxy-I| -net hy
| -5-12-(5-trifluoronethyl -
1H i m dazol - 2-yl) - pyridi n-4-yl oxy] - 1H benzoi m dazol - 2-
yl } - am ne,

ensunrfg gw’v{}lt;"w %peﬁﬁla osyg%g(ﬁ eg(%otsecll fte uc?prn?nnet h(}/r{d_lt%ol_r#s H])rd\ﬂablhty over
time. The-dpRRECHMB Sdifdie FioUbhatdrisyistdrh YPHITR! EUHuT® REWEN kn8Wnn the art

e)
and requires: g furfiieseecitationt - y1 ) - (2-{4-[1 - met hyl - 2- (4-trifl uor

onet hyl - phenyl am no) - | Hbenzoi m dazol -
5Disposgd- py —indincuBatidn cﬁiamberdaloné gt noret bioneastors 15. Each

bloreacﬁgr E% ﬁ%%ebe 0 ?@érr@gwégﬁegz sue S clersno(%asza?rllples IR téo gr 30 turns

bloreacﬁob’ Hbfbﬁvﬁe%'dﬂdu@twoﬂﬁés@é' redpaeivel a’f‘hé‘%vet hase c?rree_;aonds to the

Ehar&l-l\/bthyl “(4-trifluoronethyl [ am no
time that iskue Bl igl spbstantially exposed to culture med|um Likewise, the dry

phase éfrggﬁc’% ' %ﬁ% gh_ggggug'sf“ég% QOKYLLE alf¢ exposed to gas. Control
moduIeZ 3{41de5§ ah-ihger{deet forf tottram ivé -phrametstazel bdaviificial organ

4-yl oxy] - 1H benzoi m dazol -
systemy 19| &Rﬁfﬁi}% 25 fP@RIeRtUNNG HRiel  madules, the time period that

neoplaple (s 5123 o5 pPre Y4 BN} trs e MEope reguieted,

which @ughfncangsierids td um‘tabalistmlratdserﬁlmllgdly thetgas mmu!}tlure medium
. Sstereoiso ol ynor ter, netabolit rodr u _

ratios g bEgeobiPter HRRG AR reSRyls %@@pwglﬁaé ofher neéessAE Operating

paramé‘t@@‘WﬁHm I@Hbgﬁré&zs &8 %‘Hose re H@deTﬁrﬁfHPh%t@rre Rrovnded as
met abol i te, or prodru not aspects,

would henuaderstood: ky auoessqmom@lrparyekﬂlseshe art. preparing the
conmpounds of Fornmulas (1), (I1), (Ill), or (1V) and to
tEerrﬂ'ygtl’rmmito Figt ei,rrtbmrelatlesshtfmf F: cldses.lrlfﬂVleWO@feaSlﬁSreactor 15

. e .present 'n ention so relates to the processe

installeq Jf IMCURRIOT 3t PlocRem b IIIESS ANEROTP R ChIDTEArtaindd @Bd rotator 30

ey b AT ARSI o Sl o2 ARt

incubater 32 gach diereactonsltr isccanmectsd tchgas amdrwltube anne;dhumt supplies, 36

R S e
each t|!5§ueh%h©e aippardtas cdHEhbeT 168) ebnhdctsStohhd Gubply™B6! P&’ shown in

3. The. coupling may be carried out In an organic
Flg 3, @@mf@lﬁltsx@m Tdsis shenase hetweeprgasi vaives 181 |and>ga$esun1oly 36. Gas
Si
ter 14,15 BRERSINF BtobonE, BRI ASEN I SUAF S0l oos vaes
151. Similarlydeul@EMRediatOBaldEbl,153a4M, c@‘fnééfedﬁxlo?éﬁltlﬁré%edﬂim elpply 38.

emstry, Yol. 63, No., 18, 1998 pgs.
Cuttureguddligs s’ Thas veawsdy s edhfish i dispossshbetiseenuasityfe medium
K NO2 or a protected am no
Supply g?gﬁgwgfé@%ﬁqﬁt@}é%e converted to the ami ne by
respectively reduci ng or deprotecting the am no
precursors. The Z group n conpound 1.2 may be an
i mi dazol yl group substitutdd with one or two R4 groups
or a functional group that can be used to form such an
i m dazoyl group. Suitable functional groups include an
al dehyde, or any al dehyde precursor such as an ester
or carbonitrile that can | ater be converted to the
al dehyde. The ester and carbonitrile groups nay be
reduced to the al dehyde with a reducing agent such as
d||sobutylalun1nun1hydr|de 4 may also be -CH OR5

. —~— " . — o N
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shown in Scheme 6 by reacting conpound 6.1 wherein Z
is a carbonitrile with hydrazide 6.2. An exanpl e of

wo b@7eyishesi s of conpound 6.3 i s described i NnPEREIPDE034100
60. Schene 6: 6.1 6.3 It will be appreciated that the
i m dazol e internmedi ates used in the coupling reactions
can be prepared using other synthetic routes. One such
nmet hod is shown in Schenme 7. Conpound 1.3, where Z is
CN, is converted to a conmpound where Z is an am di no
group. This transformati on can be effected by reacting
1.3 with an al koxi de, such as nethoxi de, to convert
the carbonitrile to an imdate ester that is next

t h
ac eﬁ aﬁg agqehﬁ?rﬁg'ﬂ?vutr% H@ngnoth éeq {%gshoi\l‘ﬁ??%g‘ a ’E‘Ieﬁé()f bioreactor 15.
Althougkemny) copfigliiations tengvaliable GRAPAAIN Qe( Nﬁ‘aersi/tgﬁf N2 Xerson of

|.eavi ng group, provides the al kyl ated
ordlnar)gy%lplj 2@dth@oﬁﬁodh§ gmbodimentt shavsmdn Figerdem‘ompﬂtml agplurahty of

reora SIS e SEHSEs AR IEB" i, by Eaphtisue oo

apparatDshelnardbénydBét is formed diyt hogemléd Cavie WHRbIgrehctef bés@ 157 and

ic acids such as acetic aci
bioreaclinihygt I3Bid5n Ttereormeciostaan Galve®ABE may are typically connected to
f 0
gas su%@jl/ 36”%@@?% W;@%%%Jnﬁﬂmg:?ﬁgﬁlmgﬁggﬁ%é éllbcc algéﬁr%%us chamber 155
for the wmQﬁﬂwDbprmn@mg disane stioes lmontanaenl dh tlﬁm e apparatus chamber

n tion of imdate formation
165 will RSBV o i) Bip P Aepcmpidier dolltnmagipaaesnss are in fuid
communhicatiealvith BEste sNEs abBa?atQé‘%hQﬁ{be?W?ﬁﬁ seﬁfehﬂi@sgme function
The conpounds of the invention are use I'n vitro or
for culture vinediunm asrgas tvalvg 154 goest forogasamordlleglm efibodiments,

bloreac[b‘?"f?@ﬁé}%eg?ﬁs bﬁiﬁi%?%h Iéqofgg rlépr{lggggg Slt oc{papp,r base 157.

Bloreaomrocqmeesbale‘ﬁuiﬂgibia? e an @G gt dicathey sﬁﬁﬁa?ﬂlél}i’éeethat prevent fluid
s or excipients include, for exa

'eakagepYVb %P'i?g?cgg’e’?ﬁ%e and ad\dulgloa%aqtqreﬁgvembﬁ aée & andnterconnected
n
config ur‘aﬁgﬁeéﬁﬂ ﬁ\}/hﬁ?ﬁ@?ﬁﬂé@l tli@%cﬁéﬁngfﬁcgg% é)gﬁ fcg@g‘?\m& R¥iSreactor cover
sealer 169wl eaundistoost anctappreeiated by aqedrsoh @$ erdin@tynsKill in the art.
cel l ul ose, sodi um carboxynet hyl cellul ose, dextrose,

hé)(@bmdmgr tzpyh- einbodivhestestidwi, in PRigY 8] %)ébﬁYﬁédHIaéjrhﬁoﬂ&ue slice
nmel ting waxes, ion exchange resins, 1k

aPParat'al% ‘Chanmberd 58 AsraTRmOg Ao At éﬁ%sttqm uﬁsueosle:et aep@r@rcus 20. When
unmterc%ﬁé&te‘éluhéﬁﬁd@ll&éh R 56 %é ar 1Se] @%ﬁo $ é%vﬁ)y fling a part

are desctri mntons
of tlssugcsbc&:wparamskCMbeM% Nevbidrraptor 04881157, According to the

exemplgr) TR BRBIRTL A iR SORASIIE diFege:tioR) ARPAT AU s Ryperted into
each caﬂrﬂ?uatplﬁkélﬁ*@f%p‘lé’snﬁ'i@t%hébg)éherBba’ﬁ‘ahb@f ﬁchbz%%r may be

QJ of t’he assays descri be ern
employ magesgg{q viargaetos dys by rarawiding ar pluesiidy qu tmclerﬂmnaﬁparatus

cramef) 154%8C BMIAH 95", e 5238t oBpBlmgoptempnts

conflguraﬁdsmrof bibreagtoruns that abipride! VEHARA ROMbR& lof FogMsmic tissue
nbined with the carrier rraterl als to produce a

slice ap@arﬁ&f%cla%@ag@ 199 v various lyumbp@an m;summetarmomames 20 per

ool 1% SRR ot L AP Sl 20

| evel for any particular patient mnll depend upon a
variety of factors includit the activity of the
speci fic conmpound enpl oyed, the age, body weight,
general health, sex, diet, tinme of admnistration,
route of adm nistration, rate of excretion, drug
conbi nation, and the severity of the particular

di sease undergoi ng therapy. The therapeutically
effective anobunt for a given situation can be readily
detern1ned by routlne experlnentatlon and |s mnthln

o " o
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particul ar characteristics of the drugs and the cancer
i nvol ved. Such anti-cancer agents include, but are not
wo eo7oETe38 0, the follow ng: estrogen receptor PCT/US2006/034100
nodul at ors, androgen receptor nodul ators, retinoid
receptor nodul ators, cytotoxic/cytostatic agents,
antiproliferative agents, prenyl-protein transferase
i nhi bitors, HMG CoA reductase inhibitors and ot her
angi ogenesi s inhibitors, inhibitors of cel
proliferation and survival signaling, apoptosis
i nduci ng agents, and agents that interfere with cel
cycl e checkpoi nts. The conpounds of the invention are

_ i ) o it h VS '

mserte 1385 bl SR B < P Ao hcor cover 156 i

interconneesdl iviith biok€acteNMBasd ds70 Drideeintdé6mieQ8d AbiBred & 15 is sealed
used in conbination with known anticancer agents

with bipreactadi Gayer rsealasxthfh| RBioreastorotfe ma than be praded intorincubator 52
. | i i .
and cRGERRCih G5 KPR 98, P otz Rt $H19E ano experiments

accordingbneanduyatezhyl - prot ei n transferase inhibitors, HMVG CoA
reductase inhibitors, HV protease inhibitors, reverse
t Agrreviopbiysdeschbedidnel &s sifdiin 8RBT eMBBURSERAA Fg. 6, neoplasmic
) i hhibitors. Estrogen receptor nodul ators are con%oun(?s
tissue glicgr appaAraiyse2@ Y woBprisara pluralitycofoneahes) 23t Mashesg2h may be
. tar . f ' ampl es of .
made 3441858 S8 AR 1 TR G A for b oranary
skill inlthei akd asodesaribed besviously o Hec e, mofDXisE886slices 23 are placed

LY3 338]1 17081, torem fene, fulvestrant
betwee@_z[\ agen

, LY]

oMgshes A ahdoRsshen@dyaie siasked-together with tissue slice
appara%l_s[ ﬁhrﬁss;iéthyﬂt gﬁgl' ggﬂgmﬁsm kb ogﬁ?’é{a}lszﬂalt Q507 tRfdkness of
neoplasmig' tisgu@alices yiannesdt tnbe eplimizet! for teach lpeotdcohsnd azayneary from

: 46, d t dul at
experimesi8 sRbEMn{ AR B850 KBS or Tnni bi ¢ the bi ndi ng
oé anslg%gg]ﬁ_?;o an androgen receptor. Representative ‘
eXSryrEy RrIgeiATy eEBodiPeRoHAMR 8t K1. K (twaameshes 21 form
neopladrhitafstie! iRe285p A4l 2§aTh§OHé“sh€.5%icb§Hé;'ragé;g?sgosgg Jn the lower

ni lutam de, flutam de, bical utanide,
40% ofqisioptasenicriissue ellige appasatus @Macewrdinigoto thedeterhplasy enbodiment.

. ich jnt ere or inhibit the hinding of .
This coffiRHORS HAD A Bl 85 Sherale ) Gt Mo tssue
slice is fulig @xposedBs bR Piesdry HFduds: BRIy, ot ene, tretinoin,

13-cis-retinoic acid,9-cis-retinoic acid,

aFidisf ogkd hyBoghbhi il X235 P .

2FGS] T  DROI St ShdafTens of geopssmic tsse s
apparatng -20arTivex pistinlags steslimeshete21 Ghieosine iof which @an be chosen based

.atlc ent,s are conpound ich cause cell death
on the SYHERHBRS o S8BT ST RSB reRechUS Pt R hipferaby
arrangedi ingsdrafelMri Bntdiabedihers, fhenmbsREs 'P\_%V@rabdu'i‘:a @j%gﬁ’i?n pore size.

nterfere with cell nytosis, including alkylatin
Also, iy ghembediment,néhe depshesi@rer pressateta ainsuoe sorsjsiend dlatness.

i r e : . .
Betweeflrhodfse2t f & ARSI S8l &S Prgsusl e dver sifes: atanged in an
orderly feshiart. dtHectwo messhies, arenpoditidrizidso® eakh ige f thy ab¥pBsiTiic tissue
. totic, progression, antinetabolites; biologica

stices wilh &RoHGR TRE 99 85 L0 NABFTHSAAN? ARepiarsiiadasie sirasapeties to hold

agents, haematopoietic growmh factors, nonocl ona

anti body targeted therapeutic agents, topoisonerase

i nhi bitors, proteasone inhiditors, and ubiquitin

| igase inhibitors. Exanples of cytotoxic agents

include, but are not limted to, sertenef, cachectin,

i fosfam de, tasonerm n, |onidam ne, carboplatin,

al tretam ne, predninustine, dibronodulcitol,

rani musti ne, fotemnustine, nedaplatin, oxaliplatin,

tenozol om de, heptaplatin, estranustine, inprosulfan

tosilate, trofosfam de, ninustine, dibrospidi um

e o, . .
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agents whi ch have cytotoxic agents or radi oi sotopes
attached to a cancer cell specific or target cell
W@ p@cio2ioas nonocl onal anti body. Exanpl es i ncl udeCT/82006/034100

exanpl e, Bexxar. HMS CoA reductase inhibitors are

i nhi bitors of 3-hydroxy-3-nethyl glutaryl - CoA

reduct ase. Conpounds which have inhibitory activity

for HMG CoA reductase can be readily identified by

usi ng assays well-known in the art such as those

described or cited in U S. Pat. No. 4,231,938 and WO

84/ 02131. Exanpl es of HMG CoA reductase inhibitors

that may be used i ncl ude, but are not limted to,

ovastatin (MEVACOR(r); see Pat. Nos. 4,231,
them smffmtbrz@ thad dhey 99910@:@@; W3§|hﬁda?éft/%t by, ﬂeez@w@r(ermedwé Although
{

Figs. 7I%{r %Q/% sl? %Fgﬁﬁ)xéﬁférﬁél pﬂg@%@ﬁ?@gs@‘@ﬁcﬁoéc"f&lgﬁ@a between the
meshed, R46 tdibé u#dér%ﬁ)cﬁﬁmat!ehéwﬁcﬁé@cy bf 6R0apdaratas it dependent upon

1 ¥
the mENAS00E Sabin’ YLEESHaN Godo 5B Whiues otk Brafga Rty
althoug{r’hLR/?(Q n%&m( re)sai"g gge %ﬁéw%gﬁ)ls %ﬂg&hﬂ%g%ﬁg%ga%ydfn%mbe% of meshes 21
may b6 used, 6ba smrgjeanealiz lers) usenhet i faredr t Stﬂrmoumd aat Ieast partially,

neoplafl e a2 RRSIRYLGHIT G0 RBACS 21E (poe /B, hat space.

For ex@pRe, $fe flesM coldd baformediirh %&Itﬁbl?'dllh@ﬂ@lbhéﬂ UPsHage..
Chem stry & ndustry, pp. 85-89 (5 Feb. 1996) and U. S

Pa}ieod}@&mc“tlgﬁ% Ofbsapd L&eﬁglﬁ %%re%@nfiﬂls%m B&Y be obtained

t he HM5 CoA reductase inhibitor is selected from
from al switableaspureen dependingt amn |the irepded -yseookthe apparatus. d&@oplasmlc

inhi bitors,are _¢co ngs ich inhi ne or A .
tissues, Ak SXFPEsIT oriREPRI D iRl ioR bt SRR R Wit animal
tissued. HOWE 10 tHovensitiéd szl hbfet Yerieite of ﬁBbrpFagbmc tissue. Tissue
slices ﬁr any| ger anyl -protein transferase type | (GGETase-1),

mayebg ag}élswr_srj}aﬁeeg;mtqw%fgﬂ@alg unlngrt eviability and’ essential
functloﬁgxfﬁ II%%‘F Il theabfe%ae fderase | r;cﬁilg ?ésﬁ})f tlgémlllgés 9% shown to be

pr eny pro ern g co

effectiiebavigle thickirekgrranging4from about 10 m to about 2,000 um A thickness

chl or ophenyl) I-rrethyl-ll—l-lmdazol met hyl (3-c
from ahpwl $00 wemyo poputBfa WM j(asHye@mdﬁtqr to be e ectlve in particular
experléﬁé{ 6- [ am no( 4- chl orophenyl) (I - net hyl -1 H- i mi dazol - 5- yl

“hyl ] - 4- (3- _ _
Cﬁghoegg e?ﬁ%%(ﬁ? ”L@é g%ﬁi?zéﬂ)’;%qi%{al Ienf?qr_]qfqﬁrpfj%ilng the qogdcity and

t (
efﬁmerﬂi? nifyat] hlrljbz ﬁféfésﬂhgg?l%ﬁggbgphshec; by e*g(po?lng tissue slices to a drug or

drug caadlgata apd rlojsphang Ithe abjlity of the tlssues such as liver, to metabolize a
compot.lgs(l W%%?‘S&%éﬁ%b# gbﬁ%m'tgggﬂﬁ( lcgﬁtbréyéet%c%dp%[)?zekg%%?e ammonia
and Ildoéém‘é)/élfeob@ﬂmdr) cbmipaudldg ahsl 6@ e inctalldlizéathipnealhy tiver. The

yl) nethy I% 2- piperazinone, 5(S)-n-butyl-
follown]g examples s dRigl testing, as applied to Ilver-sllces Those skilled in the art

B e L R T

A BrefEs fes hemdhEERERE Fimens an dhe H?Wj S!'ﬁ% qf gliauots, at

least oh@| cSmpiled hy lappiedaotet! basPene disae aliquot in the bioartificial organ
4-{-[ 4-hydroxynet hyl - 4- (4-chl oropyri di n- 2-yl met hyl ) -

pi peridine-1 -ylnethyl]-2-niethylimdazol -
1-yl met hyl } benzonitrile, 4-1{45-[4-
hydr oxynet hyl - 4- ( 3- cbl orobei i zyl ) - pi peri di ne-1 -yl net hy
l']-2-methylimidazol-I-ylnmethyl}- benzonitrile,
4-{3-[4-(2-0x0-2H pyridin-|-yl)benzyl]-3Himdazol -4-y
| met hyl } benzonitrile,
4-{3-[4-(5-chloro-2-o0x0-2H[1,2"]bipyridin-5" -yl net hyl
]-3Hiniidazol -4-yl nethyl} benzonitrile,
4-{3-[4-(2-o0x0-2H[I

T T B 1 P L N T Y T T T 1
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5,134, 142, issued Jul. 28, 1992, U S. Pat. No.
5,380, 738, issued Jan. 10, 1995, U.S. Pat. No.
wWGH289827990, i ssued Feb. 20, 1995, U. S. Pat. NoPCT/US2006/034100
|
|
[

5,466, 823, issued Nov. 14, 1995, U.S. Pat. No.
5,633,272, issued May 27, 1997, and U.S. Pat. No.
5,932,598, issued Aug. 3, 1999, all of which are

hereby i ncorporated by reference. Representative

i nhibitors of COX-2 that are useful hi the nethods of
t he present invention include 3-phenyl-4-(4-

(et hyl sul fonyl ) phenyl ) - 2- (5H) - f ur anone; and
5-ch|oro-3-(4-nethy|sulfonyl)phenyl 2-(2-

e, | -5-pyridinyl)pyridine. whj ch are .
systen At 4, BiAeto LR RS cliier: GRET 5 GRDRISH dh ¢ Aheexperiment, the
conditibhie hffybe dupRiaidd. n the present invention, and nethods

of synthesis thereof, can be found in the foll ow ng

a t
gftgﬁéﬁe ?Ige ﬁ@?tﬁtdgggoggéﬁeg@%l;@%@ g;@ngﬁﬁl%eg%@@@? 8 data are
comparmbl Comeparion. of1thelada proBideRatfor Nariobis34dilitdl,of the present
dscloy Ry 5, B e Sy bl Garametrs

and hlthQpathﬁﬂi'gg @rﬁe &’é\‘ived'\i%mﬁhgggatg ?@}gﬁggﬁ‘éeﬁl\% EF@USQ@b in formulation

of the most eﬁgptwemhemo@wageqtlc regimen fonyg patiertofor, gamesal predlctlon of

the to@@ﬁrﬂ*\%ggﬁ/eﬁgé%rgggl&%So%%%ﬂ‘n%@gdssL?rl orpgpgyl\qj carcmogenesns for

examph'a &&IUMQ othes irfdreheds nid bd YRbvedfrom datHOand variations in the
843,. issued Dec. 14, 1999, U. S, Pat.

design @fdbg expsiiments dgingcthe tissugogliges oraaliqugts a}{@/v for variations in the

"”f°rma§f°ﬁ‘(3)‘%§%§’- i ssued Apr. 25, 1995, U S. Pat. No.

i ssued Jul. 25, 1995, U.S. Pat. No.

5F§§€§a§ dé@éﬁ%ﬁatﬁﬁb é@ty %ggge ptjpéplqgg%nd Apparatuses disclosed

herein 51,86@4IIQ@OslloessaedhEa&sué&arﬁ§%7,THé Satd:’gfeselﬁ@ed in Figs. 8 and 9
1997, and U

demonéffaﬁf«é ﬂ?' bll'fé!s%fgﬁleaawartﬂ’@la_!gygandws&&met@aﬁgaebdmame over time.
Slmllarﬁrn@iq)g\g%ﬁé tgklg tliﬂ{(%%éli?@b%@ﬁrrag?%e?ﬁai rr?é}fa]ggg over time, which
substaﬁ4aﬂgt$mmja¢e$ 2{? RO ysBI OGPy mésblyiplée Finally, Fig. 11 demonstrates the

iy BRSSP Ao SHb Ry SHoRRE v st
presente’@' ﬁH Fidsorgr14-4ré- réY Plﬁél%@ﬁb"b\epn@?hﬁb] Hﬂcf“deHonslh'a“té the actual

-tri1azol e-4- carboxamd
results éw‘wwmsaof the Rraseel djsciosss 36 ashieVat but merely to demonstrate

the achﬁ}&%&o@ﬁﬂigﬁﬁf ﬁel‘égf\m%tnog tRFrPé‘?ﬂW d4sclosure It is intended that various

configuratidreywill cloeoaiphie N irhiameks e frayi conﬁguratlon to configuration that are
452-pyr.rol e] -carbonyl i m no] - bi s- (1, 3- napht hal ene

not exagfly gpp@eegw@)of tlacﬁ gata presented herein.
di met hyl pyrrol - 1)f/2e) met hyl ene] - 2-i ndol i none (SU5416).
AJering tneax ta higerfiZe tkengi is fshowin ar wonodimeok pbannetlmdefor use of

e aprEEROHO LR AR ARS8 o ARSG T o RTG T oacea

with neuplasmicc éisbué osligd danagl Nge#lge N tBioreDetdt qgeﬁ{a’il be identical to
i ncl ude i nhibitors of ATR ATM the Chkl and

embodigenis gsclasgddiprelner ether RPPRIaISasHVIb stﬁrnl@refu@ctmhty Bioreactor
specifically exenplified by 7- hydroxystaurosporin,
flavopiridol, CYC202 (Cyclacel) and BMs- 387032.
Inhibitors of cell proliferl&ion and survival
signaling pat hway are pharmaceutical agents that
inhibit cell surface receptors and signal transduction
cascades downstream of those surface receptors. Such
agents include inhibitors of inhibitors of EGFR (for
exanpl e gefitinib and erlotinib), inhibitors of ERB-2
(for exanple trastuzumab), inhibitors of |IGR
|nh|b|tors of cytoklne receptors, i nhi bitors of MET5

-, Y ~ D N7 o o NZONLN AN\
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nmedi at ed by abnormal MAPK signaling). Cancer types

nmedi ated by abnormal MAPK signaling include, for
we@x@mot®38 mel anoma, papillary cancer, thyroid PERUS2006/034100

ovari an cancer, colon cancer, pancreatic cancer,

non-smal |l cell lung cancer (NSCLC), acute

| ynphobl astic | eukem a (ALL), and acute nyel oid

| eukem a. Abnormal MAPK signaling may be inhibited by

adm ni stering a conpound that inhibits wild-type or

mut ant fornms of Ras, Raf, MEK or ERK. In one

enbodi nent, the invention provides a nethod of

inhibiting Ras (wild-type or nutant Ras). The nethod

is conliee?féclarigﬁzaﬁ%g]ﬁt? éﬁ%g@g?&)an &r%gtfcets;e\é\fqﬁja gvr\}%lpgfcc?n%gﬁgfa supply of
culture(thbédium. Q‘chdr&’l}'s?% é}nbéé‘lh% in WARY gf‘@%?é%t&@&lﬁg ises a plurality of

accept abl e sal har maceut | Iy accepta
tissue glicet a@paratueoni@ambaa é@(ﬁ different @bjtlelzet medlumedseﬂverremhay be used

to supélﬂﬁﬁﬂﬁ? %awg&;pé%ﬁ%ﬂt ' r OV' dgﬁﬁ exqemment sought For

examplB?fabOdrdlr'@thdﬁ%nﬂjﬂdlﬂnbﬁt Pidredcn 16f<f<ﬁﬁ[§ﬂ|§éé @ﬂ@éﬁé sitfe @pparatus
ound any of_the enbodi nents of conpounds of

chamba§r &geeg |g g., (ﬁlg) 9). (Thq §|rst @har(nbe)* naay hetuggdoas @ control wherein
C a
cutrolREAIRY 8 ol ISR G2 be el rappusys,may be suppied
with cultl:umr medium cantalbmgca compoamﬂ td bertestéd Idm lhéetlssue slices 23 such as
nbodi nent, the inventi on'atpr ovi des a neth

idocaife, F tﬂ’?”\?&'a}\/ﬁkvaﬁ'%s rendsatratins. diaiadvi Al Qre?qrng offissue slice

apparaﬁfJ nglg%mlggrsg?@% ﬁuaﬁ'%gﬂ%d'«/\g ﬁ%@i‘%ﬂ%ﬁﬁ% BBmP ds |n order to

have nwl’ljniats@di%lof rmtsmrc’mjprayaht ﬁommgeqftalpladlcméarttlssue salce apparatus
t he taut one

onamo B SESSHLH SO L SEFRAEEAE B, She Bt b etarcesign anc

protocatThReieven! aré h@omﬂg\(@%lboih nﬁQN* defizdion8t B9dwslid be known and
i nhi biting ERK. The nethod i ncl udes adm ni stering an

undersigodely pvieersap ftordinagn gkifin the ashifmsording $o embodiments, filter 18

v ST A P P

p[@ﬂgg&&@ e 2%5*“3'9?&%%3%3%&9%? SoPPYagbe adoruprly may supply
gassesCiangniong éambinatons andecdiehdtons ade)r‘éinfgSﬂfékpé’rf mEAI designs
i nvention, 1-Methyl-5-[2-(5-trifluoronet

hyl
and pratacels; Japisally, a1 9inglergap suaply|4kymay be connected to all tissue slice

apparal s ORRBLIS 198 PRSI TIofs: & P12 o199 yRplie 44 may be used

desiredpane chlled bbby iexpetimental ddiiyh o gnalocol Avrbrdiay .toasimbodiments,
descri bed bel ow I n Exanpl es 82-86 and 89-90 and shown

fiter 18 ey be spRoRadibeiWeen/gas sRpiY 40 2ndebie eEAstRINtP-i s a
pot ent i nhi bitor of B- Raf, c-Raf, nmutant B-Raf and
mA¥fignt Cuttige | megiuse hand caas s supplied stos ﬁaah ligsuex alige eapparatus

t a | t
chambet 4 E BIBaHOP 1538 InABALY 8P oo Bl stiloof Boef Firio' ouvation
tissue Glicss) e altEGAtetY) erposddito betlture efediumabindcigagi tThis may be

é %8 of 0,004 m\g Tr eat ment th the, conpound caused
accomplighgdl i SgiltiRS: WAYS ol $Xaplee CHitHR e iU AndadRsy Myt be injected
Oh,t
and reBRVeR TRATRNY ote 1k RS Jhs” Ry EREE! mBliia) W8 fipsue sice
nodel s as summari zed bel ow in TABLE 7, and descr| bed
in Exanples 84, 85, and 86. Analysis of t ar get
modul ation in tunor cells A875M MEXF276 and HCT-1 16
after treatnment with
{1-Methyl -5-[2-(5-trifluoromethyl-IHimdazol-2-yl)-py
ridi n-4-yl oxy] -1 Hoenzoi m dazol -
2-yl}-(4-trifluoronethyl-phenyl)-am ne indicated that
phosphoryl ati on of MEK was inhibited in a dose and
ti me- dependant manner, as shown in FI GURES 7B, 8B and
1CC. In addltl on, treat rrent of turmr ceI I s A375M

R A=\ 7™ N =y 7~ - 1 17N A A~ o o e
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DMC 2-Chl oro-1, 3-di net hyl i m dazol i ni um chl ori de DVMSO
Di et hyl sul f oxi de eq. equival ent Et OAc Et hyl Acetate
wEe@HEMBRNol g or gm Gran(s) h / hr / hrs HoupCBYUS1PE/B34100
H gh Performance Liquid Chromat ography | PA |sopropyl
al cohol L Liter LCAP Liquid Chromatography Area
Percent LC/ M5 Li quid chromat ography nmass spectroscopy M
Mol ar MeCN Acetonitrile nL MIliliters NaOwve Sodi um
Met hoxi de 1-PrCOH 1-Propanol TEA Triethyl am ne TFAA
Trifluoroacetic anhydride THF Tetrahydrof uran
Representative side chains for use in the conpounds of
the foll owi ng exanpl es may generally be prepared i n

appara& o% B ;]ﬁ%ltap aH} %nfeoglven Im% Rtgfn%?gl{/? gloreactor %5 may be rotated
SO that{ﬂsd\d%t Qé(hr)@s[é’re(ﬂtérhbfély%&ﬁﬁé@% chiltuldh&fth-smd’ bas PWhich are

%/ 1Hbenzol m dazol -
both hglq/uql stwers ¢eu RPRAsatug| cmbyr)ﬂaﬁn Tlais Smgy Ibelacdd»mpbshed by

t ed th a chani
ensunr@{ ﬁ%? élg%%% géﬁﬁar geg oﬁ:cﬂﬁ{f E{ta%véfumoq)o Ue"s rhﬁq apparatus
chamberd56lsomitat sieisl fedly sebararge@dn cultdrd higthurdrineshe EBRfiguration, but
to room tenperature and

upon r %8?5 s Wv“&p%‘%& ?O\A%gS: glscgglﬂm@wm%gn erakoditmesd reflecting this
|
idea, vﬁ‘h?@lﬂ“gﬁgﬁé{'o%n?@gle%g %dCL@Ié 48% %tf t?ﬁ% E"?tg:)ez &,%r E%Bs 20. Other

variatiomswin thismidedrwill DEEMdedstoot )by & bersroemscbﬂ drdimgiryrskitl Wi ehe/as.
stirred vigorously and heated to 1000C for ~14 h. The

r eﬂetcﬂarmusmmmtmduﬂdg Wﬁéxpémeﬁhwﬁ@égmﬁ E@turé Ahedium may be

% t|o flask was rinsed well w th MIBE
removedlfor feAtinge ACCRENRA e ecbaH MG SHOWTAEIG o drain pump 60 may
remové’bH%HTu‘bt 'Bf’@uﬂﬁf‘e Westiidin! tcﬁ{cfédrérﬂé@é@gmﬁﬁ}ré tn‘??éla ﬁrggy have any

l ayers were partitione separ a
gas extraeteaiqaécblus mdlmmsca@mredcheﬂubbbhtrw BEE) (“Bhé(”eéﬁér the cuiture

The c organi c | ayer re washed with
mediurfg QPO SdGE te@?ﬂ@dm@é@; cUiHee BERlidnatesarvoins0. Once
tested, ¢trmé H@ﬁétdﬂ%d"ﬁﬁb@?@&f&e t Y
Z chr omat ogr aphy (Atf 1¢5@?&s§r@%e§|§%gdgﬁ'gttf§&;%%eﬁ within the
System(realn;amétﬁthat e)) to furnish 4.92 g (14.9 mml, 74%
yield) of I c as a yellow brown solid. 1H NVR (300
VAN, emboﬂwemt shdgn (inl,FIG. ﬁ%lllasirhtesla-l)metﬁoaoof(’@,stldg feoplasmic

tissue Sif%gp o guwb 7 56dg@ryjistléganges.zlngthese@mmgg'y pe}lb]od a tissue
sampleﬁss %ktlrggteﬁwcllqu? suﬂﬁz ent Ti T‘%suélséérieg«%&%& tg ée'ﬂeopiass?ﬁlg( For @xample,
to creatgsa psrsonglizag cmmogher:aggum; ragines, tissue @5 remévay from the patient

S e et ol o
and exp’cmdd)tol mvé}r&(}l(ﬂ daBeentightiig GRIg &@cﬁ(téi%dl%ddéTEﬁﬁnézthé HEst cocktail

17 mol ). The cooling bath was then renoved

for the @mcgl@agpnw iostast simdariytin toyaity tastiog anplieations, isaue from any
A

suitable Hgoélggﬁii Bg r?r}‘f@rﬁlaﬁﬂm%tﬁﬁ]a&?%ggfﬂn%czgé%gg &ﬁtﬁrpboq{}gmeé)&, animal

tissue r(naynbe hydesl irfitilly. 3Afemh, cdmBogndds mi@rhed agufe 1ahmidd studies,
m xture was stirred

were added. The resul tin

neopladii st SR ey N uoed e e lass 1oxietl 1 dhel agmpound or

substané@s diluted with water and the resulting | ayers were
partitioned and separated. The aqueous phase was
extracted wth CH2A 2 (3 X 100 nL), and the conbi ned
organic |layers were washed with brine (2 X 100 nL),
dried (MgS™4), and evaporafléd. The crude residue was
adsorbed onto silica gel and purified by flash
chromat ography (4:1, 2:1, 1:1, 1:2 hexanes/EtQAc) to
give 4.5 g (13.0 mmol, 76% of | d as a yell ow orange
solid. 1H NI\/R(SOO MHz, CDCI3) d 8.54 (d, J = 5.5 Hz,

IH, 8.04 (br d, J =4.7 H, 1 H, 7.93 (d, J =2.8
Hz, 1 7.53 (d, J = 2.5 Hz, 1 H), 7.25 (app dd, J =
2.8, 9.1 Hz, 1H), 6.97 (m 2 H), 3.04 (d, J = 4.9 Hz,

)
~ 1N A o~ Va T N A PPN PSN RIR B~ J = p— A AR 1L ~NEw~~N S\
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organi cs washed with brine, then dried (MySO ), and
concentrated to give 31.6 g of I i (83 mmpl) as an
woe@ngz79s®l id (91 % yield). No further was purpPET/U82006084100
required. Other internediates for preparing
substituted i m dazoles may be prepared in a simlar
matter. For exanple, internediate | i2 was synthesized
followi ng step 5 using 3,3, 3-
trifluoro-I|-phenyl propane-1, 2-dione dydrate instead
of I h as shown bel ow as shown bel ow (MeOH = net hanol ,
RT = room tenperature, o/ n“overnight, mn =
m nut es) Intermediate I i was synthesized foll ow ng

> t.'eg F%eeqq gmvgf B% F(é}tﬁlg&é dﬁél?jgpta? % ?pqaﬁlls géég%%%ggc;rz égdprocedures
deS|gné9| b@éblﬂéalﬁletﬁ PbtshNgheé - fisksue | dniAEORE NEkaMBIY | 4~ biopsy. For

aAoropane i one or
personah; phemquer@weuhtylrpgmmms) ﬁasﬂepmphrbedobtmedﬂmmdhe patient,

necessi&gﬂb% E%I@%%ht?gﬂpbelnﬁg éJt' fhﬁ E%It'wﬁte\r{ﬁ'ﬁf guEpg Agkon-related

surgery 1or dSiriRat &mtopdeatidn Spdeifiddlly dsdigle®itd bt ¢
ry22) 4 % 4- trqgf‘p? uor 052-(hy roxylgm no) - 3- %IQoabulthun%asta?ple Other

chemom%tmfvoap@uqaypna may usei ¢thgo seuresxefblissaeosamplessderanding on

th hown bel ow (NVA = Nrethyl acetam de): Step 6
eparﬁ\Eul%a Prd"lac nitroaniline | i (45 76 g, 120 mmol ) |n

£ fﬁ&ﬁ&x%@%ﬁ@ BaPAtRel Thed Bold B4 RRlhs e ugscsto obtain

results Pa/hen( M&ribisg coﬂr%u'ﬂiﬁ@' Jaré Ntd¥pseH 6|$Otl‘l‘érh §Lﬁt€h r @&6ts OMncluding
urged with nd mai nt ai ned under
persong[qﬁégmcgm (5¢Iaﬁeq3|mterq-h@er\@ﬁlam|tbﬁ nmgnal |sktllele§al of artisans and

hevisd YSbeE G ) Bk, S P50 B A LB s o

6,905,816g 6:983 227 1andt63999v60é eachpdwitictdard &gpreesiylincdrpornéd terein by
ferenias tro th.CH d and then dried overnight

reere"ﬁﬁ&ér V\E‘FR‘?@‘ '40.17 g (115 mol) of | | as a

t%ﬂ’l ovvder (96%y|eld) LCMS mz 336.1 (MH+), tR 1.81
mncesremoyad Tiom the atient fieciissus samplecigasliead or otherwise

lelded(lﬁ’% %Z{?ngsr,]tec;rfés FE[[E%%{Y)@%J@?Q%“ érﬂp?dlﬁ{ér{vb% %Ig{?uc%dﬁ%ot is then

mduwduablyrmmlla:rpdr it lilseue Télieer apparamus verganipe Mt g6nafd abioreuuior 15 as
reactjon was

ur.e fo 16 h. udged )
previousEFbEcs sugh o wstho e Bathod enag, g, 33 b Userof multple,
dupllcafﬁéjﬁs%ﬁg SNebsVaiovid fesk drenéReah§ Add&Hs ﬁ‘f‘@x@@?e the same tissue
resulting mxture was stirred at roomtenpera
slices tg\eampaids Fhthecorgan lewakwhere memniyevarmmmmnby & the3regimen
aratory funnel containing EtQAc (750 nL) and
admlnlé\}gfeg? (750 m.). The Iayers were separated, and the

a eou se wa extracﬁ th Et OAc éaqueous phase
S Jpet e st & 2ehecreBeCadt tinWas Rk 8 e regimen
r ;
admlnls‘iéﬁgg dﬂﬁ]@ga@ﬁﬂﬁgﬁld&r@ﬁo\ﬁﬁ%ﬂtﬁlﬁqe@ﬁqﬁﬁ foﬁ%%@%'uaﬁ the efficacy
of eacracgmsegmm cmmaumjewb@bec vigiHe regdhems: Mbdoeovern betause the

present ) L RS o184 50304 B BB 51 b Mo e, ana

some deis@8C ofgaismilJevel has MiostHb&d Wﬁ&hé%iaﬁhﬁl@saﬁéﬁowerhus using the
resulting enmul sion was filtered throu filter paper,

methodgnand mpPasgitesohdie pressntsdipelpauisd r&ﬁaamher%@mdodgctors have a
phase was extracted with EtOAc (2 x 500 nlL). The
organic |l ayers were conbi ned, washed with brine, then
dried (MySO4), added to pré®iously extracted materi al
and concentrated. The conbi ned product was triturated
with CH2A (500 nL), adsorbed onto SiQ2 and purified
by flash chromat ography. A final trituration of
material with CH d 2 produced
{I -met hyl -5-[2-(5-trifluoronethyl-|H m dazol -

2-yl)-pyridin-4-yloxy]- 1H benzoi m dazol -2-yl}
(4 trlfl uororrethyl phenyl) am ne as a pure, vvhlte

- . NN R ~NEw~~N S\
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Preparation of (4-Fluoro-3 -trifluoronethyl-phenyl)-
{1-methyl -5-12-(5-trifluoronethyl-IH mdazol- 2-y
WO 200p927988 n- 4- yl oxy] - 1H benzoi m dazol - 2-yl PCT/US2006/034100
}-am ne(4-Fluoro-3-trifluoronethyl-phenyl)-{l-nmethyl-5
-[2-(5-trifluoronethyl-l|H mdazol -
2-yl)-pyridin-4-yloxy] -l H benzoi m dazol - 2-yl }-ai ni ne
was synt hesi zed as descri bed above in Step 7 of
Exanple 1 using 4-fluoro-3-(trifluoronethyl)
phenyl i sot hi ocyanate. LC/ M5 mlz 537.4 (M+#) R 2.40
m n. Exanple 11 Preparation of
{I I\/Ethyl 5- [2 (5-trifluoronethyl-|Himdazol-2-yl)-py
| Hbenzoi m dazol -
powerfgl (}! t@zg\(q?mqted@ftg%ﬁqu@y my@q@)ycrg/npg@meters histopathology, and

many 4thet il abi€afions t e R6ATMem, and opganism level,
syné%eré?* RS %2&@“1 4% BPAdIfRan be recreated in vitro

using thelmgaﬂ’f (ddhlnfdmr boepravige mm;lthamﬂ@ indicatiod of ih Ydprocesses
M—f|+ 2.24 nmin. nple 12 Preparation of
by usn@@ tppu@rglgés (%m@d/,agﬁgt ﬁi,ﬂls%y] A system and connecting them in
parallef. 'Cé'mé(}%ﬂgg%c{&r% @légg'%!%gfer Z(c'ﬁ?thfé FRTTRSRYInP BENNE Yype to the
next, whidHabews mes&atalzeﬂs—i@ qb%mrtheastepwse effects of a regimen on various
%@PF uor o-5-trifluoronethyl - phenyl)-(l-nethyl-5-{2-[5-
organ R(ﬁs 4- ( 3- tr| fI uor onet hyl phenyl ) -
}—’% gﬁnzol £ ridin-4-yloxy}-1H benzoi m dazol -
ﬁetovea I@@at%émge Sligps & Jiferest tisgue wes from
[ v, ampl u
tissue Sﬁéﬁﬁoﬁﬁﬂsa‘%&.@% e hnge Tetde sloe apparatus, 20 in various
permutaﬂbns xpergagnts of Iﬂhls)typ@v@uﬁ)alinvm res®arcipdrs t@ Tontrol for tissue type
aration. 5-trifluoronethy|.phenyl) - C
in an ig i RyHe8T b apgrdrH A tent 191 SR A HRaRSHYC phplications.
The mag%dﬁgﬁéu&s\/hﬂ -tRET LS Nof4the BPparatises il Themeas- éf Yhe present
disclosupe i ther ebsevation 0b mﬁr@ffﬁqtls amdsﬁfiip?cx pf regimensswifl be nderstood

I u yl :
by et Erdfiabl i AR RN ) e varisus, misthags of gontroling
vanabl&k in ambMS/IVWQSyﬁbm msapﬁiéblut?ldrﬂsmmb@f poweralimeans as obtaining

rpnea aobove I n e u
resultSéhﬁ wielg-aiberyise Pedmﬁéﬁlhiﬁ §h%eﬁ9¢0m§wm gl experiments.

LG MS mz 627.5 (M+), R 2.79 min. le 14
F@jaﬁ)@(mnm, agcording to'an embodiment, a plu ity of neoplasmic liver slices
il

e pofed Sobdi) UADH) FEREACH S EREYS pR B Bhaco aea o e

liver slibe¢ expbsed tomatcdujtlirsl editnd d7iedre-id-acaehag Yor seléctiveiyesipplying and
ester , . .
remov'ng{w"[uze (rne¢|unbrt@ thenissuer slire RpPaHERahaeioga thakethe culture
| .
medlurM in th% At dépn %?é; c}égn“{ lj:grn’éar% tvwf] trﬁ_ﬂlssue sllcc?s The culture

medlumanmm e a:hamberrgd trmwhe Wvees siycesrmm zmiplﬂelygmmersed The
ures, as, descri.bed a

same Q[Qp?‘@s Qe\Eqrra%t‘f may e{sp lpep lﬁ'ﬁ?@t’;@trﬁm%"epﬁ@ Iture rrrlﬁ)ecia ium from contact
with thbsﬁ’éshLIeO%i’éﬁ%at'ﬁﬁerb_%'VﬁsB'f # & féVslipplylRy2a s IO the top of the

Preparati on of

chamber s¢ thatothe| tligsue- SleBSIGTTBlﬁXPQﬁ@d lajterpsielyytoahergas and to the culture
- met hyl - 1Hbenzoi m dazol -
5-yl oxy] -pyridin-2-yl}-5-trifluoronethyl-|Himdazol -4
-yl) - met hanol Red- Al (sodi utf
bi s(2- met hoxyet hoxy) al um ni um hydri de, 65% w in
toluene, 0.1 nlL) was added dropwi se to a solution of
2-{4-[2-(2-fluoro-5-trifluoronethyl phenyl am no) -
1- et hyl -
1H benzoi m dazol - 5-yl oxy] -ryridin-2-yl}-5-trifluoronet
hyl - 1H m dazol e- 4-carboxylic acid ethyl ester (0.0104
g O 017 nnDI) |n toluene Effervescencemas observed

Y . ' 1 1N P~
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candi dates are of significant interest in the
i ndustry. In developing a new drug, toxicity is always
W@poo7/pmeBsg ant consi deration. Since the liver PCT/US2006/034100

nmet abol i zes nost drugs, |iver damage is of great

concern. Likew se, other organs and systens, and how

they react to foreign substances, is extrenely

i mportant. Conventional in vivo and in vitro tests

utilizing small animals and cell culture techniques

are therefore widely used to assess |iver function in

drug devel opnent. However, these conventional tests

have particul ar di sadvantages, such as indivi dual

vari ation, high costs to use large aninmals, and | oss
mediurof Thist isrddney aexdescrihgd qaviauslyr Additiosally, a reservois is provided for

contaih e 58 el AL sl A SHECP GPRRAT Ty gproer

preferadbe thetrioregulafidd For inalopldupiic rtB@lJ@sﬁcéﬁSthertdn"ip@rafcare iwﬁreferably
pro-dr ug’_h drugs, conpounds and syste the relative
kept atbahghitBBcafiearas® G Heoh IseahfissHaBicesultds kepldpriwepprabout 36 to 38

r ol
degreeg, ggg@g{}é&gggﬂg %IlsgP% HIE%Ereeygﬁeg{ﬁgtWégtve@@?erature fluctuation and
it mustHiswadttainedtdt 38derees @k lise aetrhaltodysempsratee of pis.

i nteractions cannot be maintained for a desired | ength

of tinme. Once cell-to-cell connectivity is |ost,

failure of the testing schenme soon foll ows because it

| SERAMALEqr directed to organ, system or organism
| evel response. Bioartifi ci aI organ devices are

cCuk.r vel [ t
U1 bondy S QRIS ey g Bpguipiogcl b pRtsAlisclosure
determind the alpéimumaloncentrabonsmérapbberlnloﬂwrasy|Ch'ag cmckmll for a cancer

patent e Aclor SR SRR ol baned GO HEST: B EBLER} Hbl¥vces e

tissue 5@:9\9@ in®d BRgdcts e d@@!@? RAEe BRIV Gitb tRBQroues. dTiecdoctor uses
upport systens in hybrid |liver support devices. The

the flraiwnwmt@ etefanmrtbwmcaﬁt effastive ljug icockiailifee thes patjert in questlon

he. QI S8t B SRR S FaeBaid! S e ool

concentrati®n @ftthe@rmg dewktai. The bi ol ogi ¢ conponent of these
hybrid liver support devices may consist of liver

sl wGPhe girstytbad o ahqe(@té; ther dditmaisesythesgrbup ™ determine the most
| ow- grade tunor cells or porcine hepatocytes. These
effectivg @regicockiaitp dissuesaliguota qre cavliredias daserhads Pevieusly. Various

avg RS Sla ByARSBECRTHR. R A0 PR B b s of e

cancerotdi tigsdeah theldliquotiels meeduid biileﬁethddsltbalswommsbe common to a
devi ces use immortalized cell Iines. has been

person, phercb vy SKilhib thherk 148 HeCipbENgRIeriE| (b LHg CoBKal Mducing the
greategp&gecfrege? a?‘ééfd’s?é mgéé?ib%??tﬁjseﬁ%%&%o%’ﬂﬁggbtth% P%'aﬁhy tissue.

or exanmpl e I Ca

%Lﬁ%%arh%t F%ﬂ(h% gsé%/,\ﬁ@ é}'%(%'% fl sotfé:‘éh%ﬂr:&(tgmpdetermme the

optimal iyricentratidi w&ﬁecaiugiemclcten itot eg atremeucm}nberdusvhssues Tissue
cells with bioconpatible msnbran(eg into

a“quo'féﬁf?&é'gklfﬁﬂ 186 SMsmMANeE PaING AR Oraw PER isgupsgligyots. The doctor
applio§ ARy kihs CFINE AR BARL 19 40 1A gl ¥h Solcts the
cartridge containing a cult ur ed neoplasmc |iver cell
line (C3A). The cartridge contains a sem perneable
menbrane with a characterized nol ecul ar wei ght cutoff.
This menbrane all ows for physical conpartnentalization

of the cultured neoplasmc cell line and the patient's
ultrafiltrate. Al genix provides a systemin which an
external |iver support system uses porcine |iver

cells. Individual porcine hepatocytes pass through a
menbrane to process the neoplasm c blood cells. Excorp
|\/de cal's device cont a| ns a hol | ow fi ber nmenbr ane

' A~~~ Y Y Y o e 1. i T "
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Fig. 4 is a perspective view of an enbodi mrent of the
systemof Fig. 1-Fig. 3; Fig. 5 is a perspective view
wo@Rooan2maodi ment of the instant system show nRCT/082006/034100
pl acenent of a neoplasmic tissue slice ; Fig. 6 is an
expl oded view of an enbodi rent of a tissue slice
apparatus containing a neoplasmc tissue slice; Fig.
7A is a side sectional view of a tissue slice
arrangenment of an enbodi mrent of a neoplasmc tissue
and bioartificial organ system Fig. 7Bis a
perspective view of the neoplasmc tissue slice
arrangenent of Fig. 7A; Fig. 8 is a graphical
representation of in vitro |idocaine clearance with

concentratiohnobthe alidg i eackial thainimpests the areateshglegree of apoptosis in
Fig. 9 hi cal
cancerBlS it b8 Bt o B RsUe o ne "l ear Zﬁc'eci‘m a

S80S0 5 5 4 LGSkt Bl Bt wi
receive té rt%%é@ﬁﬁ@é\{ raki patiertt Wil réceim thé ngedtmht ot |mparts the
run usi ng the bi oart ificial organ system and Fig

11
greatestsbenefitawhile anininaigings endasirahie ogide efgats. olfathﬁoﬂ%tor wishes, the

same r%s@@ﬁ&ﬁg%ﬁtglggaa *é%th @elrﬁﬁe%\ﬁhelreuvna I n%c%ljiiége%tratlons of a

sys
pluralitp lo@ dhupcddidaily ie edmderfilaatahty bitissusetiplietsri ¢ ti ssue
slice apparatus of the present disclosure;Fig. 13 is a

fl omchart of an enbodi nent denonstrating a nmethod of
using a neoplasmc tissue and bioartificial organ

@(g MB1E ebt ai n useful results, according to
e Iments of the present di scl osure. DETAI LED

PFREFL I, B b et lsSEheaEeauldifay e usea o
predlctdhegexmlt;onbounmdeunddntU healtity tissage Buch reenllsemub:tbelsl,seful in data

generag@‘g ﬁpg qhgsglttﬁa?og \;l)bEpli{Sag\% o gggfo%gl %{ iagrieyg) dr% application or

abbrevﬂt@é% &%&)@ﬁﬁzé’tﬁﬁ\ d’lrﬁ‘éﬁhﬁ%le&' REoPIBBhRY B UBPganple is obtained
temfor Ti ating plasma about slices of organs

by takmg anbiapsyrar esuocanomfmgela! Ssunbyriwo spacieplof ariroalsi eaggodent and

one 00, o 8o e, A it A BB Yrrenty than

anothep! BtHet drghAs nkewtsermoofdet ke @hfal aed yro Usefulmititthe scope of the
pri-or to actual adm nistration of the conpounds to

present mlweém anothercembpgivaent: the tssue intakghas Pacbirey; @ deceased
organ gé{"ﬁgl P&k ngéﬁ%@vépbwléﬁ %@gt I'sC ‘%dc?)‘snmdés nown fo those

skilled fiotthé et tedgirgf fronssoreishlobdttb stermpdalisrbyc samatit meﬂrtrartsrﬁer among
be cultured and for the testing of the conpound on the
other thinggue. For new drug conpounds, the FDA will ask, at a
m ni mum the new drug dofpllcant to: (1) develo
(o}

phEisse eliauets ayedsieriveddromrbedissye sepplgenst ﬁwﬁggtﬂw@ previously
descn@e](ﬂgn&eomec d&% Ofs édhgz &? uésgﬁgﬁ}p%'tﬂglrjﬁ?t )ghté@ tS %gg;hgfsggé aliquot to
determimengha gefficacy Dfvihek sotmpodndoiu Iashle@epandestgpd) mesuie as described

proposed, duration and use of the subst e.in
previolhyaauisAAtARISR 254 IPEYetotkes PreREbedity tonPhcat a4 according
and costly, with hundreds and soneti nes thousands of
conmpounds being tested. A further object of the
present disclosure is to provide a nmethod upon which a
drug regimen, for exanple, a chenotherapeutic reginen,
can be personalized for ind2vidual users. Generally
speaki ng, w th chenot herapeutic regi nens, not al
regi menswork the same way in all patients. A drug
cocktail that is effective in one patient wll be
ineffective in a different patient. The present
di scl osure provides a nmethod to test the efficacy of a
drug reginen prior to admnistration to patients,
thereby adntnlsterlng onIy the nost effectlve regi men
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medi um and an oxygenated gas. The liquid culture
medi um or the plasma, is supplied through the
wOo e®enrB8s into the chanber and the oxygenat edPQEES1086/034100
supplied through the top of the chanber. Each is
supplied at regular intervals so that each of the
neoplasmc tissue slices is exposed alternately to the
medi um and to the gas at an exposure-tinme ratio
rangi ng fromabout 1:1 to about 1:4. A ratio of about
1:2.5 to about 1:3.5 has been found to be effective,
and a ratio of about 1:1 or 1:3 has also been found to
be effective, although changing these paraneters are
certainly within the normal skill level of an artisan.,
to parafetprsl 8et byt a parsoheoff orsinasy skilk inc dhe wart indbie Wetenmimation of a
raf,e i whi.ch .a tissue slice is alternately exposed to
compo%sgﬁ&a&wq At¥SHEdi um corresponds roughly to the rate
of nmetabolism In the present disclosure Waynouth MB
752/1 culture mediumis preferred over plasma. The
particul ar choice of the type of culture nmedi um or
pEXAMPLEI3 be known to a person of ordinary skill and
may vary fromcell type to cell type. To prevent )
c8imilary, rdiseass studies: mpys beiparfareiegely: tsiic varens cpgpounds in
5%.2 and 5% L nce:thi. ' :
the study, Ao PRasBairey srpies Mo fimtoft L UEMLARS in the

tissuesCHldyube ©eblSio Ghidy theil dfediaken. cHepmicak pathveaysiiit hthe tissue.
l'iver sanpl es a high concentration, of gl utathione anﬁi ir effect
Moreovgrr; eemRoendssaykhg applied do thefissie kcan SHgerto ahrerve their effects
| - O] S ktah 0 t

on the SRS op B o TAHIBISTE gl he prcer
disclostes @rovidgs nibe treethods 18, use aiboatiificiat csgam systgmnaexperimental

peram sy S e S D S ok PR SRR Rt withot e

SRR DeindentdfigRosed in incubator 32 that regul ates
needften‘perat)ﬁ{e and humdity within the chanber. Incubator

3 I ; i 14

ST 5 DU ) SR8 e o e
any appeg@ince of digndeery effopt is made thensurertbat as few @nimalsyas possible

over tine. The_choice of a suitapl e . .incubatgr :
are. usp;as 2 3UTSELPf RSV S ABPES I B TIER tRE 1P, Taat" hEBblasmicely.
Alternal"tﬁg,ﬂgﬁéei)ré‘éécrﬁ ?A%&Séuf@éisb%dnﬂ@mpfété@Qﬁ@CUsien oﬁrrheoglasmic tissues,

ation er are one or nore bioreactors 1
sampleSacti whisheavayrba sobiaingsl dram opraadr slonesp| Singe Mpsts gsugs are

mta 5849 PGy ALY 5 | B8 ok Her

corresponds to the tine that the tissue slice is

substantially exposed to culture nmedium Likew se, the

d{ﬁvggghase corresponds to the tine the tissue slice is

S Ml‘ﬁ'—iEa‘ﬂly exposed to gas. Control nodule 34

provides an interface for controlling the paranet eLs. .

ofThsi peasent idisclosuse Riro Hyavidas o nepel way da. %Ne the interaction

exanpl e ' I I 3 ' ki
betwed GRS TPITER0E kel Ry R obielied 19 F5RHEY dftigans. These
then afdliplatieri n‘g(ﬂiamﬂethdgmlmlqgeIMbmctOéMiss{mer lslim:;apparatus chambers.

corresponds to netabolismrates. Sini the gas to .
Cultureedie isragpiRl fue 168 chafiass ANERATIVREH (R FGedBiR GauTtact with the
' i i S@h¥ PRRSRthBGulture medium is
tissue ggérjé;lr@t é?témém%dh F?oﬁlg%a E)Q@ggﬁélg@?éand Cd3| ture

medi um suppl i es are provided as woul d be understood by

a person of ordinary skill 2;n the art. Turning now to

Fig. 3, there is shown a close-up view of a bioreactor

15 installed in incubator 32. For ease of ingress and

egress, bioreactor 15 and rotator 30 may be affixed to

a platformthat slides into and out of incubator 32.

When installed in incubator 32, each bioreactor 15 is

connected to gas and cul ture nmedi um supplies, 36 and

38 respectively. As shown in the enbodi nent of Fig. 3
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orderly fashion. The two neshes are positioned on each
side of the neoplasmc tissue slices with enough room
W@ 008821988 not crush the neoplasm c tissue sli CEST/URMD6/034100

al so to holdthem sufficiently so that they do not get

washed away by the culture medium Although Figs. 7A

and 7B show a relatively small nunber of tissue slices

positi oned between the neshes, it is to be understood

that the efficiency of the apparatus is dependent upon

t he nunber of tissue slices and sizes of the tissue

slices enployed. Additionally, although two neshes 2 1

are shovvn it is contenplated that any nunber of

meshes 2 may be used. If a single nmesh 2 1 is used,
removeg friog f:hﬁ ﬁ}@_sa tusgug $He® arparaiys pggglbef, ang rgpyed into a second tissue

t r

slice agﬁgﬁ{to re alblﬁ? @t%%lh&%ﬁtl%%lse %E]é&gggérrﬂed;gﬁn%lr&tstﬁﬁ%ﬁ or the same
organ rmﬁemdlﬂedeﬂiiee&penmmai eoditibady| gudh nasisincresded metabolism, a

| asm c . e slices. 23 used in the .
differef} BHEHY GRILOPE aF @ il aBl COBeaTTALiPNt PhaLy e o Afjegest. Prior to or
concuﬁé’MT @wthd riﬂeoéhlﬁll'r‘é hBdrndaed t‘l*l%es@éoﬂ&%ssue slice apparatus

ratus. I\Ieo l'asm c tissues are expressly )
chammmsenmm e thed ouityrehanedioth ma;erhﬂmbja@leuytwmtenm testing, in

embocieBRL g4 PR IR 1k 5L 88 g, cpperatus

chambé? |§1ﬂl’1e|b¢eélfte@fwr ai tifle PeriddamhespriocaliliR fsofepeated for each tissue
mai ntaining the viability and essential functions

slice appaiatéss chambenuntitee expednept seansludedekness of tissue
slices 23 shown to be effective have a thickness
r drayi e@nnwlenaa‘eeearcher mmAy be dblerested dn@reaigin digestion. Samples of

tissue yog TR §o HarY L0 VAR WEr Fieu o PoBR AT cRipthach, smal

intestind18eBliGECBorréé S dmsy i€ the dudeiahlish, ejeuuhaﬁh tahd’fﬁélhmd%\ndfthe large
testing the toxicity and efficiency

dr
intesting A .sagﬁnle oh culivie meRi wtmﬁpﬁet% senuoée@%\f beetbefeﬁor& reacted
u | O h
with e?%@gjtlé)éasrggesgsééﬁ%‘ ;9@ Iosag?m‘ﬁ aeﬁr}ét abo‘ft @feégl)ér‘tlwlap organ on the
proteinshodde digepiedrsh ar*system tetehbol i tes can be detect ed For
exanpl e, amoni a and |idocai ne are conmon conpounds
t hathileathebgppErhafohhd aflethivdhieald b)éehld/ﬁcnbébeln terms of what are
foll owi ng exanpl es show this testing, as ap
presentiyvegnsidereddto hfhébe raqst pragtical antd peeferrgd) ¢mbeé6@¢ﬂt§e't is to be
understt{J d Phdt! th&ydé.’éu Lhe tgé le{ Pg'l e‘%’)‘sw frheaalsﬁl%%beéinwdlments It is
er or gans. PRIIS és er apeut
intende@ do noover tvarlbbe rhodificaticris ard similat aqangemeimts ircchsded within the

one co ed to at ast on tissue aliquot
spirit gnd P iog:l??ﬁiﬁ“ﬁffsalth%rs@?ﬁ?y%ft yﬁ{ chyghal dabe accorJequ'\e broadest
mterpr@fa?i@ﬁt&f 'Esnf%d hb&ﬁﬁééé‘%l@udﬂ%cﬁilfléat%"shé’ﬁ&%lmllé‘r %ﬁ&ures The
nment , e cohditions na licated. Once t
preserttehsolcmyre maétadnes anygand adilemleod]memlts qﬁtble foﬂowmgmlemm
the data are conpared. Conparison of the data provides
for various utilities of the present disclosure,
i ncludi ng, for exanple, detection of mtotic activity,
cyto-toxicity paraneters, and histopathol ogy. Once
derived fromthe data, these results are useful in
formul ati on of the nost effective chenot herapeutic
regimen for a patient, for general prediction of the
toxicity of a given conpound or conpounds, or for
study of carcinogenesis, for exanple. Naturally, other
i nferences nmay be derived fBdmthe data, and
variations in the design of the experinments using the
tissue slices or aliquots allow for variations in the
information derived. Figs. 8-1 1 denonstrate the
utility of the principles and apparatuses discl osed
herein using liver slices as the tissue sanple. The
data presented in Figs. 8 and 9 denonstrates the
ab|I|ty of the bloart|f|C|aI ~organ systen1to clear

o o o A~ 1 "
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and exposed to a variety of cancer fighting drug
cocktails to determ ne the best cocktail for the
w@anrizessar cancer tested. Simlarly, in toxi cCPEHUS2006/034100
testing applications, tissue fromany suitable
neopl asm c or ani mal host may be used. According to
enbodi nents, aninmal tissue may be used initially.
After a conpound is deened safe in ani mal studies,
neopl asm c tissue sanple may then used to further test
toxicity of the conmpound or substance. Ti ssue slices
may be obtained incidental. to other surgeries or in
procedures designed specifically to obtain the tissue
sanpl e, for exanple a biopsy. For personalized
Ciaimy her apeutic regi mens, tissue nust be obtained
fromthe patient, necessitating taking a tissue sanple
directly fron1the patient either during a non-related
dur gey mipthad rfor gUsdRg dirarkasmais tgaue forc dryg tastingypsg screening
cowmﬁ%% obtain a tissue sanple. O her chenpsensitivity
apgrications may use ot her sources of tissue sanples
depengrowidiog d bioreastor forl substantiatig simulating i ivivg tissue function in
embodi ments, adequately sized tissue sanples are used
to obtain results when vari ous conpounds are tested on
t hem ﬁb&ﬁa‘lnP%H{HeSb|okéE‘dtHﬂidql%IH%ﬁéébei'dn%eﬁﬂlﬁﬁ"o‘F afsue sample;
related matters, are wthin the normal ski I evel
and artisans and |ikew se may be found in at |east one of
U S Letters Patents S. 678, 6 5, 816;
6,983a§ 'Q%ﬁﬁ'%aéﬁﬂﬂ%%ﬁhqgégEQSFeﬁﬁ?Hﬁe%$ %&pressly
i ncorporated herein by reference as if fully set forth
Izer e| TheQmethdd ab ¢kfimf 1 owhehsin patvigd condifiens i sré Ugccomplished by
le is sllced or otherwi se divided into at |east
malntagmrég ﬁﬁ"'&‘?}'@? teraciien dn thewtissieenbodi nent, each slice or
aliquot is then individually cultured in tissue slice
par S sdtRBRe n 0
oy hea i eRBReRt g O, MRSRE Rogkivie, Rufile "bst data is
generatéeg busuelng‘the,nqmlplhatlomobth&hasueesamwemdsblomtm | ovvs
researchers and doctors to expose the sane tissue

lalr ,Cgﬁ]hé %Hﬁawpgé rﬁ ew}éedgwgﬁnn Veﬁc&) gelgsetcp fo 8l |éést one of:

determiee bAadgtihal dheendtRerdpetitio réginieH, redict BEGEHYSES 4 hegia®ry or study

variable is the reginmen adm ni stered, the pr esent
diseasgj sc| osur e provides a powerful tool for eval uation the
~efficacy of each given regimen conpared to other

%! abl g1, E%‘eﬂ%bs of Wﬁo‘fe(/vhel?&ﬁaﬂh%edétjéedé’é&%%%t %ﬂé%%?'ane of the

and net hods are designed to allow testing at the or

group mytstie activtyd tmmcﬂwstedmsaed histgpathslogyevel , as
descri bed in the exanples bel ow Thus, using t he

o OSSP AR 3 Gl SR A ety cupicate

ussuefﬁh@hﬁﬁb@aﬁkﬁ@éh@nﬁ@héwlty, cyto-toxicity paraneters
hi st opat hol ogy, and many ot her rel ated applications at

the organ, system and organism/level. According to

&nbodiTHeninetiod pf a0, oHlaeiein e MoTsacicscyubataaially dupiicates
tissue fdn'i:ﬁ?n lé??r@s{é?ﬁ Ié\[e?t ant techni ques, but provide

resu are indicative of in vivo processes by
using tissue slices froma variety of tissues in a
system and connecting themin parallel. Connection
occurs via transfer of culture nmediumfromone tissue
type to the next, which allows researchers to observe
the stepwi se effects of a r&4gi nen on vari ous organ
sanpl es. According to simlar enbodi nents, tissue
slices or different tissue types fromtissue slices
may be conbined in single tissue slice apparatus 20 in
various pernutations. Experinents of this type would
all ow researchers to control for tissue type in an in
vivo systemin an in vitro environnent for study and
therapeutlc appllcatlons The nmany varlatlons in the

Y 4 a1 e
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other things. Tissue aliquots are derived fromthe
ti ssue sanple and cultured as previously described.
w@r@a/021988 t i ssue is cultured, a conpound is applT/E82006034100

each tissue aliquot to determne the efficacy of the

conmpound to achieve a desired result as descri bed

previously. Data is gathered and interpreted as

prescri bed by the FDA or as accordingto paraneters set

by a person of ordinary skill in the art in the

determ nation of a conmpound's efficacy in a tissue.

EXAMPLE 3 Simlarly, disease studies may be perforned

by using various conmpounds in the study of a disease.

For exanple, inhibitors and stinulators of conpounds .

8.n t MEha insathed ofaglaire Gswherein thedbioreaater spbsiantjalhy, duplicates
. chem cal athmq s in the tissue. Mreover, conpounds
tissue fypcrign.a Pﬁﬁﬁ‘%gekhe tissue in an effort to observe

their effects on the tissue | evel as opposed to the

gel | ufigs rheted ef omigart, swhéreireithe Tisefyr datenis generated by the

. disclosure provides the nethods to use a bioartificia

applicatiery ghatleaskane 8838¥eNrent al parameters woul d be readily

apparent to a person of ordinary skill in the art

)(Ybe.t hoatt bﬁ&ﬁeﬁi%eﬁlﬁd 4B A Ueh SoIRsrhite ik 8hé Ofestingewhich comprises

sting may performed by an independent third party
providingna dicreactor-basked systerafiyr hpising aeeplagmictisssie igesy

effort i§ made to ensure fhat [ : .
POSSi W@ﬁ%{’%’ ﬁ"fe%l'oé\rgaﬁ{'%é?%eed %?St%%&@@ 'nggh%]s@c’: Ussup:
that {lfiig aregimétopdhadsslasmdcel y. Alternately, the
present disclosure also contenplates the use of

neopl edlgcting iresultss, sanpl es of which nmay be obt ai ned
fromorgan donors. Since nost drugs are netabolized in
the liver, toxicity studies naturally focus on the
effects on the liver. EXAMPLE 4 The present disclosure
al so provides a novel way to observe the interaction
bet ween organ systens. Tissue slices nmay be obtained
froma variety of organs. These then are placed in
parallel into nmultiple bioreactor tissue slice
apparatus chanbers. Culture nmediumis applied to a
first chanber and permtted to cone into contact with
the tissue slice for a tinme period. Follow ng the
initial time period, the culture nediumisrenoved from
the first tissue slice apparatus chanber and noved
into a second tissue slice apparatus chanber
containing a tissue sanple froma different organ or
the sane organ under different experinental

condi tions, such as increased netabolism a different .
primary cell type, or a different concentration of

cell type of interest. Prior to or concurrently wth
noving the culture mediumto the second tissue slice
appar atus chanber, sanples of the culture nmedi um nay
be obtained to interimtesting, in enbodinents. The
cul ture nedium noved into the second tissue slice
apparatus chanber is then reacted for a tine period.
The procedure is repeated for each tissue slice
apparatus chanber until the experinent is concl uded.
For exanple, a researcher may be interested in protein
di gestion. Sanples of tissue nay therefore be taken
frominside the nouth, esophagus, stonmach, snal

i ntestine sections corresponding to the duodenum
jejunum and ileum and the2barge intestine. A sanple
of culture mediumwith a protein sanple nay be
therefore reacted with each disparate tissue type to
determ ne the effect of a particular organ on the
proteins to be digested on a systemlevel. Wile the
apparatus and net hod have been described in terns of
what are presently considered to be the nost practica
and preferred enbodinents, it is to be understood that
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