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the world. There are few anti-viral pharmaceutical s,
and vacci nes al nost excl usively provide prophylactic
assi stance, but offer no assistance once an infection
has commenced. Exanples of infectious viruses include
viruses belonging to the followng famlies:
pi cor navi rus, adenovirus, retrovirus, paranyxovirus,
bunyavi rus, papovavirus, herpesvirus, reovirus,
poxvi rus, togavirus, filovirus, parvovirus,
calicivirus, hepadnavirus, orthonyxovirus, arenavirus,
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approximately 4 mllion people in the United States
are infected with HCV, or about 1 in 70 to 1 in 100

people. HCV is oBMIKGROGNPOF THE INVENTION St
detected during a blood test for a routine physical or
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MBS, PafermNG.r&;258061 ) mmbu@aal antibodies (see, e.g. EP 1 086 705
A1), various 5,10,15,20-tetraaryl-porphyrins and 5,10,15-triaryl-corroles (see,
e.g. WO 00/27379), heterocyclic alkanesulfonic and alkane carboxylic acid
derivatives (see, e.g. DE19841985), oxindolylquinazoline derivatives (see,
e.g. WO 99/10349), 1,4-diazaanthracine derivatives (see, e.g. U.S. Patent No.
5,763,441), and cinnoline derivatives (see, e.g. WO 97/34876), and various
indazole compounds (see, e.g. WO 01/02369 and WO 01/53268).

[0003] The synthesis of 4-hydroxy quinolone and 4-hydroxy quinoline

derivatives is disclosed in a number of references. For example, Ukrainets et
al. have disclosed the synthesis of 3-(benzimidazol-2-yl)-4-hydroxy-2-oxo-1,2-
dihydroquinoline. Ukrainets, |. et al., Tetrahedron Lett. 42, 7747-7748 (1995);



adm nistering interferon al pha or a conbi nation of

interferon al pha and ribavirin. Interferon alpha is
wa@diveneatered by injection just under the ski nPenudsivas017922

a nunber of side effects, including flu-Iike synptons,

headaches, fever, fatigue, |oss of appetite, nausea,

vom ting, depression, and thinning hair. Treatnent

with interferon al pha may also interfere with the

production of white blood cells and pl atel ets.

Ribavirin is a capsule taken tw ce daily, andthe major

side eftect is severe anema (low red blood cells).
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[0007] A plethora of substituted quinolinone compounds including
quinolinone benzimidazolyl compounds and 4-amino substituted quinolinone
benzimidazolyl compounds such as 4-amino-5-fluoro-3-[5-(4-methylpiperazin-
1-yl)-1H-benzimidazol-2-yl]quinolin-2(1H)-one have recently been disclosed in



1943; Riley et al., 1997, J. Imunol. 158:5545-5553

Carroll et al., 1997, Science 276: 273- 276). Sever al
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up to 3 x 1010 aut ol ogous CD4 T cells expanded using

aCD3/ 28 coated beads into infected individuals is both

safe and feasible (Carroll et al., 1997, Science

276:273-276; Levine et al., 2002, Nature Med. 8:47-53;

Wal ker et al., 2000, Blood 96:467-474; Ranga et al.,

1998, Proc. Natl. Acad. Sci. U S. A 95: 1201-1206).
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salts thereof, and uses thereof are disclosed in the following patent

applications filed on November 5, 2004: U.S. Patent Application No.

10/983,174; U.S. Patent Application No. 10/982,757; and U.S. Patent

Application No. 10/982,5423. Each of the documents in this paragraph is

hereby incorporated by reference in its entirety and for all purposes as if fully

set forth herein.

[0008] Various new compounds have recently been found useful in
treating cancer. For example, Gleevec® (imatinib mesylate) is a compound
that has recently shown significant activity in a number of different cancers.
Gleevec was first made available to patients with Chronic Myeloid Leukemia



cytokine and a co-stinulatory signal, wherein said
co-stimulatory signal is an anti-CD3/anti- CD28 coated
whemd/1244her eby enriching a popul ati on of cel | sSPEDUSH06/017922

virus specific T cell. In one aspect of the invention,
the human was previously infected with said virus. In
anot her aspect of the invention, the T cell is

specific for hepatitis Cvirus. In yet another aspect
of the invention, the cytokine is interleukin-2. The
present invention includes a nmethod of inducing

proliferation of a virus specific T cell, the nethod
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d @pi adveanced forme ofi Kighey gancer. A similar designation has been granted
in the European Union by the Committee for Orphan Medicinal Products
(COMP) of the European Medicines Agency (EMEA). BAY 43-9006 is a novel
RAF kinase and VEGFR inhibitor that is intended to prevent ftumor growth by
combining two anticancer activities: inhibition of tumor cell proliferation and
tumor angiogenesis. Brostallicin (PNU-166196) is a synthetic a-bromoacrylic,
second-generation DNA minor groove binder structurally related to distamycin
A, presently in Phase Il trials in Europe and the United States. The compound
shows broad antitumor activity in preclinical models and dramatically reduced
in vitro myelotoxicity in human hematopoietic progenitor cells compared with
that of other minor groove binders. Brostallicin showed a 3-fold higher activity
in melphalan-resistant L1210 murine leukemia cells than in the parental line

(ICsp = 0.46 and 1.45 ng/mL, respectively) under conditions in which the



Figure 1 is a graph depicting the in vitro expansion
of isolated peripheral blood nononucl ear cells (PBM)
WO 2@ed24aud t aneous expansi on with aCD3/ 28 beadsPer/usive6/017922
ratios indicated, as well as EL-2 and HCV pepti des.
Figure 2 is a graph depicting the percentage of CD3
cells positive for HCV tetraners per total |ynphocytes
sanpl ed after stinmulation with aCbh3/28 beads, |IL-2 and
HCV peptides. The asterisk indicates extra stinulation
on Day 10 with 15-nmer pools. Figure 3 is a series of
i mages depicting CD8 T cells positive for HCV specific
t . . _ .
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i ndi cates the percent of HCV tetraner positive CD8
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represente y the full nanme thereof, by the

[0012] In one aspect, the present invention provides a method for
treating drug-resistant cancer. The method includes administering to a
subject in need thereof, a compound of formula |, a tautomer of the
compound, a salt of the compound, a salt of the tautomer, a mixture thereof,
or a pharmaceutical composition comprising the compound, the tautomer, the
salt of the compound, the salt of the tautomer, or the mixture. In some
embodiments, the subject is a cancer patient with drug-resistant cancer. The

compound of formula | has the following formula:



three-letter code corresponding thereto, or by the

one-|l etter code corresponding thereto, as indicated in
wo b@ofipd4hidwi ng tabl e: Full Nane Three-Letter QABUS2006/017922

One-Letter Code Aspartic Acid Asp D utamc Acid Qu

E Lysine Lys K Arginine Arg R Histidine H's H Tyrosine

Tyr Y Cysteine Cys C Asparagine Asn N Qutamne Gn Q

Serine Ser S Threonine Thr T Aycine Ay G Alanine Al a

A Valine Val V Leucine Leu L Isoleucine lie l

Met hi oni ne Met M Proline Pro P Phenyl al ani ne Phe F

Tryptophan Trp WBy the term"applicator,” as the term

is used herein, is meant any devi ce i g4 udi ng, but not

limted to, a hypodermc syringe,R\a pijpette, and the

like, for adm nistering the conpournd and _gonposi tions

of the invention. A "di sease IS a e of health of

an ani mal wherein the Bni mi‘f“zcaﬁ\

R2

RB

wherein:

R', R% R®, and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, -OR' groups, -NR''R" groups,
substituted or unsubstituted primary, secondary, or tertiary alkyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, or substituted or unsubstituted

heterocyclylalkyl groups;

RS, R®, R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, -OR" groups, -NR™R® groups,
-SR'® groups, substituted or unsubstituted primary, secondary, or tertiary alkyl
groups, substituted or unsubstituted aryl groups, substituted or unsubstituted
alkenyl groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or

unsubstituted heterocyclyloxyalkyl groups;

R and R"® may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylalkyl groups, substituted or



mai nt ai n homeostasi s, and wherein if the disease is
not aneliorated, then the aninmal's heal thconti nues to
waoledoenegnnt e. In contrast, a "disorder" in an BPOI/OR1006/617922

a state of health in which the aninal is able to

mai nt ai n homeostasis, but in which the aninmal's state

of health is less favorable than it would be in the
absence of the disorder. Left untreated, a disorder

does not necessarily cause a further decrease in the
animal's state of health. By the term"effective

amount", as used herein, is neant an anount that when
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the compound, a salt of the tautomer, a mixture thereof, or a pharmaceutical
composition comprising the compound, the tautomer, the salt of the
compound, the salt of the tautomer, or the mixture. The compound of formula

| has the structure and variables described above.

[0014] In yet another aspect, the present invention provides kits and
therapeutic compositions. The kits and therapeutic compositions include an
anti-cancer drug and a compound of formula 1, a tautomer of the compound, a
salt of the compound, a salt of the tautomer, or a mixture thereof. The
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sequences that are not naturally joined together. An

anplified or assenbl ed reconbi nant pol ynucl eoti de may

be included in a suitable vector, and the vector can

be used to transforma suitable host cell. A

reconbi nant pol ynucl eoti de nay serve a non-codi ng

function (e.g., pronoter, origin of replication,

ri bosone-binding site, etc.) as well.A "reconbi nant
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present invention) which is sufficient to provide

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGURE 1 is a scanned image showing whole body
bioluminescent images (BLI) obtained using an VIS Imaging System
(Xenogen) of SCID-beige mice after intravenous injection with KMS-11-luc

cells.

[0018] FIGURE 2 is a graph showing that SCID-beige mice injected
with KMS-11-luc cells and treated with 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-yl)-1H-benzimidazol-2-yljquinolin-2(1H)-one (20 mg/kg/d)
exhibited a significantly lower mean photon count than those treated with

vehicle.



a detectable effect to a population of T cells, or to
a mammal, to which the T cell is adm nistered and/ or
weomwbaztsesl. By the term "specifically binds," BST/USHE6/017922

herein, is neant an anti body which recogni zes and

binds with a cognate binding partner (e.g., a

stinmul atory and/ or costinmulatory nol ecul e present on a

T cell) protein present in a sanple, but which

anti body or |igand does not substantially recognize or

bi nd other nolecules in the sanple. Description The

present invention relates to the surprising discovery

t i@md(;ar ge FBQURES3 a%@:bhﬁé@ irfB§& bf Whole 664y BL fPébtAfed
anded from human |ynphocytes and human | ynphocyte

pupmigaan BAS losiging System (>§mﬂgﬁrx)@;bﬁc‘d8 beige ynio iaffer and

" i EEneNS Reetan SR SREE ST b B PR BIER pre of mice
CWe'aﬁecPﬁﬂh Rehridand ttk BL emtHe gtk dre@Nnice drested with 4-
heral bl ood nononucl ear cells

of pe

c@mla@{aP -iprorefoffrmatidpiperazimiieylinil Hhb %nzmc{ﬁaoﬁa -yligHinolin-
h d

c AL HEBhS (EBEPeRBaZPS mbRIR s the i nvent | on

enconpasses a nethod to expand antigen specific T
c@szO]f rom &IGURE 4tis argraph lcomgparingrthé soptieal peftentage of

BB TR oS hc ek KMBbut Rl Bhathén
' '&fe%@écﬁmthsé.mef yeisitle (EBEmMoRSHUIMh @-fa‘?mﬁﬁ 5-fIASYOL 38 (4-
conponent of the inmune responses of mamal s to a

w.rr@@hylameéayno1f-ykh1rl-l:beezlrradmqu+2eyllﬂt@wm261ﬂﬂ)ma @rangles, 20
rovkq/egz a means to effectively stimulate a CTL

é@\c&{ “to virusinfected cells and treat or prevent

such an infection in a host mammal . Thus the

cqolluwﬂl L : ONFIGURES BHDEre gfamsesrmnm@matimamh*(cjcm'/-ﬁmuar@-3-[6-(4-
| cCa e to an Vi rus .Pr, sentln I‘OIeI n (0]
p@@@thw@w@z'gew\f 1&irbaNZiny w%lﬁ'a@'rb%ﬁ Fﬁr%n%{s?ompound 1)

BT LB A3 i
i ragamsdiMVlt;rl érangl R&QEI 1 calisd Ih IFIGURE 8sMV4; 14 (A) or RS4;11 (in
HI V- | . S

Scediia Tbfoari) ) Welkcpatec Mt Sopghiutions

t L !
t yﬂptggbd_;[urfcgﬁ 1‘ée%||plg§/5h®{rWé§Hg<\a/iwmw?%H§ lng@(/%{./)éé%ﬁéﬁer a 72 hour

v an¢uhsition-pesiode rIECssaueshwpta ¢alrglated wEiny nonéhedr regeession.

(¥ W?é’éﬁuﬁ SEridvAM (18 BIEDRE 7, RS4;11 (WT)

cells were incubated with an increasing concentration of Compound 1 for 3
hours prior to cell lysis. RS4;11 cells were stimulated with FLT3 ligand (100
ng/ml) for 15 minutes, as indicated. Whole cell lysates were
immunoprecipated with anti-human FLT3 antibody, resolved by SDS-PAGE.
Immunoblots were probed with anti-phosphotyrosine antibody (upper lane).
Membranes were stripped and reprobed with anti-FLT3 to demonstrate equal
loading of FLT3 (lower lane). Changes in pFLT3 are reported as percent of

baseline (no treatment) using densitometry.



In addition, cytonegal ovirus (CW), poliovirus,
respiratory syncytial (RSV), rhinovirus, rabies,

wWOorovpd 2441t avi rus and neasl es viruses. The met POTUS2006/017922
conprises isolating | ynphocytes, preferably a primary
peri pheral bl ood nononucl ear cell (PBMC), from a human
donor, contacting the PBMC with an antigenic peptide,
a cytokine and a co-stinulatory signal. In one
enbodi nent of the present invention, the human donor
has a prior history of infection with a virus. In one
enbodi nent of the invention, the virus is HCV, HV,
i [0022Pza, HEGAURESS &WQrausgrémehdwssd@seqdependent inhibition

o T egiated B S0aSTATS Phoshrotidtion bhen: 1t pets by 4-
Viefd"lﬁ'\ol‘\?]—ﬂnSlroQﬁ-zGE Wétﬁzlp})ﬁerré'ﬁn% YAH-E8h2iRTdLN-LLylquinolin-

VI Irus uman esvm papl OITH Vi rus, parvovirus
812;(1 Hpr@Inyec(ﬁwvmpojmdBlﬁ, Mvn;ﬂdnmlisr(aerumstame@) wereyincubated with

ViU conprBratSii o CoBBoodL IS bR SitMRReAAR pERK
Pgﬂ@URéEea} wh8 YRR died by Westermn pRETBNY wrm(meuml 9§lwas

MC with an antigenjc peptide. The antigenic
sctajetmlnﬁﬁlelsmgs&@mcytqw@m i Ghange%mlze%mryp% &E’S@f@jtﬁpoﬁed

L obfeft W%!édgg éb(g%a%e Y,l's[désden%}nétﬁr the

an éeni'c pep t'he i nventl on

preferably an antigen that is expressed by a cell in

t He02sdnt ext lﬂGLﬂﬁEMﬂOsrwglapblghowir@tha’aet amino-ﬁeﬂuoro 3-[6-(4-
infected wi'th [ . In.ne ean

| e Tobal isr et RS a6t et IGERBouna 1

anphibMs %&ﬁ%"\/ﬂ?@ﬁér@@uc@rﬂ%4 ﬁn 811§ NEVIRY. A0V 11 AML

protein and a 15-nmer from an NS3 protein. The
prwbmultumpbmtm% HBS chetainjogpredia wese dnaubated Wilor without

" ER0EH D, T P RBD ARG A ARE" 4L, Sltats vere

anéheﬂ?iéd?fo@mMedﬁVEG'FLIeQQISt(ﬂDﬁﬁahmﬂfor neﬂdﬂar pettéiaccontent).
the present invention is restricted to HLA-A2. Methods

MIOOZE (11 ¢t EREWREA ot Siom ahchuing Thet 4 2P bmloRivaets-¢-
' nmteﬂfy 6\@55%3‘# 83@)61 g @Hzﬂﬁﬂtészzfyﬂauméﬁqg@(ﬂﬂ) -bh&(Compound 1)

Pat € 567 and'U.'S
6, b8 T Thand STAWS eiospherylatiwr psbtumcura xgpogefisria R D-NOD

ot SETENGErtied Uil SET AR i S3300 RS 2,

| Npyfdk/ Gl Q%r@'tﬂé@téww&hteﬂhéﬂvémeleCdraﬁ)Smlg/I{gJCemﬁoﬂnd 1 for 5
f or med betvveen two al pha helices, with the floor of

th heayg. obumorpWeERIraseciechen say Beait4, 8a 24w ADE 81 PREIREs
p?éﬁlggfg%d é@@ﬂ?ﬁ‘ d‘i’ae:[?ﬁrﬂﬁsﬁef preg'cf’@*ﬁ)' E¥r BELTS%r pSTATS

modulation: tumor lysates were immunoprecipated with either anti-human
FLT3 or anti-STAT5 antibody, resolved by SDS-PAGE. Immunoblots were
probed with appropriate antiphosphotyrosine antibody (upper lane).
Membranes were stripped and re-probed with either anti-FLT3 or anti-STATS
for determination of total FLT3 or STAT5 protein as loading controls (lower

lane). Each lane represents a separate tumor.
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definition has conme fromelution of such peptides from

class | nol ecules, revealing consistent notifs shared
whoopaptsizies presented by the same class | nol BCTIUS2006/017922

The binding notifs are characterized by anchor

resi dues which serve as contact sites between the

peptide and specific pockets in the class | binding

groove. The am no and carboxy term ni of epitopic

peptides fit into the A and F pockets of this groove,

respectively, due to hydrogen bonding. The am no

term nal anchors of the peptides are variable in

p?@d gjon an@l@%‘ﬁl‘% ﬂ2Wé@€§TaEH§ sﬁégvﬂgiéﬁheaélﬁﬂ%o'r activity of 4-

at the term nus chai oi nti ng
dlafm00'|5y‘f|U|0TD€3 -fared- “trsttiydpipefazimd -yi)- fbblehx@mmMamgaglﬂqumohn-

L e e SEBRPPCRA D o dSVBEREES b e RPBER BR8P ot uman

PIVAZE 1MYr RS £3Y N GdrRidSuMdrd MeSEeIhNOBahiEs. (FFIGMRE 12) MV4;11
acconnndate 'such t hat eit her | euci ne, i sol euci

apgn(lﬁlﬁLéREtw )63%4id 1 oplls Wese dnplanéer) s & P e rlghtafﬂartlmf SCID-
f f

oNSp Bride Yoo eraradhP InfIA0! £R1HRRE Ventio () or Compound

gergtrdused dfdr(ed, 5 ngeom‘(f)rmglkgmfbrdfﬁdayé waslagieihistared

L Bt e by o e i
R'E?{’@?%\LK’FP %8%%@%:?&?%(8? B@Eﬁ!‘ W 58%@3‘61 gihgAPfor 8 days
i nesradroimisterechdnadly gheartatiors wereret 3QImm3d. (FIGlIRBd4) Effect
Wil R ST o PR T e

b @Rfdasy GAAM/ 41 1GQRRPS TTEMPYGHd alSwas administered orally at a dose of
4amn05fluor03[5(4 nmet hy perazin-1 -yl)-

H30eng/kei eithesidaily (), guenoothar denﬁw do(m crrcﬂyslamﬁ di@yemd? days

P o (e b i PR AT SRS ro s Bt R

dltmorsﬁwv-ﬂal’lts o; duraers (nBAGKﬁa%}@J@:wéf&sﬂaWEMfBON (A), 500
‘A vari ety of ‘chemcal - copnpounds an

LomboL 10008 Met Yebhia Ly beeta Renaraweis meeswedo a

2SR Wind AU SR04 M EIOBRE o 8p k5 000
qunma3).i Centraundat imassadsiolstereddealty abad mglkyio (first cycle).
O 0y TR SRR B b i 2o res Vo
OKAGARIIEd thereafter. (FIGURE 16) Recurring MV4;11 tumors after
pretreatment with 30 mg/kg/d x 50 days were re-treated with 30 mg/kg/d
(second cycle). Panel AD, data are expressed as mean tumor volume + SE (n

= 10 mice/group), Panel E illustrates the tumor volumes of individual mice (n =
10).

[0026] FIGURES 17-19 are graphs show tumor apoptosis/necrosis and
inhibition of cellular proliferation of MV4;11 or RS4;11 tumors in SCID-NOD
mice treated with 30 mg/kg 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-
benzimidazol-2-yllquinolin-2(1H)-one (Compound 1). (FIGURE 17) Early
MV4;11 tumor responses With 30 mg/kg Compound 1 treatment. SCID-NOD
mice bearing s.c. MV4;11 tumors (n= 3-5 /group) were treated with either

11



pepti dom netics (see, e.g. WD 01/52875), quinazoline

derivatives (see, e.g. US. Patent No. 6,258,951 )
woreweatamnnl anti bodies (see, e.g. EP 1 086 705P@W/S2006/017922

various 5, 10, 15, 20-tetraaryl - porphyri ns and

5,10, 15-triaryl-corroles (see, e.g. WO 00/27379),

het erocyclic al kanesul fonic and al kane carboxylic acid

derivatives (see, e.g. DEl 9841 985),

oxi ndol yl qui nazol i ne derivatives (see, e.g. WO

99/ 10349), 1, 4-di azaanthracine derivatives (see, e.g.

U. S. Patent hb 5,763,441 ), and cinnoline derivatives

( ol

C Uil () BEICOm PR g AL or S8 0 Sagnggs vere

[ (Déma}jted'be dayatﬂaés |Psaraﬁﬁnzamlwldcts<1/tummrw@‘ﬁeelm stalned with

L Sh B LA B B EASHED Kp. o-oy

haERK (& Hdes s &IB@véd’BhQ%SSeSB% i- day 5) or PARP (e, j- day 5) (W|th
3- (benzi'm dazdl - @,1(‘3) ox_y 2- 0x0- 1
duhﬁm&t@xwinrﬁﬂurﬁ@r st aﬁ@ ilstrafes, repé@ﬁﬁ@%&éﬁctlons

Kﬁlfoﬁ;q ?Sdgp Ardy aﬂ%ﬁ q11esk| IQRES1 8) I?mﬁﬁol‘"f\gtachemlstry of
2%@41@#\8&:} follokArey tﬂé&iméTﬁSmﬂH 30 ntglkg Cosssburite1 treatment.

& hei' WPRTOITT 10 AT e ted Y1 [ﬁﬁt'f%@gfei{fﬁ%t%@%r
PSP %?ﬁ%ﬁd - &azﬂlrﬁ&)s Werdidsax ﬂ%rﬂ )&é“gh Paraffin-

Ukra| nets himya Geterotsi
S@awbedde,d tmmorgwe&althegeta jnedukitaiHesnatoxylin and &osin (a,d)or

CToBuybsEinel Ribusor Bed) o BERR . EIGHRE B TtsEgs
33ep r@@@nf&%e setfdrs frohpﬁ)%]ma bﬂuaméat%al tanm‘rsvgrlmmE 19)

qumo i ne derivatives is disclosed in WO 97/

TIESID-NE onieel bearirg dics M\&Eéd tamota(nxbB-® /groun)neredreaied

C s NPTHE sl rosline T 2PaRGIeRy TRbis BBt pyrrore were

Thesensponrdisy #5 andlCuomponnl ¢3rAites tummorgveeieskcied on day 89
t he treatment or prevention of diseases associated :

W.(w daily deges AbERBIOUNECEB13Sy davgnvitheut treadmest)- \Paaraﬁlﬁg
n%’%ddé% t‘&ﬁﬁdrg%éré%?tthsté{Hid“whﬁﬂ%?ﬁ%iylﬁn éh&‘@o%fn bhe
qui no

Ine I's substituted wt
diimotwosthined WRhIRI6T 4EB . he‘ﬁhﬂsgylnfmmnﬂedstam)e (a) Vehicle (H&E,

d'd%&' 1%?&)%?%?&'6?%6% %21?/'15') (05)E‘rzl)rmnpl)aocuendt * partlal response (H&E,
day 89); (d) Compound 1, partial response (Ki67, day 89) and (e) Compound

1, complete response (H&E, day 89). Arrows in ¢, d point to areas of viable
cells dispersed in necrotic/scar tissue. FIGURE 19 illustrates representative
sections from n= 3-5 treated tumors. Magnification of the images as taken is
indicated on the Figures.

[0027] FIGURES 20 and 21 are graphs showing that 4-amino-5-fluoro-
3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-ylJquinolin-2(1H)-one
(Compound 1) prolongs survival of SCID-NOD mice bearing intravenous
MV4;11 cells. Irradiated SCID-NOD mice were implanted with MV4;11 (1 x
107 cells, i.v.), i.v. Treatments were initiated on day 23, consisting of either
oral Vehicle (¢) or Compound 1 20 mg/kg given daily (A) or scheduled 7 days

12



formul ati ons and as nedi canents. [0006] Quinol one and

coumarin derivatives have been disclosed as having use
WO pooa/126em3 ety of applications unrel ated to medPCi/ns20a61017922

phar maceuti cal fornul ati ons. References that describe

the preparation of quinolone derivatives for use in

phot opol yneri zabl e conpositions or for | um nescent

properties include: U S. Patent No. 5,801 ,212 issued

to Ckanoto et al.; JP 8-29973; JP 7-43896; JP 6-9952;

JP 63-258903; EP 797376; and DE 23 63 459. [0007] A

pl et hora of substituted qui nolinone conpounds

eri/whysgofgu:)rffﬂm rd(?lye Z3e—n|98nwatz eliyiting eappsighs afrtdnd-limb

am no subst i

Cm@luﬁlgsorgp@ﬁ hgtgﬁh chéh?lgn Weorg%u?ﬁgnzléera dEFG?Uﬁ\E 20 illustrates

|SPRs %?fc%ntgﬂr'\:?wﬁf‘v kﬁ&@ﬁ{ﬂbﬂz ﬁndéjléro?:lp% (FIGURE

|+ nzi m qui nNO H) - one have recen
bexn wawm\eetncmrém!omtbebgmat evalkiation of Bibsfier la\hdﬂfMlDlatlon

Z?ﬂ%@% TecFerReS b e aher SRBs Z%c) or Compound 1

dlzﬂﬁh@ﬂ@d i s@dﬂgg) Upbihars werd @@Md&é@ehd d) or day
appl i Cathions U. S. 2002/ 0107392 and U.S. 2003/ 028

an1rﬁ7uesf) BM wias isplstedrmsbanayzed &r/shummn Midg11 Cells using

6,,/62
oY s B e RRTE RDAS) W fer Btz human HLAA,
d'@d PHE(d(staln‘é\@ abéaﬁﬁﬁlaméh MHQQQ%IMW% is@tppe-doSirol

. Oh h
o RrPegudca e ek (PEraEn SharsTied calh Hoto s rad after

(S 0b!88, G Bhd BREA0E GRiEOTOE anaRdniaN HEADEB,C (marken,
20BNl SpeRBess of vémidedreatad (day 39) onzoompoand ‘etraatedrgay 167)
P it reomstocotacatl Faipd Wil g bokl Phfnostained with an

60@51‘&9%%%% rﬁité&fbr@'ﬁla{ﬁé'@ﬁkﬁidyz@ 2ieh stdirss hﬁh@wMVﬂmw cells in
Application . 107 “fi ed on Novenber

13
U. rBouse BM sNtamlﬁqupmtl@é)m aifows Pogt/ta sdsripigd V4 1&?"8 (b, c).
Novenber 13, 2002; U S Provi si onal Application No.

Sty 222 i PRI oo, ggpouncs o e

lglgl‘}heéfmt&fn Qeléctlnmﬁ)ﬁthlbﬂt SlasBribyiVs icodaV reqmtom’ratdsrme Kh)ases (See
460Q
also Ta%%e oI Act?vqtyoor} 46‘ RHmo %-fluorg % [6- (4 me?hy Vl'pgraozrﬂn 1-y)-1H-

benzimidazol-2-yl]quinolin-2(1H)-one Against Various RTKs).

[0029] FIGURES 23a and 23b are graphs plotting tumor volume as a
function of days of treatment with vehicle and with 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-yl)-1H-benzimidazol-2-ylJquinolin-2(1H)-one. These graphs
show that treatment with Compound 1 caused regression and/or disease
stabilization in 90-100% of animals with large, established colon xenografts (
KM12L4A human colon tumor xenografts in nude mice were dosed daily with
Compound 1 when tumors reached 500 mm? (23a) or 1000 mm?® (23b)).

[0030] FIGURE 24 are scanned PET-CT images of a human female
patient with imatinib-refractory GIST treated with Compound 1 (CHIR258).
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Application No. filed on April 3, 2003; U.S.

Provi si onal Application No. 60/460,493 filed on April
wW@200800313 U. S. Provi sional Application No. 60/BZBUSHE6/017922

filed on June 16, 2003; and U.S. Provisional

Application No. 60/484,048 filed on July 1, 2003.

Still other conpounds, nethod for their synthesis,

lactic acid salts thereof, and uses thereof are

di sclosed in the follow ng patent applications filed

on Novenber 5, 2004: U. S. Patent Appl i cation No.

10/ 983, 174; U.S. Pat ent Appl i cation . 10/ 982, 757;
alt93d]s.  PaFKRYRES# 2 and grdrse 91@9*9%91‘ mg98 Crza (H9/BY) versus

tHSsé’?ﬁH'ﬁ?éHr?AU@){ 'nasf@fggvgmg Ho?vo rﬁ%néﬁﬁaw é\gr%d

erence in 1ts en purpose
[ l'ncfedsle)s epoftionatly h/daealGompdmﬁIB]l i%/administenedv
compounds have recently been found useful in treating

U8 FROREL Rk SO T A M MRl e

agldninbys-fillo-Buedemdthyididergsig Ly IS-a B szinfd £N-20y ljeRsnolin-
first nade available to patients wth Chronic Myelo

i d
Le{dreng Otbits; base&ﬁ% p orylatienfpedpherat bleod leukocvtes
020 Y Koo SR BIES el LA CUE i) oo

Pprdoedet idemtichptwoslimiea! gariglésce (Ph+) CML in chronic

phase. Followup is limted. G eevec is also indicated
for the treatment of patients wth pH+ CM. in bl ast

Fai ture of 1 RECNIEFBIDESERIFTION G ik MVERTRR. <

indicated for the treatnent of pediatric patients wth

pI0033]r oni c ThBgseséilinvéiion slosidas endthnds ef treatiig aahesr,
stemcell transplant or who are resjstant

| medheds @ﬁvaamd&tw&g@ant@%@%@Wé@t%%%ww@d
85@5%%1&0“5 &L, @stré%tfn{b c%‘n@%? uF%‘%ﬁ%&S% sthAPose w:th drug-

I'ntesti na nors For exanp e,
oredisthntiaarnycel, MmpMd%[}z(btgsaantaglommsmﬁrese;atpptwoane

d f t he t t 1
Clinases: e nors e eV ERy o mmtiaet EESR B R HRERR oror
Gaﬁalor[\ﬂ?@ElRﬂ( BEhctReW Wdrﬂﬁ@@r@ds sy %vb"}:ﬁﬁeﬁfeﬂztlwty with

currentl el ng tested for efficac in treatlng cancer
i neSpﬁd:étCBAMiﬁoeme(@msﬁSeaﬂdﬁlsam terespest 1o aripus

serine/threonine kinases. The compounds provided herein can be formulated
into pharmaceutical formulations that are useful, for example, in treating
patients with a need for an inhibitor of VEGF-RTK, especially, for use in
compositions and methods for reducing capillary proliferation and in the

treatment of cancer, particularly drug-resistant cancers.

[0034] The following abbreviations and definitions are used throughout

this application:

[0035] “AML" is an abbreviation that stands for acute myelogenous

leukemia.
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BAY 43-9006 has been granted orphan drug status for
the treatnent of renal cell carcinoma by the U S. Food
w@paeMe44¢3 Adm ni stration (FDA). BAY 43- 9006 iBCD®E29G6/017922

eval uated for the treatnment of netastatic renal cel
carci noma, an advanced form of ki dney cancer. A
sim |l ar designation has been granted in the European
Uni on by the Conmittee for O phan Medicinal Products
(COWP) of the European Medicines Agency (EMEA). BAY
43-9006 is a novel RAF kinase and VEGFR inhibitor that
is intended to prevent tunor growh by conbining two
andhs@Ncer agi &¥id e shhiciHidhtii i
O ot i on-aniy 4 Abbreieh thal@hab B mERoni fatera
( BBlerd€i6.196) is a synthetic a-bronpacrylic,
second-generati on DNA m nor groove binder structurally

r d to djsh [ . S i '

| 0BG anht RGP GYAIEER Sn® 5 AR sl erRfBese
broad antitunor activity in preclinical nodels and
d[e038]i cal | yAPicand abbrevistion timaektindsifor amyloid prevumsor
henmat opoi eti c progenitor cells conpared with that of
oM nor groove binders. Brostallicin showed a
3-fold higher activity in nel phal an-resistant L1210
Tio03 | eukens@ 1044 b dbbAdvihtibr ﬂ\%t Eﬁérf%!%tféf ab!o‘!’t?ddsqigm cell
= and 1.45 ng/nL, respectively) under conditions

[ ﬂranlspkamtt hecytotoxicity of conventional antitunor
agents was either unaffected or reduced. [0010]

Al gh si ggj fol: t I [

adb Rt e “BM i B A hbliFch YRS SR RE R ertoW
treating cancer, new nethods of treating cancer are

r §0041led. ESPEGFalid sin mebrdatiorethphstamds dot basit fibroblast growth
c%ositi ons and conpounds for use in preparing

p {RBceuti cal conpositions that are useful in

treati ng drug-resistant cancer and patients with

dggu2iesi St apERRNCEISS refirll RORISEGRRE iPHR BFBf&ktidirdhat

rrp03|t| ons and corrpounds that may be adm nistered to
p@tamfgrwtymsmm@naeertlaatameraﬁa heribsetlpsirgromdtm factor-
Wi known anti-cancer agents. SUMVARY OF THE
I NTION [001 1] The present invention provides
nmet hods of treating cancer,

[0043] “Cdc 2" is an abbreviation that stands for cell division cycle 2.
[0044] “Cdk 2” is an abbreviation that stands for cyclin dependent
kinase 2.

[0045] “Cdk 4”7 is an abbreviation that stands for cyclin dependent
kinase 4.

[0046] “Chk 1” is an abbreviation that stands for checkpoint kinase 1.
[0047] “CK1¢" is a serine/threonine kinase that stands for Casein

kinase 1 (epsilon).

[0048] “c-ABL” is an abbreviation for a tyrosine kinase that stands for
an oncogene product originally isolated from the Abelson leukemia virus.
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nmet hods of treating drug-resistant cancer, and kits
and therapeutic conpositions for use in treating

W@ 2006824410 subj ect s such as those w th drugr esPGI/ER1006/017922

cancer. [0012] In one aspect, the present invention
provi des a nethod for treating drug-resistant cancer.
The nmethod i ncludes adm nistering to a subject in need
thereof, a conpound of fornmula I, a tautoner of the
conmpound, a salt of the conmpound, a salt of the
tautoner, a m xture thereof, or a pharnmaceutica
conposition conprising the conpound, the tautoner, the

spddaq)f the Py BRo Krithvrbas biedh cbit fadterice@pior @médteel
m xture. In sonme enbodi nents, the subject is a cancer

pgtovethtfaglior eeRRigr.r esi st ant cancer. The conpound of
formula | has the follow ng fornul a: wherei n:

d R4 b ?éWa
iRﬁua% ndent |y sef%e%:@ggﬁ ro%ﬁrﬂ fggﬁee{gﬁgb@?g &M‘a{%torthat
girﬂamiswmmmroups substituted or unsubstituted
pri mary, secondary, or tertiary alkyl groups,

oI Gubs: | HERERE R an bl daifin el BERR fottpeyicsiie Kinase
URB LISt IgHOREh Péd&yr%beﬁtbi? BRAat iSWIEh dxpresked in multiple

unsubstituted heterocyclyl groups, or substituted or
umyetemattyp@daneersr ocycl yl al kyl groups; R5, R6, R7,
and R8 may be the sane or different and are

ndent k [ : ,
gf@ﬁg i NRlﬁlhls‘@ |§ %hﬁég)sﬁjré\ﬁ%ﬂgt stﬂd’s for gét{al I \{?ﬁﬁosme
URHZet1, talsbceldncnwh raigwna@emegdabmam gymsmltel kingseabki{DR
groups, substituted or unsu ityted ar rou
s {manap)alsp khown asn@scylar eadg ih@ﬁﬁ'ﬂm&’ﬁ% Iﬁfﬂor rdceptor-2 or
l\ngS(% t _ kynyl gr oups,
subs Hagtg 3 hdlﬁé’b?b EHI E Sltng Sﬁgi erocyclyl groups,

substituted or unsubstituted heterocyclylal kyl groups,
s(i0893]t ut ed “DETiids amabtbm\ealtlm thakytﬁrtd,sl fogfrognise tyrosine

S etser e Bho el i EhoineuRidPutradhRitp S or

IVEEER1.

[0054] “FLT-3" is an abbreviation that stands for fms-like tyrosine

kinase-3, also known as stem cell tyrosine kinase | (STK I).

[0055] “FLT-4" is an abbreviation that stands for fms-like tyrosine
kinase-4, also known as VEGFR3.

[0056] “Fyn” is an abbreviation that stands for FYN oncogene kinase
related to SRC, FGR, YES.

[0057] “GSK-3" is an abbreviation that stands for glycogen synthase
kinase 3. |
[0058] “PAR-1" is an abbreviation that stands for a kinase also known

as disheveled associated kinase, also known as HDAK.
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R10 and R13 may be the sanme or different and are
i ndependently sel ected from substituted or
waoe@ahst4id ut ed al kyl groups, substituted or PCT/US2006/017922
unsubstituted aryl groups, substituted or
unsubstituted heterocyclyl groups, substituted or
unsubstituted heterocyclyl al kyl groups, substituted
orunsubstituted al koxyal kyl groups, substituted or
unsubstituted aryl oxyal kyl groups, or substituted or
unsubstituted heterocyclyl oxyal kyl groups; R11 and R14
may be the sane or different and are independently
S ed fre [ ot - i
oOTHIoC otk it of brEfiafin MR shTids 8! Rictlto-specifc
s poateint yresine kinmssubst i t ut ed heterocyclyl groups; R12
and R15 may be the sane or different and are

LE@G@@P ,d? 3: L%Eﬁtﬁ% t«%\‘é%@ﬂb@(ﬂﬁﬁe{t%ﬁ@% fglf a serine threonine

Uiidestin thé RIARKYMitBgeH petivatedpHbtdin kinked) signal transduction
unsubstituted heterocycl IS sel ected

L yl groups; and R16
f pebEabEL A Rcile diatin uted elihe RafMgKT et p MEKT
U SpbholyEleS R MARoR b E it ity 01 s

[0013] In another aspect, the present invention
p{006tes a riblicd anoablireeiation ghatestamds fofmaultipterogeloma.
i ncludes adm nistering to a subject in need thereof,

0841 "SR5 B HEHERuh 851 STl BN Aied nase,
(Revlimd), thalidom de (Thal om d), docet axel

(Toosdler e) , “RINIQAi ipidh dblsreciatien thatastahdsop neVEKin/ditpsis.
VEGF-trap, fenretidine, bortezom b, bevacizumab .
(Avastin), pertuzumab, and/or rituximb,_ and a .
cOMEInd o "FDIGH, 15 an abbieyiatien Hat %@n$%@r@ga%@&ﬁarIV%d growth
S34ttoP! PO FRERRYNith &yB8ink haddiPbBHRITBAI FDGFRS.

m xture thereof, or a pharnaceutical conposition
conprising the conpound, the tautoner, the salt of the

c §096sInd, t HRskatis ast abbreviedion dhairstands-faraibesemal €6 kinase 2. -
The conpound of fornula | has the structure and

2300861 °F e BRE RSB Rrocig bl Bl PR §loma
transduction pathway.

[0067] “RTK” is an abbreviation that stands for receptor tyrosine kinase.

[0068] “Tie-2” is an abbreviation that stands for tyrosine kinase with Ig

and EGF homology domains.

[0069] “VEGF” is an abbreviation that stands for vascular endothelial
growth factor.
[0070] “VEGF-RTK” is an abbreviation that stands for vascular

endothelial growth factor receptor tyrosine kinase.
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t herapeutic conpositions. The kits and therapeutic

conpositions include an anti-cancer drug and a
wa@orpoesadd of forrmula |, a tautoner of the conpPChUsS2086/017922

salt of the conpound, a salt of the tautoner, or a

m xture thereof. Thetherapeutic conpositions include

the anti-cancer drug and the conpound of fornula I

the tautonmer of the conpound, the salt of the

conmpound, the salt of the tautoner, or the mxture

t hereof as a conbi ned preparation for sinultaneous,

separate, or sequential use in the treatnent of a

sybpeet t hatc;é»fv@ra|1¥1 u@fér@ﬁtét@atceﬁanﬂaémem@u@%@q%%gen or H
of formula | has the structure and vari abl es descri bed

at®meant dp ijudemalhissionas efdpatelemeans Foessampleiean Ragroup is
oo B e 0 L 35 gk g i
subject in need thereof a conpound of fornmula | , a

t 400%2fr of Theeploraspdunsibsiititat allof” rbfasdoraﬂ(WQCburm that do
t her

| f. th t e
> ot cabtl Fete e s TRy e ehrass énq%@g%%tr@sﬁwm alkyl groups
t 1 h d t
{ Rch el MERiY, difif, PRIDY Hutfil SeOTREAIC heblif: Sy} ndilyl, decyl
| umcvlthQemdandrtbeduhe vhei pivhes athesiociuded baiamhad a:hmn

2 e S PuRTEIn PRY GhLps [RGw o BN IrEe e I8
f dellowiag wieh aeb/prav&@ﬁbpwawﬁ éx@Vrﬁﬂlé'-C(DH ML), be
REarent fromthe foll ow ng detail ed descrl

t
EHC Dot ORBH NG CHAE &@ss)po@(ﬂHzﬂr%)hEcmzcwaHs Yo

ScemesCamRe st ekl et D ey el oot .

Of'CBm%mgy"m@Hzﬁﬂﬁ)eFCHBCHQQH(‘(DH§)2I *@HQHWH(’@HQ(CHchs)

t haHoGH P B ST O Lt ot S R R el |
aﬂél—RCﬂ% cq Gﬂgélﬂéz,a@m)éh'(@%cﬁ({(ﬁ% 04

nmet hyl pi pera2|

I—PB&N@I‘hC&b)@H(@h/)QWGH@MGH}QﬂQ afd otherg.2Thephkadalplso
ﬁ@@g&% gsécfhgaal g&é&;?s”%&é’h ag \éﬁélogﬁ%ngr%ugts %ﬂc %%néyc}op?opyl
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl and such rings
substituted with straight and branched chain alkyl groups as defined above.
The phrase also includes polycyclic alkyl groups such as, but not limited to,
adamantyl norbornyl, and bicyclo[2.2.2]octyl and such rings substituted with
straight and branched chain alkyl groups as defined above. Thus, the phrase
unsubstituted alkyl groups includes primary alkyl groups, secondary alkyl
groups, and tertiary alkyl groups. Unsubstituted alkyl groups may be bonded
to one or more carbon atom(s), oxygen atom(s), nitrogen atom(s), and/or
sulfur atom(s) in the parent compound. Preferred unsubstituted alkyl groups
include straight and branched chain alkyl groups and cyclic alkyl groups
having 1 to 20 carbon atoms. More preferred such unsubstituted alkyl groups
have from 1 to 10 carbon atoms while even more preferred such groups have

from 1 to 5 carbon atoms. Most preferred unsubstituted alkyl groups include
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vehicle.[0019] FIGURE 3 is a scanned i mage of whol e
body BLIs obtained using an VIS I nmagi ng System

w@ X@maogrn) of SCl D beige mice after intravenouBCT/US2006/017922
injection with KM5-1 1-luc cells. The BLIs on the |eft
are of mce treated with vehicle and the BLIs on the
right are of mce treated with 4-
am no-5-fl uoro-3-[6-(4-nethyl pi perazin-1-yl)-1
H benzi m dazol - 2-yl ] quinolin- 2(1 H)-one (Conpound, 20
nmg/ kg/ d). [0020] FIGURE 4 is a graph conparing the
survival percentage of SClI D beige mce intravenously

i Qir h?gnﬁ"bﬁfz%héﬂgl am)ng"@ %@u‘p% hg f6f 1 (AR %omh 1 Ro 3

el t r ve
4 carrioncatbrs anst mcmd[eenemyl raéhyiypm% reangli +CH(Clg)p- 1
H-ben2| m dazol 2-yl]lquinolin-2(1 H-one (triangles, 20

| Rt A5 T, BBt oy
thﬂrpzas”rudfmd aBoye imhmhlone&(moré bongs {cCarprhomds)lor
nodul ates FLT3 target expression and dermnrp[nrat es

ahvdr@g@n(s)@ratrenl@c% Py @ kongjla peR-hygepgenang,pomrearbomatoms

|
oSt s, Bugideiifiter: ol atodert dbnPln fBHick shohidy F. I Bry and I
dehuixryges atdmGo gpoupwistich & hidroxgbgroupsy, alksxydgtompsi aambxy
y the Mr ay after 72 .hour incubati.on Q riod.
DR POB S dronht o Pl P08 RGNS Rriel As bl §idups, alkyl
I §HHSHY R¥ide drdu gﬁﬁfcﬁwe ﬁbg‘ ﬁilﬁfn‘ﬁ?&rdﬁ’é@; and sﬁffa')Ei?)le groups;
: g AL

or 1 I GURE | s were i ncubat ed
aa nl’mog@aatcmg lmgrmmtsmhu amamfne@oaﬁud@ﬂi aiksﬂamw@smur s

|1
ey, goydi o Syt 2iskElefyibs; N@ids, imices,
I @ﬂd@ﬁaﬁﬁinembiﬂc@ﬁ?btommgf&ﬁoswm agnmutralkyiyingrbags,
with anti-human FLT3 ant i ody, resolved b){ySDS—

| gialindanisilyl gieuespalbpdiarvisty aseups, pnsktHRbE Irybgrqngand other
el drty PRl hoc RIS RIRIE S BRAAED pouc
ofgréipE3in(Witivktoneasrayoredbondri® a nanﬂn%ln]’@ ca'rrwdlr@g;m'r(s)adtom is
PR e BY & Dorsbiess helaoRios: SUGH a> PSRBT it GEROnYh RO
dagg-<leReadaps; hitByBh ih Gfups such as imines, oximes, hydrazones,
and nitriles. Preferred substituted alkyl groups include, among others, alkyl
groups in which one or more bonds to a carbon or hydrogen atom is/are
replaced by one or more bonds to fluorine atoms. One example of a
substituted alkyl group is the trifluoromethyl group and other alkyl groups that
contain the trifluoromethyl group. Other alkyl groups include those in which
one or more bonds to a carbon or hydrogen atom is replaced by a bond to an
oxygen atom such that the substituted alkyl group contains a hydroxyl, alkoxy,
aryloxy group, or heterocyclyloxy group. Still other alkyl groups include alkyl
groups that have an amine, alkylamine, dialkylamine, arylamine,
(alkyl)(aryl)amine, diarylamine, heterocyclylamine, (alkyl)(heterocyclyl)amine,

(aryl)(heterocyclyl)amine, or diheterocyclylamine group.

19



of FLT3-nedi ated ERK and STAT5 phosphoryl ation in W4,
11 cells by 4- am no-

wa@l2Goapue3 3- [ 6- (4- et hyl pi perazin-1-yl)-1 PCT/US2006/017922
H benzi m dazol - 2-yl ] qui nolin~ 2(1 H)-one (Conpound 1).
MV4;1 1 cells (serumstarved) were incubated with
various concentrations of Conpoundi for 3 hours and
intracel lular pERK (FIGURE 8) was detected by Western
bl ot and pSTATd (FI GURE 9) was determ ned using flow
cytonetry. Changes in pERK or pSTATd are reported as
percent of baseline (no treatment) using densitonetry.

[ CIQ@%I Fl GJ%elﬂwr?§F ?élﬁi’srﬁttﬁﬁ Wr9rdfBal to airyI g;/ﬁoijpi that do not

4-"am rio- 5-f | uor o- peraZIn
H-doakein tietiroatonzs.y Thas,i olvay of (exampleg iiee pmﬂqedunkdIde$ but is

0} S8 1 SRR BuEE AePetv e rbisieaay, SRe naphthyi,
cmﬂ@ughrtae fhhst %%@béﬂ’tﬁté@ﬁé@ﬂ Immae@grcvuﬁsfwﬁta@w@o

?ﬁ .5 and 1 oun for 48 hours
s&p@dﬁas%fl@gsx@u@h as alaphb“wlmﬁ,%mnomm:lud@mlsgrows that
F{I\%&E@tfﬁregrghgg srﬁgb lt?lélsﬁfg(lm%rr %%&Qro%%‘gtb%?\td)ed b 32 the ring
4-raginbersy <l argrgro8p$ @uéHasﬁEWhaIepd:w dered hIereMIt?o-tib substituted

H b d I I npound 1
| AVISrOUP RS Sea U ATISH D SHRTET RS IMIRLADH Sroup i
; .
<YRRAE!sdye SERARENE. SRR BESRB SR om0 14
t cash@datand Ynsulestitutedi arylegroups@narwbk@oﬁdeﬂdmndebrfm%re
d , , .

4§aﬁ5%eton%§20x%éﬁ@é$% N BFRGOD AIGR S, Enor BHH OTS) i the

&t donf&lild. For pFLT3 or pSTATd nodul ation: tunor
I ysat es were i munopreci pated with either anti-human

FLT3 or anti-STAT d antibody, resolved by SDS-PAGE.
| k8RR ot s Taer @r§6©b%l¢b3ﬁﬂwtﬁdeﬁc§ﬂrgj’9up abas the same meaning with

STEPRIBUASAPSR29 0 GROR AR 205 o SEREST it
amespettAd udstiostitaiedealkyl nroues) Hbweotsla sibslituted IR group also

540 B0 PSSk b Sk oad o one o

g
9 r%ﬁéﬁ’@%h%%ﬂrﬂ %E gaﬁ é@?%%ﬂ@%ﬁ’d&#gﬁbo@e and also includes
Hardrgroupsl itz which-grg guineod aromatic carbons of the aryl group is bonded

to a substituted or unsubstituted alkyl, alkenyl, or alkynyl group as defined
herein. This includes bonding arrangements in which two carbon atoms of an
aryl group are bonded to two atoms of an alkyl, alkenyl, or alkynyl group to
define a fused ring system (e.g. dihydronaphthyl or tetrahydronaphthyl).
Thus, the phrase “substituted aryl” includes, but is not limited to groups such
as tolyl, and hydroxyphenyl among others.

[0076] The phrase “unsubstituted alkenyl” refers to straight and
branched chain and cyclic groups such as those described with respect to
unsubstituted alkyl groups as defined above, except that at least one double
bond exists between two carbon atoms. Examples include, but are not limited
to vinyl, -CH=C(H)(CH3), -CH=C(CHz3)2, -C(CH3)=C(H),, -C(CH3)=C(H)(CHa),
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2(1 H)-one (Compound 1) in a subcutaneous xenograft
nodel of human MV4;1 1 or RS4;1 1 | eukem c tunors in
wWESIBMNGDB i ce. (FI GURE 12) WMV4;1 1 or (Fl GUREPABYSHRESI017922

11 cells were inplanted s.c. into the right flank of
SCIDNOD mice (n= 10 mce/group). In W4;1 1 studies,
Vehicle (O or Conpound 1 at doses of 1 (), 5 (A), or

30 () nmog/kg/d for 15 days was adm nistered orally when
tunors were ~ 300 Mm®B. In RS4;1 1 studies, Vehicle (O

or Conpound 1 at doses of 10 (A), 30 (), 100 () or 150

() nmg/kg/d for 8 days was adm ni stered orally when

t u@CﬂzWaﬁﬂ;‘lﬁS{%mxeﬁ | Gdrbpertenl E}‘f’c%l?&f&oqn%'gh%bdut?dienyl,

intermtte cycl 1 ¢ dosage reginens o _
orpariiadienyl, and yhexadierygt among othars.  (Bosqroeetdodiments,

B e A
days off (X). (FIGURE 15) Conpound 1 induces

r §00%3Fi on ofhé pheseNVsdbstitdteduamoend” hklthe dame méating with
(n=10 m ce/ group) were staged at 300 (A, 500 () or " )
1068Pg5t tarkmsubsliitacealikeny gbauRsithal sy bstititacbalindgrapps had with

; : _ > .

SHaPeE P EL YRl Bl Biehs ATFRTE Biferit Boubnoludes

oradkeryyl grolss imwikigh d ridn-catbonyarl ren-hyRiregeg aters is bonded to a

SRS GEURE St 8t hte i Pl uBongn of ne o

Reseltbdh BE ndihydrdgdria®nts RftdHdeR 8t @é}b&ﬁ%tmﬁd}vﬁqn a double
/d x 50 days were re-treated wth 30 ng/ kg

kgl d
?imtﬁhf@ anathencarbanel AD, data are expressed as mean

tumor volunme SE (n = 10 m ce/group), Panel E

1dPO7Bho2e) TREPRER SRR A "efRiR o Syt Bnd
afraholsed thainrgreuss such aslthd¥d destribbdemtt tdspect to unsubstituted

proliferation of MV4:1 1 or RS4;1 1 tunors i n SCI D- NOD
meﬁ@ltg,r@w%as ﬂp{lﬁe@gbﬁw,@cept that at least one triple bond exists

Ao n0 B £ | ' A . N B

R SOl BB g BRSO Mo -c-Cl.
= - 1 £ 1S

(FEROTEAT Co 0 Lol i),
-C(H)2.C=C(CHzCH3) among others. In some embodiments, unsubstituted

alkynyl groups have from 2 to 8 carbon atoms.

[0079] The phrase “substituted alkynyl” has the same meaning with
respect to unsubstituted alkynyl groups that substituted alkyl groups had with
respect to unsubstituted alkyl groups. A substituted alkynyl group includes
alkynyl groups in which a non-carbon or non-hydrogen atom is bonded to a
carbon triple bonded to another carbon and those in which a non-carbon or
non-hydrogen atom is bonded to a carbon not involved in a triple bond to
another carbon.

[0080] The phrase “unsubstituted heterocyclyl” refers to both aromatic
and nonaromatic ring compounds including monocyclic, bicyclic, and
polycyclic ring compounds such as, but not limited to, quinuclidyl, containing 3

or more ring members of which one or more is a heteroatom such as, but not
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mce bearing s.c. W4;1 1 tunors (n= 3-5 /group) were
treated with eitherVehicle (a-e) or Conmpound 1 30
worgiokgzgisor 5 days (f-j). Tunors were resect eRBCDUSIAYE617922

2-5. Paraffin-enmbedded tunors were either stained wth
Hemat oxylin and Eosin (a, f- day 1) or inmunostai ned

with Kié7 (b, g- day 5), pERK (c, hday 5), cleaved
caspase-3 (d, i- day 5) or PARP (e, j- day 5) (wth

hemat oxylin counter stain). FIGURE 17 illustrates
representative sections fromn= 3 individual treated
tunors. (FIGURE 18) | nmmunohi stochem stry of RS4;1 1

t limited tboNl, Owiand S.r Alhowgh the pHiraBQ “Oﬂédtgatlf&igﬂ%é't‘&oé¥clyl”
tre m)rsirpg 5 /group) were tre

ae?fe ﬁe\?@ﬁg’&]eée@éy‘ébc s Hehoam Aenzimidargingit does not
( qumde REHERE Sy o ‘éf ﬁ%@ﬁtﬁ@o@qs such.as alkyl or halo

Par af fi nenmbe dedtu rs were el al ned W
HErRtRSXBeNdeddiedrEoed the(ring mipmivers aswoosgicindesushtas 2-

i . GURE il trat
ribtnlBendivicaall e shbsith s ReSEiyRtl orcuph xarbles of
t betBrSc:ydj)FHg%!% thRudSChBt AkTh ot IFsitRPRY: 'uﬁgaﬁrrﬁted'\é‘/ﬂi g 1
tunors n—BrWS%OUp were treated wt

V@Tﬁr@h’%regr”’@? ging Bty Apitkagean atosts such as,datt et Ilmlted to

R R b S R R

Cpynpainyt] pyrida2ibyl) ayazolyit(b ey ¥ H-1 Qo4-weiHalyl, 1H-1,2,3- trlazolyl 2H-
fine C{E&rmsmere ei t her stalnedvvl
O e @?-q»lyl@r(ermmwr@wmtmmmmt "

h | t i) c
(%\t@{r/égﬁ?l gl 12 @%é@%@ér a rfﬂgg)cons g\lngoehjco A& njf @%ﬁ%@ﬁ?’s
rb@tﬁm’cél@mtad&e pwzwlldmyl lno:daz@mmdumdeﬁldlns’arp‘ip@bzmyl

AR el aeltodRfc ufbuns wontainis hio ﬂd"tlmeéﬂ?gatoms

ofuch ad)l it ¢t limitdd 36 Shasyl, '|§b|ﬂ@t5]?l°§d0?fllﬁglafncfdh§®y

FIGURE 19 illustrates rep resentative setfions
seenzimigazelyl Qutaelyl, Iwmcﬂylcuildlaznlybfbmizetnamg&mmturated 3

0271
AR, B 507 bl (R S
%tpmqwmeamwmlnpermnemdlo»dz)za A, ||s_B>xaozonI(oxanq6%zolyl (? g. 1,2,4-
R ey B R Y A WS ST

membered rings containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms

such as, but not limited to, morpholinyl; unsaturated condensed heterocyclic
groups containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms, for
example, benzoxazolyl, benzoxadiazolyl, benzoxazinyl (e.g. 2H-1,4-
benzoxazinyl etc.); unsaturated 3 to 8 membered rings containing 1 to 3 sulfur
atoms and 1 to 3 nitrogen atoms such as, but not limited to, thiazolyl,
isothiazolyl, thiadiazolyl (e.g. 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-
thiadiazolyl, 1,2,5-thiadiazolyl, etc.); saturated 3 to 8 membered rings
containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms such as, but not
limited to, thiazolodinyl; saturated and unsaturated 3 to 8 membered rings
containing 1 to 2 sulfur atoms such as, but not limited to, thienyl,

dihydrodithiinyl, dihydrodithionyl, tetrahydrothiophene, tetrahydrothiopyran;
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M4;1 1 cells. Irradiated SCID-NOD m ce were inplanted

wth W4;1 1 ( 1 x 107 cells, i.v.), i.v. Treatnents
wowese/124313 | at ed on day 23, consisting of eithePCDU&1006/017922

Vehicle () or Conmpound 1 20 ng/kg given daily (A) or

schedul ed 7 dayson/ 7days off () from days 23 - 98.

Mce eliciting early signs of hind-linb paralysis or

poor health condition were euthanized. FlI GURE 20

il lustrates Kaplan-Meier percent survival vs. tine

plots (n= 10-12 mce/group). (FIGURE 21) Flow

cytometric or histopathol ogi cal eval uation of BM after

| . Uhsatirate adhdihsel H\@t’ﬁr—oﬁy&h&r‘?ﬁd?ccﬁﬁé%{%? % slulf%atoms and 1

consi sted of either Ve
ngpidgnitrogen fatora ssich ais9 Byt natdimitad tmebenzoﬂhiaaod)é,d on

arbanotnidrdy hehainiarnd T oc o B StipRReRye eedf
C)ﬁlﬁ’}’dﬁbbénﬁcﬁhﬁahnfﬁgéigeﬂ-l% 1eviieydrbBemAsthiaziny, &ité.hQinsaturated 3

anti - human HLAA C (stains epitope on hinan
wie-8 meswarad rings copfainisgoxgger s isuah gisbbdlnatdistitastto furyl;

! i%turﬁ%&@éﬁt{eﬁ%@?ﬂeﬁﬁ%cg %ﬁn\%@é&g?ﬂ\ﬁ%ﬁ %?do@ggﬁ atoms

appropriate gatl _
arm;chl’amantdd/Ibmlyllﬁé@ { tﬁabkﬁzddloﬁ\ﬂl Séteg nmsstuedted 3 to 8
vehicl e-treat ed ound 1-treated

| GPsTIgRERs RGS RGeS, B Salory LR AR id 2|$Uif!&Eafl(031s aych as,
0 roult 8k A SnM OB, baieA i & FRAHIBER rings
nmlemg M2 |0I$<ygem ptmelans ;1 tar2 suuratoms such as 1,4-
| eatibhed M Ly Sl ok (002R, FLARE 2 1 Eouch

s %selﬁénztﬂlhlényln beRzddifHiingis ahd |unst§|=§l'é@ coridRA8ed ‘Pn%terocycllc rings

tyrosi ne ki nases (See a?so Tabl e of Activity of

4-GAMFIBING-gn gbyg@reaipm qad fdeR/ox)igearatems-suojl gs benzoxathiinyl,

VAFTEIEVEREBlour Bttt dobebad SR Wiign gig or more

pIDatdmsirt thming/rsl doubleboadéd ttfbh@ @r 6o @ryge®btoms (sulfoxides

treat(gﬁF vv& E vehicle and with

ones)., 6PoeXRMBle; hetaigeyaly! grpepsainchide tegrahydrothiophene
H a2 T

show t Irﬁdqt%frgQY%e% J)@Aﬁ’ér?;é)gndlégﬁg I_I)f caug%ddn‘?%g?%rcy §§OUPS
arndhtain & areé sng swerhbeisz d\‘/lomwpneﬂem@d hétyocycidgrompsinclude

b Rl P SN, kst SV M B0 e U A0 G d 2.5
dayidzoleM 12 4-triazole, tetrazole, thiophene, thiomorpholine, thiomorpholine in
which the S atom of the thiomorpholine is bonded to one or more O atoms,
pyrrole, homopiperazine, oxazolidin-2-one, pyrrolidin-2-one, oxazole,

quinuclidine, thiazole, isoxazole, furan, and tetrahydrofuran.

[0081] The phrase “substituted heterocyclyl” refers to an unsubstituted
heterocyclyl group as defined above in which one or more of the ring
members is bonded to a non-hydrogen atom such as described above with
respect to substituted alkyl groups and substituted aryl groups. Examples,
include, but are not limited to, 2-methylbenzimidazolyl, 5-
methylbenzimidazolyl, 5-chlorobenzthiazolyl, N-alkyl piperazinyl groups such

as 1-methyl piperazinyl, piperazine-N-oxide, N-alkyl piperazine N-oxides, 2-
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Compound 1 when tunors reached 500 m8B (23a) or 1000
mB (23b)). [0030] FIGURE 24 are scanned PET-CT i nages

wokooe/1ibammn femal e patient with imatinib-refrakCDU$2006/017922

G ST treated with Conpound 1 (CH R258).[0031] FI GURES
25a and 25b are graphs of nmean Cmax (ng/nL) versus
dose and nean AUC (0, tlast (ng*h/m _) show ng that

pl asma exposure increases proportionally when Conpound
1 is adm nistered. [0032] FIGURE 26 is a scanned inage
of a Western Bl ot show ng that

4 am no- 5-fl uoro-3-[6-(4-nethyl pi perazin-1-yl)- 1H-benz

‘tl%ophéﬁé“éﬁﬁQthcﬁééyﬁalgﬁgh?‘gbﬁQbEié@ hea 1iti5

p osphgyy [ation 1n peri al ocytes
Pasibstituted beterod:y@sdmnd)lms alsodndiude tetarbCyclyl rgmups |n WhICh the

Sob e RRZa SRR mm%«hmw
Theibefifsed hnd WSObs1R0tRY Y, d8bstiatdtPgad Qﬁs&lﬁﬁﬂﬁﬂeﬂgaralkyl or
cancer, methods of treating_drug-resistant cancer,

kitnsubptitutarkhelssorycly! @mﬂmsExaanSflaﬁluagé)ut are n@tahmﬁgd to 1-
BB Aort B0, Sbe Ot AL ARl an

t W-Q'iipér&ixhnnﬂw&)erMI Broeppsunth esll\aalkyl sutsstituted piperazine
i nhi bitors of H\FDGFRa and PDGFRb, bFGF and/ or, VEG- RTK

f (EHeEPY RUCSaE N-BIHRY RiRRragiIngs sastiuiss: retPholipe @reyps, and
by é;s iBeragRalodde QH‘@% éu%hfi%'rp]ge}%izﬂﬂesﬁsoﬁ@é’ aﬁhfhﬁ-amy Biperazine

pect to vario erine oni ne Ki nases
cd\immdeésarprmmiﬂels btsemne substifoéed betandbatobd grannps Groups such

o Ttta0 PncrBry Favpesven ap relivhSthued Fperazine

' "d'l*bbbé @ﬂc@és‘?(ﬁ%ﬁ?'&p&%@%‘ ad the Ifker sUE@tlthéd morpholine
onpositions and nethods for reducing capil

prgzsoup%rmwr@mrm& -axide geoupseandihalky plaarazme Nyox1de groups are

P el oL ke el sl AlerGBRM oung it ard Bgecial suited

trgso[a@bﬂpf grdiss.appl i cation: [0035] "AML" is an
abbreV| ation that stands for acute mnyel ogenous

f ﬁﬁogﬂi/ gt E ggﬁ?‘g plaéégapngut?s%tl.?tbgrh%\{er%tclygl?lla ky:f’t re ergqg >
unsubstituted alkyl groups as defined above in which a hydrogen or carbon
bond of the unsubstituted alkyl group is replaced with a bond to a heterocyclyl
group as defined above. For example, methyl (-CHjs) is an unsubstituted alkyl
group. If a hydrogen atom of the methyl group is replaced by a bond to a
heterocyclyl group, such as if the carbon of the methyl were bonded to carbon
2 of pyridine (one of the carbons bonded to the N of the pyridine) or carbons 3
or 4 of the pyridine, then the compound is an unsubstituted heterocyclylalkyl
group.

[0083] The phrase “substituted heterocyclylalkyl” has the same
meaning with respect to unsubstituted heterocyclylalkyl groups that
substituted aralkyl groups had with respect to unsubstituted aralkyl groups.
However, a substituted heterocyclylalkyl group also includes groups in which
a non-hydrogen atom is bonded to a heteroatom in the heterocyclyl group of

24



sclerosis. [0037] "AD' is an abbreviation that stands
for Al zheinmer D sease. [0038] "APP" is an abbreviation
w0 b@b/13t4ands for anyl oid precursor protein. [O0PGPPS2006/017922

"ASCT" is an abbreviation that stands for autol ogous
stemcell transplant. [0040] "BM is an abbreviation

that stands for bone marrow. [0041] "bFGF" is an

abbrevi ation that stands for basic fibroblast growth
factor. [0042] "FG-R1", also referred to as bFGFR, is

an abbreviation that stands for a tyrosine kinase that
interacts with the fibroblast growh factor FG-.

gﬁelégkg%rgggclﬁalﬁgﬁg%xfsﬁ%h% ‘”bh;ﬂﬂt grﬂg%d g%gapg@rog% #6iin the

t rmperMaedmgfojra pipetidinyidéhybgrbaipt. ki adabtion .a $Lﬂﬁ;44ﬂ]tedCdk
e L L38O o o AT SO

Stl’f’}@?@gérpboﬁ@%ﬂ?@él%l d‘drﬂéﬁﬁeémﬁﬁ%@plac@@lbﬁa Hohd®o a

seri nel/ t hreoni ne ki nase that ands for Caseln kinase
1 gubstituteshand [um@klaqstltutﬁdmul orl substitutbd madi unsubstitubed aralkyl

o Bk Fr ST Rl e ot R0 R BRRARE B ATy methy

wgndjs;;mé}%or&dﬁnt# lsmeéthyp known as stemcell factor
receptor or mast cel?/ grom h factor receptor. [0050]

F% is an abbrevi ation for the fibroblast growh
f 0P84 t hat The Bhrasesunpybstitdecalkoxyosefers torhpdroxykgroup

t
ORI 88 EHRoThERTEIRD 08 bYEpRLEa i 486 oo
exgareers atbm of anldtheiwdse unsubstituted alkyl group as defined above.

[0085] The phrase “substituted alkoxy” refers to a hydroxyl group (-OH)
in which the bond to the hydrogen atom is replaced by a bond to a carbon
atom of an otherwise substituted alkyl group as defined above.

[0086]  The phrase “unsubstituted heterocyclyloxy” refers to a hydroxyl
group (-OH) in which the bond to the hydrogen atom is replaced by a bond to

a ring atom of an otherwise unsubstituted heterocyclyl group as defined
above.

[0087] The phrase “substituted heterocyclyloxy” refers to a hydroxyl
group (-OH) in which the bond to the hydrogen atom is replaced by a bond to
a ring atom of an otherwise substituted heterocyclyl group as defined above.

[0088] The phrase “unsubstituted aryloxyalkyl” refers to an
unsubstituted alkyl group as defined above in which a carbon bond or
hydrogen bond is replaced by a bond to an oxygen atom which is bonded to
an unsubstituted aryl group as defined above.

[0089] The phrase “substituted aryloxyalkyl” refers to an unsubstituted
aryloxyalkyl group as defined above in which a bond to a carbon or hydrogen
group of the alkyl group of the aryloxyalkyl group is bonded to a non-carbon
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nyel oma-type cancers. [0052] "Fl k-1 " is an
abbreviation that stands for fetal |iver tyrosine

whewaaei4ly al so known as ki nase-insert domai n PET/OS1006017922

ki nase or KDR (human), al so known as vascul ar

endot helial growmh factor receptor-2 or VEGFR2 (KDR
(human), Fl k-1 (nouse)). [0053] "FLT- 1" is an
abbreviation that stands for fns-like tyrosine

ki nase-1 , also known as vascul ar endot helial growth
factor receptor-1 or VEGFRL . [0054] "FLT-3" is an
abbreviation that stands for fns-1ike tyrosine

PR S B SRBEAL AN |35tk oo

f grofips of inkwhichrtbe iand drouaeéthe, a@lm@alknybg\nmua)ssmtuted aryl
[0056é " l%l? [,S ban abbreviation that stands for FYN

oaYR A REd@PP¥Pated to SRC, FGR YES. [0057]

"GSK-3" is an abbreviation that stands for glycogen

syo09else ki MarepRraskO0ASIbstiRAR] HetdrdcpdlylaRPaIRYIM féfefitto an
that stands for a kinase al so known as di shevel ed

asusebalitatedcalkylsgrouniassiafinegrpbeyeimayicin e sgrbon brnd pg

a v Vi - i f
YRR b Rrebliiod e Pp3b oA Gth é Bonded to
alzr envsudistituied hateretyolglgréop as definedabolhesoni ne ki nase

i n the MAPK (Mtogen activated protein kinase) si gnal

h ) | t hat d. of
RIBIGEKS. et sdalp helerorr e KU Ertels 1 &
r e@iauBsdted Iﬁ‘@t%?dcyc[ﬁ&@%]kyl ¥u (9 8s anlﬁ&PéSd\'/élH Which®bond to

stansforrrutlp K- is an
alsbearppatar diydragen grtoapdzf ﬂn@ alkml MQNpr@‘I tbeé@tmnm@;aloxyalkyl

e 5,086 0.8 nBsRRRor oRtydifbert bt g figrived above
t lwith ispedstof wbsntu'té@ latilyl gesupsest igwdwemthe heterocyclyl group of
the heterocyclyloxyalkyl group is a substituted heterocyclyl group as defined

above.

[0092] The phrase “unsubstituted heterocyclylalkoxy” refers to an
unsubstituted alkyl group as defined above in which a carbon bond or
hydrogen bond is replaced by a bond to an oxygen atom which is bonded to
the parent compound, and in which another carbon or hydrogen bond of the
unsubstituted alkyl group is bonded to an unsubstituted heterocyclyl group as
defined above.

[0093] The phrase “substituted heterocyclylalkoxy” refers to an
unsubstituted heterocyclylalkoxy group as defined above in which a bond to a
carbon or hydrogen group of the alkyl group of the heterocyclylalkoxy group is
bonded to a non-carbon and non-hydrogen atom as described above with
respect to substituted alkyl groups or in which the heterocyclyl group of the
heterocyclylalkoxy group is a substituted heterocyclyl group as defined above.
Further, a substituted heterocyclylalkoxy group also includes groups in which
a carbon bond or a hydrogen bond to the alkyl moiety of the group may be
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factor. PDGF interacts with tyrosine ki nases PDGFR and
PDGFR . [0065] "Rsk2" is an abbreviation that stands

wo evosni24aesomal S6 ki nase 2. [0066] "Raf is a PCT/US2006/017922
serine/threonine kinase in the MAPK signal
transduction pathway. [0067] "RTK" is an abbreviation
that stands for receptor tyrosine kinase. [0068]
"Tie-2" is an abbreviation that stands for tyrosine
kinase with I g and EG- honol ogy domai ns. [0069] "VEG"
I's an abbreviation that stands for vascul ar
endot helial growh factor. [0070] "VEG--RTK" is an

S%gfb%ﬁtl@éd Atntd oPh@P@?d&%néﬂ}iﬁb‘é ififie® ?gggﬁ%hbanuted

actor receptor tyrosin
Gdrr&temclyylesr éhangples inaude belrdrai notélhmmelrtb pidk2-gmorpholin-4-

cHUsRHS B gl o o Gt o T

i nclude hydrogen or H, it also includes deuterium and

t riobo4M [ 007 H’ﬁé%eﬂbhmu’c&t@aldﬂ%d)dybIktyPCIeﬁier) an

refers to alkﬁ/( groups that do not contain
M

heinsubstitsied a L@rouneaqcﬁﬁfa@@l abnyeld avhieh azaghen baad or

I I I I

04785105 SRR BonaSh B oA Kl ponce o
dcmemyéutmnmtedjelwl grouplaedpfmetabadeso i ncl udes

branched chain isoners of straight chain aIkyI groups

| ﬂﬁbgiggbg%@oﬁﬁ I@Tg&%‘i@ut d gsyljzorvemfer}g to an unsubstltuted

- KSIRIGELREPs dori 8 SHRA B nic ch%( L35 %%wggdmgen

- @ap OFf)esalkylaHRap GHRIGHENS, alkaxy(grbuapCH(e::alkﬁ)(yaIkyl group is

" Ay ot ond pesrmabisis s olab BRbe R e yith

ﬁu 3 CHCH3)CH(CI—IS) 2,
m(mg%%t?téﬁﬁgfy CI—F);I)()CH (2CH3) , and ot hers.

The hrase al ss lncludes cyclic al kyl ups such as
cyl0P38) kyl grhauissmspesteste WﬂhdSﬁBWIthW&Mgf@upS amine

gﬁgﬂ)ﬁ’ﬁ?@ﬁﬂ sulﬁ'X/GI'ﬂ RFSWs rtdis' 86 RAY br tHE3H N GHSH¥S which are

such ri
protected from undeswable reaction with a protecting group known to those

skilled in the art such as those set forth in Protective Groups in Organic
Synthesis, Greene, T.W.; Wuts, P. G. M., John Wiley & Sons, New York, NY,
(3rd Edition, 1999) which can be added or removed using the procedures set
forth therein. Examples of protected hydroxyl groups include, but are not
limited to, silyl ethers such as those obtained by reaction of a hydroxyl group
with a reagent such as, but not limited to, t-butyldimethyl-chlorosilane,
trimethylchlorosilane, triisopropylchlorosilane, triethylchlorosilane; substituted
methyl and ethyl ethers such as, but not limited to methoxymethyl ether,
methythiomethyl ether, benzyloxymethyl ether, t-butoxymethyl ether, 2-
methoxyethoxymethyl ether, tetrahydropyranyl ethers, 1-ethoxyethyl ether,
allyl ether, benzyl ether; esters such as, but not limited to, benzoylformate,
formate, acetate, trichloroacetate, and trifluoracetate. Examples of protected
amine groups include, but are not limited to, amides such as, formamide,
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substituted wth straight and branched chai n al kyl

groups as defined above. The phrase al so includes
w@odogayahd ¢ al kyl groups such as, but not |i m PEDUS®N6/017922

adamantyl norbonyl, and bicyclo[2.2.2]octyl and such

rings substituted with strai ght and branched chain

al kyl groups as defined above. Thus, the phrase

unsubstituted al kyl groups includes primary al kyl

groups, secondary al kyl groups, and tertiary alkyl

groups. Unsubstituted al kyl groups nmay be bonded to

one or nore carbon aton(s), oxygen aton(s), nitrogen

at t .

PRI Mo gt o T e b ARt Sy A mice,

arahd)dlﬂfnoi;lmtlmhmie] axldgthery. obxesmpled afyrbdliected sylthydryl groups

S e B R ot VR 5 i gis s Sahnet Gioggher, and S-4-
C %@&?I tﬁldé‘l'ﬁer‘“’@bbé’cltﬁté%”siﬁﬁ’étﬁylpd@rf\%'h(@Q sﬁbﬁ Bs We%ﬂﬁo dithio and

have from1 to 5 carbon atons. Mbst preferred
urﬁsmethI@@Detﬁl%Ian othersups i ncl udestrai ght and
branched chain al kyl groups having from1l to 4 or from

R SR R
r éhergantcobase, wngaahelbkatsél mdr?rﬁcy heids organis adidf bﬂbdsm or acidic
above in i/;u ch one nor e nds tq a carbon(s)

hyAIPhgeis) Agrsd t?@;ﬁl‘%@ﬁ”'&ba&eéo‘iﬁ'@ Ipvenion Iﬁyl@ﬂsgef@r gxample,
PSJRARY s 8o Sl or ol et sugh oo
o>qagﬂumaarlﬂ11ﬁagngsmupsr aluctinam; Apd roxybnig: olks)saltsabk@ngyamc

SRR R SRR, R SR BB P iemine,

SLﬂyfrl'dﬂ‘fé PicURRE, efiahbRIMGINE! @idBfanofthine%hd gﬁé’tHHﬁﬁla?fﬂHe. As
sul'f oxi de groups; a nltrogen atom.in groups suc

arﬁ?#@@ ingrDaeis, acids jhemsiay, inventionyinaliassfor example,

RN Bt oA s St RS o, S8 o

I radid A leplts iof wrgagiioupiels,; theahktan@mveatibl indlids&)Jor example,
aIk | di arylsilyl groups, andtrlar%/IsHyI groups and
otfABRICIAN rmlemsc'd ﬁrlfﬁwpe@%tl%@m@r ugasicoacid . sunsdiciacid, dartaric

alae, aRPSa] @8?3: g&'due fridbaubs égh.%'cfd“ AR deido
to a carbon dro én"( atom’i s replaced
bymethaoedulfania abiel; benmmaul;fonlm acid mndg;pﬂolueneanlfm@bcnd As
°q ﬂog basic amino acids, the instant invention includes, for example,
arginine, lysine and ornithine. Acidic amino acids include, for example,

aspartic acid and glutamic acid.

[0098] In one aspect, the present invention provides a method for
treating drug-resistant cancer. The method includes administering to a
subject in need thereof, a compound of formula I, a tautomer of the
compound, a salt of the compound, a salt of the tautomer, a mixture thereof,
or a pharmaceutical composition comprising the compound, the tautomer, the
salt of the compound, the salt of the tautomer, or the mixture. In such
methods, the subject is a cancer patient with drug-resistant cancer, and the
compound of formula | has the following formula:
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and ester groups; nitrogen in groups such as imnes,
oxi mes, hydrazones, and nitriles. Preferred

wgaaisti244u3 ed al kyl groups include, anong ot herBCT/E51096/017922
groups in which one or nore bonds to a carbon or
hydrogen atomis/are replaced by one or nore bonds to
fluorine atons. One exanple of a substituted al kyl
group is the trifluoromethyl group and ot her al kyl
groups that contain the trifluoromethyl group. O her
al kyl groups include those in which one or nore bonds
to a carbon or hydrogen atomis replaced by a bond to
an oxygen atom such that the substitutgd al kyl group
contai ns a hydroxyl, al koxy, arylRxy group, or
het er ocycl yl oxy group. Still other iR I,OUpsS
i ncl ude al kyl groups that have an
di al kyl am ne, aryl am ng’
di aryl am ne, hetercy
(al kyl ) (heterocyc
or di het erocycl yl am

"unsubstituted arﬁs' SZe 1 groups that do not
contai n heteroatofns. Thus, %y way of exanple, the
phrase includes, but istnot limted to, groups such as
phenyl , biphenyl, ant hracenyl, and naphthyl. Al though
t he phrase "unsubstituted arylI' i ncl udes groups
contalnlng condensed rings such as naphthal ene, it
d¥&€'iBt i nclude aryl groups that have other groups

such as al k!, RP- R33|é?1c9R®H‘Fb§/ &@ﬂﬂﬁ@bmé dmﬁffé?énté\ﬁ?d areng
rrerrbers as aréﬁ groups such as tol él are consi 9

Eercmnendenﬂxese tad fromdd, Gk @A, brloo@ grqy@§cerBe8 groups,
S PA AT R oY), o B vl
i ot ot it sk
g%%wag subsiitutagber amwﬂstljuteiﬁﬁwaw srmupa%lﬁ%meﬁ
B R0 d0LR tyl g%t%%]é oFQ@oﬁﬁut%Eleor Lﬁt‘é@l%tlﬁxt’é@d

“ary gfoup ‘has~- W th respect
uhetdrstydlvaigl grqupsgr oups that substltut ed al kyI
groups had with respect to unsubstitut ed al kyl groups

. However, 5S lztut gar ou al so I I

groups in vvl% E@ % @Sroﬂéir@&ﬂeggg@% %g%

t hdpRerfently selected from H, CI, Br, F, |, —OR13 groups, -NR™R"™ groups,
-SR' groups, substituted or unsubstituted primary, secondary, or tertiary alkyl

RE .
het er ocycl yl ) am ne,
The phrase

groups, substituted or unsubstituted aryl groups, substituted or unsubstituted
alkenyl groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or
unsubstituted heterocyclyloxyalkyl groups;

R'® and R'"® may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylalkyl groups, substituted or
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t he non-carbon or non-hydrogen atons descri bed above

and al so includes aryl groups in which one or nore
W@e@ane44e3 car bons of the aryl group is bonded POI/ES2006/017922

substituted or unsubstituted al kyl, al kenyl, or

al kynyl group as defined herein. This includes bonding

arrangenents in which two carbon atons of an aryl

group are bonded to two atons of an al kyl, al kenyl, or

al kynyl group to define a fused ring system (e.qg.

dihydronaphthyl or tetrahydronaphthyl). Thus, the

phrase 'substituted aryl"” includes, but is not limted

&55&1 %@gwgw@s&e@bm G?Sfmgbgﬁi@fegn&‘yﬁwloxyalkyl

ers unsubstitute
r grcexp§ Dosubstauf@utoramfoubsuutﬂvbhetemwlymdjaﬂw graups;
groups such as those described with respect to

that at | eady a8 Rio HebAPE uRSs e Sy MaBft e Bl Mbpendenty

caelb@mdamﬁ%ubaumm @s uhsl.%smﬁed@lt yl @Fcu tsubsmtewort 0
vinyl, - C(H)(CH - 3)2 CH3J—

TS GE RSP US| WSS B LS SMEREREteTocVa groups;

cyclopentenyl cyclohexadlenyl but adi enyl

t adi | R
pentadi eny unsu st i Lyt%éyd QOPHW%’rént é}ﬁl‘i él‘gﬁdﬁpandently

enbodlnents enyl groups have
t selgctedrfbom sabstituited GGWqum’hmtpdradigég\*mﬁsssubsmtabbd or

o hSRaie B3 B e BRSO B Ated ot Ui sibtarogypy! aroups;

gaAadps had wth respect to unsubstituted al kyl groups.
A substituted al kenyl group includes al kenyl groups in
whi ch a non-garbon or non-hydrogen atomis bonded to a

car bon doubRe @cﬁaﬂ@aed&oaméﬂh@ﬁu@drmdmswhatlwmalkvlngroups
f
bon@aé&t&g@ucﬁasp ﬁé&;grﬂ%%%ne{&r%@ [ n%%s |t§|ted

ahetelnmyod;&ngbwps.[OO?S] The phrase "unsubstit uted
al kynyl" refers to straight and branched chain groups

L e T N
Oﬂﬁnéér' ﬂieesdb}é'@l |§éhﬁ$|ﬁlsfé¢éél‘%%nﬁﬁ&lﬁ%mﬁn@faoﬂr% tautomer of

Exanpl es include, but are not limted

- thepamppaynd, a saltpHe@aNpourd), lpgatisaf{ e tautomer, a mixture
ﬂe’#&%?&%ﬂ@rmacgﬂﬁcal composition comprising the compound, the

tautomer, the salt of the compound, the salt of the tautomer, or the mixture,
wherein the compound 'of formula 1l has the following formula and R” is a
substituted or unsubstituted heterocyclyl group:

H
R7
F NH, N\
H H
N
\ N
H N 6]
H

II
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- C(H) 2C=C( CH2CH3) anobng ot hers. In sonme enbodi nents,

unsubstituted al kynyl groups have from2 to 8 carbon
W@r@aa244D079] The phrase "substituted al kynyl PCTras200ére17922

same nmeaning with respect to unsubstituted al kynyl

groups that substituted al kyl groups had with respect

to unsubstituted al kyl groups. A substituted al kynyl

group includes al kynyl groups in which a non-carbon or

non- hydrogen atomis bonded to a carbon triple bonded

to anot her carbon and those in which a non-carbon or

non- hydrogen atomis bonded to a carbon not invol ved

i In&otid Slich bvbddinersts ORﬁﬂi a eab$titnted SOFHubSHRItEd hairocyclyl
"unsubst |t ut ed heterocycl " refers to both aromatic

argHowp salestad frema ﬁgb%tesﬁﬁ?@mfdmuhéw%%glmﬂﬁlw&emm
b
oL GRpPE Kooyl bRSUE MRHARE o §1458 difibodifents, RT s

menbbstited wnivnisubstituted Nealleyl ipiperabieykegoaporn Soate sunh

but not.| i mt to, N .O and S t.hou h hr ase
e &8 ih & eftistlited o7 unaubeAILG oo sbtbrasiny group

h .

i %@L@S%%‘ GroupertRIRg pRRAEHR)EAAbIRes kbmC0RP4 Bafbon

s@ddmss al kyl or hal o groups bonded to one of the ring
nmenbers as conpounds such as 2- nethyl benzi m dazol yl

ndB100c 1 it SOaleeRbSaK s iR BRand PRl prugrresistant
urBater, aheéquebblsE’admiﬁﬁm&l@! | comogﬁdtoﬁilfcmmﬂa 11, tentatitomer of
nitrogen atons such as, [imted to yrrol

I
pyhe §pmppund; aisal £ the cowpaaa @ﬁalt@f/ﬁhaﬂmmer a Mixture
d ,
[ iULepit's BhdithandRiieaBHbosifith BBl aie! fidlnc, the
, Jadtomerathal sdlt of2He cbrrmcﬁm itheer sdaly bf ‘étecta)Jtomert, oatte plixture,

(e..q. 1H-tetrazo azoI etc. turated 3
{ Sibrabterc ROt B IR tre DI ol PEBER: ot ors
such as, but not limted to pyrrolidinyl,

i m dazol idinyl, piperidinyl, pipergzinyl; condensed
unsat ur at ed heterocycllc grouw T tagnrﬁg_;,to 4
nitrogen atoms such as, but not 1t ad tjf i ndol ylI ,

I soi ndol yl , |ndoI|nyI |ndoI| +m dazol yl ,

qgui nol yl , |squ|non , i I enzotriazol yl;
unsaturated 3

nad

il

[0101] The invention also provides a method for treating cancer. The
method includes administering to a subject in need thereof, an anti-cancer
drug selected from Gleevec, BAY43-9006, Brostallicin, lenalidomide
(Revlimid), thalidomide (Thalomid), docetaxel (Taxotere), erlotinib (Tarceva),
vatalinib (PTK-787), VEGF-trap, fenretidine, bortezomib, bevacizumab
(Avastin), pertuzumab, and/or rituximab, and a compound of formula |, a
tautomer of the compound, a salt of the compound, a salt of the tautomer, a
mixture thereof, or a pharmaceutical composition comprising the compound,
the tautomer, the salt of the compound, the salt of the tautomer, or the
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to 8 nenbered rings containing 1 to 2 oxygen atons and

1 to 3 nitrogen atons such as, but not limted to,
Wo@x@bB0R4413 | soxazol yl, oxadiazolyl (e.g. 1,2, 4PCT/US2006/017922

oxadi azol yl, 1, 3, 4-oxadi azolyl, 1,2,5-oxadi azolyl,

etc.); saturated 3 to 8 nmenbered rings containing 1 to

2 oxygen atons and 1 to 3 nitrogen atons such as, but

not limted to, norpholinyl; unsaturated condensed

het erocyclic groups containing 1 to 2 oxygen atons and

1 to 3 nitrogen atons, for exanple, benzoxazolyl,

benzoxadi azol yl , benzoxazinyl (e.g. 21-1-1 ,4-

b@ﬂ&ﬁ)ffézwmﬂelﬁﬂ% %@m GAd Bf ArRfl) hes th @c RAahd Biperties
it 3s Ingatrctl

cont al ni ng at ons and rogen
atsmwrsahnvasmth bsz&pem:bto thermeﬂubct«n‘ tredtlr@zdmgl-remstant cancer.

TR T ek Ty P
1,r8frctbhy /b 6t M'Iore %? thase SfeaRiRd r§g§ OTﬁe 'E%ﬁﬁﬁfu‘ﬁ@s of

rlngs containing 1 to 2 sulfur atonms and
nifeinagan, bt ane!|lsareruseiul indreatiog canaet p@tlerﬂs wnth cancers that are

eaRaRof b esist A e Haf A DO A ntel drlbsen s,

but not limted to, thienyl, dihydrodithiinyl,
d|[0‘y@I2]od| t hiloonk, erisddiatent obtHa wetrestefor treating cancer, the

t et d hi t t densed heterocyclic
 PHBR B AT % Gommoni,eY Tarfuns Tadautorestr the
NichhRMdah QER o?‘fﬁé‘ggmo \C’IB Aebitldf ﬂ})é ?ﬁlt{)rﬂer a m| ure thereof,

benzot hi azol yl, ben I'azol yl, "benzot hi dzi
(Ora. pMceﬂthr@Nﬂﬂs&tﬁm@ﬁmpe&;mthe compound, the tautomer, the

di_hyd t h

o0k O 05 AR Bla, BbimeliSirye tautomey, orthesminiurecuherain the

8 coRpaRingbffbMBisladPRAS HY foemale) St bB8Pe Sé'thRa% a BUbstituted
not limted to furyl; unsaturated condensed
h@rénéu%ﬂtut@drhetg@caf@m giobipn gn some sudixggboediments, Bliéha

" SuBEAERA O qllbshfinda nerelaBi UGS Slecied ot o 8%%"5%60' or
ok miperidiny T Qroup] pipBresirg group. Wf moholinghidre. In
ST o S SpibosBEDise K 48 B RAPSHAAd PEUBSERRTkgEdN-alte!

B oupy 1 S R RO s A" B SES Ao

benzumtﬁhiedriy-lal kyhpiparaziaylugratp ainddhdatisg grdwes of theymiallql
U Sl AR B 2Bl 10 2 Or0en
[0103] In one embodiment of the method for treating cancer, the
subject is administered a compound of formula lll, a tautomer of the
compound, a salt of the compound, a salt of the tautomer, a mixture thereof,
or a pharmaceutical composition comprising the compound, the tautomer, the

salt of the compound, the salt of the tautomer, or the mixture, wherein the
compound of formula Ill has the formula shown above.

[0104] In some embodiments of the method for treating cancer, the
compound, the tautomer, the salt of the compound, the salt of the tautomer,

the mixture, or the pharmaceutical composition is administered to the subject
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Het er ocycl yl group al so include those described above

in which one or nore S atons in the ring is
walouwbliz4ibdnded t o one or two oxygen atons (sul PORUSEE6/017922

and sul fones). For exanple, heterocyclyl groups

i ncl ude tetrahydrothi ophene oxi de, and

t et rahydr ot hi ophene 1, 1-di oxi de. Preferred

het erocycl yl groups contain 5 or 6 ring nenbers. Mre

preferred heterocyclyl groups include norpholine,

pi perazine, piperidine, pyrrolidine, imdazole,

pyrazole, 1,2,3- triazole, 1,2 4-triazole, tetrazole,

tanhs i{%dgictgﬁie[)@@ BEen taHhﬁH‘%fe?@@'té e Siibojbd. 9 dther

S atomo 0|ne|s bonded to one or nore
Cerabodnsnerpiwﬂwelcmmpmlmbitmetaammer, the salilof thexcompound, the salt

ol,i di n-2- Xazo qui nucl | n thla oIe
P8 stoiar, e’ Bt e e BE soshBistfdh,
pmra&ﬁsteﬁédnﬁithblguafbdﬁ@bﬁfr@w@ awti- caheéeamgt l@asﬂﬁeen
unsubstituted heterocyclyl group as defined above in

vidroimigiaeedsio thersaibisict: iesiill elerembadimpstsp trieempeurd, the

Btk M B R Hip BT iR o B uF PRtk o FRERS, or

gﬂh@%‘ﬁam@t@ﬂﬁé&%orﬁrfwlitm?s dainrhlﬂ@tfedab ﬂh% subjedt atothe same
nmet hy nzi m dazo nmet enzi azo

gl raﬁﬁa@focﬁjﬁa% rﬁ%&%p@%e @!ﬁtb%@ﬁer i %32 rmnls r%ib%th@lfdmect

as 1-nmet hyl piperazinyl, piperazine-N oxide, N-alkyl

U%SEZ' ne M%?%%bo%‘irﬁ@ﬁ&oéystéﬂb‘lﬂ% staftis achieved and/or

chl or opyri di nyl anong ot hers tion,
sa beductiondd threpe sizeyasicyrs igribessibidt aften atiodristration of the

h wh he bond h
ARG b (BRR S o Griteingh, e 85 of the tpytomer,
Pietmikture, sHi pﬁéﬁ‘r%(te%ﬂéaltdb‘m&%lﬂldmt ed aryl,

substituted and unsubstituted aral kyI or

unsubstltuted het er ocycl yl group npl es i ncl ude but
Bbt | i nincanpther QSpqséﬂf\ﬂl@y%\qndprﬁyqdes therapeutic

3_@1398&'& hQHHa T(ﬂ@' @Lﬁéh compocfltlor]s and Kits include an anti-cancer

f Fol rdirn= yrT1ol
Adug gred ad:nmpbu.mld)ofrfommlad; aydautomamqﬁms ocoimpasndl- akal bf the

Y A Ty —
g%é’rﬁkl_éélhﬁﬁ B'h@k'ltg Pl PIERRISSHE boRTpdtdes 83 'a”@orﬁbi%dde

perazine N-oxides are exanples sone
sumtaratmre@r Ben@ltwtgwlsyse@aratqmr sequapkalgisenn atbe treatment of a

zﬁﬂﬁéﬁtﬁ?gaagbﬁg-geglﬂgntgca%ﬂ%? =) %u% I ﬂ\ssaihléysame structure and
properties as described above with respect to the method for treating drug-
resistant cancer. In some embodiments, the anti-cancer drug included in the
kits and therapeutic compositions is an anti-cancer drug other than the drug
that the cancer is resistant to. In other embodiments, the anti-cancer drug
included in the Kits and therapeutic compositions is the anti-cancer drug that
the cancer is resistant to. For example, if a patient is refractory to Gleevec,
then a kit or composition may include one or more compound of formula I, Ii,
and/or Il in addition an anti-cancer drug such as Iressa. Alternatively, if a
patient is refractory to Gleevec, the kit or composition may include one or

more compound of formula |, Il, and/or [Il and Gleevec. The purpose for the
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groups such as N-methyl piperazine and the I|ike,

substi tuted norpholine groups, piperazine N oxide
w@e@apsi41mand N-al kyl pi perazi ne N-oxi de gr oupsPEr/ES2006/017922

exanpl es of sone substituted heterocyclyl groups that

are especially suited as R6 or R7 groups. [0082] The

phrase "unsubstituted heterocyclylalkyl" refers to

unsubstituted al kyl groups as defined above in which a

hydrogen or carbon bond of the unsubstituted alkyl

group is replaced with a bond to a heterocyclyl group

as defined above. For exanple, nethyl (-CH3) is an

%@HQ% idf ¢$iesyad isythad r@gﬁesisfar&:ehndi patientanaymof be keown

g"f}fmmyne Juucro acninistared daipatats MACHEAY. (RIS e
ﬁgﬁﬂ} ﬁ\g@fde%f pd(jjlg]'ﬁ'l(# 8t nt! 'Pgts‘?ﬁé?ﬂ{b‘ﬁud@alﬁ’@%foothree

pyT I ons or 4 of

R)ffmdremffetdm mantiteancerugsdn isslditionuitoghe sompauads of the
heterocyclylalkyl group. [0083] The phrase

"iBY@Hiant ut ed het er ocycl ylal kyl" has the sanme neaning
with respect to unsubstituted heterocyclyl al kyl groups

t ubst i
L@SBEE hﬁ?z@ﬁﬁidﬁ%e@t’sﬁmﬁe RAE antittherapentic compositions,

titute I kyl groups. However, a supstitu
rteemommh nd eﬂfra;mu@rlothe faugzmemﬂ thgcompaiiss th %Swﬁpg‘ﬂ‘e
a_ non en
PRy S5k 36 I aRRE RS Ahd plriRe RigipoORd Sorund of
aférmﬁl# [, @tadtoriet 8fitHeoccormpaurid obf@nmata)m a salf béthe compound of
pi peridine ri ng of a piperjdinylal

aloamuleoth, a gakk ebte ﬁaut%e'h%ﬁtbf%&@m%}{vn& %Jp"ﬁ\i%‘dg afjafgixture
tgl%hé{g‘e \ﬁ/{\%kﬂ f?tiey I:Bmﬁf%ﬁ% fo‘?fcﬁﬁ{lﬁé’ﬂ Me%rrﬁul@’ﬁ{dﬁﬂﬁ@bwe

group Is replaced by a
band R ds a wbbﬂuédjbednwbstmned heteérooyeld group. dn some such

?agﬁs batﬁhjéﬁdg é?dés %gﬁgw Hiqtdgctyel?rbs%rb% it¥d ﬂepel?BCyclI:\ﬁ %u;? Selected
PRE eny+ %Bétﬂﬁ?}—:’o‘ﬁc?r%ri’sub‘shtu‘f@i Ekﬂenaﬁgl group, pi iperazinyl group, or

p nor pho

h
" ouspisiiniyt graet: anieoaye oftbﬁ@eﬁmbp@mw& yﬁ%gélﬁitsﬁgltuted or -

b
uprarsstd ohGegndrady T ShRERL Shefmerss. R 2
ugghifitiicdura shsabkituta Nuskypiserbizingtigaupvand the alkyl group of

the N-alkyl piperazinyl comprises from 1 to 4 carbon atoms

[0108] In some embodiments of the kits and therapeutic compositions,
the compound of formula |, the tautomer of the compound, the salt of the
compound, the salt of the tautomer, or the mixture thereof is a compound of
formula 1ll, a tautomer of the compound of formula 111, a salt of the compound
of formula Il1, a salt of the tautomer of the compound of formula Ill, ora
mixture thereof, wherein the compound of formula 11l has the formula shown

above.

[0109] In some embodiments of the therapeutic compositions and kits,
the anti-cancer drug and the compound, the tautomer, the salt of the
compound, the salt of the tautomer, the mixture, or the pharmaceutical
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[ 0085] The phrase "substituted al koxy" refers to a
hydroxyl group (-OH) in which the bond to the hydrogen
wab@ai2e13 epl aced by a bond to a carbon at om oPCHIS2006/017922

ot herwi se substituted al kyi group as defined above.
[0086] The phrase "unsubstituted heterocyclyl oxy"
refers to a hydroxyl group (-OH) in which the bond to
the hydrogen atomis replaced by a bond to a ring atom
of an otherw se unsubstituted heterocyclyl group as
defi ned above. [0087] The phrase "substituted

het erocycl yl oxy" refers to a hydroxyl

vbinpbsttiba avemdovided e mgiuwgmmmsiﬁ@n-sﬁ{ &ﬁgaéérg%%gnts, the

Solseoesesbis ShEbR Seheda s o BB s it compound
tH’e@%\Péf {Heqbgﬂ)ﬁlg :tI%(Mﬁ&t&Bé, ‘ortieé pharmaceatical composition are

unsubstitute group as defined above in which a
paovided beparately mpdesigedf @bhd i s repl aced by a bond to
an oxygen atom which is bonded to an unsubstituted

?éﬁg]?r oub @%&ﬁg%tj\ﬁb%d?lsgl‘b)‘@vi%%@@%ﬁéthga%iomh?&mg a kinase in a

i tut oxya " refers to an unsubstituted
BUB|eety Thisyhethoduncladesl efinirdstedbg te ai subjertdm nged dherech a

ol domiviados raTERHE B b S5RbHA. 2581 B o E8fpoun
;ég g{‘éﬂfjﬁw%ggﬂtol?ﬁ%%ﬁixﬁﬁé%é@;%ﬂ GEoysamhddeutiealpearhposition

Itut al kyl "groups or in which the aryl gro f
 tdoenmrism@heatdmpogna,the itautamaiibie; gal @fdhamy“ ;ﬁkf‘(sjsa“ of

defi ned above, [0090] T " UNS! j :

1B doyiary bossaPRe. MERHE LR SupiEE R banodrRen and the

%{i @&ngﬁéés{‘é‘i'n@tbﬂvgaﬂeke@bércﬁeaswtmamneibdhel compound of
ydrogen bond is replaced by a bond

t
veo'rmulfeq ldwa(fohhgeairucafréranﬂq@r@%fth&ﬁ m%@%?%@i%ﬁégp%ﬁtgénﬁhe
as de v X rase "substituted
aelie oAt R ey EAeB. 3o  naubst 1 ¢ ut ed
het er ocycl yl oxyal kyl group as defined above in which a
bord1|o a chrdmembotbijmenigsring mathodforinkibiinga kiesgpthe

et Aansi B R BREP ot
compound, a salt of the compound, a salt of the tautomer, a mixture thereof,
or a pharmaceutical composition comprising the compound, the tautomer, the
salt of the compound, the salt of the tautomer, or the mixture, wherein the
compound of formula Il has the formula shown above, and R’ is a substituted
or unsubstituted heterocyclyl group. In some such embodiments, R'isa
substituted or unsubstituted heterocyclyl group selected from a substituted or
unsubstituted piperidinyl group, piperazinyl group, or morpholinyl group. In
some of these embodiments, R’ is a substituted or unsubstituted N-alkyl
piperazinyl group. In some such embodiments, R is a substituted or
unsubstituted N-alkyl piperazinyl group and the alkyl group of the N-alkyl

piperazinyl comprises from 1 to 4 carbon atoms.

[0112] In one embodiment of the method for inhibiting a kinase, the

subject is administered a compound of formula lil, a tautomer of the
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with respect to substituted al kyl groups or in which

the heterocyclyl group of the heterocyclyl oxyal kyl
wWQ@r@ap244$3 a substituted heterocyclyl group as PEf/UAA6/017922

above. [0092] The phrase "unsubstituted

het er ocycl yl al koxy" refers to an unsubstituted al kyl

group as defined above in which a carbon bond or

hydrogen bond is replaced by a bond to an oxygen at om

whi ch is bonded to the parent conpound, and in which

anot her carbon or hydrogen bond of the unsubstituted

al kyl group is bonded to an unsubstituted heterocyclyl

neoaPoRfers ralBuF O ipandd el B B Rpcr dRhddrtiREreot,

h@F arpRYSlkibalided epnpositionasomisisimg thexbompound vthedautemer, the
bond to a carbon or hydro%&g group of .the

osalt pétheceamnpeyird ;}tth@B)@& HoNe. I8 ﬁh%a"'ﬁéslkél whereithe
n
PR B R B R R Sh i AR Re, et o

the heterocyclyl group of the heterocyclylal koxy group
i 0d3jubst i tubed elmhaﬂimeytbﬁ/ﬂhegneth’q@daeg/r tdibitiegl addnase, the

Frther,, a substituted.heterocyclylalk

iags agnatRasTe s kinass eie aansehitr §rdsiRe Bie. N
bQBHL é}an&m@émg'thwr@éé@ igfscldtted FrOHPABRY KIT, PDGFRa EGFR
besubstituted with one or nore additional substltu

and FLASu Hs tsome suchembediyentssthemsinggs §s°~$h=1éT%@ blﬂ Othef
t
S5, s RN 16 FIR0B88Y ol EbAiens,

" s Wipekelis EEGFRI koxyal kyl " refers to an unsubst [ t ut ed
al kyl group as defined above in which a carbon bond or

V0L S bonasamesBhodmant of i Btk b0 AkiiRe, the
dl%%h@@ldllsq'eg’%?antktgﬂﬁéﬂmlmﬁeeﬁ}%t@s@le%tBAVKSBDOOG Brostallicin,

ers to an ubstituted al koxyal kyl
g rlmahdamdef(Reeldnmib,dhehdwmm (@haloraidhdiaostaxel 4F Bxriets),

ARy (RRE B st Jresey e iig 0 Ry 47 B CTottt,

cmqténh:‘éﬁﬂi?@? bBREZHRIL, Y & @aRtalheRbaBndesttiicdyd 1alowe
embodiments, the cancer of the cancer patient is selected from gastro
intestinal stromal tumor, acute myelogenous leukemia, chronic myelogenous
leukemia, multiple myeloma, renal cell carcinoma, non-small cell lung cancer,

or hypereosinophilic syndrome (HES).

[0115] The invention also provides a method for treating a subject
suffering from a cancer associated with overexpression of pERK. The method
includes measuring endogenous pERK levels in the patient and administering
to the, a compound of formula |, a tautomer of the compound, a salt of the
compound, a salt of the tautomer, a mixture thereof, or a pharmaceutical
composition comprising the compound, the tautomer, the salt of the
compound, the salt of the tautomer, or the mixture. In some such
embodiments, the measuring of the endogenous pERK level is conducted
before the administration. In such embodiments, the measuring may be
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respect to substituted al kyl groups. [0096] The term

"protected" wth respect to hydroxyl groups, an ne
w@e@apsi41mand sul f hydryl groups refers to formsPOf/USIve&e17922

functionalities which are protected from undesirabl e

reaction with a protecting group known to those

skilled in the art such as those set forth in

Protective Groups in Organic Synthesis, Geene, T.W,;

Wits, P. G M, John Wley & Sons, New York, NY, (3rd

Edition, 1999) which can be added or renoved using the

procedures set forth therein. Exanples of protected

r@ﬁﬁh‘edq Y&RSrmhing 'd ren*PrH @of‘fﬂe #drﬁh&‘?r?d YRe tRitbMer, the

et hers suc as thoseug%t al ne r eac
h)sarto)fylhe gooypounwd tlneasal’erafgbettalsmmrame nixtuneoor theni t ed
f - butﬁl di,neth

t PR AR EotHesEn. dheRae B hodicranss duemersuring of the
t rdrRfolgsh6tis PERK le¥BRis conaBEidduafRs tﬁ@%@)ﬂrnr@ﬂgtl@ﬁ h)ﬂ such

ethers such as, but not limted to nethoxynethyl
eﬁﬁ@bodlmntg;tthe mm&swmgeme be pesfioryedity determinetheer |

AT e s FasOF b G BBAIRE L o OB e st of
ettlhle comipouny| tr@élﬂt of iRsttautdnficthedpixtiel oPfHe pharntfbutical
to, benzo Iforrrate format e, acetat e,

t ﬁomﬂ%' ey the patignt Inrsame smkasinmests, thewwgmesund of formula |
h?&ﬁ‘f&i‘ 6?0%8%9? of Q%ﬁgﬁ)un@%f 18ffuBah, & 's8ltt6&eof, a salt
o, as , acetam de;

t raffcrhertaubramer therdef, aamikturertharsofieor a phaesacettichl ésmposition
pht hal | mi de di t hi osucci ni m de; and ot hers.

Ef&ﬁ?ﬂ’@g‘go?h%Pg ed sul fhydryl groups include, but

are not limted to, thioethers such as S-benzyl

t fopeéJher, aﬂgoﬁre“emﬁba%é/ﬁtsblﬂ'tlﬂ,fﬁﬂéﬂﬁod ﬁ#blﬁatdtlhgtaeﬁlbject

S-nethyl derivatives such as hemthio, dithio
aﬁuﬁ@ﬂn@ froat atcanser asspaiatad vith ¢rempression of pERK, the

i e S -

orbd}.md mraaintmg pérr@ﬁ@b?ﬁﬁ?%%@?Hai@gsedrlfng;énﬁl@béﬁous
oRERIC Ve Ry esiainplot andior ovadp et assaraen some

aléﬁ%dd?ﬁleﬁ%r tallile ETETDR% %vé%gH tﬁ? sGBie ?:f 48 é\@gaféggr]ﬁ%tl’fép Slch

al um num an or gani ases

i embadiments; the: pERK rewelsearemtdalmlrz&d onmdmycbdrim thee subject.
triethyl am ne,

[0117] In some embodiments, R' is selected from H,Cl,Br,F,orl. In
some such embodiments, R is F. In some embodiments, R%, R® and R* are
all H. In some such embodiments, R' is F and each of R?, R® and R* is H.

[0118] In other embodiments, at least one of R® or R’ is a substituted or
unsubstituted heterocyclyl group. In some such embodiments, one of R® or
R’ is a heterocyclyl group and the other of R® or R” is a H. In some
embodiments, one of R® or R is a heterocyclyl group selected from a
substituted or unsubstituted piperidinyl group, piperazinyl group, or

morpholinyl group. In some such embodiments one of R® or R is an N-alkyl
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pyri di ne, picoline, ethanolam ne, diethanol am ne, and
triethanolam ne. As salts of inorganic acids, the

WO p@bant413 nventi on i ncl udes, for exanpl e, hydrPChUS2006017922
acid, hydroboric acid, nitric acid, sulfuric acid, and
phosphoric acid. As salts of organic acids; the
i nstant invention includes, for exanple, form c acid,
acetic acid, trifluoroacetic acid, fumaric acid,
oxalic acid, tartaric acid, maleic acid, lactic acid,
citric acid, succinic acid, malic acid,
nmet hanesul foni ¢ aci d, benzenesul fonic acid, and

PHSbAEREPHIL AN th el ﬁo%qe%z.hgg%@f@fargﬁ% ke fha, in
| ysoinmesactdembodirhems, thacottier ofRF bpRAds d¢H.i ncl ude, for
exanpl e, aspartic acid and glutamc acid. [0098] In

B IREEC 4 HBBLS S ol HeRhS KA BB Sernotnd i
. raanﬂﬁ@,@er@arfbmhébambegoﬁ iQ ifclg4&d ffthe mtsrtﬁﬁtﬁengﬁuﬁef a

conpound of formula |, a tautonmer of the conp
s #ompsisitians Qfdhpmqmtloa salt of the tautoner,
m xture thereof, or a pharmaceuti cal conp05|t| on

YIS0, SRS G Ml .
S mrhmerrmhbodnmentaethetdoymnun@ thie tateraer, thé isaiof hé Bompound,

tant cancer, and the conpound of formula |
48 SR B Bl GOt dhaamHL e \iTdhehanRaceytisal rampagtion is

I
AR hpiis 133 Uit Sl 1 ReR A ARG
grsobjest apditke cancerdndhe subjelothas been faundiiar lye resistant to
secondary, or tertiary al kyl groups, substituted or
ugéﬁﬁg?qtuted aryl groups, substituted or
unsubstituted al kenyl groups, substituted or

Ue12Ht i t ut ed vakisy$BmbwdRHests, fHEdsdnder i$ebstant to BAY43-9006.
unsubstituted heterqgcyciyl grou ps, or substituted or

uhd QEariankedimesis rtb@y@nmounraythegﬁautqmer B2 s@l6 of #e, compound,
Al B8it B PButdIRes WE niiktufd 'dr3hE Bhaffidc&litfal composition is

administered to the subject after BAY43-9006 has been administered to the
subject and the cancer in the subject has been found to be resistant to
BAY43-9006.

[0122] In various embodiments, the cancer is resistant to Brostallicin.

In other embodiments, the compound, the tautomer, the salt of the compound,
the salt of the tautomer, the mixture, or the pharmaceutical composition is
adminiétered to the subject after Brostallicin has been administered to the
subject and the cancer in the subject has been found to be resistant to
Brostailicin.

[0123] In various embodiments, the cancer is resistant to, or the
compounds, salts, tautomers, mixtures, or pharmaceutical compositions of the
invention are used in combination with, one of the following anti-cancer drugs

which are each individually preferred: lenalidomide (Revlimid), thalidomide
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i ndependently selected fromH, d, Br, F, I , -OR13

groups, -NR14R15 groups, -SR16 groups, substituted or
war@ahstis ut ed primary, secondary, or tertiaryP&l/kg1006/017922

groups, substituted or unsubstituted aryl groups,

substituted or unsubstituted al kenyl groups,

substituted or unsubstituted al kynyl groups,

substituted or unsubstituted heterocyclyl groups,

substituted or unsubstituted heterocyclylal kyl groups,

substituted or unsubstituted al koxyal kyl groups,

substituted or unsubstituted aryloxyalkyl gr oups, or

SipRbiohtig Qio%ré%gﬁésdtér‘éze& diﬁﬁt? é(?l Q?ﬂﬁﬂ B)Ures

groups; e sa er ent
anvatalimite ﬁ%ﬂéf?r&ﬂ)yVE@IFem[acfeﬁretmm Hn@rhetzultrmi arra general

e el mb) SHER as B RetiufeB! bevacizumab
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unsubstituted heterocyclylalkyl groups, substituted
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t ut : 4 ...
IO i A, S T
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i ndependent |y sel ect e rom substi tuted
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substituted or unsubstituted aryl groups, “or
s updlipleumgelonta, @ﬁggwtqedllﬂaé@nﬂ@aerln@yuWnergarrnbcp@ments the
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I Ng ug resistant cance

adiroma terner| sarcampocwidreztalfoanost, drédst canicattgziretid eéncer,
a salt of the conpound, a salt of the

t h d,
Soshisa on%grnmﬁl%oeﬂa r?@lseehag%al cangaa VBT ékippRasal) cancer,
C%GRQ%éﬁéé‘F, SRIRIN &irid@r [ 19iver ERALEIAVhIER €in some embodiments, is

drug-resistant. A list of other cancers that may be treated in accordance with
the present invention includes, but is not limited to, gastro intestinal stromal
tumor, acute myelogenous leukemia, chronic myelogenous leukemia, multiple
myeloma, renal cell carcinoma, non-small cell lung cancer, or
hypereosinophilic syndrome (HES).

[0125] In various groups that include heterocyclyl groups, the
heterocyclyl group may be attached in various ways. For example, in an
-OCH,(CHz)q(heterocyclyl) group, where q is selected from 0, 1, 2, 3, or 4, the
heterocyclyl group may be bonded to a methylene carbon of the -OCH2(CH,)q
group of the -OCH2(CHz)q(heterocyclyl) through various ring members. By
way of non-limiting example, where q is 1 and the heterocyclyl group is
tetrahydrofuran, the group could be represented by the formula
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tautomer, the salt of the conpound, the salt of the
tautoner, or the m xture, wherein the conpound of

wo eoork413 | has the follow ng formul a and R7 i BCHUS2006/017922
substituted or unsubstituted heterocyclyl group: Illn
some such enbodi ments, R7 is a substituted or
unsubstituted heterocyclyl group selected froma
substituted or unsubstituted piperidinyl group,
pi perazi nyl group, or norpholinyl group. In sone of
t hese enbodi nents, R7 is a substituted or
unsubstituted N-al kyl piperazinyl group. In sone such
0BPCRB(IEBahyItofranyld winidh ¢artesponmdsda shib &iliowing o
N—aIkyI pi perazinyl group and the al kyl group of the
Alra¢thi@s: pi per azi nyl conprises from1 to 4 carbon
atons. [01 00] In some embodinents of the nethod for
treating drug-dg.esi nt _gancer, 4 ke su
admi ni stered a cohpou form}a
t he conpound, a salt compound,
tautoner, a mxture the or a pharnmac
conmposition conprising the conpound, the tautomer, the
salt of the conpo , the salt of thesyautomer, or the
m xture, wherein the conpound of formula Il as the
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tohefepeighod of treating drug resi st ant cancer The
compounds of fornula I, and I'll are useful in

treati ng cancer pat i en'@ \/\)Q
N
\/\/{ij \/\/O\‘
% 5

VIII IX

[0126] Structure VI is an example of a —O(CHz)3(N-piperidinyl) or
-O(CHy)s(1-piperidinyl) group. Structure VIl is an example of a —O(CH2)s-(2-
piperidinyl) group. Structure VIl is an example of a ~O(CHz)s(3-piperidinyl)
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refractory to one or nore of these anti-cancer drugs.
The conpounds of fornmula I, Il, and |1l are useful in

WO e@ati24ag3 cancer patients with cancers that arBCT/US2006/017922
refractory or resistant to one or nore of these
anti-cancer drugs. [01 02] In one enbodi nent of the
nmet hod for treating cancer, the subject is
adm ni stered a conpound of fornmula Il, a tautomer of
the conpound, a salt of the conpound, a salt of the
tautoner, a m xture thereof, or a pharnmaceutica
conposition conprising the conpound, the tautoner, the

sl SHBLSETRIL B BhAS PICLIEBHPPRYY Gy hner

f dhenhletershyelyl grbop ds aamnbrazlnesarw qusbsktfmrtan ed or

unsyh d heter ycI . such
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hedrefeprade! yl  group sel ected froma substituted or

unsubstituted piperidinyl group, piperazinyl group, or
mor phol i nyl group. In sone of the e enbodi ments, R7 is
a substi t utgdoqr bs t ed N— D @z(ﬁyLF
group. In S such enbodi ngnt s, |s a substitutged
or unsubstituted N-al Kyl pi era2|nyl group apd the,
al kyl group of the N-a Y, i perazinyl conpri rom
1 to 4 carbon atons. [01703] In one enbodi nent of the
nmethod for treating cancgr, the subject is

a tautgg'ler of

adm ni stered a conpound “f forrmula II1,
the conpound, a salt of the conpound, a salt of the

t 4043fkr 2 Struatures ian &¥ample oha pkY Crdé2piRerpzinyl) group,
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mp(perazmylx)gmlm WVhees ﬁwlp@temty@fyl grouplisaa orphisimet 41l q is 1
r mul a%ﬂ_cm&_‘as)? 4@, &d{ In some enbodi ments of
t Qr AR 2l RelergryclyRrdrerp, hedollomins piwctyrss are possible

t gidopreferrddie salt of the conpound, the salt of the

tautoner, the m xture, or the pharmaceuti cal
conposition is admnistered to the subjectafter the

anti-cancer gg._h e NEm’ ni s}:,g?‘ed/t/é\k j ect.

ad

In other enbodi nents, fhe c npound,” the taujoner,l the
salt of the conpound, fhe sglt of the tautomer, fhe
m xture, or the pharnmac f'cal conposition is

XII XIII
z{o
S \/Y\N
L
X1v
[0128] Structure Xll is an example of a ~O(CHz)(3-morpholinyl) group,

structure Xlll is an example of a ~O(CH>)2(4-morpholinyl) or -O(CHa)(N-
morpholinyl) group, and structure XIV is an example of a -O(CHy),(2-
morpholinyl) group. It will be observed that where the group is a pyrrolidine,
and q is 1, the structures available include —O(CHz)(1-pyrrolidinyl) or
-O(CH2)2(N-pyrrolidinyl), —O(CHz)2(2-pyrrolidinyl), and -O(CHa)2(3-pyrrolidinyl).
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adm nistered to the subject before the anti-cancer

drug has been adm nistered to the subject. In still
wotwen2anbodi nents, the conpound, the tautomerPCT/H82006/017922

salt of the conmpound, the salt of the tautoner, the

m xture, or the pharnmaceutical conposition is

adm nistered to the subject at the sane tine that at

| east some of the anti-cancer drug is admnistered to

the subject. [0105] In sonme enbodi ments, a stable

di sease state is achieved and/or a reduction in tunor

size occurs in the subject after adm nistration of the
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anti-cancer drug and a conpound of fornmula | , a

t 8dheme 10f the conmpound, a salt of the conpound, a
salt of the tautomsr or a mx e thereof. Such

t herapeutic conpos¥t ons and i t g—may damcl ude the
conmponents as a con‘ol pr for Itaneous
separate, or seque 0S8 |§§°§£%utreat
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anti-cancer druﬂ i nclud the kits &nd ther peutic
conmposi tions s tlhe ant i freer drug that the £

is resistant to exanple, if a patient is
refractory tqu c, then a kit or conposition may
i ncl ude one o&wmEd#e | conpound of formula I, 11, and/or
111 in additi‘ss@ms anti-cancer g such as Iressa.

Al ternatively, ~Tf a pa " ¥ ref\flactiory to d eevec,
i |y /i nchudé one| or nore

the kit orl cqnpogj
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pur pose far i ncl u3| on of d eevec is| that

drug-resi gt axfCe opatient may not be known until

the drug is admi ni st er egykonihaepati ent. Additionally,
resi stance to a

F NH, N N N—
Cﬁ%
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[0130] Scheme 2 depicts another method for synthesizing a compound

of the invention and does not limit the invention in any manner. Those skilled
in the art will understand that the selection of a substituted or unsubstituted
diaminobenzene and a substituted or unsubstituted anthranilonitrile allows for
the synthesis of a wide variety of compounds. Those skilled in the art will also

recognize that certain groups may need protection using standard protecting
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certain drug may develop during treatnment. Kits may

i nclude one, two, three, or nore different anti-cancer
waeleaga244m3 addi ti on to the conpounds of the i nvREIL/USIV06/017922

[01 07] In sonme enbodinents of the kits and

t herapeutic conpositions, the conmpound of formula I,

the tautoner of the conpound, the salt of the

conpound, the salt of the tautonmer, or the mxture

thereof is a conpound of fornula II a tautoner of the

conpound of forrmula Il, a salt of t he conpound of

formula Il, a salt of the tautoner of the conpound of

@’d’rg%afot the ﬁHaI @yéﬂzéhaﬁ RehdtRINe Of he BkigsRily Vdreatile Iﬁyntmaﬂlc
rmul a haS the formul a shown above and R7 3Iy

stvse :atlgwe@ ra.ieth@m@ ebsempatiads haviagdbe éq)f;v'ﬂu'gr“wbbelrﬁa
C AL By BBl TNy Brast ahd dige ot robte,

substituted or unsubstituted piperidinyl group,
pSpheaw 2yl group, or norpholinyl group. In sone of
these enbodi ments, R7 is a substitutedsor
unsubstituted N al kyl piperazinylégro p. _k
enbodi nents, R7 is a substituted

N-al kyl plpera2|nyl group and the al toup of the

N-al kyl piperazinyl conprises fréai1 to car bon atonﬁg
[0108] In sonme enbodi nents of the kit 8®and therap RO

conposi ti ons gdhe com efciformula 1, the taut
I

n sone such
tituted

of thdlc carpoura—t he of the n 7
t h& @ aut omer ,HYr tHE mxt HE t her eof ?a;f a corrﬁoundHof R
formula I'll, a tautonmer of the conpound of fornmula

I1l, a salt of the conmpound of formula Ill, a salt of

the t gqut omer of the conpound of formula III or a

mpd urle tdereof, wherein the conpound of formula I11

has f ormul a shown ag)ove

[0109] In sone
enbodizeqys of the theRape

?i c conpositions and kits,
e_gonpound, the tautoner,
t he sat of t b he salt of the tautoner,

t he kambsIr & oI Fhe PR mageuti cal conposi tion are

provg_g;‘d—a' s
nbodi"nent K3~ TF

t he tautoner,

a 90 cancer dr ug and the conpound,
theflsalt of the conmpound,

[0131] Compounds of Structure | are readily synthesized using the
procedures described in the following Examples section and disclosed in the
following documents which are each hereby incorporated by reference in their
entireties and for all purposes as if fully set forth herein: U.S. Patent No.
6,605,617, published U.S. Patent Application No. 2004/0092535, U.S. Patent
Application No. 10/983,174, published U.S. Patent Application No.
2004/0220196, U.S. Patent Application No. 10/982,757, and U.S. Patent
Application No. 10/982,543.

[0132] The compounds of Structure |, tautomers of the compounds,
pharmaceutically acceptable salts of the compounds, pharmaceutically
acceptable salts of the tautomers, and mixtures thereof may be used to
prepare medicaments, that may be used for the purposes described herein,
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the salt of the tautoner, the m xture, or the

phar maceuti cal conposition are provi ded separately as
w@arba24ai3 a kit. [0110] The invention al so proRCTIES2086/017922

method for inhibiting a kinase in a subject. The

nmet hod i ncludes adm nistering to a subject in need

thereof, a conmpound of formula |, a tautoner of the

conmpound, a salt of the conmpound, a salt of the

tautomer, a mxture thereof, or a pharmaceutica

conposition conprising the conpound, the tautoner, the

salt of the conpound, the salt of the tautoner, or the
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t BAGHEO006, aned Beosiplioind, a salt of the conpound, a
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ti i gy
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f I h t own a an is a
s%%@m%@ﬁ't ARNRITACEY R M&C@PB@})& Garegr §uph asfhose
S B cABED héF@?ﬁdS”%HtférmtﬁZtlér?s ﬁhaé/ué?&% <(f§éj? ?ﬁfferent anti-cancer
unsubstituted heterocyclyl grou ecte

s @ipeg stioh ed, but notdintitad touGéekbveicp BAYdi&a?ﬂ)O@ron&rpstalllcm
plpera2|nyl group, or norpholinyl group. In sone of

R A T ———

erllieqal‘eparécsby Rilxing chesatnbid coragoids ostBShstart Bfention, or
@ p‘Cgl']perazmyl rou and the al kyl group of the

tgally AcaGpt !ﬁﬁlt%f@gtqm@rm tmefepmon:mr%@r@s thereof with

Eﬂ%@nt] ng a 'Kld%é’é@%bﬁ}%ﬁﬁ? eﬂtggorﬁﬂﬁ%%? e'rllé g or the like

ccbcnp"eahdr ameliorate Idasolrcﬂér,s ralatedjtcnnmtastécﬂzhed:mﬂpm,l n‘ﬂhe a
a salt of th

| f.th t aut
- Botisitials S P8 ThiEhioRs Abvhe besi iy Crim dRmulions used to
C QiR hidtastabPBd tQMBAYAE debBfhd PHERIE' Subﬁ‘ ®ompositions can be in

the form of, for example, granules, powders, tablets, capsules, syrup,
suppositories, injections, emulsions, elixirs, suspensions or solutions. The
instant compositions can be formulated for various routes of administration,
for example, by oral administration, by nasal administration, by rectal
administration, subcutaneous injection, intravenous injection, intramuscular
injections, or intraperitoneal injection. The following ddsage forms are given
by way of example and should not be construed as limiting the instant
invention.

[0135] For oral, buccal, and sublingual administration, powders,
suspensions, granules, tablets, pills, capsules, gelcaps, and caplets are

acceptable as solid dosage forms. These can be prepared, for example, by
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salt of the conmpound, the salt of the tautoner, or the
m xture, wherein the conpound of formula Il has the

wo oroanke13hown above. [0113] I n one enbodi nent POf/US1966/017922
method for inhibiting a kinase, the kinase is a
cytoplasm c tyrosine kinase or is a receptor tyrosine
ki nase. I N sonme enbodi nents, the kinase is sel ected
fromABL, KT, PDGFRa, EGFR, or FLT3. In sonme such
enbodi nents, the kinase is ABL (T31 51). In other such
enbodi nents, the kinase is FLT3 (D835Y). In other such
enbodi ments, the kinase is EGFR [0114] In some
e Is ;
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general nonoclonal anti body. In some enbodi ments
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e el a
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tr:] eidsagerform@ga? cbntmn? gﬂdér mgrhtlElsd)ntBﬁt[boﬁlaTg ]%Un;]lﬁi’stratlon such as
i ngphi li ¢ syndrome e

ﬁﬁ'ﬁgg@\fﬁ 84?@ p‘P'b'UE/’B%%ntﬁ SHﬁh I@éd“ﬁ@fr‘eﬁlﬁd@aiteﬁ@t%, or

S%é%aﬁ&’ééc %émgs EE%? Sirc aeb? g nc d&.éﬁ‘éﬁ@ such 25

over expressi on o tho es neasu
erasogehioasidp ERK)plhetmlos crysteir’rae apdisinéedratingl agent, binders,

isterjng to the, a cc% oynd of formula I, a
£ fiBsiersy blffels, swRStamees. TEVHRg agen tngchgents.
satdblets atnﬁeplﬂs'?‘HiafW% furtheMtrebtdPwith %Uﬁ%le dHatlﬁg matgrlals known

phar maceutical conposition conprising the co
t fetheattoner, the salt of the conpound, the salt of
the tautomer, or the mxture. In some such

TSI > 08 JRASUIAA OF oHh ERARSERBNIAFES e form of
ernbﬂdmaeemm:allymcapmw emalsians, *%gﬂf:ﬂsf eflixirgl suepensions, and
rm ne atient in need of the conp ound t he

det
+ S6LiR08, whisB Toay Coptem AB Teatye sHdent IFIch A walers he
t PHAMRCeuliER fSimtiEidhs Shd M¥icaments may be prepared as liquid

suspensions or solutions using a sterile liquid, such as, but not limited to, an

oil, water, an alcohol, and combinations of these. Pharmaceutically suitable
surfactants, suspending agents, emulsifying agents, may be added for oral or
parenteral administration.

[0137] As noted above, suspensions may include oils. Such oil include,
but are not limited to, peanut oil, sesame oil, cottonseed oil, corn oil and olive
oil. Suspension preparation may also contain esters of fatty acids such as
ethyl oleate, isopropyl myristate, fatty acid glycerides and acetylated fatty acid
glycerides. Suspension formulations may include alcohols, such as, but not4
limited to, ethanol, isopropyl alcohol, hexadecyl alcohol, glycerol and
propylene glycol. Ethers, such as but not limited to, poly(ethyleneglycol),
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pharmaceuti cal conposition. In other enbodinents, the

nmeasuri ng of the endogenous pERK | evel is conducted
w@etdoen244ine admi ni stration. In such enbodi ment SPCT/H82006/017922

measuring may be perfornmed to determ ne the

effectiveness of the adm nistration of the conpound,

the tautoner, the salt of the conmpound, the salt of

the tautonmer, the mxture, or the pharmaceutica

conposition in the patient. In sonme enbodi nents, the

conpound of forrmula | is a conmpound of formula Il or a

conpound of formula Ill, a salt thereof, a salt of the

HeEImHYa Fcﬁ%* rbofs Et‘Jc‘.ﬂ HE ik &l B fan cifetﬂ)lat]urr} @nd water may

pharnaceutlca conposition conprisi n
[ Gisa b usadsnsuspension fentudatiadnst he rret hod for treating
a subject suffering froma cancer assom at ed W th
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C onédicamestsOealy ees abr. @%rb@d)lk&ﬁﬂélﬁmgaérﬂa iatd'8olvent(s
endogenous pER% Ieve saq‘bé Western Bl ot "and/ g?@row ()

c\AErRRtionaly ofRer stiehcasl, buhnet limited tEritabikzars s
O T ——

i mmmﬁe&Lmjcewmb[rﬁllébﬁé; of th@em% pfﬂp@ﬂhﬁﬁfﬂr%n d¥rob6l formulation
sel ecte rom . In_some such

e Ml C°'ﬁ&@$§e¢c all’|. H't@@ﬁﬁ Eﬁ'@@@ digxige, ore hydmcanepn

Rba8E8 I6W! IdblvsHEe such enbodi ments, Rl is F and
eag1 I@Wbong ézg)nd R4 is H [01 18] In other

enbodi nents, at |east one of R6 or R7 is a substituted
ol0138ubst i {nieet@blrdesags,foryis ganeually inalusersgeous suspensions

2an BB Ao PE ik G piepaed uriRb AL diabrens or

onetiig Bgetraridla isaispeidingagent! MiedadofRS Atdyesk fr é’cSThtlon
PBubstltuted or unsubstrtuted piperidinyl group,
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e
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I skkutlandor am |snhmmcaquboesr‘eaﬂhmeajit1t§0nt hﬂtem&ﬁelyo%te?@e ells may
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gptergrf) oyed, é&ﬁzﬁ) nts or suspending agents. Preferably, the onl or fatty
acid is non-volatile, including natural or synthetic oils, fatty acids, mono-, di- or
tri-glycerides.

[0140] For injection, the pharmaceutical formulation and/or medicament
may be a powder suitable for reconstitution with an appropriate solution as
described above. Examples of these include, but are not limited to, freeze
dried, rotary dried or spray dried powders, amorphous powders, granules,
precipitates, or particulates. For injection, the formulations may optionally
contain stabilizers, pH modifiers, surfactants, bioavailability modifiers and
combinations of these.

[0141] For rectal administration, the pharmaceutical formulations and
medicaments may be in the form of a suppository, an ointment, an enema, a
tablet or a cream for release of compound in the intestines, sigmoid flexure
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adm nistered to the subject or is included in the kits
or therapeutic conpositions of the invention. [0120]

w0 poosar4403is enbodi ments, the cancer i s resistapCT/U82006/017922
G eevec. In other enbodi nents, the conpound, the
tautomer, the salt of the conpound, the salt of the
tautoner, the m xture, or the pharmaceuti cal
conposition is adm nistered to the subject after
d eevec has been administered to the subject and the
cancer in the subject has been found to be resistant
to deevec. [0121] In various enbodi nents, the cancer
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conmpound, the tautoner, the salt of t

smnnpqyrndsr@‘ thgu@sjﬁ@trmve@m{@wp [;_mag?u {0@@39 nBcer?table saefts or

ARG A2 oA By B0E uee ot cocoa
ts%mtbeg@trr ggpxséttrgylniene;:gmz:( Xvsm% losgoreaeptenta selid plhasge a&mfmal

0
09 RMperatyres. anghPEsend In gélgé ;ﬁ'fgﬁeoé}éﬁ%é‘% g#ﬁp%ratures
lﬁvﬁb@f o IR éfﬁﬂigsmskféethécumwuadch h8en tmmmm cmrmay

the conmpound, the salt of the tautomer
ralso beesmployedién meapnmaeamnc@ﬂfoa@ulga@m phthg soft gela’un type

{ d to,t
05 b, WA R Ry,
S48 ESis, g d??@é?ofs%ﬁ? beergloyes Ilmtmﬂ;breparatlon of suspension

Brostal I'i cin 0123 n vari ous enpodi nents,
cfanslatioss w@ycfgmaawalﬁ@ coptain FeSRIIARA) ﬁagntsﬁci“és pectins,

tau "y f
GitbBTRL: mirih bR e hRRB RSN cbidbas BRI RS,

fééll_lmsd)@smll as boffers ahdipsesehiativear e each

i ndi viduall'y preferred: |enalidomde (Revlimd),

hal i .
B Aol ST R g
rrﬁé |C£\f?}né§éééﬂél5!§ e>@ﬁflérﬂ§ @idsarférsoargeieerally known to

nocl onal anti b such as, but not limted t
bﬁfmelsmuimibn(tha'asttan@ arqotbus inciuder ingiherinstapt mysntlon Such

Tregg‘lbl%ﬁ d %'a_bﬁfe‘%g %?e Hzas&ﬂ:yed’f‘k&'oeﬁ%ple, in “Remingtons
Pharmaceutical Sciences” Mack Pub. Co., New Jersey (1991), which is

incorporated herein by reference in its entirety for all purposes as if fuliy set

forth herein.

[0143] The formulations of the invention may be designed to be short-
acting, fast-releasing, long-acting, and sustained-releasing as described
below. Thus, the pharmaceutical formulations may also be formulated for

controlled release or for slow release.

[0144] The instant compositions may also comprise, for example,
micelles or liposomes, or some other encapsulated form, or may be
administered in an extended release form to provide a prolonged storage
and/or delivery effect. Therefore, the pharmaceutical formulations and
medicaments may be compressed into pellets or cylinders and implanted
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used in conbination wth the conmpounds of the present
i nvention. [0124] Various cancers can be treated with

wo b@oretadds, conpositions, and kits of the prPCENB2006/017922
i nvention. In sone enbodinents, the cancer is a solid
cancer such as a solid tunor which, in sone
enbodi nents is drug-resistant. In other enbodi nents,
the cancer is "liquid" cancer or a hematol ogica
cancer. In still other enbodi nents, the cancer is
gastro intestinal stromal tumor (G ST). In other
enbodi nents, the cancer is acute nyel ogenous | eukem a.
I j ) L [
| S SAaAy DG TRRESyely BB JRBRE fiedtonk ol Fpiants such a
catentao r&lchl impdants imat éeploanbmivminertsmatdnials sucleas iséicones
sele rostate cancer, renal cancer, gastro

g??ﬂ a@%b%ﬂﬁ?'@&ﬁhr sarcoma, col orectal cancer

breast cancer, parotid cancer, gastric cancer,

g0 fa8y8, @;ﬁbﬁfﬁg@@éag"e@nﬁﬁy bel\élaTus(téd depagding &ﬁé&ﬁﬂt.ons of
CO| on cancer, ovarlan cancer, | iver cancer

i isanse, thibaae rhasysveigbt, w@ralé@iaﬁhmdltwnsl 8ex, cﬂ‘nd dlet of the

Ots%{)ec‘facﬂf*s%rlﬁtér{?é?\%1 g&%lrﬁ&rét %%gesjt, %X@%Eg’bq'? %t“ d t

t he gsent | nvention 1 nc

g@shiinatidressefi dTags SAngrailthé above desadgefors mﬂamUﬁg effectlve
| eukem a, chr “Ir]q(el Bgenous | eukema, multip

ARG Sre Wihal rw&ne@@erm@@mthw@ therefore,
CWﬁhrthlﬁrth@‘é@@?ﬁ%ﬁﬂboﬂﬁgtdn‘t ﬁ-het vonRgpome (HES). [0125] In

vari ous groups I ncl ude erocyclyl groups, the
heterocyclyl roup may be attached in various ways.

Fd9146danpl e A r@m\eut@aﬂweﬁelzt)\@(dmeanmyMryblppgndmg upon the

h 05U o Aoy EERE Sl RBade st e ni¥fartdet fownd g5,

Ofcohhmun@é}d?(tlﬁ&'ms@mﬁﬁmtﬁfn i Beformulation that exhibits a high
q(heteroc clyl) through various ring

néh&f@P@utlthd%y Tdte neranaulictingex isthaplose ramrb@t\mewstomc and
angb L8 A gﬁ%&%WI% cgﬁ%lége@?e%%c{ AWl %fn%r@é%we&ﬂ%oso and

group cou € represente
f cEngdJ él'h@(ﬂ-ﬂ:?@l-r@(heedowleﬂmifw r5@%/ bf th&p@ﬁul@mn s asiEDs, is the
t
t %otsg?hcfer%lpl o%ar\]@/ ef}!\'[%:tﬁ’/erlrl\J %bb}or efs the popula’uon The LDsg and EDsg
are determined by standard pharmaceutical procedures in animal cell cultures

or experimental animals.

[0147] “Treating” within the context of the instant invention, means an
alleviation of symptoms associated with a disorder or disease, or halt of
further progression or worsening of those symptoms, or prevention or
prophylaxis of the disease or disorder. For example, within the context of
treating patients with a metastacized hematologic tumor, successful treatment
may include a reduction in the proliferation of capillaries feeding the tumor(s)
or diseased tissue, an alleviation of symptoms related to a cancerous growth
or tumor, proliferation of capillaries, or diseased tissue, a halting in capillary
proliferation, or a halting in the progression of a disease such as cancer or in

the growth of cancerous cells. Treatment may also include administering the
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where structure |V represents the group that can be

referred to as the - OCH2CH2( 2-t etrahydrof uranyl) group
war@ede4uurt ure V represents the group that canP@BUS2006/017922

referred to as the -OCH 2CH2( 3-t et rahydr of uranyl)

group. Wien the heterocyclyl group is a N-containing

het erocycl e, such as, but not |imted to piperidine,

pi perazi ne, norpholine, or pyrrolidine, the

het erocycl e can be bonded to the nethyl ene carbon

through a ring carbon atomor through a nitrogen atom

in the ring of the N-containing heterocycle. Both of

t Iphaemaceutipabfarmuationsraefithe pheseand inveniipo iy cogbinationswigh other

D hhbitsr g arpid, B radilindS 4t phamaceutica! formylagions of
P&sS bRdsena i enfieh @rﬁé)ﬁﬂe aHrmeieré@ befofe| Qdaey, o‘p‘tdfﬂe@%urgical

VI is an exanpl e of 3( N- pi peri di
- OfT3eduze gngfq;éad@tlﬁp |tl)rer@pyu ,3) hegzampeunds Qfit %e,ngvemron can also
gb%u rﬁrnrgte)%ld’ i @cﬁoﬁ%vr hobtﬂgr bﬂfr-%%‘r@erg&%ﬁg such as, but not
ure o exanpl e of a -

2)1&{(%5:)@1&6%@ Bﬁd&%b@t?o&tandcﬁnmstallldh aadaitugx aspd @ afitisense
a - in ro

héner gt raFS'f dg rogrrét%qugpéﬁr% fings AR b& Cfeéeri“'PGFj bythose of

- diidh hie bAESBY gra?rﬁ?'rﬁ{aéﬁ'c?n the fol | owi ng

structures are~poss e an preferred X Xl [0127]
Structure X is an exanple of a -Q(CH
2)[01418]p| per #xisighlp disense, stated astusedtwitieregpect taapancer

18R B e 5205 BESTAHhBY s ns Ts aypren o

i Sn@ldﬁﬂé@hginl gne sédrthiflg insethod elicias-pdeltron emission tomography
2(CH2 (heterocycl ) group, the follow ng structures

alBE §§|S5r0élruﬁd ® &L@!ﬁﬁed: XIV [0128] Structure X |
is an exanple of a -Q(CH 2)2(3- rmrphol i nyl) group,

[grigtosp)h(:ﬁdarfy c@gtri&%ﬁ%@ gcén and rcarpents according to the

mventron include the compound of Structure | or the tautomers salts, or
mrxtures thereof in combrnatron with a pharmaceutically acceptable carrier.
Thus, the compounds of the invention may be used to prepare medicaments
and pharmaceutical formulations. Such medicaments and pharmaceutical
formulations may be used in the method of treatment described herein.

[0150] The compounds and formulations of the present invention are
particularly suitable for use in combination therapy as they have been shown
to exhibit synergistic effect when used in combination with anti-cancer drugs
such as, but not limited to, camptothecin, doxorubicin, cisplatin, irinotecan
(CPT-11), alkylating agents, topoisomerase | and |l inhibitors, and radiation
treatment. Furthermore, the compounds of the invention may be used in
combination with anti-cancer drugs such as Gleevec, BAY43-9006, and
Brostallicin, and find particular use in cancer patients with cancer that is
resistant to these anti-cancer drugs. Therefore, the invention provides
pharmaceutical formulations that include the compound of Structure | and
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group, and structure XIV is an exanple of a
-Q(CH2) 2(2- norpholinyl) group. It will be observed

WO b@b/1d3es e the group is a pyrrolidine, and g PGI/LIS20061&17922
structures avail able include -O(CH 2)2(1-pyrrolidinyl)
or -Q(CH2)2(N-pyrrolidinyl), -Q(CH
2)2(2-pyrrolidinyl), and
-Q(CH2) 2(3-pyrrolidinyl).[0129] Schene 1 depicts one
exenpl ary synthetic route for the synthesis of a
benzi m dazol yl qui nol i none conmpound and shoul d not be
interpreted to limt the invention in any nmanner.

SqheERets ] %Its?ghd/%?rﬂﬁﬁgr%? ﬂfeﬁé&f iR @?ﬁ’ﬁiﬁ%o@tﬂ% ér?c!) ancer

synt hesi zi ng & conpoun € i nvention and does n
| idmug,. t Free investion alsoi prowides e nee of Thmsempbuhdigdaitomers,

s oruS andleemitRUT Eeting Seen CimiRsbR A MerGagments and the
S uigldfithé @Enplouras i bhfing andstgutehtd,oni trile allows

for the synthesis of a wide variety of conpounds.
Those skilled in the art will also recogni ze that

cd®1alh gr odpsomeembedimenis dbeiinyeniisinrrosides dberpeutic
[ £ [ i.zat i r i on.
PO AR e 45 By 0RY P

plsettioditze obmpoomadpangalt E;ﬁmﬁ’@utd}ﬁef, F lmtnﬂ(tth ﬁgzl thfbfﬁedf of apy

[ en
;ea tmcil | m?n‘f gﬁ{l‘éﬂng%rﬁb a{g?eal %a[cséﬁ?g&gmen r,a@pg'n fg?rthle %Iimultaneous,
S Dol . .
S o B IR 0t 55 e
apatient dneosae such kenbodimenisn thedpatient i a cahtehpatient that is

' dDb f [ hei
o Fevafit BORREPaR B ShnrYsbTo” 568N R [lerypc BAY4-9R06, or
h@restallickh. In Somhée BlichNembbdiRentlihe Qh{*ilbb%@%rlf%%nd the
Pat ent Application No. 2004/0092535, U.S. Pat eft

ASpMpreandotheNgutaroen dee salt of thentarspeund..tise setofthe tautomer, or

2B o ZR0RRR 13 o oAbl PR 6
lentsRiirndats, (HE 3Rfi-cahesicdp ittt eondutd, tié tdutomer, the salt
;gg oners of the conmpaunds, pharmaceuticall

cneound.ithe saltigl dhe tadiemenor tbﬂ&'ﬁ?ﬁ&@éﬂﬂ@@f ake provided
a%éﬁ@%k%f@eﬁsa%@% k{t.ggubﬁ%tg Hay furfied ifBidde MeBructions for use.

t her eof

[0152] The compounds of the invention may be used to treat a variety
of subjects. Suitable subjects include animals such as mammals and
humans. Suitable mammals include, but are not limited to, primates such as,
but not limited to lemurs, apes, and monkeys; rodents such as rats, mice, and
guinea pigs; rabbits and hares; cows; horses; pigs; goats; sheep; marsupials;
and carnivores such as felines, canines, and ursines. In some embodiments,
the subject or patient is a human. In other embodiments, the subject or
patient is a rodent such as a mouse or a rat. In some embodiments, the
subject or patient is an animal other than a human and in some such
embodiments, the subject or patient is a mammal other than a human.
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prepare mnedi canents, that may be used for the purposes
descri bed herein,and may be used to treat various

whi@bogidsenl conditions as described herein. ThRCT/US2006/017922

conmpounds, salts, tautoners, salts of the tautoners,
and m xtures thereof of the invention are particularly
useful in treating patients that have cancer which is
resistant to one or nore other anti-cancer drugs such
as d eevec, BAY43-9006, and Brostallicin. [0133]
Phar maceutical fornulations may include any of the
conpounds, tautoners, or salts of any of the
enbodi ments described abovexpmmgE®i nation with a
harnaceutlcalyy acceptabl e carrier such as those
d48t53lbed hdhe fnllowingrabilveviatians ersused inthed=xamplege a
different anti-cancer drug such as, but not limted
t‘Et eevec BAY{% 8&6 or Brostallicin. [0134] The
i nvention S0 prOV|des for conmpositions which
e prepared ong, or nore conpounds of the

ISS |nvent|o ?(:grp ﬁﬁethgllﬁv accetale
taut omer s t"H@ organge LiqHie Shrg

MBSsut i cal |y a&eeﬁdmﬁmé tamethsilyl)aeide pi ent s
blLrh‘thDﬁ di | uent 4-itbiuna lpés(trinrethyisilyl)amaideor anel i or at e
diNa®S 1 el at eSadiumiis(biraetiydsily)amides. The
cNg@Hi ti ons of tSwliumveiroxide nay be used to create
f oqgul at i ons usecN|tr@ éheat netastaci zed tunors as

dggmebed herei nt-BiH?IrrnéﬂfW@ﬁietr' ons can be in the form

ofpg-or exanpl e, m@ﬁ%ﬁﬁur&pv\ders tabl ets, capsul es,
syrup, suppositories, “injections, emulsions, elixirs,

SO 1 R B35S AT PRt sing

f ACENumé @erdign 6(097' sefdnarnel (Novehiber, 1402004pavbailable from
adm ni strati on, i rectal adm ni stration, subcutaneous

i idvencen Champisty Seyelonmpric iNcorCheminnayadieniNamExpert +
‘ gﬁfﬁéh&gﬁyﬂmﬁrdn@témrbt%ﬁ%le fF%rﬁ‘"éHé?ﬂlnP-'o_UStlon oftware, Inc.,

W ng dosage forns are gl ven by way of exanple

s lamidl Autoblon eecsiors 2 2ushilabld mrthmcrrgambﬁucemsuam software
i nvention. [0135] Faqr oral, huccal, and sublin I
adiAcrage Nﬁfﬁ'%7 \ilaple frg@g@,gg@p@ggSo %QP@'OH (Cambridge,

L ARAL SomR df the coRPIINGS arRELEAMY mARtiafeReR Raffel using

standard [UPAC nomenclature.

[0155] Various starting materials may be obtained from commercial
sources and prepared by methods known to one of skill in the art.
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acceptabl e as solid dosage forns. These can be

prepared, for exanple, bym xi ng one or nore conpounds
woRotbhaiihst ant i nvention, pharnmaceutically acRepUsine017922

salts, tautonmers, or mxtures thereof, with at |east

one additive such as a starch or other additive.

Suitabl e additives are sucrose, |actose, cellul ose

sugar, mannitol, maltitol, dextran, starch, agar,

al gi nates, chitins, chitosans, pectins, tragacanth

gum gum arabic, gelatins, collagens, casein, albumn,

synthetic or sem -synthetic polyners or glycerides.

Optionally, oral dosage fo,E&gp]ﬁgg_,‘cont ai n ot her

ingredients to aid in adm: n, such as an
i Syithesisdof SkihiM ethyl-pijperazhnt eyl pRatitreanithgnesi um

sinearater 2{ preservatives such as paraben or sorbic
adirgeedprefy i “oxi dants such as ascorbic acid,
tocophec; ﬁl or cysteine, /agisintegrating agent,

2 1 AR

bi nder s;
agents or pg
further tred
in the @aNt. [T136] dli quid dosage fignris T 3

adm nistration may be in the form of pharmaceytical|y
accept abl e enmul si ons, syrups, elixirs, suspenskgn ,N\\
and sol utions, which may contain an inactive dil Uent,

such_as water. Pharmaceutical fornulations and

Went s Snabhlose-Zpritpanibae 4800 gqaid98sneh endi bmstiay!
PlpEreAe PP g i or A B008 o R i vin o

cm’?demetéraam mirget asith NEhEheﬁl@ektWabT’l;blb?e@m sl dath at 100°C
surfactants, suspendi ng_agents, erulsifying agents _
wapodeaie Batirbe Bolprae T ening Whs SamRIPGY Gacts (typicaly

[ : ¢ - oL

LE4FFig s oS by DA fparance
s ef theeS-cshlgroébnitroasiiad, thd reactiom mikture@ndisgdured dirkctly (still

PRGBS0 BR SR et S el erog. The
f édultiref hiixtdre/ was isHAsdaMil A¢8hoHE RN BrhYerd®i® and then it was

gl ycerides. Suspension fornulations may Include
gfl%@i}%ﬂ- sThesyellpvasolidthusrahtainediwasiaddgd ta HAODML of water and
| SRREARY 3GhAiRRS: TheRUGRKY AKERE s MefSS' Sld Mresuting

solid was washed with TBME (500 mL, 2X) and then was dried under vacuum

for one hour using a rubber dam. The resulting solid was transferred to a

saers, bifers swedlner six{ | avori ng
ng Mets angl s may be

al s known

drying tray and dried in a vacuum oven at 50°C to a constant weight to yield
670 g (97.8%) of the title compound as a yellow powder.

Procedure B

[0157] 5-Chloro-2-nitroaniline (308.2 g, 1.79 mol) was added to a 4-
neck 5000 mL round bottom flask fitted with an overhead stirrer, condenser,
gas inlet, addition funnel, and thermometer probe. The flask was then purged
with Na. 1-Methylpiperazine (758.1 g, 840 mL, 7.57 mol) and 200 proof
ethanol (508 mL) were added to the reaction flask with stirring. The flask was

again purged with N2, and the reaction was maintained under N». The flask
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propyl ene glycol. Ethers, such as but not |[imted to,

pol y(et hyl enegl ycol ), petrol eum hydrocar bons such as
worRowenad41di | and petrol atum and water nmay al sBChES286€017922

i n suspension formulations. [0138] For nasa

adm ni stration, the pharmaceutical fornulations and

medi canents nay be a spray or aerosol containing an

appropriate solvent(s) and optionally other conpounds

such as, but not limted to, stabilizers,

antim crobi al agents, antioxidants, pH nodifiers,

surfactants, bioavailability nodifiers and

c mﬁ@agtbanﬁaq{ea&.h Hiants & AP bRl ténﬂﬁer%’ﬂ.gr?,e&f%?@b (+/- 5°C)

ron na G conpr essed air
camldcmamntanned et theat tembpdatormmdiw mhéimﬂhohwasbomﬂnpm«a (typically

> GoOHHAO bauEfs delerEmerdnetiLCorh °rE§é%§$t&ff§v'v%ﬁ.cemmete
MRS ahfg WRAAESshthRicA%Ry t‘h\é‘rb@@l!lc?n Wa% ?é?ﬂoréﬁ m\e&hh

a ent and a suspendi ng agent. 1njectabl ns nmay e
mpeatienoftamd 207 Cita 265R€ Wit stirtihgaasd deresiction was stirred

“@%rc%ﬁaé BUEST S8Re EstaiS 120/ S 88 fah B methyrpiperazin-1-
g1 )Z-nitfdaniitie WerzthddddPd th@freéﬁtldrﬁﬁﬁﬂﬂféuﬁ@%9P§Clpltatlon had
saline solution, Alternatively, sterile oils

e@fragrecadrred Vaies (HA5¢ mtde\mﬁ agdedémthe strvr@r moy mixture

I f
| BFeP e d'shbuPhe b A YO by bl
t maiglayrest atde sempOAGe r‘éﬂgwigrﬁmtabmt 20h€ to 30°C. After the
pha ce tical formul atjon and/ medi canment nmay

Waler wag sompleton the tasuiting wﬁweaﬁa%w% a‘cvraatput one
s%u% bPQt%\%PQPa%GFé ORVEr° X 'rés%lfrﬁ g egﬁe then

i ncl ude are not limted to, freeze
diflltewdoandrihayladk and flﬂiemdakezweaerwaphedwtmwmre@ x2.56 L). The

D GPen B sl PR RbEC S B oA wg Shtph attio (98.6%

Sty/rdnd) ur?cﬁirilacﬁhm@tdétfdlﬁ% CcsNahacuaR Sven.
b] oavailabitity nodifiers and conbinations of these.

[0141] For rectal admnistration, the pharnmaceutical
f Bragedurefs and nedicaments nmay be in the formof a

SYPRSST L 0" Y 5-GRIoRS-BLAERBENIIAS (F6F§B2.33 mol) was added to a 4-neck

12 L round bottom flask fitted with an overhead stirrer, condenser, gas inlet,
addition funnel, and thermometer probe. The flask was then purged with N,.
1-Methylpiperazine (977 g, 1.08 L, 9.75 mol) and 100% ethanol (650 mL)
were added to the reaction flask with stirring. The flask was again purged
with N2, and the reaction was maintained under N,. The flask was heated in a
heating mantle to an internal temperature of 97°C (+/- 5°C) and maintained at
that temperature until the reaction was complete (typically about 40 hours) as
determined by HPLC. After the reaction was complete, heating was
discontinued and the reaction was cooled to an internal temperature of about
80°C with stirring, and water (3.15 L) was added to the mixture via an addition
funnel over the period of 1 hour while the internal temperature was maintained
at 82°C (+/- 3°C). After water addition was complete, heating was
discontinued and the reaction mixture was allowed to cool over a period of no
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tablet or a creamfor release of conpound in the

i ntestines, signoid flexureand/ or rectum Rectal
WGEpasi4idri es are prepared by m xi ng one or nPCEUS2006/017922

conmpounds of the instant invention, or

pharmaceutically acceptable salts or tautoners of the

conpound, with acceptable vehicles, for exanple, cocoa

butter or polyethylene glycol, which is present in a

solid phase at normal storing tenperatures, and

present in a liquid phase at those tenperatures

suitable to rel ease a drug inside the body, such as in

fdde tﬁﬁﬁﬁ%urgtb %n%rﬁél%@nﬁ@rﬁﬂf& 68Y20L26PC! Mhe reaction mixture

preparation of fornulations of the soft gelatlntgg .
wwas thap stisieddor axsadmpeal ey atree infeinaldepesiure 98 28m9°C.

at ed | ut
TheRaaIg e s D TUBERL BN Ml AU G- Gike e
m\éhébsmtwwat@l(m xS'UEF’QB@I% REFER 51 X ﬂgpancagsmeemansl (1 x 1L).
carboners, nethyl | ul ose,

GiocamBon el gblic BradHC 96 RIS & HBThY PREASLR to a
SRS Plsigff o 48 1 BrP TRIG I AR BulRPACARI 0°Ch 2

Jeeapinedlen. exci pients and carriers are generally known
to those skilled in the art and are thus included in
the instant invention. Such excipients and carriers

are described, for exanpl in.,.Rem ngtons

Phar maceuti cal Sciences” > Co., New Jersey
(Shthbsis bf @# “Methgiopiperatiadt -bf)ﬁﬂ-ll-rbdhllmkia!rcﬂmyl]-iacetlc
its entirety for all purposes as if fully set forth
rasidiethyl[esteB] The fornul ati ons of the invention may

%ﬁé’%?@?g to be shortacting, fast-releasing,

and sust ai ned-rel easing as descri bed
bel o@N-J

t he pharmaceuti cal "floxyrriqti ons may al so
For

d for contwebt.edHrel ease for slow

. 4 e r—ﬁsi—aﬁt—con'p | so

compfiise, for %Sﬁl e, mcelles™ i posoilres, lpr sone
ot her encapsul-atedgnMorm or may be admi ni stered i
extended rel ease Tormto provide a prol onge
and/ or delivery effect. Therefore, the phar
formul ati ons and NH HCI

g
RGN

[0159] A 5000 mL, 4-neck flask was fitted with a stirrer, thermometer,
condenser, and gas inlet/outlet. The equipped flask was charged with 265.7 ¢
(1.12 mol. 1.0 eq) of 5-(4-methyl-piperazin-1-yl)-2-nitroaniline and 2125 mL of
200 proof EtOH. The resulting solution was purged with N2 for 15 minutes.
Next, 20.0 g of 5% Pd/C (50% H2O w/w) was added. The reaction was
vigorously stirred at 40-50°C (internal temperature) while H, was bubbled

st or age
ceuti cal

through the mixture. The reaction was monitored hourly for the
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nmedi canments may be conpressed into pellets or

cylinders and inplantedi ntranuscularly or
wag@awenrameousl y as depot injections or as inpleC/ESEOEHNT7922

as stents. Such inplants may enpl oy known inert

materials such as silicones and bi odegradabl e

pol ynmers. [0145] Specific dosages may be adjusted

dependi ng on conditions of disease, the age, body

wei ght, general health conditions, sex, and diet of

t he subject, dose intervals, adm nistration routes,

excretion rate, and conbi nations of drugs. Any of the

3@??6%@&%9& offgtmeﬂm-ﬁifp@raﬂnsﬁ-{/lwhmaamnérbtySH|aL@. The

thinth nds of routine experinentation and
t typical ceastiondinhe wiasHi hotllse scope of the instant
invention. [0146] A therapeutically effective dose nay

o= R MBI 08 g A LA 8910 o
t Bisappsar@atirorm tea réautions the sclution alaspurhbdivitxis fortld a
hi gh therapeutic index. The therapeutic _jndex is the
dodtes: NebAANRE (2as mollaf athY Hpihay-S-BingerPaRels,

TARrBEABYRE R BRL br B Jel TREHERDn v SRR 2rSR0°C

agﬂtefrm tePpR ratard)mtitl treereactioa paist camplete.eThe ceactioni was

50% of the oioul,atl on. The LD50 a?g}ﬁEEEO are

deosvtareray Ey oufing, thr disBRRPAABES O I3mjpe empoung by HPLC.
Lag,~cal ; | I j . i

DERES ] BRI ABHTng To Bl whd bt

i wasooted toneans tenperatereizad fitered thrpogh engadotCelitetfidigring
w th a di.,sorder, qr, di sease,. or halt, of, f.urther
PRl 1315 G iaditelng iapiatat as A uifk a0Gflute EIOH (2x
PDEYEALY, BRd e RItRRE WA dohcehtrbitRl (hdRaequesd PrésueBproviding
For exanple, within the context of treating patients

watthick brewairange ol Mbeaesulting eil wastakes wicipSEQmL of a 0.37%

o shltont ettt G HE s g o PE B Boltigh! Bha
t prsdisttate foimhd eV TAE réultiy MmiXieowa s stif@dddr  doairand then
cancerous growth or tunor, proliferation

f
c fijienedarThessolist was yeasbed withsble@, (2 40 mlagmdrdried at50°C in a

o OBl e 2aE2 0 Ol elBF 9 imetatiperazin-1-y-1h-

benzoimidazol-2-yl]-acetic acid ethyl ester as a pale yellow powder.

Procedure B

[0161] A 5000 mL, 4-neck jacketed flask was fitted with a mechanical
stirrer, condenser, temperature probe, gas inlet, and oil bubbler. The
equipped flask was charged with 300 g (1.27 mol) of 5-(4-methyl-piperazin-1-
yl)-2-nitroaniline and 2400 mL of 200 proof EtOH (the reaction may be and
has been conducted with 95% ethanol and it is not necessary to use 200
proof ethanol for this reaction). The resulting solution was stirred and purged
with N2 for 15 minutes. Next, 22.7 g of 5% Pd/C (50% H20 w/w) was added
to the reaction flask. The reaction vessel was purged with N for 15 minutes.
After purging with N, the reaction vessel was purged with Hz by maintaining a
slow, but constant flow of Ha through the flask. The reaction was stirred at
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the growt h of cancerous cells. Treatnent may al so

i ncl ude adm ni stering thepharmaceutical fornulations
wWo@Rotbhai4ps esent i nvention in conbinati on w th BCTE82006/017922

t her api es. For exanple, the conpounds and

phar maceutical fornulations of the present invention

may be adm ni stered before, during, or after surgica

procedure and/or radiation therapy. The conpounds of

the invention can al so be adnmi nistered in conjunction

with other anti-cancer drugs such as, but not limted

to, d eevec, BAY43-9006, and Brostallicin and drugs

3249’,% 5 %égﬁglqﬁﬁw%?%g?e@%lfggﬁz @@%ﬁ@?@éq‘; rr'gﬁél‘? the mixture until
t ke 6°(m*n@ﬁwl4pfbbraﬁﬁmym -Gitroanilih@ W camptéalcnsumed as

di sease state" as used with respect to cancer
t ikedermined Ry diRLe. ddestupicahraagtion dims wae 6 kourshe

cancer This may often be visualized using a scanning

h : Vi PET
HDTeE] HE e R A oo BR L A il oo
f @sm;marem&oanmamdcbmmhe sohdioandasputgedtvagh N. for 15

i nvention_ingl ude t nd .of Structure | or
t Riblasy e Siatne GlSHTSTBRb S Binsemuive 50 CarbWAR LAk to avoid

WidxBodu Rl aIRCcsol bQQ'd@fméﬁ‘“cﬁl%tﬂﬂﬁ lREathiBky J39Fn|n8—;5%?>an651%
conmpounds of the I'nventio be use to prepa
mlfk}’dmﬁ’i@ﬂ@ wad qolded rtaél@e;lteaxzhlbnfmmnrealveo Aasperiddodf about 30

SR e FRHoRBA Wt st AEbe-SBeC il amaratire) under N

[mpﬂhemgnmm@g%?n e@ é’cSrﬁE—Hn@% aa%Je@ém{lHéd BYSEHRNE. The
i nvention are artl cuI aruépsw t for use In

céymcaiarﬁa@ilpn hmeaws aboutridhotesy eAfthdhesrtaawDrt waexhirglete, the

YRS 5 L AGH R GPARREORY, 8 oacton sk

camt@élhemve"re thev raighied iwith 200 pradfIFIOH (3 X 2B8GAN). The filtrates
(CPT-11), alkylatin aEents t opoi sonerase | an
| NYaBicebibinea Ty 9BDARE SRSk, anst Abei 330 Dhafninanot wes

&9?@%\7@? Sindbr VA& ‘{)‘?B&Uéfﬁb} gﬁ%r@ﬁ &3fd W%&@i%ﬁ@é {a% then

i -cancer ugs suc Levec
arld/l BiGis (380 mt) wereaddéd hol theardsultinigasil, aee the resultieg mixture

DA Bt e AT S hoh B RSoiab e i azhaon
(200 mL) was added over a period of about 20 minutes maintaining the
internal temperature at about 25-30°C while the pH was brought to between 9
and 10. The resulting suspension was stirred for about 4 hours while
maintaining the internal temperature at about 20-25°C. The resulting mixture
was filtered, and the filter cake was washed with H,O (3 x 300 mL). The
collected solid was dried to a constant weight at 50°C under vacuum in a
vacuum oven providing 345.9 g (90.1%) of [6-(4-methyl-piperazin-1-yl)-1H-
benzoimidazol-2-yl]-acetic acid ethyl ester as a pale yellow powder. In an
alternative work up procedure, the filtrates were combined and the ethanol
was removed under vacuum until at least about 90% had been removed.
Water at a neutral pH was then added to the resulting oil, and the solution
was cooled to about 0°C. An aqueous 20% NaOH solution was then added
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phar maceuti cal fornulations that include the conpound
of Structure | andtautoners, salts, and/or m xtures

wo b@oapfs13 N conbi nati on with an anti cancer drupCT/US1966/017922
i nvention al so provides the use of the conpounds,
tautoners, salts, and/or mxtures in creating such
formul ati ons and nedi canents and the use of the
compounds in treating cancer patients. [0151] In sone
enbodi nents, the invention provides therapeutic
conpositions conprising, an anti-cancer drug and a
conpound a tautonmer, a salt of the conpound, a salt

f
OIS BRI S B FRBHE B U681 ol Wi ot et The
f oesultieg sixtuke wasctben fitersar aidedried as elggerbedbboge The
he treat men a patient, uc S cancer i ent. \
| At fiaiNG JaTk it BB AHE oM< e oA tarciod ab Yebw product in
p pesi stant to at | east one anti-cancer
d uég;@gagﬁ@agé%?é@vec BAY43- 9006, or Brostallicin. In

sone such enbodi nents, the anti-cancer drug and the
conmpound, the tautomer, the salt of the conpound, the
salt of the tautomer, or tExXamBleide thereof are

pMé(fg%%dfr???étﬁélﬂgl\ﬁa?%8ﬁfetd %JG éﬂd\ﬁ{;ﬂgﬂ ﬁ,prézm-1 =yl)-1H-

A anedient at
t lhenzaimidezol-2-Y}-aceitic adidtdthylcesteeund, the salt of

SS9 ey de- ety bpiparacin- 16 herimiszol aniiragetic acid
' 'é‘fljnH @Rtdr 320! l*ﬁ%';?%% th&'h débGSeeﬂi gﬂeﬁﬁdusThﬁloﬂ%HgQ# 343 difed to a

he ‘1 nvent'i on use
s wgteccantesuoft athdus 859!%] lds® svasylboedirna |2|®QDsmIs wolndbottom flask

h I I | ud t
s PLabiveatbeid GV othe ASper shivien W
| @BHESHtraRESe PREKBINKGNS a r’bﬁ#? RiBpEKASr With habfing Ghekall
and gui nea pigs; rabbits and hares; cows; horses;

pisgheny wasgerrmedp Thmp@ggduneswaampeﬁed tweneeredines.aghe

I ,?lljélbgﬁ Jth&?B%fr?a?rgeg \%gg oft ﬁ'f tﬁ%ﬁlﬁk%n%o@ggfﬁfg 'vg‘éﬂﬁr?] oven
emeatdBNSEC bliermigH e@rl Héh@eérhzﬂ%ls ir8siits’ indrRAted Wokater

as a nouse or a_rat. In sone enbodinents, the subject

orcoﬁhiﬂt@iﬁﬁ 25%a T heripwaredwatar aonientobtainad byrthisi methode
é\/'&%an re %oﬁglﬁf@ﬂ’\ﬁgjgg%eo‘?ﬁe B?EB(SFHmé 3, %tﬂgpgglbents such

as toluene and THF may be used in place of the ethanol for this drying

process.

: Example 4
Synthesis of 4-Amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-
benzimidazol-2-yl]-1H-quinolin-2-one
Procedure A
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[0153] The foll ow ng abbreviations are used in the

Exanpl es: Et OH: Et hanol H2O Water HCl: Hydrochloric
wa@ediod/ 1L Hi gh Performance Li quid Chronat ogr BQITYS2006/017922

KHVDS: Pot assi um bi s(trinethylsilyl)anm de Li HVDS:

Li thi um bi s(trinmethylsilyl)am de NaHVDS: Sodi um

bi s(trinmethylsilyl)am de NaOH Sodi um hydroxi de N :

Ni trogen TBVME: t-Butyl methyl ether THF:

Tetrahydrofuran [01 54] Nonencl ature for the Exanple

conmpounds was provi ded using ACD Nanme version 5.07

sof tware (Novenber 14, 2001) avail abI e from Advanced

OTﬁb%anm at et OE Dk pipeBEzin LA A BB aci

sm)tmmoe) (dried witteeitiaAot ad\desoribed atrov2) as

'P [ | sof t re package
ing *3%2513&& fip @ﬁ&d@f ft?@g acﬁoa»dreaﬁer
( Qﬁ@@ﬁérﬂ@& st} te at@ﬁe Brtgoteg %@Eﬁgﬁ‘gﬁd A# s5BA! 228mino-6-

materi al s were na usin
ndtuenebanzowiirile (35.8]g, VA0 nowlswas addgd rlmttm salutiompandothe

"o EE RRBRFRLEP BRe reeedip " En Fien Bl ERERalS Had dissolved
S o
B Ry tommsteturg hop regchid 40°C, Sl JHAMDS, (76,2 g, 1890

[ Oﬁnﬁf@] \Ba£hdde©oﬂenatpeqadldfl5nmn(u5@§) W hed dfifitiomb) trwmbtassmm

2 BEGO0TRE BORPIELR, § netsadaiiansy JOHCRRIIAT Wag Qsiiged, and the
Wb teﬂﬁ%réth?e%a%%ﬁk@@?% AfRR aPeridePSF B PMit 88 Ghe
internal temperature decreased back to 40°C, and the reaction was
determined to be complete by HPLC (no starting material or uncyclized
intermediate was present). The thick reaction mixture was then quenched by
pouring it into HO (6000 mL) and stirring the resulting mixture until it had
reached room temperature. The mixture was then filtered, and the filter pad
was washed with water (1000 mL 2X). The bright yellow solid was placed in a
drying tray and dried in a vacuum oven at 50°C overnight providing 155.3 g
(47.9%) of the desired 4-amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-
benzimidazol-2-yl]-1H-quinolin-2-one.

Procedure B

[0165] A 5000 mL 4-neck jacketed flask was equipped with a distillation
apparatus, a temperature probe, a N; gas inlet, an addition funnel, and a
mechanical stirrer. [6-(4-Methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-acetic
acid ethyl ester (173.0 g, 570 mmol) was charged into the reactor, and the
reactor was purged with N for 15 minutes. Dry THF (2600 mL) was then
charged into the flask with stirring. After all the solid had dissolved, solvent
was removed by distillation (vacuum or atmospheric (the higher temperature
helps to remove the water) using heat as necessary. After 1000 mL of solvent

had been removed, distillation was stopped and the reaction was purged with
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and heated until the 5-chloro-2-nitroaniline was
conpletely reacted (typically overnight) as determ ned

W 00624313 Af t er HPLC confirned the di sappear anP€r/v820061e&17922
5-chloro-2-nitroaniline, the reaction m xture was
poured directly (still warm into 2500 nL of
roomtenperature water with nechanical stirring. The
resulting mxture was stirred until it reached room
tenperature and then it was filtered. The yellow solid
t hus obtai ned was added to 1000 nL of water and
stirred for 30 mnutes. The resulting m xture was

[ ek

(o0 ThE0 SR PF SRS KisRthdtR € (e FedBRRE Lot rlibhen all

healld was digssalvedh distilladon v’élmeunesmmqsgphenb) Wamam conducted
transferred to a dryi t% a@and dri ed | a_vacuu

ov@w anothgroOQ0mh A sioh SR VHe | His pEPgGSS of adding

(A A0S sas Buiaid anrmeutgt e 4

1d’é9uatmm 6046 ofitheesblventds femoeed irsoe n’UusbéQ% aﬁ)trtfbmﬁrst 3

el Rt N SRS e pRR sl
f Jc@ééte\”ﬁfnet \nﬁiér%hﬂaﬁﬂ \N‘thé dNalysis Sidvied tatehezanple contamed
(758.1 g, nol ) and 200 proof ethapol

rﬂ@)ssvtba@ oawéowater tth@n reagionovas P%ﬂ@%dﬁ'ﬁ §e$¢rfheﬁ1g§1 the next

TB8rdarASH. MRS SRR PR RIS BWE maRANERD SGATARR, then the

he%ﬁm@ Brotuskdestabed above wasl cdrmmaed annur 8 wa‘telgd’@ﬁe(moﬁf less
mai ntai ned at that tenperature until the

SA%was@Eshisvede (typically about 40 hours) as
determ ned by HPLC. After the reaction was conplete,

g@féndjg was af gtie? SQPAfR UBHteRR Bf reae th&ReF bsaumgov/mbg ehcmeved

intern tenperature of about 20Q0C t
susingi thg, pram:blurlaeieseabed mwthaasrequusrr@dagr@phzth%d@tl“aﬂon

hours. Seed cr O 20 0.

S SphSiati s PRECaY St ok condieBland e mastonyasy
t SnERf o WS DLARINBLBHUGR- uahmﬁtrm 66.2ig, avoemmb#(in some |
al ready occurred. Water (2,450 _n) was added to the

siprcw ree 845 equivalents is u‘s‘v@é‘b Ahp sepdiprovas rn hepted to an

Aol % PR R SRR gpveache

t '3‘8 42°C, KHMDS solution (1313 g, 1.32 mol, 20% KHMDS in THF) was

added to the reaction via the addition funnel over a period of 5 minutes

maintaining the internal temperature at about 38-50°C during the addition.
When addition of the potassium base was complete, the reaction was stirred
for 3.5 to 4.5 hours (in some examples it was stirred for 30 to 60 minutes and
the reaction may be complete within that time) while maintaining the internal
temperature at from 38-42°C. A sample of the reaction was then removed
and analyzed by HPLC. If the reaction was not complete, additional KHMDS
solution was added to the flask over a period of 5 minutes and the reaction

" was stirred at 38-42°C for 45-60 minutes (the amount of KHMDS solution
added was determined by the following: If the IPC ratio is < 3.50, then 125
mL was added; if 10.0 =IPC ratio =3.50, then 56 mL was added,; if 20.0 =IPC
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addition of water was conplete, the resulting m xture

was stirred for about one hour at a tenperature of
WQoO&12421800C. The resulting m xture was then PCT/US2006/017922

and the flask and filter cake were washed with water

(3 x 2.56 L). The gol den yellow solid product was

dried to a constant weight of 416 g (98.6% yield)

under vacuum at about 500C in a vacuum oven. Procedure

C [0158] 5-Chloro-2-nitroaniline (401 g, 2.32 nol) was

added to a 4-neck 12 L round bottomflask fitted with

an overhead stirrer, condenser, gas inlet, addition

00 8 B8P TS SR e
9, cZiBre_spbhdmdomémlrm-ﬁdhndro(%[BG(Mbthq)adﬂadl Yh-fHhe
i Rezar Al auliau & 40e) &%ﬁfg'swﬁ\e?éa%a?mﬁ%ﬁeemng to
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t H2db), ﬂ'@npec‘murvas codled ta be imtesnd! itempeesucooi? 286°C, and water
typjcall t 40 as determ ne y. HPLC. .

ABD FRkeS BRsiask ot kafior GVera marRg QIS mnites while

di i I

| h@é@?gi"“ﬁéﬁ}%ﬁ%{ﬁ‘Se@?@F%%%”a%%ﬁ‘v?é'ﬁdoﬁe??'?&naﬂvear‘%

wereactiqrisidcoriductexsatedif€land walher isiadded avithim 5aninutes. The

[ f whi | h
" ik ueBAf S ARG SR AR DA ab sy aver iRy The
Afrbfilix VBh@EnA Hidd PRNWBDIERARYIf & dlﬁlﬁéﬁéﬁagpﬁétus and solvent

di sconti nued and the reaction m xture was
cows raeved by distitlatign h(acasm omaimasphetickusiogdeat as requwed

25 0C. t
Bt ool FTRE SBIVAGE haly bBan Tamivn. ABHISER WiE dRcbhlihfed and
t en@%@dwm/v@é paﬁbe'ﬂJWQIQNgThNafeﬁ?gt%@(D RL)Wad tHe® aifed to the
then filtered, and the flask and filter cake were

wdgAeliprvilask while maintaining the inteyoes termparsture at 20- ao_f’p The

rGacEn (A0 et indh Sten of 2o 4af o G inlisRistare cooling it o

g‘ggﬁlp?é;ﬂa%bél%l ga@f;rl% %ﬁ% g)\;’g)g dEiﬂeFﬁl %ﬁm@@?@ﬁ K8GH Hhé esulting
suspension was filtered, and the flask and filter cake were washed with water
(3 x 650 mL). The solid thus obtained was dried to a constant weight under
vacuum at 50°C in a vacuum oven to provide 103.9 g (42.6% vyield) of 4-
amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-benzimidazol-2-yi}-1H-
quinolin-2-one as a yellow powder.

Procedure C

%_< Kj §:> .
?ﬁz‘B:““” M

[0167] [6-(4-Methyl-piperazin-1-yl}-1H-benzimidazol-2-yl]-acetic acid
ethyl ester (608 g, 2.01 mol) (dried) and 2-amino-6-fluoro-benzonitrile (274 g,
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Synthesis of [6-(4-Methyl-piperazin-1 -yl)-1
H benzi m dazol -2-yl]-acetic acid ethyl ester Procedure

we\240843)3 A 5000 inL, 4-neck flask was fitted BT/OSH06/017922

stirrer, thernoneter, condenser, and gas inlet/outlet.
The equi pped flask was charged with 265.7 g ( 1.12
nmol . 1.0 eq) of

5- (4-net hyl - pi perazin-1-yl)-2-nitroaniline and 2125 niL
of 200 proof EtCH. The resulting solution was purged
with N2 for 15 mnutes. Next, 20.0 g of 5% Pd/ C (50%
H20 w w) was added. The reaction was vigorously

51207 BbiPiveftdemfigetlinford AHeckonPe Niabkiseatetiid & heatiHg antle

rough the m xture reaction was
memid figtesbwitio ar¢ondienser, eethanigad stieac gasfinlet, and temperature

S5 R BB e it e MR B T wes

aldhatdd frtd thaRidsibn PhiRRIr@ Hie it wﬁb )sﬂﬂfeﬂ' tTheaRbklit\e vessel was

had di sappeared fromthe reaction, the solution was

piogiipwigesl with Narandgmaintained undexN. Zhe. iotegnalteprperature of

b g N6 A R e PRBrERPRRT: By Brehwas Hehitiea.
40|'h'@§térh8h%hﬂféraﬁﬁ%ﬂr% H@Urevhs ImdiRRin&RASE 6T ("ﬁ53 C)

conplete. The reaction was nonitored by follow ng the
divgilepzrpraxiceately 2.64. ofi taliene wasidistitet] frpntPedlaskhnder

- SBuifeshp iUt LTe 0B stBEBacs #Bigm - 10°C) (ke

U B R @Hs"l"snﬂlafs'dsbﬁ t§ %thR W?!afer%‘ﬁtéﬁt ifvehd Fn"?xture If the
filtering terial. The te filtering material was
waatedcontent was greater vapH0 03%, then amb)hera%@l Ltafdoluene was

e BRI R SUSREVBREEBARy o vter
V\ﬂﬁ)ntéﬁt@‘ﬂ |6H ﬂmﬁn%@@%‘w% ashieved o Aéér & Watér é&hterﬁ%f'lélss than

g) was then added in one portion, and

pr%@?a%n wa$ éeac@eﬁle heatimg wesgliseantiguad xangd maﬂmecbon magdcooled

wier NGt S Pigst tleien i pe” 3 Bo iUl ade in THe

0\(20°/dO|"nOM+I!«-311 3894&1 6.04 tholestpdi¥bsia t-butoxide) was then added to
(4-nmeth &_peram n-1- IZ- 1 Hbenzoi m dazol -

-tbe ]re@&t@tr\ WnGeriNg atraniate @yp ithaidhg internal jempetatus eidhe
reaction was kept below 20°C. After addition of the potassium t-butoxide was
complete, the reaction was stirred at an internal temperature of less than 20°C
for 30 minutes. The temperature was then raised to 25°C, and the reaction
was stirred for at least 1 hour. The temperature was then raised to 30°C, and
the reaction was stirred for at least 30 minutes. The reaction was then
monitored for completion using HPLC to check for consumption of the starting
materials (typically in 2-3 hours, both starting materials were consumed (less
than 0.5% by area % HPLC)). If the reaction was not complete after 2 hours,
another 0.05 equivalents of potassium t-butoxide was added at a time, and
the process was completed until HPLC showed that the reaction was
complete. After the reaction was complete, 650 mL of water was added to the
stirred reaction mixture. The reaction was then warmed to an internal

temperature of 50°C and the THF was distilled away (about 3 L by volume)
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Procedure B [0161] A 5000 ni, 4-neck jacketed flask
was fitted with a nmechanical stirrer, condenser,
W0 esvpae4atdir e probe, gas inlet, and oil bubbl erPCT82006/017922
equi pped flask was charged with 300 g ( 1 .27 nol) of
5- (4-nmet hyl - pi perazin-1- yl)-2-nitroaniline and 2400
nmL of 200 proof EtOH (the reaction may be and has been
conducted with 95% et hanol and it is not necessary to
use 200 proof ethanol for this reaction). The
resulting solution was stirred and purged with N2 for
15 mnutes. Next, 22.7 g of 5% Pd/ C (50% H20 w w) was

I
2l P4 RS 3 aadle 8RS eGSR |30 ther
t Iﬂa&idedairbpmsemsthelreaamrpmgem u\smg aHQHdwthrafumel nThg mixture

| ow, b fl in th . The
7 et Mon RelSCRY 1ot temagieBire andelTerloriab east dihows; The
V"‘?hixﬁjrb'%vé(@&e*h%r&ﬁj érﬂf t‘Pl'éthtetr i&ﬁké'wgsqkl&sﬁ’é& Mth Wier (1.2 L),

5- (4-net hyl - pi perazin-1-yl)-2-nitroaniline

comifh é0%l gthanab(dr&bl) andowitle OP/methampl (—'IP'ZC) The ttr;ghlt yellow
After al

t t 62
oS0 PR ER YRS e 91baned inaarv e gy at 50°C unti a
d'c%%@&ﬁﬂﬂ/\%i’gﬁtr\ﬁé% bB@lr‘ieﬁﬁgfdgﬂig?%E?ﬁ egS 5‘.44%2@ WRSd I IPA amino-

with N2 for” 15 m nutes nterfrediate 1s

ai -flgenes3{6-(e-methylapiperarin-1 aie hHbenzirvidazekpyuitd-quinolin-2-
alr 500 g (2.56 nol) of ethyl

3- élt oxy-3-i m nopropanoat e hydrochl ori-de was added to

the reaction m xture over a period of about 30

m nutes. The reaction was stirred at 45-55C (internal

t enper at ure) under N2 untilE mmmm ne was conpletely
The typical reaction

d
16 6 BB AreTIuRr 3rior dameshiiebipRraglo-1-¥1)-1H-
C HBHZnFdaidif2- gﬂaﬂiqwhm f_bll,%ered whi | e warm t hrough

a pad of Cellt e reaction flask and Celite were

t Hoh68shed A30A0 2al04premisflask@quimped @Bl andondenker,
fi,ltrat d d abqut
S 4BREATre Bichen  detaniebrrsithmecnaaial st Baten iy 2
ameahaggﬁamé TNéFask Q/@%Qhahbhafgéd mw 4%!7\@5#@5% Bi[B
were added to the resulting oil, and the resultin

ety EPRGEATr vl H-trenzimidazol-2ng- Sotauinalin-dese (101.0 g, 0.26
Vi85 %4k el FShildWhE s3S5MET In 95% ethanol (1000 mL) and

stirred. In some cases an 8:1 solvent ratio is used. The suspension was then
heated to a gentle reflux (temperature of about 76°C) with stirring over a
period of about 1 hour. The reaction was then stirred for 45-75 minutes while
refluxed. At this point, the heat was removed from the flask and the
suspension was allowed to cool to a temperature of 25-30°C. The suspension
was then filtered, and the filter pad was washed with water (2 x 500 mL). The
yellow solid was then placed in a drying tray and dried in a vacuum oven at
50°C until a constant weight was obtained (typically 16 hours) to obtain 97.2 g
(96.2%) of the purified product as a yellow powder.
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(200 nm.) was added over a period of about 20 m nutes

mai ntai ning the internal tenperature at about 25-30C
wobitba244ne pH was brought to between 9 and 10.Pd1Es2006/017922

resulting suspension was stirred for about 4 hours

whil e maintaining the internal tenperature at about

20-250C. The resulting m xture was filtered, and the

filter cake was washed with H20 (3 x 300 nL). The

collected solid was dried to a constant wei ght at 500C

under vacuumin a vacuum oven providing 345.9 ¢

(90.19% of

[ 6- (4- et hyl - pi perazin-1-yl oi m dazol -

2-yl]-acetic acid ethyl l-éaﬁaggpal e yel | ow powder.

| riPrepazhtien ndtliacticvcid salt pf 4Mume—5-ﬂherd-el-[6n(4t-mthyl-

wer.e conbine the e r ey ed under vacuum

urR'PPr%ﬁ'"T'Q')igtﬁ'g'gGUF"@ HE" ﬂﬁ%ﬁ' Wi2-ofd er at a

neutral pH was then added to the fFes Itlmll, and

t he solution was coolred tw, abad AN aqueeds 20%

NaOH sol uti on was thgn addeds|/ow Y ap¥d stirring

to bring the pH up 9 cady™ th pH neter). The

resulting mxture iltBred and dried as

descri bed above. The-a faxhve work up procedure

provided the |ight tan td* light yell ow product in

yi el ds as high as 97% rmlLactcAc.dNEt hod for Reduci ng

Wat er Cont ent of E{OH, H,0

[ 6- (4- Met hyl - pi perazin-1-yl)- 1Hbenzoi ni dazol -

2-yl]-acetic acid ethyl ester [01 63]

[ 6- (4- Met hyl - pi pera2|n 1 -

H benzi m ¢gazol - aci d/et hyl, ester (120 7

granms) that h ; | , W and drfied|to
a water conteqt of H2 shpl aced_i nJla 2p00
m _ round| b sk ahd d| ssol ved in absolgte ©

et hanol (508 . e anber solution was|conggntrated
to a thick oY usfng & rotary evaporator{w th heatipg
until all Lsol vent was renoved. The procedure was |
reseated two nore tinmes. The thick oil thus obtained

wd916@F ¢ i n A BEO® mis#-naeked jacketed flask was ditted witha condenser,
r Hi nalysis results .
" eeieh 8 R L1yA Bl e, moAE fiEonRRel Sirfer i ihction
c arbsaltwad paigeednitly Nofosatiebsots minutes and then charged with 4-
amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-1H-
quinolin-2-one (484 g, 1.23 mol). A solution of D,L-Lactic acid (243.3 g, 1.72

mol of monomer-see the following paragraph), water (339 mL), and ethanol

(1211 mL) was prepared and then charged to the reaction flask. Stirring was
initiated at a medium rate, and the reaction was heated to an internal
temperature of 68-72°C. The internal temperature of the reaction was
maintained at 68-72°C for 15-45 minutes and then heating was discontinued.
The resulting mixture was filtered through a 10-20 micron frit collecting the
filtrate in a 12 L flask. The 12 L flask was equipped with an internal
temperature probe, a reflux condenser, an addition funnel, a gas inlet an
outlet, and an overhead stirrer. The filtrate was then stirred at a medium rate

and heated to reflux (internal temperature of about 78°C). While maintaining
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provi ded increased yields in the procedure of Exanple
4. Ot her solvents such as toluene and THF may be used
w0 nooplia@es of the ethanol for this dryi ng proceBGT/US2006/017922
Exanpl e 4 Synt hesi s of
4- Am no- 5-fl uoro-3-[6-(4-nethyl -piperazin-1 -yl)-1
Hoenzi m dazol - 2-yl]-1 H quinolin-2-one Procedure Al 01
64] [6-(4-Methyl-piperazin-1 ~yl)-1
H benzi m dazol -2-yl]-acetic acid ethyl ester (250 g,
820 mmol ) (dried wth ethanol as descri bed above) was
di ssol ved in THF (3800 nL) in a 5000 m _ flask fitted

eﬂléﬁgﬂﬁnéﬁbgogﬁci@% wa%t éméd t% PR W& a period of

pro pur ge
f laboub 20eninotes: r'Therge@sios ﬂgaskm timen| coolesds toaattl ndernal

T chae B RS R TRl B
S%@b&f?ég{ul@igggrrﬁnérlﬂ %‘?nélf%rraeﬁé?rﬁﬁgoﬂ%ut% ifh he reactor

(37 was add ver a perio
mwasg mspewedrfoadrdfstalsnnlfmfo ¢rysta|mwasspmsehta§hemvawstals of the

l
oREH A BT ram iy ST Haro- SRRV kP RRE AT der 1 -
6%@nzﬁﬁ'ﬂ9&oﬁ2-@ﬁﬂ'l—ﬁéuﬁi‘ohﬁ@ Fhé W& md, 081 hiviéPAlere added to the

tenperature décreased back to 400C,~ and the reaction
wdaisiieanrd thenradiction b@satwmdeafeﬁ%YO?@lf@ Ihmiswtas thefere again

b
ihitedtg dhe SASK forl Grdtalsn SO it Wata RrSSaiT, dirrigd fas
' rié&ué@ﬂd S080 rﬂ‘e)angf‘lﬂe%b&t" idWak RGeS B4l A Cior i &dditional

until 1t had reached roomtenperature. The m xture was
t lehmindtesr e ramtldriwaé thdérecoglad tovaboubB1E® dven & Iperiod of

bt 210055 13 i e nG e e BRre 6 VeiRUaD 25880 mioron
o‘fﬁftéw fidr, P?é/Péicl 2 \Afésﬁe hge@wHBI '8@ HEPLAE Stirred until
°§‘9f[ Pefd

-amn05f uor o- plperaz nly
Hidlee mterréd terhpe@tyle] was labqull (Dﬂﬂ | h@-colteethBnokwdsiused to wash

\[M%g ?L{erdq: Oqo%ng'thérpnrggédar%cvbgé (reéjpgaltgé 5 *’grse At? gls.p [1)‘?1% collected
solid was dried to a constant weight at 50°C under vacuum in a vacuum oven
yielding 510.7 g (85.7%) of the crystalline yellow lactic acid salt of 4-amino-5-
fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-benzimidazol-2-yi]-1H-quinolin-2-one.
A rubber dam or inert conditions were typically used during the filtration
process. While the dry solid did not appear to be very hygroscopic, the wet
filter cake tends to pick up water and become sticky. Precautions were taken
to avoid prolonged exposure of the wet filter cake to the atmosphere.

[0170] Commercial lactic acid generally contains about 8-12% w/w
water, and contains dimers and trimers in addition to the monomeric lactic
acid. The mole ratio of lactic acid dimer to monomer is generally about
1.0:4.7. Commercial grade lactic acid may be used in the process described
in the preceding paragraph as the monolactate salt preferentially precipitates
from the reaction mixture.
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apparatus, a tenperature probe, a N2 gas inlet, an
addi tion funnel, and a nechanical stirrer.
WO 8e0pA24e3 hyl - pi perazin-1-yl)-1 PCT/US2006/017922
H benzi m dazol -2-yl]-acetic acid ethyl ester (173.0 g,
570 mmol ) was charged into the reactor, and the
reactor was purged with N2 for 15 mnutes. Dry THF
(2600 nmL) was then charged into the flask with
stirring. After all the solid had dissol ved, solvent
was renoved by distillation (vacuum or atnospheric
(the higher tenperature helps to renove the water)

ugbeAtifieatiodof Mé@bYRtys After 1000 ni of sol vent had
been renoved, distillation was stopped and the

T e e PR U oG, STyolth 3 f6-Xa-RiginYfipgrazin-
wad)- thil deizingid azdk-24yilH 1Hvgumoligs2xone KCompaund i) havie deen

i duct ed._unt | t her, 1000, niL | vent
e BT AR boBRELEeas o s e Bsicoy
SGtdBNhs HeBEtEd athe reRPEH @S iﬂbor‘p%?ét‘ed‘hér'éi‘ﬁ‘?sl'lfﬁ’ﬂvd Rentified

4th distillation, 60% of the solvent is renove
i meelakaliies werettha pinesszing N-exide carnpauntl €2ompaund@3and the N-

af i f,or Karl Fischer
ana%%t}qgla?%j g%%@%@%&%@%?ﬁﬁ%%?&%e anal ysi s
showed that the sanple contained | ess than 0.20%

wat er, then reaction was continue :
next paragraph. However, if t
than 0.20% wat ef, thB
above was conti
0. 20% was achp€
| ess than or
procedure desc

B366] MNjter a water content of
0o wagHachi eved using the

3 é previ ous paragraph, the
distillation apparat wa¥ replaced with a refl ux
condenser, and the r¥faction was charged with .
2~am no- 6-fl oro- benzoni tri g, 470 mmol ) ( in
sone procedures 0.95 equi v%ﬁé?@q(l?g used). The
reaction was then heated to an internal tenperature of
38-420C. Wen the internal flad Keached
38-42C, KHMDS sqt uti qH.,13f Nl , 208HKHMVDS i n
THF) was added tp thelr
over a period 1%\
tenperature af

tai ning the internal
ing the addition.

N~ ~O
H
Compound 3
IC50s of Compounds 1-3
[0172] The kinase activity of a number of protein tyrosine kinases was

measured using the procedures set forth below for Compounds 1-3 to provide
the IC5p values shown in the following Table.
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When addition of the potassium base was conpl ete, the
reaction was stirred for 3.5 to 4.5 hours (in sone
wex@pkass3it was stirred for 30 to 60 m nutes BOTUS10E6/017922
reaction may be conplete within that tinme) while
mai ntai ning the internal tenperature at from 38-42DC
A sanple of the reaction was then renoved and anal yzed
by HPLC. If the reaction was not conplete, additiona
KHVDS sol uti on was added to the flask over a period of
5 mnutes and the reaction was stirred at 38-42C for
45-60 m nutes (the anount of KHMDS sol uti on added was
d ' yRg: If the IPCratio is <
SIS, NelsHf CORPRARBY {100 S PG ati 0 3. 50,
then 56 was added; if 20.0 [PCratio >10, then 30

m _was added. The IPC ratio is egual I%) the area
corresponding to s0 (M
1 1)

CERRRINR o, VESER T [ VECER (1T hBGRE THOERR oy | ok

h

the—area—cor+espandre—ta—theunreyetized
Compoupfdai 4t e) ﬁﬁa\c}ce I he p@é‘ i on \);\/QSOQ%rrpI &%Z%I p@.0001 | 0.0015

ratio > 20), the reagtor was cool ed to an internal

CoinpBDAd 2t urle op,0d4- 30L, ap®oeat er| ($PFbaL)| Wg16¢NabaR®H4 | 0.0002
e

into the rleactor ovefr a period of 15 m nutes whi
maintaining the internal tenperature at 25-35C ({n one

Comppund 3 i e, 049 ealbti 0f.01€ condu®@t at| 40037 apd.0001 | 0.0002
water is gdded withip 5 m nutes.| The qui gker quench

reduces the anmount—of —Tnpurttythat—forns—over—t+ne)-

oS4t éﬁ?ﬁ%ﬁ%@?ﬁ%@%ﬁ&ﬁ“ i
! ] w2 - - _ ) 4-Amino-5-
Rnhe s s WK SR

he
distillation was di sconti(R@MPUAd3e reaction was
p W th . Water (1660 nL) was, then added to the
P on I Tersanirahestivetirap b tinigentited mgtabolies of
t : r ' ' t hen
L BB ¢, Mo Botaltes Vet iRdebe bt Syltfala | e
an internal tenperature of 5-1 0C and then stirring

f 0174Thour . Crvepoundi2: thed\-oxidsemetaholiiesf Eotrpoued, 1, avas
6 S5 eRRgR riow S el FelfflaSomPela hgs nbddtina

C oigiuae of veHzgial, dﬂméaleamalmm@én@ ﬂ?@rdg@napef@ﬁiuémtmfcﬁﬂ
to provide 103.9 g (42, 6%yield) of 4-
completion of the reaction, Compound 2'was isolated by filtration and washed
with ethanol. If necessary, the product could be further purified by column

chromatography.

F F
NH» NHo :
N
Co. e Gl
HN N
- N EtOH, DMA HN S N N
NN

on

1 2

[0175] Compound 3, the N-desmethyl metabolite of Compound 1, was
synthesized as shown in the scheme below. 5-Chloro-2-nitroaniline was

treated with piperazine to yield 4 which was subsequently protected with a
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am no-5-fl uoro-3-[6-(4-nethyl -pi perazin-1 -yl)-1

H benzi m dazol -2-yl]-1 Hqui nolin- 2-one as a yell ow
w@oadar441Pr ocedure C [01 67] [6-(4-Met hyl - pi pePEwUR2006/017922

-yl )-1 H benzi m dazol -2-yl]-acetic acid ethyl ester

(608 g, 2.01 nol) (dried) and

2-am no- 6-fl uoro-benzonitrile (274 g,2.01 nol) were

charged into a 4-neck 12 L flask seated on a heating

mantl e and fitted with a condenser, nechani cal

stirrer, gas inlet, and tenperature probe. The

reacti on vessel was purged with N2, and toluene (7.7

L . . : e

s39%26@?%@%??’8@?&@3@‘?3ﬁ?%ﬁ**ﬁ“ﬁ%%éﬁ&é protfollowed
idensatien withd®ethdXy-3Fimaini iorEt aciehpthybéstepgae 6.

?Ml mxt u .2 3@ r.ai S Fl l),llnt i hngr.):cg:nm;r :tbure gf .6§Eg(+e/_

s&oanstn & Bov RdfuoranthahipE g R Boesti

mH@)déhfétH?lais‘ﬂBtiBb%Lsﬁﬁfé ise8Idéd 7. SadeWiva8 treated %’Vﬂ{‘Q

approximately 2.6 of toluene was distilled from

f lagpieous die! toadeld dae gesised metabdie as-a yalavdbrown solid after
di stidl.] i head t = 400C (+/- 100C) (Karl Fischer
ar@'ﬂﬁg‘{agmwas used to check the water content in the

m xture. If the water content was greater than 0.03%

t hg@ apot her 2\/6 Yy of talyeqe was added and o
di stmon was— epeat edj@w\i S _processBwag repea
Ui ter content oENT&SsM han 0.03% was ~ H:N N

achi eved). After a water cont eneNBf | ess than 0.03% \_Neoo
was reached, heating was 4iscontinued, and the s

reacti on was cool ed under N2 1o an internal g
tenperature of 17-19C. Potassi umt-butoxide fn chHF

(20% imHIAPE 3.39 kg, 6.04) pot assi um ut oxi de)
was theﬁ—added—t—o—'thea(g‘egfﬁi, der N2 at ratHg such
that the iht éHHal tenperagture of |th gceactl(kpM%\@s Kept
bel ow 28@€: dgr addition of thekﬁo?assi um t - Dbut oxi de
was conplete, the reactionswas stirred at an internal
tenperature of |ess than 200C for 30 m nutes. The
tenperature was then raised to 25C, and the reaction

was -s{irfed for at least 1 hour. The tenpefgture was
th Kse 0C, and the reaction 1T gedf or
at te/sa The react%on_was ni e'\g/m
for co etH on using HPLC to check for d t ™on
the starting §\/ Boc 0 NH
7 3
Assay Procedures
Serine/Threonine Kinases
[0176] The kinase activity of various protein serine/threonine kinases

was measured by providing ATP and a suitable peptide or protein containing
a serine or threonine amino acid residue for phosphorylation, and assaying for
the transfer of phosphate moiety to the serine or threonine residue. The
synthesis and assay activity of a large number of compounds of formula I, I,
and |ll is disclosed in the following references which are all hereby
incorporated by reference in their entirety and for all purposes as if specifically
set forth herein: U.S. Patent No. 6,605,617; published U.S. Patent Application
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materials (typically in 2-3 hours, both starting

materials were consuned (less than 0.5% by area %
WORW0EN24413 f the reacti on was not conpl ete aftePCRUS2006/017922

hours, another 0.05 equival ents of potassium

t-but oxi de was added at a tine, and the process was

conpleted until HPLC showed that the reaction was

conplete. After the reaction was conplete, 650 nL of

wat er was added to the stirred reaction m xture. The

reaction was then warnmed to an internal tenperature of

500C and the THF was distilled away (about 3 L by

V i3 mRI0AAGSI2 532 gﬁ% .dE?fe:?;\ﬁé S%‘}b?)ﬁcefntfdgf&ﬂ ?(2{@%%7'40 Bled d November 5,

m xture. Water ropim sé
r 26 and mubllsln@:I Ws$ nigatent Agplication rﬂurﬁﬁiM/OZ'Imgﬁ xture

| BrioM DRG0 ProteiR® spRE S IRE KPRSR dorrales sHCSHa, REICE, PAR-
fiq, W\EK-Qaléﬂd\@%KWWﬁe‘éﬂWéTe"@(gﬁéss{ed]m §9hhsewcbhs ZQI@
et hanol 1.2 L), and with 95% et hano

brBagovjris| exRression sygtemp(lavigogen) and Wnégd NleaSBILaanltlbody

S Br e et SRR aBbad Sopitilom) 85V Piididbel Tod
4Grmnmto@fabhnydD+-Bse{ GEGDNOYH) wgg@a fwnetr&ctsyl Ldé2 (GST

H-_benzi m dazol-2-yl]-1 Hquinolin one,. le 5
pljyglgﬁ &Qpﬁgﬂcts,ﬁnd%y]clm B wgre co-expressed in Sf9 InSgBt cells using a

4

AR capreach bistefhn (Rb o leBE A B Chicleykid s

mvadaidelcohhraercmtymrnpwds\purd:haseddrcmfaﬂ;t;mtatetBlmtnn‘rmbIUg@l The

| rpug‘?ﬁngqq%gewﬁ%ﬁse@ﬁ&hgfé{s%%é% OB Raly yataty, and it
'p'@lTéHée‘;‘éGQ‘r&n [N E‘n oEBHd Bl AR B éhéh é(és)a Ltest

H- benzi m dazol -2-yl]-1 qU| nol i n-2- one é,

0. ceppasinds were setiially diluied is @V 8Onarsd ﬁ\mpmmmidwnthn 95 %

. ad j d,
S pEtrieiitpsEaealith Bie s pelh BT a8 WehRPeheied ATP.
t The Kieasd prd’c@Haﬁd m@@mﬁbpﬁatéﬂal@ﬁnwél@dtpew@b sibkfrate were
stiTring over- eriod of “about 1 “hour. The reaction

waslded da dive 2 fﬁea YQiWTWBDfﬂ§0mtlnuR@§CU@ﬂS wereincuksted for 3-4

b tﬂ ftlrsogf om Eé}ﬁpgr%%rev%sd {h%ﬁos\fggpecf BWaﬂ‘Smer"i‘é’ lt(o a s?reptawdm-
coated white microtiter plate (Thermo Labsystems) containing 100 plL of stop
reaction buffer. The stop reaction buffer consists of 50 mM unlabeled ATP
and 30 mM EDTA. After 1 hour of incubation, streptavidin plates were
washed with PBS, and 200 pL Microscint 20 scintillation fluid was added per
well. The plates were sealed and counted using TopCount. The
concentration of each compound for 50% inhibition (ICsp) was calculated

employing non-linear regression using XL Fit data analysis software.

[0177] The reaction buffer contained 30 mM Tris-HCl, pH 7.5, 10 mM
MgClz, 2 mM DTT, 4 mM EDTA, 25 mM beta-glycerophosphate, 5 mM MnCl,,
0.01% BSA/PBS, 0.5 uM peptide substrate, and 1 pM unlabeled ATP. GSK-3
enzyme was used at 27 nM, CHK1 at 5 nM, Cdc2 at 1 nM, Cdk2 at 5 nM, and
Rsk2 at 0.044 units/mL. For the GSK-3 assay, biotin-CREB peptide (Biotin-
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suspension was allowed to cool to a tenperature of
25-300C. The suspension was then filtered, and the

wo dobae44pnnd was washed with water (2 x 500 nli)PCT82006/017922
yel l ow solid was then placed in a drying tray and
dried in a vacuum oven at 500C until a constant wei ght
was obtained (typically 16 hours) to obtain 97.2 ¢
(96.2% of the purified product as a yell ow
powder . Exanpl e 6 Preparation of Lactic Acid salt of
4- Am no- 5-fl uoro- 3-[ 6- (4-net hyl pi perazin- 1 -yl)-1
H benzi m dazol -2-yl]-1 H qui nolin-2-one D, L-Lacti oAoid
EISEEAFREALFRPHSIRING, (SEQRS ! dpakeiiaid |Rskhe CHKY

was fitted with a condenséer, a tenpera?ure probe, a
g@ssay abjotinrddel9mpeptidecal stirrer. The reaction

VIBRS m%%{,ﬁﬁdﬁf\}ﬂbﬁgwﬁﬁu#ﬁébﬁﬁz}%% 5 N3'%)) was

anised: Fdrlthe Cuc2-driet %@@kmésayspartﬁ@ﬁmmstomé }+11pept|de
enzi m dazol - n- _2-on

nt{[lt;BIOhnE%G@ﬁ%ﬁT%Kl(BN_Kﬁ@QNI&] 48FQ @N@ 33 bwaﬁ Uﬁﬁdmln the

i S, Bl B7q Dot s ARLARCR mitTY, 4 gMfEDTA, 27

C i GCC irthibiter pepiiee] and Rlagk PIBATinhibiiar pestidenwereatised.

at a nediumrate, and the reaction was heated to an
internal tenperature of 68-720C. The i nternal
tJW@Fm%K@Qﬁes‘t he reaction was mai ntai ned at 68-720C

45 m-erg
it rgfsul ting AL ﬁé‘%c&ﬂ@i’?ﬁ‘ftﬁﬁéﬂg@%r é%ﬂ%‘ﬁqg%gw @Hases was
mmeasurédmy proVidm:g: AWB aricear apprcmnate peatldQZoLpfdtamlcontamlng
Th 12.L fla i nte

ESsite AR bt res e E prémidiBebh. Shd Bseningfor the
f Yrd¥er oF _Igg'éb%PhE{eehoﬁﬁy B Hefyrogime! ré’é‘d@é’ eR'é@éﬁﬁbmant proteins

stirrer. [trate Was thén stirred at a nedi um
r cerespandisgttedhe yloplaamic domains af theeh BrlafMEFGFR ), VEGFR2,

( TEGERR etk DRI Do R ek Ry Epoutoys RerfBgprossed

ahin 89 Aot selEasingeBaaioviryexprassionaystene (I nWﬁdgﬁh) and’
to an internal tenperature ranging from about 64-7Q0

wirRay Re puifisd vig (Ml antibedyt iterattion ferBlN-epilare tagged
pgdg@t%grpa%'ﬁ’ of By Me®BFIdrPEnhImABgHphyAfdF I BSEQTIBENO: 1) tagged

constructs). For each assay, test compounds were serially diluted in DMSO
and then mixed with an appropriate kinase reaction buffer plus ATP. Kinase
protein and an appropriate biotinylated peptide substrate were added to give a
final volume of 50-100 pL, reactions were incubated for 1-3 hours at room
temperature and then stopped by addition of 25-50 uL of 456 mM EDTA, 50
mM Hepes pH 7.5. The stopped reaction mixture (75 uL) was transferred to a
streptavidin-coated microtiter plate (Boehringer Mannheim) and incubated for
1 hour. Phosphorylated peptide product was measured with the DELFIA time-
resolved fluorescence system (Wallac or PE Biosciences), using a Europium
labeled anti-phosphotyrosine antibody PT66 with the modification that the
DELFIA assay buffer was supplemented with 1 mM MgCil, for the antibody

dilution. Time resolved fluorescence was read on a Wallac 1232 DELFIA
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was inspected for crystals. If no crystals were

present, then crystals of the lactic acid salt of
wd2@aiina1db- f | uor o- 3- [ 6- (4- net hyl - pi per azi n- 1- yPQ'F/1S2006/017922

Hbenzi m dazol - 2-yl]-1 H quinolin-2-one (484 ny, 0.1

nole % were added to the flask, and the reaction was

stirred at 64-70C for 30 m nutes before again

i nspecting the flask for crystals. Once crystals were

present, stirring was reduced to a low rate and the

reaction was stirred at 64-70C for an additional 90

m nutes. The reaction was then cooled to about OC over

afl%?érﬁgte? r%t’isEtV@tﬁPgLiéélitig%@ngﬁé\ereé éP'T é‘@gﬁ}%‘rﬁe’cﬁt%n of each

tered throug cron r|t
Thempeastddior 68%6 inhidiitoh (Cs4) veahealollatetBdmployingndn-linear

stirred. unti lnternal te rature was about OC.
Tﬁsg@&ﬁlﬂ)“eldﬂ%gﬁm%aa@swwsgﬁ@waf% filter cake, and
this procedure was repeated 2 nore tines. The

cqoiesf ed SQ*LTMWEGFRZEGVEGFRBCFGE}“F&WT@Q ghH %Fﬁ@%ases

under vacuumin a vacuum oven |eI i ng 510. 7I\ﬂl\2 CI 1 M
nClz, 1T m

ofwarRa@ssayed in HP rﬁ@l\/lyrmeﬁmha?e@,| %mi\dd\&g@lal 10 o1

e M 1 Vgt Bk ARMKTRPsRE R0 s dsotrpsponding

orbud)twéte@%@hae@uﬁsm@e RLYRH CVEGFR@%GFmeé Peand FGFR1
filtration process. Wiile the dry solid did not appear

t Kinasegavgrergdsassatdpil mg/mherﬂ@t ud/mlt, @r Ochkg/mle nelspectively. For

P R PR G a2 el Sy ih s pdfter conditions
C%eaﬂd?/et\bﬁs akedeR Shtor &W@J}g o ﬁ&g@btléjéghb&r&@ d

general I'y contains about 8-1 cont ai ns
dlcmecentaatcbrtsrhon‘e4$tl\tl ATy dantjl A5 tud blodinrG GLRDDRSYYNV@NL-

agid. T I tio,of tlc acid diner to nononer
i S@%‘%@Ilﬁg\@bé&)eﬂt'c& "a(tfrm’rer cial grade lactic
acid nmay be used in the process described in the

pressel ng pﬂétﬁfnﬂﬂhaﬁﬁaﬁd“ﬁcﬁ@@?@éiﬁé‘kﬁa%é&thn and Lck are
preferentially precipitates fromthe reacti

miavailakiecoammerdiagytanshwere puichssed friosn [Upstate Biatechnology. For

"%taa%n%)ssé?,ﬁeg (I;omgotl%d? Weﬁ%§ﬁwllypq Blé?%&q RN&SO and then mixed
yWithldh bppiipriatekinase rghdtichr-bufferpiis N0 200 AP Gaemmeiabbled

1) ave been identified and characterized in pool ed
bl ABRKinassRratein pagithe grPEArads biotinylated peptlde substrate

were added to give a final volume of 150 ul.. Reactions were incubated for 3-
4 hours at room temperature and then stopped by transferring to a
streptavidin-coated white microtiter plate (Thermo Labsystems) containing
100 pL of stop reaction buffer of 100 mM EDTA and 50 uM unlabeled ATP.
After 1 hour incubation, the streptavidin plates were washed with PBS and
200 pL Microscint 20 scintillation fluid was added per well. The plates were
sealed and counted using TopCount. The concentration of each compound
for 50% inhibition (ICso) was calculated employing non-linear regression using
XL Fit data analysis software.

[0181] The kinase reaction buffer for Fyn, Lck, and ¢c-ABL contained 50
mM Tris-HCI pH 7.5, 15 mM MgCI2, 30 mM MnCl,, 2 mM DTT, 2 mM EDTA,
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study as described in the references incorporated

herein. The two identified netabolites were the
w@er@enaihe N oxi de conpound (Conpound 2) and PEEUS2006/017922

Ndenet hyl at ed conpound (Conpound 3) shown bel ow.

Compound 2 Conmpound 3 1 C50S of Conpounds 1-3 [0172]

The ki nase activity of a nunber of protein tyrosine

ki nases was measured using the procedures set forth

bel ow for Conpounds 1-3 to provide the IC50 val ues

shown in the foll ow ng Tabl e. Tabl e. | C50S of Conpounds

1-3 Synt hesi s of

PRl 1 T e g et bprorit
e s 5 s ot -
GABARVERICTS T gy 1Ak IpNOL 2) r S Lok 1 uM

i %‘iﬁﬂé%ﬁgﬂﬁﬂi‘%ﬁgo{ hm?ﬁgehConpound 1, the netabolites

wer e 1 ndependently synthesi zed. [0174] Conpound 2, the
N-oxi de netabolite of Conpound 1, was synthesized as
shon82] n t hdheckinase betivity. of @sltih and - LIT-Bavecreaneaslired by

R ATE R e RSl R
Vq8siti§ e fért ﬁﬁ}ibﬁoﬂlbﬁérﬂtéﬂ‘aﬁé@iﬁ@a@hﬁ% %hé\‘e??ih gg@%phdté moiety

necessary, product could be further puri

. , : . : y
c 4o thentyrbgioadesiguapMecopmina)t nretgits.e@raspanging to the

N- A . e . t j

LY TRnsarER SHPLI R Sep3 i AR
WePraduitdss). \Wdrhestings aazdxeenplanydarhpodhdyibcéxample 4-amino-5-
subsequent |y protected with abutyl oxycarbonyl _%Bocé

o T0fo-Bdl0y Bty IpiRei@aEY 1oAY U-Deiaimifierel- gy bakgholin-2(1H)-one,
f%%i eQYn DRSO LY theh Mbkl ith the kinase reaction buffer
3-'et’hoxy- 3-1 m nopropi oni ¢ acl 4" yl et er gave 5
Caleseribed belovwoplug AP h Thefkinaseopnotdin 4cikioorn Fl- T3¢ andithg

D A atal perRds sofsat (bihin GO s PERR/ANEINISY (dEq 1D
NO: 2)) were added to give a final volume of 100 uL. These reactions were
incubated for 2 hours at room temperature and then stopped by addition of 50
pL of 45 mM EDTA, 50 mM HEPES, pH 7.5. The stopped reaction mixture
(75 pL) was transferred to a streptavidin-coated microtiter plate (Boehringer
Mannheim) and incubated for 1 hour. Phosphorylated peptide product was
measured with the DELPHIA time-resolved fluorescence system (Wallac or
PE Biosciences), using a Europium-labeled anti-phosphotyrosine antibody,
PT66, with the modification that the DELFIA assay buffer was supplemented
with 1 mM MgCl, for the antibody dilution. Time resolved fluorescence values
were determined on a Wallac 1232 DELFIA fluorometer or a PE Victor 1|
multiple signal reader. The concentration of each compound for 50%
inhibition (ICs0) was calculated employing non-linear regression using XL Fit
data analysis software.

[0183] FLT-3 and c-Kit kinases were assayed in 50 mM Hepes pH 7.5,
1 mM NaF, 2 mM MgCls, 10 mM MnCl; and 1mg/mL BSA, 8 uM ATP and 1
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aqueous HCl to yield the desired netabolite as a

yell ow/ brown solid after purification. KHVDS Assay
wee@eae4nes Serine/ Threoni ne Kinases [0176] TheCRUSHS€017922

activity of various protein serine/threoni ne kinases

was neasured by providing ATP and a suitable peptide

or protein containing a serine or threonine amno acid

resi due for phosphorylation, and assaying for the

transfer of phosphate noiety to the serine or

t hreoni ne residue. The synthesis and assay activity of

a | arge nunber of conpounds of formula I, Il, and II|II

[ [ i f ' : ch are a

I crebssidng bbigkasbogiastasapETIMIneT ore |

f @GhFDQRSWBWQNis-NH2 Qi IDi N@l: 12)).s €he fconcéntnation of FLT-3

U.S. P No. 6,605,617 uhli shed U. S. Patent

Aﬁ&dl gﬁt S W@ﬁ%ggﬁ& .'S. Patent Application

No. 10/983, 174 filed Novenber 5, 2004; and published

u. ReaPﬂmétar@Obhﬂﬂbh@ﬁsm Iﬁ@&ﬁﬁ?ﬂﬁaﬁ%ﬁwﬁws-ﬂuoro-

rot el ns cont a| ni ng the Kl nase domalns o -3,
P 3-46-(¢ G i 0 Hinglins2¢dH)-one

in Sf9 'nsgﬁ‘fnesé' Eﬁl‘ ghﬁl Iﬂ 'Ié .@i@ég ar

system (In
interaction (for d u-epitope tagged constructs) or by
Mi0$84] on CliMultiplecyyelpma (M), &BSEe| SkPladin Barddterized by

t. : ruct) and
oS oS ARHRN 25 Plasgra S8 The SESatARGERC bbe sharpgremains
B%\kaél\ﬁefm}é?co%ﬁ&#ﬁ‘ﬁéli@ﬂaﬁ&??j@@to BQOQIBJPH@ﬂ‘bf wﬁﬁﬁélH @nd acquired
Cdk2/cyclin A'is available comercia

p§es sesistance fespise HttI@CEDb@@ oh n@ln\(ﬁjmonahbigbtdoﬂaged

Ciserif By 3ae By BeRnRaRSF PORe Relrdlor anc

Binsictaghwirohnient agherasMRY cellsgsreferontlly ismahe grewi plady¥ a
di l uted i n DMSO and t hen mi‘gg with the appropgfrl atg Y

kichédd Pl deyeloning gesigiapnse o gonyantionagapd novel therapies for

g

ag@g;ﬁ%ﬁ%{ tﬁéf:er(]:ug? gh%ﬁé? agéﬁfssgt efl g g Adton nly the MM cells
but also MM cell-bone marrow microenvironment interactlon offer a potential

opportunity to treat MM. Recent advances in understanding the molecular
pathology of MM have provided novel therapeutic targets for treatment of this
disease. The ectopically expressed and deregulated FGFR-3, which occur in
approximately 15% MM patients resulting from t(4;14) chromosomal
translocation and confers a particularly poor prognosis in clinic, has become
an attractive therapeutic target for MM.

[0185] 4-Amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-
2-ylJquinolin-2(1H)-one (Compound 1) is a small molecule inhibitor targeting
to multiple receptor tyrosine kinases including VEGFR-2 and PDGFR (ICss
~20 nM in kinase assays) and FGFR-3 (ICso ~5 nM in kinase assays). It has
been demonstrated that 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-
benzimidazol-2-yl]quinolin-2(1H)-one inhibits FGFR-3 autophosphorylation
and cell proliferation in FGFR-3 mutant MM cells in vitro (S. Trudel et al.;
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added to give a final volunme of 150 ml _. Reactions
were incubated for 3-4 hours at roomtenperature and

w0 b@a/1st4epped by transferring to a streptavi di PCDEEBA6/017922
white microtiter plate (Therno Labsystens) containing
100 M _ of stop reaction buffer. The stop reaction
buf fer consists of 50 nM unl abel ed ATP and 30 nM EDTA.
After 1 hour of incubation, streptavidin plates were
washed with PBS, and 200 ml _ M croscint 20
scintillation fluid was added per well. The plates
wer e seal ed and counted using TopCount. The
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b@b@e@' )é@%lm@*ﬁéiﬁ@é‘lﬁtl & nﬁedﬁtﬂnMT(HuZnarOKMS-‘%dl B&Nc@%ex@‘e&smg
nM pep t| de substrate, and mM unl abel ed ATP. %W

emtycﬁﬁt & R13 4 348C ) stably tr@m@c@d withy mcoeaﬁgcta@f lyci
%ﬁlgﬂﬁnéscré% &ﬁs(éﬁag&a l?\‘ﬂ)ﬁaé}é@' foHdH-mvES¥ el Honitor the in

assay,
( Bivat gmﬁ@fﬁ@ﬁBREbﬂaSt%a‘R{ pﬂ)(M%—Nﬂ-I-I@c l\/ﬁE@lm@rsi\ICEarzly Yletemtion and

l(Jsgi%%a‘g&{m\t he CHK1 asia)é a b| % ?9 gs(l ti dIaB o
5)shc$@s°sfH|§Fé’a tERard 5@BLFWP£3 tﬁl’%%éﬁ'& Qe PRIPRNAS-18-luc tumor

biotin
( [deH{Bn jecied] WEWU[tMeR;p IsElesiansnah assegriywas day 26,

Sl W o S AR K gt en

PefivERDME ST paralpdls Mcehis A dalt crhemrtmgi@lom effi¢acy of 4-
Tyrosine Kinases [01 78|] The ki nase activit % of a

n@miep-Blugiosd6-A-metbyipinerazinds s ke nnidazal-2nyllquinolin-
gzﬁ( ?Rﬂg dr’%lf%?odm t&?m oR6 'l 1pleﬂEA\ﬁI9| @Bdglr\%g'i&estlgated

rostne am no aC| resi
phpgptaag! fundrthatdsilyesrabsdminidteatidrnef 4-aanisd-&-fluajro-3- [6 4-

P oo By PeraPneLybri-hgnzst ERe i visadin-2 oanel 29 mokg, a
P%E'-tﬁa%wéé’ E@@Ps}mté@@: ﬁ%lbn\fﬁ%s?%ory-rét‘f‘dr?of E’ﬁ@:ﬁ KMS-11-luc

receptors were expressed
tumors in vivo, resulted in a significant inhibition of KMS-11 tumor growth, as

detected by serial BLI imaging. Furthermore, the antitumor growth activity of
4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-yl]quinolin-
2(1H)-one translated to a significant improvement in the animal survival rate
compared to vehicle treatment. These studies provide further preclinical basis
for clinical trials of 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-
benzimidazol-2-yllquinolin-2(1H)-one in MM patients and warrant further
evaluation of 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-
2-yllquinolin-2(1H)-one in combination therapy with conventional or other
molecularly targeted agents in this KMS-11-luc in vivo model.
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ih Sf9 insect cells sincfa Bacl ovirus expression
system (I nVitrogen) and may be purified via Gu
wa@nitchody3 i nt eraction (for G u-epitope tagged PCT/US2006/017922

constructs) or by Metal 1on Chromatography (for His6
(SEQ ID NO 1) tagged constructs). For each assay,
test conmpounds were serially diluted in DVMSO and t hen
m xed with an appropriate kinase reaction buffer plus
ATP. Kinase protein and an appropriate biotinyl ated
pepti de substrate were added to give a final volune of
50-100 nmL, reactions were incubated for 1-3 hours at
wsgrrperature and then stopped by addition of 25-50

of 45 mM EDTA, 50 nM Hepes pH 7.5. The stopped
;@gég]on M Kt ol 1 StemAIBabb @ WRkk #fd) iidunodeficient SCID-

avid 1n-coated mcrotiter plate (Boehringer
Maeigeanite werd dbtainedtfeamfTive Jadksan lalriretosy dBgr Haewr, ME) and

ti d i th t DELEI A
F et BOUPOR I A babiedBenbanayet el GO Mg 12 hour
Bii@ﬁﬂdeﬁ“ﬂ‘%ﬁél)es. s é¥peRinfnits et donbigtied in a facility accredited by
anii - phosphot yrosi ne anti body PT66 with the

r h
nife Apsegiation éﬁa&sseﬁ@maﬁmnd\mwaﬁgm o Laharatory Animal Care
S ; i t f . i e e .
S HRBHFRAE ] dechr A0 A ALiiddFe22y the Bettutional Anima
V\&jldrgéglnélﬂé’e DElkrEhiﬂfastwrmThthuiderfoaTIﬁ’eE(Mrelaufd Use of Laboratory
mul ti € Sl gnal _readey. e.co ntrati or  eac .
CORDRIRANERNa0BE oAt BiGaToi | R mss Bl GelisPatboring FOFR-
e I | . o _ .
S AAP (RSOl B QIEREE HP R0V S MISS (A FRSS # L-glutamine
FaRBPasted tRiceaineelFriBRRIangaalstR tadré Seldayete impihted/by
Hepes pH 7.0, 2 nmM MICl 2. 10 & v
DT vEgploaor 10 A (e, Al 16 X38- gellioPa] B0 il HEBS per
C RPNt Werd ifditbdbed @e Grgs.izdﬂimé@tdnﬁm@-ddi}afdeu
VEG-R2, VEGFR3, Tie-2, and FG-FRl kinases were added at
0 jrplagtation. OAimatg refieivest dailylonelyiraatrmentsd A0 melkg 4-aptino-5-

b Bl SE rrPRT gL, T 3, L Shaf a8 2 Vel 2E1TR-one
Clopnehiete (R ceeuthogiduby steftivig bt 48 BoamnaftetthetK O 1tlac cells

1.4 mM ATP, and 0.25 mM hi ot n- GA_FDDPSYVNVONLNH2 (S
| wewiniggtede Riplenisaseantsmages @sb]wep@@&%nﬁwsm% Wis

aGfaYfhd SYASH & HIGRAS Tt ibiudetf a Hidhif sEnsitive, cooled CCD

camera mounted in a light-tight camera box. Images and measurements of

bioluminescent signals, as quantified by photons/second, were acquired at
day 8 and once a week thereafter. Animal body weights were monitored twice
a week and clinical observations were recorded daily. In accordance with
animal care regulation and guidelines, mice were sacrificed by COz inhalation

in the event of paralysis or major compromise in their quality of life.
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avai |l abl e comrercially and were purchased from Upstate
Bi ot echnol ogy. For each assay, test conpounds were

W@ eoibab44y3 di | uted in DVSO and then m xed w th BET/US2006/017922
appropriate kinase reaction buffer plus 10 nM 33P
ganma- | abel ed ATP. The ki nase protein and the
appropriate biotinylated peptide substrate were added
to give a final volunme of 150 nL. Reactions were
i ncubated for 3- 4 hours at roomtenperature and then
stopped by transferring to a streptavid in-coated
white mcrotiter plate (Therno Labsystens) containing
1qu§$"§f stop reaction buffer of 100 mM EDTA and 50
mM unl abel ed ATP. After 1 hour incubation, the
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peat a8l T s Hd W s e e T dgeS o6 EICUHE 1, whih
(bivad besdciated WAttE hib@inisl pafd) é,rr@ba:ﬁngii@%baﬁﬁce of mice
GGGGKVEKI GEGTYGWYK-NH 2 (SEQ ID NO 3) for Fyn and

LcAacording{p protasel ed ATP, and 1 nM ki nase. [0182] The
ki nase activity of oKit and FLT-3 were neasured by

>S AT _ N o e
PyRABE] 00 T ARy BRRI, SRty BT Rhifore il e,
assethyimpénazin-he)t Tldbeheimidbzol-dygainelima( Hil yohe wasdested in
YRR P Rl Dl HBHETS rSCH BRR Gl Foatmont
I ESTEHE &1 20 WRYIG B4 S haaﬁsdaﬁé’rrtﬁleLeKMSSPv-|ucFéénstv€é{ei iR cted)

/
exenpl ary conpound, for exanp 4-am no-5- _
f | Gemprengreiesamtk sejalgheriteringefiphaton counts in each animal was

PREREERNT Bty b Phedite A baBsutBer Bledfiogpn coun

dga e-amirtb-bluovo-BHBS4ANBthyidigetdzta s & PTItRInginigalolt2-0r

FLyTI]Qq%?no%rr]n?Z(% rI-]I()e-one treated group was demonstrated compared to vehicle
treatment as shown in FIGURE 2. This was easily observed by comparison of
the whole body BLI images taken of mice injected with KMS-11-luc treated
with vehicle and those treated with 4-amino-5-fluoro-3-[6-(4-methylpiperazin-

1-yl)-1H-benzimidazol-2-yl]quinolin-2(1H)-one as shown in FIGURE 3.

[0189] Reduction of photon count in mice treated with 4-amino-5-fluoro-
3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-ylJquinolin-2(1H)-one treated
was well reflected by a significant increase in the survival time compared to
mice treated with vehicle. At day 91, 5 out of 9 animals in those mice treated
with 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-
yllquinolin-2(1H)-one remained alive with overall healthy conditions. In
contrast, most animals in the vehicle-treated group were sacrificed around
day 50. Furthermore, mice treated with 4-amino-5-fluoro-3-[6-(4-
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bi oti nyl at ed peptide substrate
(bi oti n- GALFDDPSYVNVOQNL- NH2 (SEQ ID NGO 2)) were added

wo ooogitz1mn final volune of 100 nl. These react PONES2006/€17922
i ncubated for 2 hours at roomtenperature and then
stopped by addition of 50 nL of 45 mM EDTA, 50 niM
HEPES, pH 7.5. The stopped reaction mxture (75 nl)
was transferred to a streptavidin-coated mcrotiter
pl ate (Boehringer Mannheim and incubated for 1 hour.
Phosphoryl at ed peptide product was neasured with the
DELPHI A ti me-resol ved fl uorescence system (V\al | ac or

Lyl)-4Bi-

T AR AL A ORI o, ersted i
ntréatrenitwelhfartibe largep@iadofrhissstudy bw@wsmithe obvious
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mul tipl e signal ader. The caqoncentration of each
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enpl oyi ng non-linear regression using XL Fit data

a is so |
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PARRIE L6 2P0 BR800 AL Ol feRteRERa.p o) Thétefore,
mMeRlch B thdd reféreRcesid havepplissoreorasd by eeferencain its entirety
cl onal expansi on of Pl asma_cells in the hematopoietic

bénd faaall purpases@sHt Tulyrsst artheeR@in) ogi cal nal i gnancy
due to devel opnent of intrinsic and acquired drug

resi st gfiGR;i ePah-1-yl
hi gh-d nstrate ]
t haﬂoelmnmdazuldwlﬂgunménwﬂrld:_ﬂm(wm Experlmental

preferentiall y'lhumor enog ,Mgdglg of Human AML

[0191] 4-Amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-
2-yllquinolin-2(1H)-one (Compound 1) is a novel, orally active, multitargeted
small molecule, that exhibits potent activity against FLT3 kinase and Class llI,
IV, and V RTKs involved in endothelial and tumor cell proliferation. Given the
relevance of FLT3 mutations in acute myelogenous leukemia (AML),
Compound 1 was tested on two human leukemic cell lines with differing FLT3
mutational status (MV4;11 FLT3 ITD vs. RS4;11 FLT3 WT). Antiproliferative
activity of Compound 1 against MV4;11 was ~24-fold greater compared to
RS4;11, indicating more potent inhibition of constitutively activated FLT3.
Dose-dependent modulation of receptor phosphorylation and downstream
signaling (STAT5 and ERK/MAPK) in MV4;11 cells with Compound 1
confirmed molecular mechanism of action. Target modulation of pFLT3,
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crucial role in devel opi ng resistance to conventi onal
and novel therapies for MM Therefore, nolecularjy

w0 argaeadd agents targeting not only the MM cel PET/D81006/017922
al so MM cel | -bone marrow m croenvironnent interaction
offer a potential opportunity to treat MM Recent
advances i n understandi ng the nol ecul ar pat hol ogy of
MM have provided novel therapeutic targets for
treatnment of this disease. The ectopically expressed
and deregul ated FGFR-3, which occur in approxi mately
15% MM patients resulting fromt(4;14) chronosonal
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Kinase Assays

[0193] In vitro FLT3 kinase assays were run with 2 nM FLT3 enzyme
(Upstate Biotechnology, Charlottesville, VA) in the presence of 8 yM ATP and
serial dilutions of Compound 1. Phosphorylated peptide substrate at a final
concentration of 1 yM was incubated with a Europium-labeled anti-
phosphotyrosine antibody (PT66) (Perkin Elmer Life Sciences, Boston, MA).
The Europium was detected using time resolved fluorescence. The ICso was
calculated using nonlinear regression.
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am no-5-fl uoro- 3-[ 6- (4-net hyl pi perazin-1-yl)-1
H benzi m dazol -2-ylJquinolin- 2(1 H-one in this i.v.

w0 pjoeaeadd in vivo KM5-1 1-luc MM nodel was i nvEGT/USENE 7922
and it was found that daily oral adm nistration of
4-am no-5-fluoro-3-[6-(4- nethyl piperazin-1-yl)-1
H benzi m dazol - 2-yl Jquinolin-2(1 H)-one at 20 ng/ kg, a
dose that was denonstrated to inhibit phosphoryl ation
of ERKin KM5-1 1-luc tunors in vivo, resulted in a
significant inhibition of KM5-1 1 tunor growth, as
detected by serial BLI imaging. Furthernore, the

ar];t,loth o- _(ﬁggggy@ct ivity of

4-amn uor o- 3- [ 6- (4- et hyl pi perazin-1-yl)-1

H'[B‘?Q m daﬁ%’élrszwé’lle] Hie'&ioih'%' \{véﬁ ?'mtpo’tl Iéfe%r(?bzt‘fo%dﬁéélglwell)

a S|g fica |nrpro enent e ani surv val
c @mubseridl diuticats afl @ompeandna rWereTettkMi sIRSé;Hschlsouemée

o St aeB i, b5 Sopgd 400 a8ly st SSsteinis, Xipp€apotis, MN). At

Hage éhﬂ‘dﬁﬁ@'incu%aﬁb& %hB@ |(72‘ h%(t%?"’b) B VidbiMY wad Heirdined
and warrant further eval uation of

4-byrthadiEStassey ¢Pemegy,Madisar) il ) &Csivalupsywerelcalculated
H- i i |- 2-yl inal kn-2(1 H) - [0,
coRBREBPhERER reat ol dhd Bslieden ohlcBBferfatign needed for a
NH0S6 veduidtiont i bebishrrgasTitiedied VI dntkddied conirdiccdlg.

vi vo nodel . Met hod [0186] A cohort of 18 femal e (about

8 week ol d) .i mmuynodefjcient SCI Dbei mce were
ofuNUBAPreciRitatien and WasternBlpt-Ara sl%ar Har bor VE)

and were housed in a barrier facility in ster

tilP#eel ¢ op cFatgé@ Vil expesinpRnte, Mvght 1 aad B%aﬂ @@"s Mere treated
X € Ror&ONEHS! §884:11 2 Iéwgré %Ygﬁ’]?éét%& %fheldL‘F’é’ ligand

t he Asso |at| on fror AssessmEnt an
L 400 agdmiy) famiteintdeseatter iacubatiomwaith Sompourat ctomdmmc e

e S 508l oD ol S o
Ofl éép\ﬁftﬁ‘F\QPA bﬁiﬁéﬁ‘l% NBHHbPPanO 3?5%%6diurﬁ%6&dyb9\olate )0 1%

1-Tuc MM celT's harboring FGER- 3 nutants
weﬁ‘rQ;iluml dadesylsutphate wéxsnhnsahateﬂtﬁ%m@sahnez oy Jt%)mqm@mmg

SRR DR STROERE MOeRuRE BRG Bl ek, FiydnahouSiiiana

vgihosphatedeXARibiteel (Sigraal St Q@ui, MBRSFeENn \WD@lﬁa?rgef\hmulatmn

were Irradiated at 3 GY (3.2 m nutes) on the day o

caénalyses, resected tumors were flash frozen, pulverized and stored at-70°C
prior to lysis with 150 mM NaCl, 1.5 mM MgCl,, 50 mM Hepes, pH 7.5, 10%
glycerol, 1.0% Triton X-100, 1 mM EGTA, 50 mM NaF, 1 mM NazgVO,, 2 mM
Pefabloc (Roche), and complete protease inhibitor cocktail (Roche). Protein
content of the lysates was determined using the BCA assay (Bio-Rad,
Hercules, CA). Western blot analysis for pERK was performed with a mouse
antibody to pERK (1:1000, Cell Signaling, Beverly, MA) and incubated at 4°C
overnight. Total ERK level was evaluated by re-probing with antibody against
total ERK (Cell Signaling). The membranes were then incubated for 1 hour at
RT with 1:5000 horseradish peroxidase-conjugated anti-rabbit IgG (Jackson
Immunoresearch, West Grove, PA). For immunoprecipitation to detect FLT3,

equal amounts of proteins (500 g for STATS5; 1000 ug for FLT3) were
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i mpl antation. Animals received daily oral treatnent of
20 ng/ kg 4-am no- 5-

WO bawon o3 [ 6r (4- et hyl pi perazin-1-yl)-1 PCT/US2006/017922
H b_enzi m dazol - 2-yl ] quinolin-2(1 H)-one or vehicle (n
= 9 each group) starting at 48 hours after the KOVL
1-luc cells were injected. Biolumnescent inmages (BLI)
wer e obtained using an IVIS | magi ng System ( Xenogen)
that included a highly sensitive, cooled CCD canera
nmounted in a light-tight canera box. |Images and
nmeasur enents of bi ol um nescent signals, as quantified

bxnﬁj&ﬁ%‘% %ﬂ%dléﬁeéqlalﬁﬁ%ﬂh'é?ﬂuﬁfamw B o?‘BCTAW(%a%ta Cruz

ereater V\Elgts were nonitored
t ano'echnmbgy, SadtacCiug, €A) Qy@smubtaaﬁ pitsang mathr rotain &d agarose

bkl A REPRES o S b i ERD MasdnkeRu Rty

t hroBigWitlPan RatiadnesbhoBirodihe @htib aHN-pEL T3 ahtisbdy from Cell
qﬁht?of life, esuP W0187 @%&;( gfter KI\/S—y

1-Sigaaling, [aad@tepS hi\l a bgéy onhpeé i Rfateins were detected

S
aSs TS EhBCHt herUthheRBeod (O JmERIRRT Hidtdihces.
lrraudlquugmﬂéhnmﬁngltar&xta@akm&l?zeg e}ﬂ;eg mpesumedbdébdﬂc film.
u (Y S een. |1 C | U
S@wgmetf')mww Pioghte Sugbliianthiatistties. Toverity
betc&‘e Y anéé‘@%tr‘fbéd@n(ﬁ% FéBéﬁ \ch %?ISO&IES to either anti-

48 as seen in t I mages
ofFLFIISG(Mta CruiiBidteshsolagy o mteSTWTtSI(BrD Bd:slcuen’tmes) to measure

oABR LTS qroaTAbS e resarll e 1D Peaay L aror 13 ek or
4-58T NP5 Wls! nisthliZed €o {otal FETVERKRERISATS protbih-ldvels, and
H benzi m dazol - 2-yl ] qui nol i n- 2(1 H) - one was tested in

Knemparedde vehidepsuniieated corbols.. M ce started to
receive daily oral treatnment of 58 at 20 ng/kg at 48

hq%gv &{cﬁhem@ ggggg 1-luc cells were i nj ect ed.

Corrpre nsive an rial nmonitoring of photon counts

gﬁqgér ani 'm{/4"‘ﬁ$céif§%8|fe"i’?é’at88 V\ﬂth"\éﬁh‘[p\éuhaﬁefor 3 hours under

A sighificant |ower on count
4- smumpstér\fddmmtﬁar{sﬁ(o&émmhthyIth[MIEMZmdih) )Flo)‘dlatectlon of

e STES, aalF dvars fissrthe A% fonmaiaibie. and permeabiised Wih 90%
ice-cold methanol. Permeabilized cells (0.5 - 1x10°) were incubated with anti-
pSTAT5 antibody (Cell Signaling) for 30 minutes. Purified rabbit IgG
(Oncogene, San Diego, CA) at the same concentration was used as isotype
control. Secondary antibody was a PE-conjugated goat F(ab’)2 anti-rabbit
IgG (Jackson Immunoresearch). Samples were stored at 4°C in the dark prior
to analyses using a FACScan flow cytometer (Becton Dickinson, San Jose,
CA). Mean fluorescent intensity (MF1) was determined for pSTATS staining
using CellQuest software (Becton Dickinson) and the specific MFI was the

difference from the MFI of isotype control antibody.

[0197] For processing of bone marrow (BM) cells from the mouse
MV4;11 engraftiment model, femurs were purged with cold saline and red
blood cells lysed with FACS lysis buffer (Becton Dickinson). Percent
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treatnment as shown in FIGURE 2. This was easily
observed by conparison of the whol e body BLI inages
wo aen24aii3 m ce injected with KM5-1 1-1uc treatBdr/vs1006/017922
vehicle and those treated with
4- am no-5-fl uoro-3-[6-(4-nethyl pi perazin- 1-yl)-1
H benzi m dazol - 2-yl Jquinolin-2(1 H)-one as shown in
FI GURE 3. [0189] Reduction of photon count in mce
treated with 4-am no-5-fl uoro-
3-[6-(4-nethyl pi perazin-1-yl)-1
H benzi m dazol - 2-yl Jquinolin-2(1 H)-one treated was

WlhgrdfitheRedrafintan feukefiic et mbass B dasiidiéfnined by
survival time conpared to mce treated with vehicle.

Astalaipgwvith asti-bumasf HoAhBratRI TCr(ve Heglypeipatohedantigody-
it-h4- api ROp5: 0- 3- 6- (4- net hyl pi in-1 -yl)-1
N B HeRTRIBR BhARGE ol (11 1y one rerm ned

alive with overall healthy conditions. In contrast,

MWEGRMELISAs in the vehicle-treated group were

sacrificed around day 50. Furthernore, mce treated
W[0108]- ani noAB4 f1H usille wherk Gultdreteinhy0% i ABS aantairiing yedid with
H benzi m dazol - 2-yl bqui nolin-2(1 | erate

t NAgoYs eapeantatines| (0o} uMé)ﬁQé{ng&éc? 336533 PHH§-s1d®%y.

B : ) - .
B e s U Y e A TR
nmendgdupeg &y EiI8AIRAD Systems, Minneapolis, MN). Protein '
oRRREAAR s AR acie Slo M BT, (s
[ @O0 ndVAdsufty Svetb Win@aliYed tb pRIFIRTonkentthiise e

inhi‘bition 1n general, inhibition of FGFR3, and

treat ment of cancers including nultiple nyeloma wth
41aYivie Efficacy, Studiess- (4- net hyl pi perazin-1-yl)-1

H benzi m dazol - 2-yl I&gi nol i n- %%{15 H) -one are set forth .
i 108l i shedemale NOD\price ¢46iweekold, 1664 ghwessgbtained

patoa ChapkRrder GRRRERh A0 800 pEEMAdd for LWl n pathogen-
Ndrecberfdhds iré priof e sefrbofstudnc Anirhalshreseive istarida cederitshow

hereby incorporated by reference in its entirety and
f @ndavatep gedibdua ard were hruged it stﬁaletfﬁitq#éiaeicageg with 12 hour

Vi Feick: G0 BRosneHferd drkicy i BURRL RBE € o
1)AssociEtipafonassedsnientendécorgditdtionvbfded orafory-dmimal Bare

International.

Subcutaneous Model

[0200] MV4;11 and RS4;11 cells were passaged from subcutaneous
(s.c.) tumors in SCID-NOD mice. Cells (5 x 10° cells/mouse) were
reconstituted with 50% Matrigel (Becton Dickinson) and implanted s.c. into the
right flank of SCID-NOD mice. Treatments were initiated when tumors were
200-1000 mm?3, as outlined in specific study designs. Mice were randomly
assigned into cohorts (typically 10 mice/group for efficacy studies and 3-5
mice/group for pharmacodynamic (PD) studies). Compound 1 was
administered as a solution via oral gavage. Tumor volumes and body weights
were assessed 2-3 times weekly. Caliper measurements of tumors were
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[0191]

4- Am no-5-fl uoro- 3-[ 6- (4- net hyl pi perazin-1-yl)-1
woRdenzi4md dazol - 2-yl]quinolin-2(1 H)-one (Conporns200§/017922

is a novel, orally active, nultitargeted snmall

nol ecul e, that exhibits potent activity against FLT3

ki nase and Class IIl, 1V, and V RTKs involved in

endot helial and tunor cell proliferation. Gven the

rel evance of FLT3 nutations in acute myel ogenous

| eukem a (AM.), Conpound 1 was tested on two human

| eukemc cell lines with differing FLT3 nutati onal

sthvertéMfto ndartuhdor Vduve: us"iﬁtrﬂe fbn’ﬁhB? Wllen?th X [width 1P).
Antiproliferative achwtz_ﬁﬁl npound ai ns 4;1

1 RexsentZanfasigioytheinhibitiaro bw&@mre@ with velicieatreatgd

e g A B S L 2 ppae
APt b O SO TS

nmoéﬂnﬁéﬁtrﬁétjﬁﬁlﬁﬁ igifialienact i on. Target nodul ation of
pPFLT3, pERK in MV4;1 1 tunors was achi eved at

00| o0ikbogh s oGP Bon TR
T30261Y (BM SEIENERTRISE LRke frddlafia SR %03 v BN injection

ment em C Xenogra responses
warfd xanéwam ¢t icebslinbg. 2dabsmmed:omdunda1 opweh.cfeenrmtrrmts

an Qs, t e hi h £
Sé'%'lt'é e WaeH PO BRBO U EigBS (ViR witei iR dady and
cI pere c hé(hlg?é‘ml%tn%bﬁbuﬂ_@ﬁﬁﬁaﬁy%@n%t&ﬁﬁ’é’gstoﬂhﬁd limb motility.

uat1 on of npoun I nes
[ dnezZpsed hitthspan(ILS) of Feated Mo wasicAsulated ag RLPEICEMY increase

ot b il I (RS TEYE e QB ABH s T

cells were grown in Iscoves nodified Dul becco medi um

( Iyt Modulatient/adviwbt h 10 % fetal bovine serum (FBS,
G bco Life Technol ogi es, Gaithersburg, MD) containing

4 [oR02} gf ut amvaet ScNEhbragn SCIDANDEMGS Qﬁhﬁlmc@/@?@m& were’
stimulatin fa%to (G CSF, R&D Systens, M nnea

vtagediat 30¢mm @and tr@atmﬁ;ntsmeﬁﬁf&wzﬂQﬁthehsahlflelowép@pound 1
gr%a&ﬁur@% &gfﬁlgr@mﬁ%tﬂk Bidis1%oERracttfih the PD

m pyr Uvat e 5h
properties of Compound 1, tumor samples were collected at various times

(N=3 mice/ timepoint) following Compound 1 dosing.

Immunohistochemistry

[0203] Resected tumors were placed in 10% neutral buffered formalin
overnight at RT, transferred to 70% ethanol and processed for paraffin
embedding using a Thermo Electron Excelsior tissue processor (Pittsburgh,
PA). Bone (femur) samples were decalcified (ProtocolTM, Fisher Diagnostics,
Middletown, VA). Paraffin blocks were sectioned to 4 ym thickness and
placed on positively charged glass slides. Tissues were stained using a
Discovery automated slide machine (Ventana Medical Systems, Tucson, AZ).
The slides were treated with citrate buffer (pH 6.0) in a pressured steamer to

retrieve antigen for Ki-67, pERK and PARP staining, and caspase-3 was
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HEPES (pH 7.4). Cells were grown as suspensi on

cultures and maintained in a humdified atnosphere at
WQZ@eand15% CO2. Ki nase Assays [0193] In vitrorPEL/US2006/017922

ki nase assays were run with 2 nM FLT3 enzyne (Upstate

Bi ot echnol ogy, Charlottesville, VA) in the presence of

8 mM ATP and serial dilutions of Conpound 1.

Phosphoryl at ed peptide substrate at a final

concentration of 1 mMwas incubated with a

Eur opi um | abel ed anti phosphot yrosi ne anti body (PT66)

(Perkin Elmer Life Sciences, Boston, MA). The Europi um

V"%tr’f@b@%gﬁ?gﬁﬁ%a%ébgﬁt €5 YR A, ARV uddtwere Ki-67

| G50 was at ed UsI n% nonl i near '
r ddriddsditutiony blovbEaatra babarataries,[ WP HERE(1:4 00ustilgtion,

lated i 6-well m ti | . O .
pShwsh: amiitioe Ers Aut-himeBBhdhdbiiadd o, Ghignacon
ad@ﬁecWCA&lcléé\béoﬁcma%e% (1ROt Edll Bi’\%\rli)‘aliﬁijrﬁndj iciived PARP
(100 ng/rﬁ , R&D Systens, M nneapolis, . At the end
of (1t HY), Biesmuee b rg@@ﬂdﬁﬂy antibedyawag Agyoat@atirrabpi i (abi)2

VeoRIEE8 oDy, L38o MBI IR MRRRoratn. Sides vere
I epuetaristainedanithdeimatesylirsatd thee mouated with @coveedip. General
for a 50% reduction |n ab?orbance of t{ea[_ed VS. . .
uriSsESBArPEeIRGYONas 8lsoevalyatad disinechemiaylin and gpsin staining.
Wester Blot Analysis [0195] For in vitro experinents,

M&tatisticalAnBivses 1 cells were treated with Conpound 1
for 3 hours. RS4:1 1 cells were stinulated with FLT3

i (100 ; | i i

i PR found o RE oI B REel g NERSH ool

we(Redmond SVAY, Studand's testhwas used lainfeBSuematatigtieal significance

with RIPA byffer % Noni det ,..P- 40, 0. 5% sodi um .

QS ERB B droameb} iFam LB FIPATRATS WheLgone using one-

php{é%_aaé@s#ettfff\%rrigﬁcé FANCTR/A Y Eind -pdst-Eats sbMipaging difsrane

i nhibitors (Roche Ml ecul ar Bi ochem cal s, , )

| riteatmand means Wereadeng Helsg Ritdert-Nawman lsedl' s st (RigmaStat,

i Rser, B panspthel sHupE A Rl Bk Weed to dtermine

pudiyeificaeck baltvesinogiardival curv@s OCvarious treatments vs. vehicle groups
(Prism, San Diego, CA). Mice sacrificed with normal health status at
termination of study were considered long-term survivors and censored in this

analysis. Differences were considered statistically significant at p < 0.05.

RESULTS
Compound 1 Demonstrates Potent Inhibition of FLT3 Kinase Activity

[0205] The specificity of Compound 1 was tested against a diverse
panel of RTKs using ATP-competitive binding assays with purified enzymes
as described above. Compound 1 was found to be highly potent against
FLT3 (1 nM) with nanomolar activity against ¢c-KIT (2 nM), VEGFR1/2/3 (10
nM); FGFR1/3 (8 nM); PDGFRM (27 nM) and CSF-1R (36 nM) (See the
following Table). To confirm selectivity against Class Ill, IV and V RTKs,
Compound 1 was tested against other kinases in the PI3K/Akt and MAPK(K)
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prior to lysis wth 150 MM NaCl, 1.5 nM MgCJ2, 50 nmM
Hepes, pH 7.5, 10%glycerol, 1.0% Triton X-100, 1 nM

WEDDA 12403 "M NaF, 1 mM Na3VO4, 2 nM Pef abl oc (RoT/082006/017922

and conpl ete protease inhibitor cocktail (Roche).
Protein content of the |ysates was determ ned using
the BCA assay (Bio-Rad, Hercules, CA). Wstern bl ot
anal ysis for pERK was performed with a nouse anti body
to pERK ( 1 :1000, Cell Signaling, Beverly, MA) and

i ncubated at 4C overnight. Total ERK | evel was

eval uated by re-probing with anti body agai nst total

ERS WSS arkl Q\Yé%'fb[lﬂai fo -ﬁaﬁeﬁ% |9rée§ctmwdst;e~n10 HM) (See the
cubated for hour at : 5000" hor ser adi sh
pefollpw:dgs?r@bdm)nj ugat ed antl - rabbl t | gG (Jackson

| mmunor esearch, West Gove, PA). For

THIBTIGSARY 5 T S hpBapaa 5

Wi etiZivhidiad o1<R -y & hirolin -R OiH Jesn e dgjainst Vatubas RN
FLT3 or STAT5 (Santa Cruz Bi otechnol ogy, Santa Cruz,

CA) [@Agrnight at 4 w}:l Wi th| protein A- agarose for 2
hour-e—at—4G—FEF3—0—STAFS phosphoryl ati on was
measi8d by pr obi ncﬁQnQOH an_ahti - phosphot yr osi ne

ant i l@qdy (antl - pFLT@_(sz bodyi{ from Cell Signaling, and
ant if= 15 antibo )66'3romups ate). Proteins were

det ec m* using ﬂnhance-g—ehem— um nescence (ECL;

Ared SIRFRBI osci encéd.008ucki nghanshi re, Engl and) and

Vi sungpm;j after e RAGDYr € to Kodak film Scanning

dengi s performedto] quanti fy band
i nt m%@ﬁt veni 0f equal oadi ng, blots were

stri ME@FF&R{BIKHe prcl@eﬂﬁl?:v\nth ahti bodies to either anti-
FLT3 EosrRarFkd uz Bilgtgghnol ogy) or anti-STATS (BD

Bi oscie —to1red totat| FLT3 or STAT5 protein,
res,r:—*-ﬂ(q¢l'%)§l?y The :E’rﬁg?t of pFLT3, pERK or pSTATd was
nor ndd0GlERe t o t ot alj ORRIT3, ERK|or STAT5 protein |evels,
and (gQgrared to vehzcl e or untreated controls. Flow

Cyt onetrie—Assays Q19641 1 cells were treated
Wi t i t'@)’fn% und 1 forkéS hours under serumstarved

condicMBfis (overni g3 in Opti MEM nedi a). For detection

of p%@ﬁé, celTs werge fixed wth 1% f or mal dehyde, and
pern i H-h190%

TIE2

IGFR1, HER2, PI- | >10
3K. Akt1/3, Raf,
ERK-1/2, MEK,

p38—a1ﬁiy

N

[0206] The in vitro RTK assays used to prepare the above table were
run with various dilutions of Compound 1 in the presence of purified enzymes
and ATP as described above. Phopshoylated peptide substrates (1 M) were
incubated with Europium-labeled anti-phosphospecific antibodies and
Europium was detected using time-resolved fluorescence.
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ice-cold nethanol. Perneabilized cells (0.5 - 1x1 06)

were incubated with anti pSTAT d anti body (Cell
wE2@aab44my)) for 30 mnutes. Purified rabbit | geCT/US2006/017922

(Oncogene, San Diego, CA) at the same concentration

was used as isotype control. Secondary anti body was a

PE- conj ugated goat F(ab')2 anti-rabbit 1gG (Jackson

| mmunor esearch). Sanples were stored at 4C in the dark

prior to anal yses using a FACScan fl ow cytoneter

(Becton Dickinson, San Jose, CA). Mean fl uorescent

intensity (MFl) was determ ned for pSTATd stai ning

US’P&% @91 N@f%ﬁfeéﬂ% SctsRAG oM P@uﬂﬂ %Wﬂnvanﬁ {FIeT3 ITD)

was the I fference m the M-I of
|so ype control anti body [0197] For processing of

:1630 r row 'l(cﬁgg e‘f‘r%LrleswﬁéfH@r'irnﬁbﬂBH%? 4. ﬁ'an%la(}es lrrto I,grow’th

ergrart nent were purged w th
arnhibitibnh aditb, ke Iastlvlgs@fobwnpbuﬁﬁﬁﬁvbsastedbagémt MV4;11 and

B k t t .of h

(Beedan Dyelcpaom. e cont oogt gLy Gempoynd apotenty
L
[ OiSI)8]nMWAitIhox19Im einhllar\mneenhuatlarr-delpemdaﬂ%fﬁems on proliferation
o B RIRSTAR P S350 SR R e s
ccsiér@,ﬁt\/@;Cioqfdrﬁ oGiedY éEbé&ﬂtM@hM nAnYelifdratied effedticr

measur ed ELI SA ( st ens nnea olis
Pr%@r@pﬁua@ﬁd@m al@pu topiecar thedc € Fi1n satast e@la OLM13 and

O MOEAP2lh P o APRRntrafirs ifier & thoBf Sl fVAELE cs0 ~

StaidMy gddd i lshbaml heédd datdiduggestthad Compmindot d*a actlve on
vve e obtained fromCharles R ver, (WImn

18-22
Mdaotgﬁg. acdD Arg ¥ET {qgkemlg\@gks,,mtrbmﬁgj@qmtygly actlve receptor
erg‘é"q (\éﬁ(?rg%re ngftlvEQo%FﬁBﬁloﬁfFﬁiygE sy\ni mal s recei ved

steri nt chow and water ad 1i’bi tum and were

housed in sterile filter-top cages with 12 hour
| ilgh¥itriaEffects bECompound deon FhiBsMediated iignaling in Leukemic
guCelds i nes of the

[0208] The in vitro cellular activity of Compound 1 was investigated on
two human leukemic cell lines MV4;11 and RS4;11 with contrasting FLT3
mutational status (confirmed using RT-PCR, data not shown). MV4;11 cells
have an internal tandem duplication mutation (ITD) in the FLT3 receptor,
resulting in constitutively activated FLT3. Levis M. ef al., Blood, 99:3885-3891
(2002); O'Farrell A.M. et al., Blood, 101:3597-3605 (2003). This activation
results in autophosphorylation of FLT3 in the absence of exogenous ligand
stimulation (FIGURE 6, lane 1). Serum-deprived MV4;11 cells were treated
with Compound 1 for 3 hours, and direct effects on FLT3 receptor activation
was determined by analysis of its phosphorylation status. Exposure of
MV4;11 cells to increasing concentrations of Compound 1 potently inhibited
pFLT3 in a dosedependent manner with ECsg between 1-10 nM (FIGURE 6).
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Associ ation for Assessnent and Accreditation of

Laboratory Animal Care International. Subcutaneous
woL@el12440200] MV4;1 1 and RS4;1 1 cells were pRCSHE§EA6/017922

from subcut aneous (s.c.) tunors in SCID-NOD m ce.

Cells (5 x 106 cells/nmouse) were reconstituted wth

50% Matrigel (Becton Dickinson) and inplanted s.c.

into the right flank of SCID-NOD nice. Treatnents were

initiated when tunors were 200-1000 mmB, as outlined

in specific study designs. Mce were randonly assi gned

into cohorts (typically 10 m ce/group for efficacy

stigdpep and \§hpe FLWWD@%efp%v&smnﬁwdﬂmat@ly(zB@z of AML
studi €s npound 1 was admi ni stered as a sol ution

vurmt@nhz)lagm/ anpest atutemleukeminrexpieas WYy LIS gheseffests of
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t .Nbde e
&ﬁ*tfﬁwvé iﬁlbafﬁ%%?@t%ﬁ)%yb S wasPRaed Ak HCPRERIATGRS 310.5 M
EUNES 6 ahgepl !s in 0.2 m saline. Conpound 1 or
|cletreat fs were initiated 3 weeks post - cel |

| nocul ation. Mce were nonitored daily and were

et omporidl Wikodulate BRI and SSATS.PgwasteanyJargets of FLT3
hilnbibitiobh notility. Increased |ife span (ILS) of

treated mce was cal culated as a percent increase in
ng0R40] sur vi MafurtherehaMet@rizestheveffeats ef Ceatpedindohon &1LT3

d |
oy Megstioh S thah ot ot -ser ST T4 god ERK,
atwl%@ﬂ@i‘@ k@? %rét@ﬁ\%t iR SuPARSl SridEsroftferalidh @lerey/ ﬁﬁﬁe%h@ated

npound was adm ni stered orally at 10m};
5 M‘g{§1=511 qrllscoMenedeeaiet ydth inergeping concentrations o Compound 1 for

3 hours and processed by flow cytometry and Western blot for detection of
pERK and p-STATS (FIGURES 8 and 9). In MV4;11 cells, due to active
signaling of FLT3, cells have high basal levels of pERK and pSTATS
(FIGURES 8 and 9). Compound 1 inhibited phosphorylation of ERK (FIGURE
8) and STAT5 (FIGURE 9) in a dose-dependent manner. Substantial
inhibition of pERK and pSTAT5 (>50%) was observed at concentrations > 0.1
MM (flow cytometric and Western blot). The inhibitory effects of Compound 1
on pERK and pSTAT5 was more potent in MV4;11 compared to FLT3 ligand-
stimulated RS4;11 cells (data not shown).

Compound 1 Inhibits Autocrine VEGF Production in MC4;11 Celis In
Vitro

[0211] To address the effect of Compound 1 on VEGF production in
vitro, an ELISA was performed on MV4;11 culture supernatants (FIGURE 10).

In these experiments, MV4;11 cells were cultured in 10% FBS containing
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properties of Conpound 1, tunor sanples were collected

at various tines (N=3 mce/ tinepoint) follow ng
w@eoppoedad3 1 dosi ng. | mmunohi st ochemi stry [ 0203PCT/US2006/017922

Resected tunors were placed in 10% neutral buffered

formalin overnight at RT, transferred to 70% et hanol

and processed for paraffin enbeddi ng using a Therno

El ectron Excel sior tissue processor (Pittsburgh, PA).

Bone (femur) sanples were decalcified (Protocol TM

Fi sher Di agnostics, Mddletown, VA). Paraffin bl ocks

were sectioned to 4 mmthickness and pl aced on
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using a Discovery autonated slide machi ne (Ventana
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Bi osource, Canarill o, anti - human m tochondri a (1
3
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( Jaick {stagkdrai30Bes 580 cimn®) \&nmmmumteradoﬁotrmwndnn@@ mg/kg/d)
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GonveBR I Revior bimPeyy St Baseslid gt Stded I points.
heEngarizeRaRd 8Raly2ed e HEINER aﬁ'ﬂ @SMTES?I@ve}%rW bFﬁﬂﬁestern blot.

[ 0204]” Li near regreéssion was peformed using Mcrosoft

B&Qnuﬁcmtomduquonm)w PRt idiend p§TATt5el§velﬁmer§mer‘ted as early as

or oS it oS i sl Ao TiRe RRERL G S IPle coses

arflosihpoid YAFIGURE {HN@AINo @ﬂf@bt@@attomﬂncm@mmgrotem
different treatnment nmeans were done us

St(FHEHRENE WrehoaRliiorgatier of beiffriatt and ST Feealied relative to
C‘ﬁaseﬁ?é réé{fﬁfw ?!mQ%HﬂJr@ﬁ'{hlﬂ)lﬂgn bRAEEYE ?tt 8 WBar Eé&%ds% and
ermne signifticance ween survival curve
vaeaised segpressed for4 halmsq~85% inhjistion). Phospho-FLT3 returned
closer to baseline levels, whereas, p-STAT5 was still inhibited (~60%
inhibition) 48 hours post dose (Figure 4). Decreases in pERK levels were also
observed, indicating blockade of downstream FLT3 signaliing (data not

shown).

In Vivo Efficacy Studies

Dose Response Effects of Compound 1 on MC4;11 and RS4;11
Tumors In Vivo

[0213] To ascertain if the in vitro effects of Compound 1 correlate with
tumor growth inhibition in vivo, efficacy of Compound 1 was examined against
MV4;11 or RS4;11 tumor xenografts in SCID-NOD mice. Mice were
implanted s.c., with tumor cells and Compound 1 treatments were initiated
when tumors were 200-300 mm?®. In dose-response efficacy studies,
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(Prism San Diego, CA). Mce sacrificed with nornal
health status at term nation of study were consi dered

wO orvgAL4an3In survivors and censored in this anal pEI/8S2006/017922
D fferences were considered statistically significant
at p < 0.05. RESULTS Conpound 1 Denonstrates Potent
I nhibition of FLT3 Kinase Activity [0205] The
specificity of Conpound 1 was tested agai nst a diverse
panel of RTKs using ATP-conpetitive binding assays
with purified enzynmes as descri bed above. Conpound 1
was found to be highly potent against FLT3 ( 1 nM

VGRS s é%wétbveoe(g@u? 3t acudseTahdonPh - 30 mojkg/d for
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ant | - phosphospeci fi'c anti bodi es and Europi um was
d enicethedringi G4 111 temoss,dreaithent withdserspounddtreaulted in tumor

CRrSRAP T nSy e 5 B Rpstat e st led YGURE 13). The
' ﬂﬁhlbltéﬂy%ﬁé&s G Canipounsl rivese hitre patenttdyain¥tiMV4;19rntumors

invitrd, the activity of Conmpound 1 was tested

ag@nparema RS4; 1 éﬁma& dpfflmeé dIthe respastivadinimuRsefigetive

éﬁ(ﬂ@éger Rheh § %@’am : 966 Bkl E§'¢g*sg§éld8<o 01 Against RS4;11

mgomeIrs s M hniglkgdd=23% TGl pAO.Obughinst MV411 tumors)
concentration- dependent effects on proliferation were
observ
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[0215] * The effects of intermittent and cyclic doses of Compound 1
against MV4;11 xenograft tumors was also examined (FIGURE 14).
Compound 1 was administered orally at 30 mg/kg daily, every other day
(g.0.d.), or cyclically, 7 days on followed by 7 days off for 2 cycles (FIGURE
14). Similar to daily dosing, intermittent dosage regimens produced
significant tumor regressions within days of drug treatment (>94% TGl). All
three regimens resulted in equivalent anti-tumor activity (day 29, p>0.05) and
numbers of responses seen with q.0.d. (6PR) and 7 days on/7 days off (9PR)
were similar to those seen with daily treatment (1CR, 9PR).

Compound 1 is Effective Against Large MV4;11 Tumors

[0216] The effects of Compound 1 on large MV4;11 tumors of varying
sizes; 300, 500 or 1000 mm?® was also investigated. Treatment with
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sensitive to Conpound 1 (EC50 = 315 nM.

Antiproliferative effect of Conpound 1 was al so tested
woertbheiEs T3 | TD nutant cells, MOLML3 and MOLMET/WE1006/017922

EC50 concentrations simlar to those seen with W4;1 1

(EC50 ~ 6 nM (data not shown). These data suggest

that Conmpound 1 is active on both FLT3 ITD and WI

| eukem c cells, with the constitutively active

receptor being nore sensitive to inhibition (FI GURE

5). In Vitro Effects of Conpound 1 on FLT3- Medi at ed

Signaling in Leukemc Cells [0208] The in vitro

c tnNi : e i Oat .
RGOS PR o OSSR 4A  umors
c which stasrigdepaiddanitodiinidaldumer sizes at thastarheitreatment (FIGURE
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Levis M et al.,_ Blood, 99:3885-3891 (2002); O Farrell
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it h ' -

 hehnaslens eil g Bl inaRroR 4 6k PPl a4
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<10 nM (Fl E.6).4 0209 ile FLT3 | T
R IerE R P S DA A Spnncthtabig B Study
My §F M@db%’lﬁﬁ@? ASssatigh o do¥hghbAd cohtifuéd fsr®Bmdays. All
Conmpound 1 on leukemc RS4;1 1 cells were al so

| B yeere degrRITED/eAD) thersiecoRe: cyglefafi Campagnal dg&adus PR),
e PR A T ROR AT oS obeBEh P URE 16).

Conmpound 1 di m ni shed pFLT3 levels in RS4;1 1 cells
(FIGURE 7). However, conparatively, higher
concentrations were required for nodul ati on of WI FLT3
vs. | TD. Conplete inhibition was obtained wth
concentrations > 0.5 nM
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(FIGURES 6 and 7). Conpound 1 Mdul ates ERK and STATS5,
Downstream Targets of FLT3 Inhibition [0210] To

wo eoobher1zhar acteri ze the effects of Conpound BCDOSHLAG17922

i nhi bition, nodul ati on of downstreamtargets of FLT3,
i.e., STAT5 and ERK, which are key proteins in cel
survival and proliferation were investigated. W4; 1
cells were treated with increasing concentrations of
Compound 1 for 3 hours and processed by flow cytonetry
and Western blot for detection of pERK and p- STAT5
(FIGURES 8 and 9). In W4;1 1 cells, due to active

Smgﬁilbg&awtvﬁwéioﬁsk Biolegical AchvibpraVivevel s of
pERK and pSTAT (FI GURES 8 and 9). Conpound 1 inhibited

Pmm yl ai} aBdibn ERuhbt SIBmSand ttgStTMbauldtibidRdpdints,

ose- dependent manner. Substantial inhibition of

p ERMIUmOHistSIENsicabsaputsawershdsad asl ingticaierscelrdrugtachividy

R RERy B R s Bler OB RO Dtk dminlxtin (0
Waeg/RG/IG W ifestigatdddn M4 carpaiees after FloFd doses (FIGURE 17).
[ ﬁands imulated RS4;1 1 cells (data not shown

phalpgical gMalyatian Nsingdi & Rstainng. ppyraled that \)uehim,eated
éggu nﬁg hénczo rﬁé?%tga {9&&\%}? (35 é&%o}_eeﬁ’sdgﬁtﬁﬁa iR al'ﬁl‘p%ﬁéél XPJ\XE% indicative

actionin vitro,
pef hyeisid hypeldldsia (EIGUREUtZajupanat aells s{HieaUsFondly with Ki67

In th i WAL, [ ] '
| OGS MRPeRGRERIIAN ot Piohiv eraslerPing sl BrIGURE dzb). By
g%4m&r§%te930§iﬂ§?ﬁ}ms]1tréla@%% $ANOSPouhd 1t sHoVARES rﬂ?&lction in

ug treatment, ;1 I'l's secrete substantial
VEERs¢elygeagkgdrdells andeonsistedohpparsd ateas af aperiatis/peprotic cells

DePaednFBRBE D667 0: "Siera s BBRbRE olclohiE Pereiore
C 6RO &t 5°dOsds With 6lgnfidant 4fas éTamarmidtle umor coincident
Modul ates FLT3 Signal i n&aljn Vivo [0212] To exam ne

t avitheteduead k@7 staining i REaiF-g)- 1 Tatgas medigationywas confirmed

in vivo from immunohistochemical staining of pERK. Phospho-ERKwas
significantly lowered in Compound 1-treated tumors during the 5-day dosing
period corroborating Western analyses of pERK in tumors (FIGURE 17-c vs.
h). Compound 1-induced apoptosis, evidenced from increased activated
caspase-3 (FIGURE 17-d vs. i) and cleaved PARP (FIGURE 17-e vs. j)
staining in tumors on day 5 compared to vehicle-treated controls. Similar
effects of decreased cellularity and proliferation as well as reduced pERK
were evident in RS4;11 tumors treated with Compound 1 (30 mg/kg/d)
(FIGURE 18).

[0218] The histology of tumors that were either defined as partial
(FIGURE 19-c,d) or complete responses (FIGURE 19-e) were also examined.
Complete responders were totally devoid of MV4;11 tumor cells, displaying
only remnants of necrosis and/or scar tissue (FIGURE 19-e). In partial
responses, pockets of Ki67-positive proliferating tumor cells were observed at
the periphery of tumors (FIGURE 19-a,c vs. b,d).
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m ce (staged at 300 - 500 mmB) were adm ni stered

Conmpound 1 (10 ng/kg/d) or vehicle for 5 days. Tunors
wowese/1hanyest ed after selected tine points, hor@ODERPEET7922

and anal yzed for pFLT3 and pSTATd | evels by | P/ Wstern

blot. Significant reductions in pFLT3 and pSTATd

| evel s were observed as early as 4 hours post dose

with either a single dose (data not shown) or nultiple

doses of Compound 1 (FIGURE 11), with no effects on

total FLT3 or STATS5 protein (FI GURE 11) .

Phosphorylatlon of both FLT3 and STAT5 decli ned
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f
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eﬂéeloemlanmeermermdje]:texbwrtbll\di‘ve i deletanm!ny tyaodttreatments of
bi t d. 1
o REUTG J 2R TahiSoF Yads ol Bt heefiB2lgreup) were

| NnidStde BpaaV]ZQeaftM &/ 4081 Seﬂé@hg"rﬁﬁfﬁ BM C()d’?ﬂltt*o'l1 (\FéH'@é-treated)
cells and Co und treatments were initiated

t unisedypisally elicit I5od IImQPanaWswmeearmquen@e of w@qr cells

> b ERo S HOBYE iy 4 oA OB b BHST) ¥ 81 BvgPuRe
152D)nuhlsghﬂvéletud?§é«,,dankv4 " cat Mtﬁ%pé‘mﬁ@m(ddy23vﬂ}0)

pot ent agai nst 1 tunors, revealin

dstnileBpbeagd ige thIwasﬁewmgrﬁmn (G b30dews) compared

e 5T ST oo

r eE&ﬁ%s’smbalelmrspmn(sth.S) MGOIREJQO)] Bikingly, withd daily Compound

g{rﬁ n eadglgg%&esre ong-termpsRejrvworOl(fl\?lg'l't>u ng o%ys) Iqlstologlcal

analyses and flow cytometry were used to quantify the % engraftment of
MV4;11 cells in BM (FIGURE 21). In flow cytometric analyses, human
MV4;11 cells were identified in mouse BM with an anti-human HLA-A,B,C
antibody which binds to an epitope on human MHCI. In vehicle-treated mice,
approximately 2-19% of total isolated BM cells consisted of engrafted MV4;11
cells (day 51, FIGURE 21-a). This was also corroborated by
immunohistochemistry with an antibody to human mitochondria which stains
MV4;11 cells identifying the human cells in the mouse BM matrix (FIGURE
21-b,c). Compound 1 dosed daily (20 mg/kg) over 25 days significantly
reduced leukemic burden (< 1% MV4;11 cells in BM) vs. vehicle treatment
(FIGURE 21-a vs. d). Interestingly, surviving mice after Compound 1
treatment immunohistochemically showed no evidence of tumor cells (seen as
an absence of anti-human mitochondrial-positive cells on day 167) in the BM
and were defined as “cures” (FIGURE 21-¢,f). Cyclic dosing of Compound 1
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observed at 1 ng/kg/d (23% after 2 weeks of dosing,

and was identified as the mninumstatistically
webdoear44ve dose in this nodel (p< 0.01 vs. VehPCl/@$2006/617922

m ce bearing RS4;1 1 tunors, treatnment with Conpound 1

resulted in tunmor grow h inhibition, however no

regressions were observed (FIGURE 13). The inhibitory

ef fects of Compound 1 were nore potent against W4;1 1

tunors conpared to RS4;1 1 tunors, defined by the

respective mninmumeffective doses in each nodel (day

8: 100 ng/kg/d; 48 %G, p<0.01 against RS4;1 1 tunors
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adm nistered orally at 30 ng/kg daily, every other day

(DIsSCUSSION cyclically, 7 days on followed by 7 days
off Tor 2 cycles (FIGURE 14). Simlar to daily dosing,

| qb220) tt entréi@éﬁvﬂfab@t%rﬁ‘ﬁﬁﬁa@élmémﬁa@ sighblisgpathways
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I nvesti gated reat ne
1 QRcpgemiek gn @64{1 Mftﬁe(ﬂmggr@falccalme Q. dejine€sicar Ras a0:4233S-

1 r i ch vvaS| nden, initial,tunor
S20AE" Ticlhcompetis it Spertiorolaayiar defeilt T tumor
r %I@%UQH% AHRICBsE WS ARleMiré s dicl on rﬁ@hé‘éu@\fr t%é%d theraples to
treatnment. Al treated tunors reigon ed (n=2

13%henontagenia kinpeess dacluding FadbDh 9,203 rwwmgn trr¢, ELT3

repai ni 159 r ' r A
e prdnd A Gl Gonp i ARERRn A AV UG B 5% of
r ggtiemaihiong attieatr ratations 2R3t mutatidhs dalve been shown to
resi stance agai nst npound 1 did not devel op.
confer a poor clinical prognosis thus implicating FLT3 as a therapeutic target
in AML. Thiede C. et al., Blood, 99:4326-4335 (2002); Schnittger S, et al,,

Blood, 2002;100:59-66 (2002).

[0221] Compound 1 is a multitargeted kinase inhibitor with nanomolar
potency against class lll, IV and V RTKs involved in tumor proliferation and
angiogenesis. Biochemical kinase assays demonstrate that Compound 1 has
potent activity against FLT3 (ICso of 1 nM). The activity of Compound 1 in two
leukemic cells lines was characterized with contrasting FLT3 status, MV4;11
(FLT3 ITD) and RS4;11 (FLT3 WT). Compound 1 was shown to reduce FLT3
phosphorylation in a dose-dependent manner, confirming molecular activity in
cells. In vitro, Compound 1 blocked subsequent downstream signalling
molecules in mitogenic MAPK and STAT5 pathways, both key regulators in
cell proliferative pathways. Interestingly, activity on FLT3 target modulation
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The durability of responses after discontinuation of
treatnent was al so exam ned. One CR and approxi mately

woeOMsoR44ihe PRs were durable for 40 days aft erPCT/US2006/017922

cessation of Conmpound 1 dosing. Ten tunors that

re-grew (to 600- 2000 nmmB) were re-treated wth 30

ng/ kg/ d Conpound 1 starting on study day 90 (40 days
after cessation of dosing) and continued for 60 days.

Al'l tunors were responsive to the second cycl e of
Compound 1 (2 CR, 8 PR), clearly indicating a | ack of
tunor resistance to Conpound 1 (Fl GURE
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apoptosis responses in tumors were observed within 1-2 days of drug
treatment. In solid tumor xenografts of MV4;11, tumor regressions were also
pronounced within days of drug treatment. It is possible that potent inhibitory
effects of Compound 1 in the MV4;11 model may arise from direct inhibition of
FLT3 in combination with inhibition of other RTKs. Data (RT-PCR, not shown)
indicatres that MV4;11 cells also express VEGFR1, cKIT, PDGFRB, FGFR1,
CSF-1R 32,all RTKs potently inhibited by Compound 1. Compound 1 has <10
nM activity against VEGF1/2/3 kinases, and the data clearly demonstrates
that Compound 1 can inhibit autocrine VEGF levels in MV4;11 in vitro
cultures. In vivo, autocrine or paracrine inhibition of secreted VEGF or FGF
by tumor cells or tumor stromal cells (including endothelial cells) may inhibit
proliferation and survival of these cells. Ferrara N. ef al., Nat Med.,9:669-676
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were evident in RS4;1 1 tunors treated with Conpound 1
(30 ng/kg/d) (FIGURE 18). [0218] The histol ogy of

wo comonssihat were either defined as partial (FP@URR006/017922
19-c,d) or conplete responses (FIGURE 19-e) were al so
exam ned. Conpl ete responders were totally devoid of
W4;1 1 tunor cells, displaying only remants of
necrosi s and/ or scar tissue (FIGURE 19-e). In parti al
responses, pockets of Ki67-positive proliferating
tunmor cells were observed at the peri phery of tunors

(FI GURE 19-a,c vs. b, d). Conpound 1 Prol ongs Survival
T| (RB03), Qareraguy.iai@l.DCaseer Ras.ca0:Filid: 168 (ReA0) Casmetiet P.

| el SEREEe0 0B Httticha ByEPbColPoblid M Sohe

t Hamioes Mamﬁswﬁromrnfwbtahﬁéﬁ% Rgbidst PDGFREB Ibiipadfing

In this nodel, cells dissem nate to the bone

mﬂqr (U '@IV[U'"B%@W%@]WPW #f Rloodi vagsalsdiwingsangiogenesis.

Pieafiidlo? PN od JERBOOTIE6RY, Dutilahion, 16BicnBl Gl Factor
1 R0, 12K §-286a(2004pr In7thdaa§d§1Io_chn(/I7mdd@1g\:/%vefdefrrtwnstll'\‘jlhtlcjr triat
=10-12/ er
s ditbrotaskpliblyal Sbinaand ol soiie siice gyaqieied disease.
t YIFH|§ ?éﬂrés@ﬁtb%é thé}ﬂlall bﬂéoﬁﬂfo%lnﬂsf ® é%ﬁﬂ:g‘fér’rggﬁgﬁ%iﬁﬁmg

of tunor cells infiltrating the
smhi%tsalndtBMﬁil%@SB) byodlract]ardam@h(emaw@% or regulation of bone

2 bt i b Bl i Pl CRREUAL CalchE.E. et

Prapg Bisctl, @7: 10681 696@’(‘9%%))/'}@@9“19@ q_CblIk@mla 10: 588 599 (1996).
vehi cl e-treated controls (MST = 5 1days) (p < 0.0001);

nstrating a 163%| ncreased |life span (ILS) (FI GURE

239328 1 ki rEaspd o e ATIACOIRgy A ATdek IBhiBiRaR of Gompound
"

G PRE R PRRQICTER Sy R BTCanEB0nd N Bbre sy

qlﬁdtarmatys ddm@/sm@wés obGompukii4]; demoneﬂrahtedlsﬂmw actlwty
human

e
| Cobmaeqds daidhssy PEoRpaYBH<l SgpLsine e Balents faaexible
Hld%sﬁﬁb&b@rﬁ@hé hPtHé MpiS hM*&!t@ﬂ’é db8eSBf €BpRRAdOMWEHTBSIe to

In“vehicle-treated
contlnually suppress growth of tumors and any recurring tumors after

cessation of treatment were found to be equally sensitive to re-treatment with
drug. These findings are relevant if translated in the clinical setting, as some
AML patients have been shown to relapse on treatment with kinase inhibitors
despite continued treatment. Fiedler W. et al., Blood, (2004); Cools J. et al.,
Cancer Res. 64:6385-6389 (2004). Multiple mechanisms including
metabolism or cellular efflux (via expression of drug transporters such as P-
glycoprotein), or mutations in the ATP binding domains of the enzyme active
sites that interfere with drug binding have been shown to correlate with
resistance to kinase inhibitors. Bagrintseva K. et al., Blood, 103:2266-2275
(2004); Grundler R. et al., Blood, 102:646-651 (2003). Compound 1 is not a
P-GP substrate, and the durable responses throughout the course of drug

treatment may imply that the development of resistance may be avoided with
Compound 1.
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approximately 2-19% of total isolated BMcells

consisted of engrafted MW4;1 1 cells (day 5 1, FlIGURE
wQ2W6a24413hi s was al so corroborated by PCT/US2006/017922

i mmunohi stochem stry with an anti body to human

m tochondria which stains MW4;1 1 cells identifying

the human cells in the nouse BM nmatri x (Fl GURE

21-b,c). Compound 1 dosed daily (20 ng/kg) over 25

days significantly reduced | eukem ¢ burden (< 1% W4; 1

1 cells in BM vs. vehicle treatnent (FIGURE 2 1-a vs.

d). Interestingly, surviving mce after Conpound 1

t [0224Tent | Thertihical devetopmeht ¢f ELB3virthibitore (BUdn248 61KC412,

nCER 7B ME NGBS BareVE T SHT 6 S crtARsy O FATEN A Myekay Clin
“@agggﬁf?bﬁ 6@5%5 d‘ﬁ%e@oos)clﬁ%éﬁér AL-e o) Bldabc |(2@04308tdiﬁa R.M.

mpound 1 ays on/ 7 days off, 5 cycl es) al so

refsal LA Henwtghﬁﬁls‘mmnl I1y8891-80€(3@%) Sumith BD. etiate 8lood,

baPoAReS R0 SeRtaerd i el 4 oS By RIS
Os@fectiohldPdifgie 4 eﬁtﬂt%e?dﬁles %5%5%@0%8@@]5@3&&@&“ ng

aberrant intracellular Kinase sig nallng

i Fgsnonsesndthaiibirecdinicapdeyelepment eh leg 'rd1'§'¥Qr§tm AML may
o BohhonBRAREE30B0Y sBRHS AR SR D otpr

t mlémléﬂ tam@éted Wgentsar Tie¢ ddteagporied aeifoi GofBoaeadel; g potent

(ELRE il ik .apl%ﬁ%s Faeiy o RrkS oomaiddigy ieleai e
%Paf(ﬂ%b%@%%ﬁs' c%n cogene, Hés ﬁggémbgg%ﬁéé%z( EG(:BRZ;IC cone

G CHn Cancer Res 10 423%8— 42378 (2004 .

ceIIs and thls success has drlvenAresearch on
n{ﬂZﬂi]l ar t Sogepeuhdshefifaphela It B, anhét, sticb @gehramino-5-fluoro-3-

LG GRaY SRS 0y T R Gt £ T P Rinr? Pre

AkEompdane 1Ee|aé\beydma&wmﬁbgﬁmbﬁmrhsm@ﬂ thatfbigation and
nut ations. FLT3 nutations have been shown to confer a

poeintenance &f bisaggassels suplyingimers: i Heesa qamagurds have

gg?%%%ﬁgél %f gg\s fnnasé%/llrety . gef‘\gg}g%negfs tBhor aidNEtastases

animal models. As shown in FIGURE 22, Compound 1 selectivity inhibits
Class Ill, IV and V RTKs (See also Table with ICsp values). Administration of
Compound 1 to nude mice having large, established KM12L4A human colon

tumor xenografts provided regression and/or disease stabilization in 90-100%
of treated animals(See FIGURE 23).

[0226] Phase | dose escalating multi-center open label studies were
conducted to evaluate the safety, pharmacokinetics, and pharmacodynamics
of Compound 1 in subjects with advanced solid malignancies. Further
primary objectives of the studies included: 1) determining the Maximum
Tolerated Dose (MTD); 2) identifying Dose Limiting Toxicity (DLT}; and 3)
assessing safety provil in subject with advanced solid tumors. Secondary
objectives of the study included: 1) evaluating pharmacokinetics; 2)
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Bl ood, 2002; 100: 59-66 (2002). [0221] Conpound 1 is a

mul titargeted kinase inhibitor with nanonol ar potency
wag@bnst41xl ass 111, IV and V RTKs invol ved i n PCIDR2006/017922

proliferation and angi ogenesis. Biochem cal kinase

assays denonstrate that Conpound 1 has potent activity

agai nst FLT3 (1C50 of 1 nM. The activity of Conpound

1intw |leukemic cells Iines was characterized with

contrasting FLT3 status, W4;1 1 (FLT3 ITD) and RS$4; 1

1 (FLT3 WI). Conpound 1 was shown to reduce FLT3

phosphoryl ation in a dose-dependent manner, confirm ng

Eﬁa’t‘ih@ gr%?hbﬁbél){ndrﬁlcéi% bfasmd) péripheral @bﬁm‘vmbhbcytes
sequent downstream Si gnal lin | e
mrlneg and tunppPeelim @) sToorsmead ngagdas g@‘g})‘"? g‘aﬁﬁjﬁ’tr@r s

lif
i ok aé%%ﬁeﬁ%ﬂ%f%w%ﬁm?@fﬁ%*t@%?&yﬁxdﬁig'sﬂ
W4, 1 1
bt Bl SR BRI L e ot

Simlar differential effects against FLT3-1TD and
Wosing Regimens incdedieen reported for other FLT3
inhibitors. It can be reasoned that FLT3 ITD MW4;1 1
cell's have constitutively acti e SI aI S étRa , STAT5)
whi ch dr i-Sagiegaily E‘Pff_" Floﬂr“ ®Fy om FLT3
W (R$4; 1dagese- QO el ch can sustaln grovvth
i ndependent of FLT3 activation and/or may rely on
ot her oncDgess 21(fanhwagsycldiohAriaysron &7 days of@fgl&mved by
102: 2969-cafdudquaaiasy dosng thiergaftest al ., Oncogene, 2
1: 2555- 2563 (2002); Spiekermann K. et al., CHn Cancer
ﬁs &214@ 2150 (2003). [0222] The results fromin
98e E8GaPle have denonstrated that Compound 1 has
potent activity against both solid tunor and

di ssem ”afaeﬁﬁgll\én@&ﬁ)c%heﬁ dbsssBIRg uﬁﬁl&' Gﬂi@czltoarcnty

activity HReY & 4l sBhedRAa l Ni ca nodel s was
addr esse using PD endpoints to study the extent and

diNchidiow Ceiteriaar get nodul ati on. Conpound 1 was shown to
substantially down-regul ate both pFLT3 and pERK in

MV4;1 1 tunors. Target nodul ati onlé,gFLTB was observed
by 4» Heistolsgieaiylomeyolagisaiyadonerderitasl solidbmeurgretastopyopippard
f ol | ovthergpyeor Sirmice nd owetiverstandidrd ihsrapy g98tes of Conpound

1. %o}l\gegﬂgyeargffects were al so

& ECOG performance status 0—1
@ Haemoglobin > 8.0 gm/dL; Neutrophils = 1, 500/mm?3: Platelets > 75,000/mm?

@& Creatinine < 1.5 x upper limit of normal (ULN); Bilirubin < 1.5 x ULN; Alkaline
phosphatase < 5 x ULN; Asparate aminotransferase (AST) £2.5 XULN (except liver

involvement <5x ULN); Amylase < ULN

@ Signed informed consent

@ Last dose of antineoplastic therapy (except for hormonal therapy) >21 days

Exclusion Criteria:

95



evi dent from tunor histopathol ogy, where decreased

pPERK, proliferation and apoptosis responses in tunors
wowese/1paser ved within 1-2 days of drug treat meP€T/US2006/017922

solid tunor xenografts of MV4;1 1, tunor regressions

were al so pronounced within days of drug treatnent. It

is possible that potent inhibitory effects of Conpound

1inthe W4;1 1 nodel may arise fromdirect

inhibition of FLT3 in conbination with inhibition of

ot her RTKs. Data (RT-PCR not shown) indicatres that

W4;1 1 cells al so express VEGFRL , cKI T, PDGFR",

FGFRR IntraggRiatioeRersa infla¢ramat Kiptastgsie At epiduiahdisagbe ed by

Conp@uiiflicdily sigRifiRAHFiaE digsse THPHAM8CHoV VY Ypra8adtAg Brrhythmia;

VEGFL/ gl gestie RS Riluré RekdoRFordil 0t if@la1 ¥ aStHATR %fl@é) S >470

that GRupewinglesh of A8h ihVHM (B} BN bPShbAfiiodkE:y | evel s in
MV4;1 1 in vitro cultures. In vivo, autocrine or

par aR® riPipRetss mellie (eafringrchiepie medigaiion)pdr sighs o ciniggly signifigant
cel | s refiPheiprmsclzndsaa®® cel |'s (i ncl udi ng endot hel i al
cel | §)praRdus pBritaRitt; dwmiey &igiRbht@RuANG SN Minedrevidus 131@88hs or

cell S-re&fﬁ%ﬁt@%&eé\lreq@;hgzinterbaﬁioﬂgﬁﬁjont@: 669- 676(2003) ;
Con‘pnsqw A et al., ncer Res. 60:7163-7169 (2000);
Car nel

absprptiqusyndpree or ugeopiialed Ghtorigitigdy G2 neysea Aigwie.
act i vi'epitee). REABeHmRY chropip pansTeatfisofipry28t9A% ari se from
i ts @obRPhtr&lf 86t e biis} otRtAFtERwin t GibusN@ months or history
per i CydrenaligaktebitiBith réfifing B biidrabtet urfths ShiNOFLaWRISHE hé prior
dur i NGpaR@tiaas BR&UaSe ol idi et P. Nat Med. 9:653-660
(2003); Ostman A Cytokine G owth Factor Rev.,
1Deditmicrtsf DEPRFAID: | n the AML BM nodel, we denonstrate
t hat Conmpound 1 1 nproved survival of mce and in sone
m ce eradicated disease. This represents the potenti al
of Coréhdithaeutropenia cidiayaeelide hewtiopenia aE+ Huermasstosenid d
BM di sease by direct anti-proliferative effects or
r egul & iGfatiguepevrmcbdpdingind<ife perormaprecietvy pl ay
arole in blast survival. Carow CE. et al., Blood, .
87: 108-Fpy@r e(aiﬁg@eg;amné%r éﬁmlﬁn@ese%ﬂa@ HP%Of afigaunigmaxyal
(1996) . Meaicakntepggiqn aW/of REPPAAfSacol ogy and target -
i nhibition-of Compound 1, intermttent and cyclic dose
sched ® 623 gfaredrmpethamatogical toxiciyi@gertfptigtehat e dosi ng
schedul es of Conpound 1 denonstrated simlar activity
conpar®d®? o giratenratlinedaxicly olelinisalaignifitanceiggea dedlioe PHke
pot ent i apsting EFfte 48%I5158% or shortening fraction to 15% < 24%; cardiac
troponin T/l > 0.05 ng/MI

MTD: dose level below which >2/6 patients experience DLT

Patient characteristics:
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dosing reginmens in the clinic. Miultiple doses of
Conmpound 1 were able to continually suppress growh of
WO vonss4and any recurring tunors after cessatiPeT/052006/017922
treatment were found to be equally sensitive to
re-treatment with drug. These findings are relevant if
translated in the clinical setting, as sone AM.
patients have been shown to relapse on treatnent with
ki nase inhibitors despite continued treatnment. Fiedler
W et al., Blood, (2004); Cools J. et al., Cancer Res.
64: 6385-6389 (2004). Miltiple nmechanisns including
nmet abol i sm or cel | ul n of drug
transporters such asq%&&&%bgﬁgigéﬁ?éﬁgrﬁﬁﬁ?gt|ons in
t he ATPNbiofiguhiegtsddhAdrih®)of the enzyne act®ve sites
t hat |n®%52§£ %p drug bi ndi ng have beesy ghoyn to
correl a I'stance to kinase inhibitors.
Bagr i nt Semder K. et al.. Blood, 103:2266- 22 %?gezqw)
Gundler R et al., Blood, 102:646-651 (2
Conpoungedgipg: Not a P-GP substrate and tte duriabl e
responses throughout the course of drug tteatnmént may

inmply t he si stance bes
avoi dedm\?}m t‘ﬁ’%‘gg% n'{éﬁi)f'%q;E %@@hﬁbgr he cli ni Cg%y 4
developnent of FLT3 i nhibitors (SU 11248 PRC412
CEP- 701f for AML is still in earlyphases.
O Farr el "R m?t al., Cin. Cancer Res. ®ua#65-5476
(2003); Fiedler W et "al., Blood, (2004); $&one R M 2
et a/., Ann Hematol. 83 Suppl 1:S89-90 (2@0rnestalSmith
B.D. et al., Blood, 103: 3669-3676 (2004);2§Eﬁpgelo
D.J. et al., Blood, 102:65a (2003). Sel ectdagm: of
single agent theraples has not yet produc %gg&ﬂ
significant responses, and the future cli metshonasal
devel opnment of FLT3 inhibitors in AM. may g@g{g@nd on
conmbi ning these agents with either cytotoxiver dugs or
ot her nol ecul ar targeted agents. The data reported
hBoseflLevelBonpound 1, a potent FLT3 inhibitor with
addi tional "activity on RTKs known to play roles in the
pat hogenesis of AM. varrants jits clinical evaluation—
ACTI Viply 1AGA NSo.soR enRES| STANIT(GRAMGERS chde TPATI ENTS
[ 0225} compounds of formura I, I'l, and I'll, such as
4- ani no2&%f | uor o- 3-
60mg

FEQERQErQEEy XY L LI g Bt ) NO’I

0

75mg 0

1{G 3 Hypertension)

4

4
100mg(7on/7off) 4 o

100mg(continuous) 8

4

125mg(continuous)* 0

*anroliment ongoing
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[6-(4-nethyl -piperazin-1 -yl)-1 H benzi mdazol-2-yl]-1

H qui nol i n-2-one (Conpound 1), have direct activity
wW@ao@bnst413 unor cells and the formati on and nmai PCEOS2006€017922

of bl ood vessel s supplying tunors. These conpounds

have al so shown oral activity in a variety of

angi ogenesi s tunor and netastases ani nal nodels. As

shown in FIGURE 22, Conmpound 1 selectivity inhibits

Class Ill, 1V and V RTKs (See also Table with 1C50

val ues). Adm nistration of Conpound 1 to nude m ce

havi ng | arge, established KML2L4A hunman col on tunor

x @ragrrefated plinicaldy erse e earsts greated than dif sgualdo G2:

stabilization in 90-100% of treated ani mal s( See

FI GURE. 23) . [0226] Phase | dose escal ating

mul ti-center open | abel studies were conducted to

eval udEe t he saf ety25 pharS®acoki7feti cH0 and 100 Cont. Total

phar meatigdy nam cs ofs Conpaund 11in subjects mith 5

advangggdmio!l i d mal igpapcies. Further prinary 4{2 G3)

obj echl&\ﬁga%oetahe sg(ng) g)l ded: J) determ ning H@a)

nHm %‘ és) i denti fyi ng Dose 4(163)

L| m t Sxi ci ty (DLT) AN 3) assessing safety

provi r‘"‘?rﬁ“%ubj ect vith advanced solid tunors.

SeconBedugedyEECt i ves of the study intluded: 1) 2

eval uéiypengnsppingdr macoki netics; 2)evaluating 2(1G3)  2{(16G3)

phar mag) .Elynam cs in plasm, peripheral bl ood

| ynpho § urine, and tunor cells; 3) reconmendi ng

dgeg27nd scrEanlcwérﬁ:e‘ @ﬂarftlﬂﬁMbﬁabﬂM@ﬁdflcg@hp@iﬁd 1&1& Héen
determ nj ng evi dence of anti-tunor aCtIVIt

DEPERNEd @y 41 (98 7 mfsp%rputﬁ/h%d stable disgps® (%éb awhelr first

o VAU iR SEFEE grogfsE e, £ Picying s BRef €ATee in 4

rrg)adieatscmﬁlwdmg a7pa:tmyﬂ;mm d parafigygiad tdmof (gjréatwdhéw? months)

cont n us dai | Si t hereafter sca
SR e T clh S TR B 6 Tonte) o FISURE 24
- LG h&chYined MET-BAtiidgfoffthB Yiaieht with tIBBvec-refractory GIST which

shows a significant decrease in uptake during treatment with Compound 1,

compared to time off therapy suggesting a treatment affect of Compound 1.
Further information regarding this patient and the treatment protocol is set
forth below:

Female patient, with a diagnosis of Gastro-intestinal Stromal Tumor (GIST).
Patient had been previously treated as follows:

Drug Dose Comments
Gleevec Total daily dose

between 200 to 800

mg
BAY43-9006 400 mg twice daily  progressive

disease

Brostallicin 18 mg once daily
Gleevec 100 mg alternate drug

days resistant
Brostallicin 12.8 mg once daily

The patient was enrolled in the study according to the inclusion and exclusion
criteria of the protocol on June 2, 2004, as set forth above.
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Inclusion Criteria: Histologically or cytologically
docunented solid tunours, refractory to standard

wo b@sappidr for which no curative standard theP@pys2006/017922

exi sts Age >18 years ECOG performance status 0 - 1
Haenogl obin > 8,0 gn dL; Neutrophils > 1, 500/ m8B
Platelets > 75,000/mM 3 Creatinine < 1.5 x upper limt
of normal (ULN); Bilirubin < 1.5 x ULN; Alkaline
phosphatase < 5 x ULN, Asparate am notransferase (AST)
<2.5 XULN (except liver involvenent <5x ULN); Anyl ase
< ULN Signed infornmed consent Q Last dose of
atompEmyridat treatrhéetrrepgrd:except for hornonal therapy)
>21 days Exclusion Criteria:lntracranial oedens,

i Diosacr afrequenelyasetseduler epi dural disease Cinically
Si78Mh§i cDricewHilyfi T deis eadreatiNghit)y Tagsoffl | or V)

PHEOMY SUOrte dHilyhy? Bay@onarameht)edagaofi fail ure;
car di onyopat hy; "Qrc interval >450 nsec (mal es) and

>470 nsec (femal es) or >& LVEF (by MJGA or
tféh o #8181 @SsdBi 9,629 g (S Habld'@nEIBESHY. CThe
veld é?g éaég §ﬂ)}P\Whﬁé‘ %Xresdtﬂl%hf ﬁréompound1

T
A A AL

URESPUriiohalRdwith dbee iof Consourri impatiertts. Mlagrnaeaposure in the

vom ting Prior acute or chronic pancreatitis of an%/
adPPdNa §pse arpyp APPIRAChES dhe éaageaWE@@aPr%llwpﬁl %.f?lﬂjacy as been
?&&fcti on wWithin the previous 12 nonths or history
i gnant obstruction requiring a biliary stent,

B =P SRS A B B AR RBmic (D)

nWém@pﬁﬁrl@orﬁpéulﬁ’cﬁY%lélbgﬁ:aba(ttl\ﬁymSMg pedshieral bledd leukocytes
t hronbocytopenia (4 fatig or t wo- poi nt decline jn
ECCBL) apfeosurEeaaie dissue in SO|Id tumor patlents where there is limited

access to target tissue.

Rationale and Assay Development:

¢ ERK phosphorylation is a well-characterized downstream
effect of RTK activation and Compound 1 modulates ERK
phosphorylation in tumor and endothelial cells.

e To determine if Compound 1 affects ERK activation in
PBL, blood from normal donors was treated ex vivo with
Compound 1. No exogenous stimulation with PMA or
PHA was added.

e Dose dependent inhibition in endogenous pERK was
observed by Western biot and flow cytometry assays
after incubation of PBL with Compound 1 (See FIGURE
26), suggesting that this assay may be usefrul in clinical
trials to show Compound 1 is modulating its targets.

[0230] Compound 1 was tested against a panel of kinases, including a
mutant form of ABL (T315I) that has been found to be resistant to Gleevec
and other kinase inhibitors. See Shah, N.P. Science, 305, p. 399 (2004); and

99



&3 or greater nausea and/or vomting despite the use

of adequat e/ maxi mal nedical intervention and/ or
w@e@phyd4axi s 9 G3 or greater non-hemat ol ogi cal PE€DKBI0G/§17922

(except fatigue) <3f (2 or greater cardiac toxicity of

clinical significance (e.g. a decline in the resting

EF to 40% < 50% or shortening fraction to 15% <. 24%

cardiac troponin T/l > 0.05 ng/M MID: dose | evel

bel ow whi ch >2/6 patients experience DLT Pati ent

characteristics: Pati ent Characteristics No. of

Subjects (22 April 05): 25 Median Age (range): 57

( M)secﬁadeer Rew7e pLZ 1Aen15sS (ROORLOGhe3316 residueﬁn ABL is

TR s OBl BB e A3 i o 1R My pApbiC poket i

gﬂgg g éﬂucllél%” eﬂ‘ﬁ‘s résﬂaé Oid Well aSafiidlogous PEitRsHESF tRis residue
ino her inases such as, but not limited to, Fit-3, KIT, PDGFRa, EGFR, and
the like, are frequently found in patients that have replased to certain kinase
inhibitors, such as patients that have become resistant to certain
chemotherapeutic agents such as Gleevec, Iressa, Tarceva, and others.
Thus, there is a medical need for alternative treatment strategies for these

. patients that have become resistant to these drugs. Compound 1 has been
found to inhibit the T315] mutant of ABL with an ICsq value of 0.0184
micromolar as compared to > 10 micromolar for Gleevec and 0.371
micromolar for SU11248. ABL is a cytoplasmic tyrosine kinase. Therefore,
the compounds of the invention have the ability to inhibit mutant kinases
including receptor tyrosine kinases and cytoplasmic tyrosine kinases.
Compounds of Formula I, I, and 1ll may be used in patients with this mutation

" in ABL, either as an alternative treatment, or as a concurrent treatment with
other anti-cancer drugs. Compound 1 has also been tested against a mutant
form of FLT3 (D835Y). This residue is frequently mutated in patients with
hematological malignancies. See Yamamoto, Y. Blood, 97, 2434 (2001).
Thus, the compounds of Formula |, Il, and Il such as Compound 1 may also
be used to treat patients with this mutation. Mutation of the gatekeeper
residue in EGFR has recently been reported in lung cancer patients treated
with gefitinib (Iressa). See Pao W., PLos Med. 2(3).e73 (2005). Compound 1
is tested against other kinases with mutations in the “gatekeeper residue.”
Compound 1 is useful in treating cancer patients with these mutations. The
following table shows |Csq values of Compound 1 compared with Gleevec and
SU11248.
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NET(Si nonasal) 1 Colon 1 Ovarian 1 Liver 1 Dose

Level s: Dose Level No.of Patients DLT(Cccurring in
wW@y@ba244)3 25mg 3 0 SOy 4 0 75nmg 4 0 100ng( 7onP@DUE3006/017922

0 10O ng(continuous) 6 1(G 3 Hypertension)

125ng(continuous)* 4 0 t prollnment

ongoi ngDrug-rel ated clinical adverse events greater

than or equal to &: AE 25 50 75 100 | OO Cont. Tot al

Fatigue 31115 Anaemia 3 (2 G3) 14 (2 G3) N&V

Diarrhoea 1 ( 1 &3) 2 (2 &3) 2 2 7 (3 G3) Headache 3

1 G) 14 (1 G3) Anorexia 2 2 Reduced LVEF 1 1 2

Hyper tiginasen** 2| (Nof8) |2 (1 &XR) I’C55)kz§lub92(ﬁﬁ¢roﬁ\olaie)nce
of antitunmor actjvity of oua—l—has—-beenr—ebserye
hs 7/22 (32% of| pati ent|sCREWOUND] ¢ di GIELYEC( SD) PP
rrer—fTrsteva =y LR [T agdrtiomn, SO for_grearer
t han 4,mpiishs hasaieen rleportedybiss4 pati ent syqo 0.371
MmcTrudiagk a pati ent Wit a paroti dzdlad tunor>1pgr eat er 0.603
than Auresntahs) apnd a d gevec-refomztjory Q ST smat|i ent 0.287
great emig han 6 hont hs) .| FI GURE @286 0.475 0.203
CamKIl_alpha 4.54 >10 2.89
Cdk7_cyclinH_MAT1 0.622 6.3 0.0343
Ck1_delta 6.05 5.48 0.0497
Ck1 _gamma_2 >10 >10 4.51
Ck2 >10 0.488 >10
cRaf >10 4.18 >10
Erk1 >10 >10 >10
Fit3_D835Y <0.001000000 <0.001000000 <0.001000000
Hck 0.259 1.8 1.17
Hyl 9 >10 >10
JNK2 alpha 2 >10 >10 >10
MLCK 3.63 >10 0.304
PAK2 >10 >10 >10
PAK4 7.94 >10 9.25
PHKG2 8.11 >10 0.535
Pim1 >10 >10
PKC_theta >10 >10 >10
~ PKCe~ >10 >10 “>10 |-
Ron >10 >10 >10
ROS >10 >10 >10
Syk 5.47 >10 >10
TAK1 0.0359 >10 0.0373
TRKC 0.00923 0.227 0.14
TSSK1 0.982 >10 0.401
ZAPT0 >10 >10 >10
CABL_CR/ 1//1C50
(uM) wt ABL 0.652 0.428 2.95
FLT3_CR/ 1//1C50
(uM) 0.000085 1.26 0.000219
mutant
Abl_T315I ABL 0.0184 >10 0.371
[0231] The assay for determining the 1Cso of ABL (T3151) was

accomplished using the following procedure. In a final reaction volume of 25
pl, Abl (T315l) (h) (5-10 mU) is incubated with 8 mM MOPS pH 7.0, 0.2 mM
EDTA, 50 uM EAIYAAPFAKKK (SEQ ID NO. 7), 10 mM MgAcetate and Bp

gamma-labeled ATP (specific activity approximately 500 cpm/pmol,

concentration as required). The reaction is initiated by the addition of the

MgATP mixture. After incubation for 40 minutes at room temperature, the
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Is a scanned PET-CT inmage of the patient wth

d eevec-refractory G ST which shows a significant
wale@oaares i n upt ake during treatnment with ConpPCmuSi06/017922

conpared to tine off therapy suggesting a treatnent

affect of Conpound 1. Further information regarding

this patient and the treatnent protocol is set forth

bel ow. Fenal e patient, with a diagnosis of

Gastro-intestinal Stromal Tunmor (G ST). Patient had

been previously treated as foll ows: Drug Dose Comments

A eevec Total daily dose between 200 to 800 ny

BA%650P R0§opPEY BY thavaaeitisaidf b pir oba 8% phesphcriaaad solution.

Brostallicin 18 ng once daily G eevec 100 glterngtﬁ

%QJQL oh$he resstion antheprgratiad orip @ 730 B'tﬁfgmé‘ﬂg@ dqéashgd three
e patient . i .

B8 Bt MBS 1575 S hdsBblE sBk BRESTEhaarol bher to

Jag2and 8@itillationseuntingt h above. Conpound 1 treat ment
record: Dose Frequency Schedule 75 ng Once daily 7

32PN t r egtiE@RHohipouhalsof #imul8 0 suchasecotapdynds afdgemula Il
oh treatnment)/7 days off The patient received a_total .
d@ﬁtfmmtdaa dbwergprenased apldeserked 3baye anfldn ﬁéﬂ refggences cited
eve : [ j f ith
BBt ERL Gt IS GanEdndCai e R SR U
l mteﬁicéaé%ﬁ?esgglb@slraboclmerfosdwamihoe’:'r—ﬁasl@sB{ﬁ-M)methyhpmargzin-1 -
Wi ose 0 1] [
o o berzimidazor By finolin 2 AR ohe: SThése Stidies Xt BHE that
these compounds are also useful in treating cancer, including drug-resistant
cancer, in mice, human, and other mammalian subjects and may be used in

combination with the anti-cancer drugs described herein.

[0233] It should be understood that the organic compounds according
to the invention may exhibit the phenomenon of tautomerism. As the

- ‘chemical ‘structures within this specification can only represent one of the
possible tautomeric forms at a time, it should be understood that the invention
encompasses any tautomeric form of the drawn structure. For example, the
compound having the formula I1iB is shown below with one tautomer,

Tautomer llIBa:
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100 nmg dose group approaches the range where

preclinical efficacy has been noted. [0229] Studies
wowese/1za3 i ed out to identify a pharmacodynarmnm BCT/BE}006/017922

mar ker for Conpound 1 biol ogical activity using

peri pheral blood | eukocytes (PDL) as a surrogate

tissue in solid tunor patients where there is limted

access to target tissue. Rationale and Assay

Devel opnent: ERK phosphorylation is a

wel | -characterized downstream effect of RTK activation

and Conpound 1 nodul ates ERK phosphoryl ation in tunor

and endothelial cells. To degternine if\ Conpound 1

affects ERK activation in PBL, -oodero nor ma

MTD 1. No

exogenous sti nul ati of PHA was added. Dose

dependent inhibitjio genous HpERK was observed

WM LA~ Coprpound 1 (See FlI GURE 26),

suggesti ng that this asé%y ﬁhy be usefrul in clinica

trials to show Conpotund 1 is nodulating its targets.

[0230] Conpound 1 was testéfPagainst a panel of

ki nases, including a nutant formbf QBE\(T315I) t hat
eve

has been found to be resistanthts G \Qndp/énd ot her

ki nase i nhibitors. ¢l e, 305, p. 399
(2004); andLaRosse, f Yes. p. 7149-7153
(2002). The T315wu N W i sHknown as the

"gat ekeeper residug d ils | dcated in a hydrophobic
pocket in the ABL_= #e, This residue, as well as
anal ogous positions pf this Tesidue in other kinases
such as, but not linfted to, Flt-3, KT, PDGFRa, EGFR
and the like, are frequert¥™fJ8hd in patients that

have replased to certain kinase inhibitors, such as
pBthartastomers dfdve componad heying thetforrsuladfiBa i gutomer [111Bb

and Tautomer 1l11Bc, are shown below:

H
H
N

Iz

Tautomer ITIBb

F NH, HN
a
H N OH
H
Tautomer IIIBc
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chenot herapeuti ¢ agents such as d eevec, I|ressa,

Tarceva, and others. Thus, there is a nedical need for
wa@bdoenewatty ve treatment strategies for these paPCBEOSR06/017922

t hat have becone resistant to these drugs. Conpound 1

has been found to inhibit the T31 51 nutant of ABL

with an | C50 value of 0.01 84 m cronol ar as conpared

to > 10 mcromolar for G eevec and 0.371 micronol ar

for SU11248. ABL is a cytoplasmc tyrosine kinase.

Therefore, the conpounds of the invention have the

ability to inhibit nutant kinases including receptor

t ne ki etk ptitespaenkappliegions and

C%rzga!mds ?ﬁégé'ﬁgﬂsﬁéw andCpatt naly)/ be uged in

pj&UrrEJitastlde$ hitedh Bboveiare heliebyringmporaied by retasenge herein and

native tre nt treat nent
Ofﬁhél“'ﬁ%?sefn?? ﬁli Seq”‘arlthglsth%&%goun "1 has al so been

tested against a nutant formof FLT3 (D835Y). This

rpEsgye i s fiisdnésistoodthbatiedinventie iseratdinvitechto the

ggrr;%gpglgg,ellqtg%{eig;riﬁ ﬁé‘%}g%o?ﬁm@%%gﬁgaﬁ%n&ac@gﬁiﬁ%% forms
dt
o8B Lo i e R B R o ¢ he

gatekeeper residue in EGFR has recently been reported
in lung cancer patients treated with gefitinib
(Iressa). See Pao W, PLos Med. 2(3):e73 (2005).
Compound 1 is tested agai nst other kinases with

mutati ons in the "gatekeeper residue.” Conmpound 1 is
useful in treating cancer patients with these

mut ati ons. The follow ng table shows |1 C50 val ues of
Conpound 1 conpared with d eevec and SUL 1248.[ 0231]
The assay for determning the 1C50 of ABL (T3151) was
acconpl i shed using the foll owi ng procedure. In a fina
reaction volunme of 25 nL , Abl (T3151) (h) (5-10 nml)

is incubated with 8 nM MOPS pH 7.0, 0.2 nM EDTA, 50 nmM
EAlI YAAPFAKKK (SEQ ID NO. 7), 10 mM MyAcetate and 33P
gama- | abel ed ATP (specific activity approxi mately 500
cpm pnol, concentration as required). The reaction is
initiated by the addition of the MJATP m xture. After

i ncubation for 40 m nutes at roomtenperature,
thereaction is stopped by the addition of 5 nL of a 3%
phosphori c acid sol ution.
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10 nL of the reaction is then spotted onto a P30
filter mat and washed three tines for 5 mnutes in 75

workdoghoaphori ¢ acid and once in nethanol pri orPCDUS2006/017922

N N Bt R W=

10
11
12
13
14
15
16

17
18

drying and scintillation counting. [0232] O her

conmpounds of fornmula | such as conmpounds of fornula I

and fornmula Il were prepared as descri bed above and

in the references cited herein. Studies using these
conmpounds are carried out using the nethodol ogy

descri bed above for

4- am no-5-fl uoro- 3-[ 6- (4-net hyl pi perazin-1- yl)-1

H benzi m dazol - 2-yl ] quinolin-2(1 H)-one. These studies

w Il show that these conpoydaiMse al so useful in
treating cancer, including drug-resistant cancer, in

WN% t i d grd ot her nmanmalian subjects and may be

used I n conbination with the anti-cancer drugs

described herein. [0233] It should be understood that K .
t he or gani cl.conpbumetbhoddentreating dnioresistaptaanceh GoayPrsing:

hi bi.t, t.h h ; SN
AIDRNSIPHOS {6 AR 1S bfbOLE dotfibodiiy oM, &2
I RREGHHRENb & oPhpdUTR], RCsH & the tcawipouew, a datirofehatautomer, a

time, it should be understood that, the i nventi%n d
embavisibeseolanta Pharoreeylical 6pMPGSitipAEOMRIHN the compound,
Sk e

Fisehieg, % SR OTIEqrhIGPIRG S26 NG BluSrner, or e,
MriBautd,)heavincthe rsubjddBis Sichacet pattemtrwvith druigtrgeistant cancer,

conmpound havin he formul a | HB, Tautpner |WBb and
Tad EJ?ﬁeQOflnPPPBg ,Otf EP@‘@% %s e E?kp%f%%ﬂ‘a-l | | Bb

Taut omer HI Bc[ 0234] The contents of each of the
patents, patent applications and journal articles
cited above are hereby incorporateed by/ reference
herein and for all purposes as if : set forth in
their entireties. [0235] It is undg Rhat the
invention is not limtegd taw henemd fents set forth
herein for iIIustggtio , bu Ir acgs a Lssuch formns

wherein:

R! R?, R and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, -OR™ groups, -NR"'R" groups,
substituted or unsubstituted primary, secondary, or tertiary alkyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, or substituted or unsubstituted

heterocyclylalkyl groups;

R®, R®, R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, -OR" groups, -NRR® groups,
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t hereof as come wthin the scope of the follow ng
claims. CLAIMS What is clainmed is: 1. A nmethod for

WO e@ati243g3 dr ug-r esi stant cancer, conprising: PCT/US2006/017922

19
20
21
22
23
24
25

26
27
28
29
30
31

32

33
34

35
36
37
38

39
40
41

O S N N

adm nistering to a subject in need thereof, a conmpound
of formula | , a tautomer of the conpound, a salt of
the conpound, a salt of the tautoner, a m xture
thereof, or a pharmaceutical conposition conprising

t he conpound, the tautomer, the salt of the conpound,
the salt of the tautonmer, or the m xture, wherein the
subject is a cancer patient with drug-resistant

\rl% eﬁ?or nu lme\AﬂHSﬁSﬁLﬂémﬂrm\éWh%dm% or tertiary alkyl

erein , R3, and
bgrdulpe smﬁiltmnedmrfursubamtumwara{l grqup@ep@bmgmeﬂ)pr unsu)()s’ututed

TRy @apeS, Wit Phingroditen P LB, subSituted or

S GRSt ed ‘Pfetél@b?d:l?lrg’roabgyéu k@iaUes or &nbamsttttum‘edd or
unsubsti t ut ed roups, substitute

uheieineeyd)ialisy grpu@ﬁ,wu@mui@@ or gu%@s’fﬂwf@é&l@xyalkyl groups,

PR SfhsRbbHEY SRR YRS, B Shbdfuted o
upAssEtitdtet dbtdececlgloxgalkyladrioups;gr oups R5, R6, R7,

and R8 may be the same or different and are
i ndependent seI g:,ged fro

aroupe N iy, D& sqe s ierkpt pid 3 figpendently
UBSIARRId frb%%b%ﬁtdf@& ¥r uRSGSStRGEY. alldA ?@J;Ss JUupsthiuked or

groups, substituted or unsubstituted ar gr oup
subsubstiuted syl gnospbssubistitused air Meﬁybstgué@ﬂseterocyclyl groups,

SHBBHHUAT GlouBRBES bt Ech Ut droBb8: Bibstinted or
supstbdtHuRd AKoxy2SiPgFdUpE, gdba&uwmmmsumtlmed aryoxslkyl

substituted or unsubstituted al koxyal ky
S ansis, OF SbsHtulseTRISURBEE A oA No1 R BEaupss,

substituted or unsubstituted heterocyclyl oxyal kyl

gr oups; 4
e | ndependenglngjr\& TRy BE thé'SaRRGr differént bRE @PE imiEpendently
selected from substituted or unsubstituted alkyl groups, substituted or

unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

'R™and R'® may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

and

- R'® is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted

heterocyclyl groups.

2. The method of claim 1, wherein the subject is
administered a compound of formula Il, a tautomer of the compound, a salt of
the compound, a salt of the tautomer, a mixture thereof, or a pharmaceutical
composition comprising the compound, the tautomer, the salt of the
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sel ected from substituted or unsubstituted al kyl
groups, substituted or unsubstituted aryl groups,

wa@adpstiz44us ed or unsubstituted heterocyclyl groR@BEUS2006/017922

(U N B e o]

[y

AN W B W N e

substituted or unsubstituted heterocyclylal kyl groups,
substituted or unsubstituted al koxyal kyl groups,
substituted or unsubstituted aryl oxyal kyl groups, or
substituted or unsubstituted heterocyclyl oxyal kyl
groups; Rl 1 and R14 may be the sane or different and
are independently selected fromsubstituted or
unsubstituted al kyl groups, substituted or

Eélﬁh& 4he &aftiof |thélfe€!}id9ﬁ1er Qr the baikiuref whein the compound of
unsu stituted heterocyc gr oups;

yl : R12 and RI15
tfmerrmha‘rkb has thie follavéng Termidlacadi dlé@eﬁmltmwdw%@ﬁegﬂtuted
ntsugfgltuted or unsubstituted al kyl groups,

%E??Q Yed"BtP-unsubst i t ut ed aryl groups, or
substltuted or unsubstituted heterocyclyl groups; and
R16 is selected fromsubstituted or unsubstituted
al kyl groups, substituted or unsidistifuted aryl
groups, or substituted or unsubstijEted hgterocyclyl
groups. 2. The nethod of claim1, #gin the subj ect
is adm ni stered a congoundNof f¥%r {1, a tautoner
of the conpound, wa salt of the
tautoner, a m xture SkeOf Xof a phar maceuti ca
conmposition conpri si ' the tautoner, the
salt of theconpoupe’ Sof, the tautomer, or the
m xture, wherein the c-npo@nd of formula I has t he
following fornmula and \R7 is a substituted or
unsubstituted heterocyclyl grdﬂp 3. The net hod of

claim2, wherein_R7 is_ a substituted or unsubst
het er ocycl yB- gr olpedeettodesf g3l awg%ﬂ?stﬁtbﬁaéubﬁﬁﬁed or

u f
DRI RSEAF L U QB P8 el P URRSon
Rpipesidiny gbaup, tpiperdzioy| grosipbst imauplealing graup.

pi perazinyl group. 5. The nethod of claim3, wherein

R7 is a SUbﬁt e “tr‘?% method of claim 3, wherein R is a substituted or

unsubstituted N-alkyl piperazinyl group.

5. The method of claim 3, wherein R is a substituted or
unsubstituted N-alkyl piperazinyl group and the alkyl group of the N-alkyl
piperazinyl comprises from 1 to 4 carbon atoms.

6. The method of claim 1, wherein the subject is
administered a compound of formula Ill, a tautomer of the compound, a salt of
the compound, a salt of the tautomer, a mixture thereof, or a pharmaceutical
composition comprising the compound, the tautomer, the salt of the
compound, the salt of the tautomer, or the mixture, wherein the compound of

formula 1l has the following formula:
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unsubstituted N-al kyl piperazinyl group and the alkyl
group of the N-al kyl piperazinyl conprises from1l to 4
w@a00bo4as ons. 6. The met hod of claim 1, wherePCI/UR®06/017922
subject is adm nistered a conpound of fornula Ill, a
taut omer of the conpound, a salt of the conpound, a
salt of the tautoner, a mxture thereof, or a
phar maceuti cal conposition conprising the conpound,
the tautoner, the salt of the conpound, the salt of
the tautonmer, or the m xture, wherein the conpound of
formula Il has the following fornula:7. The nethod of
any one of clainms 1-6, whereip theg'lactig acid salt of
the conpound is administered td ' — 8. The
nmet hod of any one of clains 1- he cancer is
9. The

met hod of any ong of] cla
the tautoner, the e Honpound, the salt of
the tautoner, the or the pharmaceuti cal
conposition i s admn¥st 2y ed~é o the subject after
imatinib nesylate (@ eevec) has been administered to
t he subject and the cancer ingjhe subject has been
found to be resistant to imatinib nmesylate (@ eevec).
1 10. The netffod ofThenyethod affanyl eievef dlaims s vdiateintibe lactic
cancer .jS.kresistant f.o Y43-.9006. ,11. The nmet hod of
2 LAt S hEearnibind 8 andPBisredia B RHBRRL. t ne
tautonmer, the salt of the conpound, the salt of the
1 tautoner, tige m Nthermethid dftehyddied 6BElaIs ¢4, wherein the cancer
conposition is admnistered to the subject after

2 pisyesisipoisioHmatipkemesyliFia(@leereed)-t o the subject and
the cancer in the subject has been found to be

j resistant tg BAYAI’%‘egrﬂ%&odl&-an &5t 8% -AWh&tBR e

clains 1-7, Wherein the cancer is resistant 'to
2 Brcostmidnidcthe temtorinee the sl dof tfe aompoued,dhe shliiafthd tautomer,
3 mﬁ%%ﬁ HsrIRe pPanGaceulical Bhmpnstion i Sdntnistered d'fhe subject
4 after imatinib mesylate (Gleevec) has been administered to the subject and
5 the cancer in the subject has been found to be resistant to imatinib mesylate
6 (Gleevec).

f—

10. The method of any one of claims 1-7, wherein the ’cancer
is resistant to BAY43-9006.

o

11.  The method of any one of claims 1-7, wherein the
compound, the tautomer, the salt of the compound, the salt of the tautomer,
the mixture, or the pharmaceutical composition is administered to the subject
after BAY43-9006 has been administered to the subject and the cancer in the
subject has been found to be resistant to BAY43-9006.

N A W N =

12. The method of any one of claims 1-7, wherein the cancer
2 s resistant to Brostallicin.
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the m xture, or the pharmaceutical conposition is
adm ni stered to the subject after Brostallicin has

whe@a/1agmd ni stered to the subject and the cancRPCT/UR200ée17922

> R W -

subj ect has been found to be resistant to
Brostallicin. 14. The nethod of any one of clains
1-13, wherein the cancer is gastro intestinal stromal
tunor (A ST). 15. The nethod of any one of clains

1- 13, wherein the cancer is acute nyel ogenous

| eukem a. 16. The nethod of any one of clainms 1- 13,
wherein the cancer is selected fromchronic

nyel ogenous1137euk~p{m ot bf é’ﬁ)ﬁoﬁé‘@f@mnsqw nehedeirc e

carci noma od for treating cancer
camppolgichdhe taltomiesttbeisall of the cempoape. ihe saeef the tautomer,

e yhiiire (s BRI TR SBpisDsHEEE A fieigel 8 e subject
| st B rdefElitgn hEevekAiadininisterbl dotalsutjbieardittd) cancer in the
docet axel (Taxotere), erlotinib (Tarceva), vatalinib

(subjectdms begrdoungd 4p berresistantde ﬁféost@tklptsz omi b,

bevaci zumab (Avastin), pertuzumab, and/or rituxi mab,

and a co oyl d i
1 con‘poundnpa Agal ?f%% Pr{eﬁ%@o%a gﬁhélﬁf%@ﬂhsq 13hﬁhere|n the

a salt of
t carioemiy gastrovintéstinal Btnembfumm’r(GjSB‘I)ar maceut | caI
composi tion corrpri sing the conmpound, the tautoner, the

salt of the alt of the. d

mxture, whber ningesbif st AR shearHaid |- Pinknefin e
%H@Nlé‘gcut@rm?élégénmre%kémlﬁl R2, R3, and R4 may be
e same or ferent and are independently selected

fromH d, Br OR10 groups,, -NR11
subst i tut ed16r uﬁb%lﬂ%@tht)@@éénkﬁﬂnﬁé? flalgg @%5&\% A the

A e o A B0 Tt loma, o

3 grangpsell sakediormat ed or unsubstituted al kynyl groups,

O 00 1 & i kR WD

p—
<

substituted or unsubstituted heterocyclyl groups, or
SuPSU tut eqlﬂ.r RSUbt% idt#c';tr ﬁ'gating cancer, comprising: administering
to a subject in need thereof, an anti-cancer drug selected from imatinib
mesylate (Gleevec), BAY43-9006, Brostallicin, lenalidomide (Revlimid),
thalidomide (Thalomid), docetaxel (Taxotere), erlotinib (Tarceva), vatalinib
(PTK-787), VEGF-trap, fenretidine, bortezomib, bevacizumab (Avastin),
pertuzumab, and/or rituximab, and a compound of formula |, a tautomer of the
compound, a salt of the compound, a salt-of the tautomer, a mixture thereof,
or a pharmaceutical composition comprising the compound, the tautomer, the
salt of the compound, the salt of the tautomer, or the mixture, wherein the

compound of formula | has the following formula:
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het erocycl yl al kyl groups; R5, R6, R7, and R8 may be
the sane or different and are independently sel ected

wo e@an441Cl , Br, F, |, -ORLl3 groups, -NRL4R15 BEDURHN6/017922

1
12 W

13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28

29
30
31
32

-SR16 groups, substituted or unsubstituted primary,
secondary, or tertiary alkyl groups, substituted or
unsubstituted aryl groups, substituted or
unsubstituted al kenyl groups, substituted or
unsubstituted al kynyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or
unsubstituted heterocyclyl al kyl groups, substituted or
unsubstituted al koxyal kyl groups,, subsfituted or
unsubsti tuted aryl oxyal kyl groupg, or /substituted or
unsubstituted heterocyclyl oxyal kyl
may be the sane or dlfferent and a3

groups, substitutged or ut €d aryde groups,
substituted or unsuf Ry eteﬁbcyclyl gr oups,
substituted or unsub ted heterocyclylalkyl gr oups,
substituted orunsuk S Mkgxyal kyl groups,
substituted or unsubstftuté&d aryl oxyal kyl groups, or
substituted or unsubstituted heterocyclyl oxyal kyl
groups; Rl1l and R14 may be the sane or different and
are |ndependently sel ected frédm substituted or
|tuted al kyl groups, substituted or

tltuted aryl groups, or substituted or

unsubst i t ut RY, ReRY ang®*yihay beuthe saRiRondifferars angharbe

th di fferent i ndenend .
fmﬁm‘?é il Sieeioaam EL e Bt der R o yp i R “roups,
tdtHER WWouBSRURSE pirbRd sBEYhdAH) CuPRartidry alkyl groups

stituted or unsubstituted heterocyclyl gr oups;
Fatﬂoststuted|oarcunsdbsmtutaobarrytgmums«saumtltwﬁ@dmstnwbﬁ@med alkenyl

crips? Syt LB Sl DRV eFbves el er

gﬁﬁéﬁ&tlt&ﬁd h‘é't@roﬁ%l?l%io@f)s coradupsiifitesvoe uasubstieted

' € i's ‘adm ni st ered conmpound of forrmula I'l, a
tba{em@fc

|)6$|kvlrﬁ§0ld@ﬁpound, a salt of

R®, R®, R, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, -OR"® groups, -NR"R" groups,
-SR'® groups, substituted or unsubstituted primary, secondary, or tertiary alkyl
groups, substituted or unsubstituted aryl groups, substituted or unsubstituted
alkenyl groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or

unsubstituted heterocyclyloxyalkyl groups;

R and R may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,

substituted or unsubstituted heterocyclylalkyl groups, substituted or
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the conpound, a salt of the tautoner, a mxture
thereof, or a pharmaceutical conposition conprising
WO b@sapapdund, the tautoner, the salt of the cpoposINde/017922
the salt of the tautonmer, or the m xture, wherein the
conpound of forrmula Il has the follow ng fornmula and
R7 is a substituted or unsubstituted heterocyclyl
group: 19. The nethod of claim 18, wherein R7 is a
substituted or unsubstituted heterocyclyl group
sel ected froma substituted or unsubstituted
pi peridi nyl group, piperazinyl group, or norpholinyl
33 grumgpbstedTaiRoxRiA rovips; Isabslitltsd vhensibstiRited airdoxyalkyl
substituted or unsubstituted N-al kyl piperazinyl
34 qapeyps, or substilatesehyasuirstityted heteyocyfdpryalkytroups
substituted or unsubstituted N al kyl piperazinyl group
and the al ky11 4 i LAl ;
33 conpri ses f?ﬁbm%rfatwg Z‘E %%PE&% g%ﬁﬁ?@?&#ﬁgﬂgg}rﬁgye fendently
36 clsalentdd fromhsulsstiutet ersuispbstitutes] alliyli groapsrsbstituted or

conmpound of fornmula I11, a. tautoner of the conpound  a )
37 S HRChRtHRe ahitiuhs, onsuSittdg Ariinstbatfac feBRcC Sroups;
m xture thereof, or a pharmaceutical conposition

38 conpri sing tR1€ apa RIS yngl bé ite bamewTRiiffercheafiadlare diddpendently
conpound, the salt of the tautoner, or the m xture,

39 \selasted e subsiitutad asunsebsiiuted alkyligreupsesubstiiuied g

f v h LAl = .
20 | SR8 G s BBl i oroups
41 achmdni stered to the subject. 24. The nmethod of any one

of clains 17-23, wherein the conpound, the tautomer,

the salt of e conpo , th alt of the taut r,
22 {he mxt ur e R SHECERISRBSTELR SoHpodRdad Aot aroups,
a . . . af
B B Ot S SERd D ARG g

44 ametereeydyl grodpss 17-23, wherein the conpound, the
tautonmer, the salt of the conpound, the salt of the

L somposition s adiieineBidr Faf L gL iR aybieat e

2 ardministered alcargpbsd befarmatti Na sdutor@r od tHeormpbiigdta salt of
3 the compound, a salt of the tautomer, a mixture thereof, or a pharmaceutical
4 composition comprising the compound, the tautomer, the salt of the

5 compound, the salt of the tautomer, or the mixture, wherein the compound of
6 formula Il has the following formula and R’ is a substituted or unsubstituted

7 heterocyclyl group:

R7
F NH, N\
H H
N
AN N
H N (e}
H
H
8 I

111



26. The nethod of any one of clainms 17-23, wherein the
conpound, the tautoner, the salt of the conpound, the

W@ 2006/106413 he tautoner, the m xture, or the PCT/US2006/017922

N R W

WO -

phar maceuti cal composition is adm nistered to the
subject at the sane tinme that at |east sone of the
anti-cancer drug is admnistered to the subject. 27.
The nethod of any one of clains 17-26, wherein the
anticancer drug is imatinib mesylate (G eevec). 28.
The method of any one of clainms 17-26, wherein the
anti cancer drug is BAY43-9006. 29. The nethod of any

one of claigs 1Fhdfmethderdfidnitrnes anhéreamBéis asubstitated or
Brostallicin. 30. The met hod of

!lmsa@stitwwrreetﬂrqowelybar@@@rsql%Ctaﬁiﬁ%% -q@gﬁ{qt%pr Upsubstituted
T "
DTk, ez o BER 8P RO ABR RS, o1 af e

| eukem a. 32. The net hod of any one of cI gl ms 17-29,
wher ei n t h@ocanddre methmil Ga‘cnimm 19,onhetein R és a substituted or
nmyel ogenous | ? ﬁem a, .mu | e nyel oma, or renal cell
@ﬁﬁ@b%\fﬁ?d N-alk lﬁ’é‘)%tz'ﬂ}ﬂ BHPany” one of clains 1-32,
wherein a stable di sease state or reduction in tunor

size is achijevedHehmehfodeidigint 18f Wherekd R s atsubstitited or
of the conpound, the tautoner, the salt of t

mpbshitdtect Neallksiniperazinykgrosiatasiesihe alky arpyp 9?@19 Nralkyl

t he har 0 i L t herapeutic

@6‘?!%% Bb%ﬁ%ﬁ)ﬁ} ﬂg&a;ﬁran ?fb&sﬁcer drug and a
corrpound of formula I, a tautonmer of the conpound, a

salt of t hezz:ormmmmetlaoct.af tlainh 17 heheeain dsln@subject i§

m xture thereof as nbi ne ratlo
dminiSéW@QL%CO@@BHPEPg? rmw%ﬂh e, 8Etneramgound. a satt of

Hﬁfb{ il aasaﬁlﬁfltﬁétt?dtgﬁierh@%lﬁﬁ?@tﬁ@ébﬁb@@tpmmemlcal

e compoun ormula | has the follow ng
fcmmpdsatlon comprising the compound, the tautomer, the salt of the

compound, the salt of the tautomer, or the mixture, wherein the compound of

~ formula 11l has the following formula:

/

1M1
23. The method of any one of claims 17-22, wherein the

lactic acid salt of the compound is administered to the subject.

24. The method of any one of claims 17-23, wherein the
compound, the tautomer, the salt of the compound, the salt of the tautomer,
the mixture, or the pharmaceutical composition is administered to the subject

after the anti-cancer drug has been administered to the subject.
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I wherein: R, R2, R3, and R4 may be the sane or
different and are i ndependently selected fromH d4,

W®eg06H24413 - OR10 groups, -NRL 1R12 groups, SubBCT/U81006017922

S O R N

»n AW N

or unsubstituted primary, secondary, or tertiary alkyl
groups, substituted or unsubstituted aryl groups,
substituted or unsubstituted al kenyl groups,
substituted or unsubstituted al kynyl groups,
substituted or unsubstituted heterocyclyl groups, or
substituted or unsubstituted heterocyclyl al kyl groups;
R5, R6, R7, and R8 may be the sane or different and

are indepengdgnt | Yhé%@tﬁbd@ffah o6, of Glaintd 17-83, WherdiRlize
groups, -NR14R15 groups, groups, . subst| tuted or

uﬁ@msgtm@uﬂ@damqmﬁr {he %@E@fﬁaarqwmmundeﬂhe gaky ohthe tautomer,
u u
%s'ﬁ tliljlt%ég?'iiﬁé nsub&({e%ﬁ@?l“%ﬁﬁ;})ieﬂ@? |sgéré’or{r}|r§§tefé%sto the subject
sbbﬁdre thd aedti-cancersdriogthdsuiesh adrkinisterayt wuibe, subject.
substituted or unsubstituted heterocyclyl gr oups,

substituted. qQr unsubstityted heter I | grou
substi tut edzgr quLESIS@?tIIPatOS@nXI%RﬁIWI 6 £1-8%, whfSiR the
JESHBBURY P! thitfopter0 the ' &sitBsthiet dnfisbuHay e ¥alk k¥ the tautomer,
groups, or substitufed or unsubstituted

htheembdyre, pr the Rhaynacausicpkcorposition isadministeras torile subject

<l 57 00, PSSR AR BAEG Sfrf RBreo o
thelélmjbétt ituted aryl groups, substituted or
unsubstituted heterocyclyl groups substituted or

it 8. i o i 28 o o

N =

[ O R N R

u I &Q)e§, or substituted or
ugéu stlt gnﬁﬁﬂé%% I#tél (c);%/al Kk I groups; R1ll1l and R14

may be the same or different and are independently
sel ected frafh sulbeimethed dranyrengosh ¢laimst7-26k wherein the anti-

grou subs e unsubstituted aryl groups, or
EEQ&? qugdsbfa‘%ég%@é'itut ed heterocyclyl groups; R12

and R15 may be the sane or different and are

i ndependent P®.  The method of any one of claims 17-26, wherein the anti-

cancer drug is Brostallicin.

30. The method of any one of claims 17-29, wherein the
cancer is gastro intestinal stromal tumor (GIST).

31. The method of any one of claims 17-29, wherein the

cancer is acute myelogenous leukemia.

32. The method of any one of claims 17-29, wherein the
cancer is selected from chronic myelogenous leukemia, multiple myeloma, or

renal cell carcinoma.

33. The method of any one of claims 1-32, wherein a stable
disease state or reduction in tumor size is achieved in the subject after
administration of the compound, the tautomer, the salt of the compound, the
salt of the tautomer, the mixture, or the pharmaceutical composition.
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sel ected from substituted or unsubstituted al kyl
groups, substituted or unsubstituted aryl groups, or

wa@adpstiz44u3 ed or unsubstituted heterocyclyl groR@EUSZNE017922

S L R W=

10
11
12
13
14
15

16
17
18
19
20
21
22

R16 is selected fromsubstituted or unsubstituted

al kyl groups, substituted or unsubstituted aryl

groups, or substituted or unsubstituted heterocyclyl
groups. 35. The therapeutic conposition of claim 34,
wherein the conmpound of formula I, the tautonmer of the
conmpound, the salt of the conpound, the salt of the
tautoner, or the m xture thereof is a conpound of
formula |1,34 taAtthempeatic chmpositipayodmpfisinge anlasntirdgncer

R SRSt S o e B5hofihg. BBt o the
t&ﬁ@@und §é|?b fd?ﬂ@%ﬁ@ AixtdrartAtiedf bs '@smbihed

W ng orrruaan i's a substituted or
uplaplasatlctmﬁoectlrheltaﬂmyc Sgpargte;lqn sgeuermaj usedn dpe treptment of a

SIES, e o Atk RS e b RoRd a1

Sthesfollbwirgtfofhulgasubst i t ut ed plper|d|nyl group

pi perazi nyl group, or norpholinyl group. 37. The

t herapeutic conposition of claim36, wherein R7 is a
substituted or unsubstituted N-al kyl pg°perazinyl
group. 38. The therapeutic composition of claim 36,
wherein R7 is a substituted or Nt uted N-al kyl
pi perazinyl group and the aIkyI & ‘
pi perazi nyl conprises fromi yrbyn at ons. 39.
The therapeutic cgapos t|o 34 rewherein the

conpound of fornmula 3 omarHof t he conpound,
salt of the tautoner, or
i qrponpd of fornula 111, a

Z—

the salt of the conpp
the m xture theregf

taut omer of the comnpou d off formula Ill, a salt of the
compound of fornula IR, a salt of the tautomer of the
conmpound of formula Ill, or a mxture thereof, wherein
t he conpound of formJIa 111 hds the foll ow ng

T oieig: 40. The therapeutic conposition of any one of

clainms 34- 39,
R', R2, R?, and R* may be the same or different and are

independently selected from H, Cl, Br, F, |, -OR groups, -NR"'R" groups,
substituted or unsubstituted primary, secondary, or tertiary alkyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, or substituted or unsubstituted

heterocyclylalkyl groups;

R®, R®, R, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, -OR'® groups, -NR"R'® groups,
-SR'® groups, substituted or unsubstituted primary, secondary, or tertiary alkyl
groups, substituted or unsubstituted aryl groups, substituted or unsubstituted
alkenyl groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
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wherein the therapeutic conposition conprises the
lactic acid salt of the conmpound. 4 1. The therapeutic

W@ vpasi4ts on of any one of clains 34-40, wher ePOT/URE06/017922

23
24

25
26
27
28
29
30

31
32
33

34
35
36
37
38

39
40

N A U B W N e

anti-cancer drug and the conpound, the tautomer, the
salt of the conpound, the salt of the tautoner, the
m xture, or the pharmaceutical conposition are

provi ded as a single conposition. 42. The therapeutic
conposition of any one of clainms 34-40, wherein the
anti-cancer drug and the conpound, the tautoner, the
salt of the conpound, the salt of the tautoner, the

B S S BR) G0 e o
tureubstituted heterpoglyloxyalikyfl gaeoypssne of cl ai ns 34- 42,

wherein the anti-cancer drug is imatinib nesyl ate

(5 cevec) i B IE EUR yPORE A ey
BAYdcted 9ffm sdbstitliftrl sh@isubstituted amvbgmubspsubétltahexd arne

of clains 34-42, wherein the anti-cancer

Binsubstituted aryl gsoups substpiaskeR WSLLb@#BB@# Pﬁ?ﬁ?foeyclyl groups,
AR o e RGBSR GR Y, seBsiied
:jlhmtmsetute@ ati@xpalkt groo pej subistituted &4 unSubstitetesi an‘ytdxgalkyl
rug-resistan ncer i cut I | euk
AOUpRCOR HeAaT oG BHBB T BRIy RONEIRY T o
34-45, wherein the drug-resistant cancer is selected

from chroni R"yed RICARYDE Bieksifhé or Biffcré #ndnR) PEBpendently
or renal cell carcinoma. 48. The met hod of any_one

csaleated1fram substitutedor unsubiséituted elifybaaQupse §H’9$§!Jieidd?ff
211;?]6‘ tf@eg%fgyg rtgu;g ﬁé}:ﬁ%@%f%ﬁ%l{%‘? ﬁé#%e?&oﬁ#&?l groups;

claims 1- 13 or 17-29 or the therapeutic conposition
of any one Rf2 adRbsm¢-bibthewzene ondiffeeenirargt @ istdependently

selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;
and

R'% is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted
heterocyclyl groups.

35. The therapeutic composition of claim 34, wherein the
compound of formula |, the tautomer of the compound, the salt of the
compound, the salt of the tautomer, or the mixture thereof is a compound of
formula Il, a tautomer of the compound of formula Il, a salt of the compound of
formula I, a salt of the tautomer of the compound of formula Il, or a mixture
thereof, wherein the compound of formula Il has the following formula and R’

is a substituted or unsubstituted heterocyclyl group:
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cancer is a selected fromprostate cancer, renal
cancer, gastro intestinal stromal tunor, sarcong,

w@olensatal cancer, breast cancer, parotid canP€r/[UsS2006/017922

W N = 0

1 (lressa), Vé??"i*?hetlﬁé’riéﬁéﬁﬁgbo gﬁ ibh@? Léi
g na

gastric cancer, nelanoma, oesophageal cancer, NET
(sinonasal) cancer, colon cancer, ovarian cancer, or
liver cancer. 50. The nethod of any one of clains 1-33
or the therapeutic conposition of any one of clains
34-49, wherein the subject is a human cancer patient.
5 1. The nethod of any one of clains 1-7, wherein the
cancer is resistant to |lenalidomde (Revlimd),
thal i dom de (Thal omi d), docetaxel (Taxotere),
erlotinib (Tarceva), gefitinib (I
(PTK-787), VEGFtrap, fenretidine,
general nonocl onal antibodx. 52. A
of clainms 1-7, wherej e
bevaci zumab (Avasdi n)
The nethod of any o
conpound, the tautone
salt of the tautogeér, e~ xtrs e, or the

phar maceuti cal conposijti on™is admi nistered to the

subj ectafter |enalidoride (Revlinid), thalidonide
(Thal omi d), docetaxel (Taxoter®), erlotinib (Tarceva),

gefitinib (Lxess vat al | nj . /37 o o7
fenretidi ne‘l,sébor?& HWSP‘”‘B{']& §0@§§§P§ﬁ %@X@%ﬁyﬁem R'isa
agipdiaged runkapstitatit Retetsgyel ?ﬂ)dmgelédﬂ@jdefcdm ansuiistituted or
cancer in the subject has been found to be resjstant

t ensubrsditutad piRRsdimd @roun.dipereriyl amviPder MATRNSIRYY group.
docet axel (Taxotere), erlotinib (Tarceva), gefitinib

: R hiKbBh R is a
bortezom b, or a general nonoc anti body. 54. The
et bstifutetl arunsobstitofecdcNeaalky pipétazinykgraiup. t he conpound,
the tautoner, the salt of the conpound, the salt of

et hod of any one
esistant to

! composi t§ ondPs. adhbiSepUiC PaeReRERTEHL ¢ dnerein R7ie a

w N

N N R W N

bgystitatenedt Urduastitutad NPsIkyIuiberabinybgroupt and trbalk@sgroup of
been adm ni stered to the subject and the cancer in the

sthsj Nealkyl piperaginyt eemarises fseny big 4carkon gtoms.

39. The therapeutic composition of claim 34, wherein the
compound of formula |, the tautomer of the compound, the salt of the
compound, the salt of the tautomer, or the mixture thereof is a compound of
formula I, a tautomer of the compound of formuia Il1, a salt of the compound
of formula lll, a salt of the tautomer of the compound of formula lll, or a
mixture thereof, wherein the compound of formula Il has the following

formula:
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bevaci zumab (Avastin), pertuzumab, or rituxi mab. 55.
The nmet hod of any one of clains 17-26, wherein the
wa@niteaancer drug is selected froml enal i dom dePCT/US2006/017922
(Revlimd), thalidom de (Thal om d), docet axel
(Taxotere), erlotinib (Tarceva), gefitinib (lressa),
vatalinib (PTK- 787), VEG-trap, fenretidine,
bortezom b, bevaci zunab (Avastin), pertuzunab, or
rituxi mab. 56. The therapeutic conposition of any one
of clains 34-42, wherein the anti-cancer drug is
sel ected fromlenalidomde (Revlimd), thalidom de
(Thal omi d), docetaxel (Taxoteke), /&rlotiwib (Tarceva),
vatalini b (PTK-787), VEGF-trap,)=e re [ d|

bortezom b, or a general nonocl dy 57. The
t her apeuti ¢ conposi tfi on yne of cI aims 34-42,
wherei n the antiwcapger druglj 3 te_d fr_om

bevaci zumab ( Avast
met hod for inhibi a kiRase in a subject,
conpri sing: adnitistieri My to°a subject in need
t hereof, a compound fof fornula I, a tautomer of the
8 conpound, a salt of the conpound, a salt of the
1 t aut oner, 4@1 ﬁ] Eher eof, or a pharnaceuti cal
conposi ti on4onpl it %VQH%'“@Gﬁﬁmﬂlontﬁ@wmmmlalmm& 39,
2 S@h I
g t“%%‘f’é?ﬁ SormbpSiigR cboflissd thd B IRI o8 gl
3 tﬁ@mlpphade conpri ses a mut ant gat ekeeper residue, and
t he corrpound of formula | has the followng formula: |
wher ei n:

L different aﬁal ar lﬁgr‘i'a%fﬁé’ﬁg%PPif’PQéiﬂeet%@nger%%<Pf claims 34-40,
2 Bwhefein the afiRt@ngeogg, andIRE élIrR)U Se tAHO T tl’er%‘%lt of the

or unsubstituted primry, secon or tertiar
3 FYMpRUN JB@ﬁa!tlﬁfélae &autgmubeumlutwa arr e @Jmn‘meutlcal

4 SEBRbOSIHLR ArdbroRGsPEL A HhGE BkisNon.
~42:  The therapeutic composition of any one of claims 34-40,
wherein the anti-cancer drug and the compound, the tautomer, the salt of the
compound, the salt of the tautomer, the mixture, or the pharmaceutical
composition are provided separately as parts of a kit.

S S

—

43.  The therapeutic composition of any one of claims 34-42
2 wherein the anti-cancer drug is imatinib mesylate (Gleevec).

’

44.  The therapeutic composition of any one of claims 34-42,
2 wherein the anti-cancer drug is BAY43-9006.

1 45.  The therapeutic composition of any one of claims 34-42,
2 wherein the anti-cancer drug is Brostallicin.

1 46.  The therapeutic composition of claims 34-45, wherein the
2 drug-resistant cancer is gastro intestinal stromal tumor (GIST).
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groups, substituted or unsubstituted al kynyl groups,
substituted or unsubstituted heterocyclyl groups, or

wa@adpstiz44us ed or unsubstituted heterocyclyl al kyPCOUS2006017922

1 substituted4pr unsHeShed

R5, R6, R7, and R8 may be the same or different and
are i ndependently selected fromH, d, Br, F, |, -OR13
groups, -NR14R15 groups, -SR16 groups, substituted or
unsubstituted primary, secondary, or tertiary alkyl
groups, substituted or unsubstituted aryl groups,
substituted or unsubstituted al kenyl groups,
substituted or unsubstituted al kynyl groups,

_ fbb@ﬁlc BeiPoSEBA of lclm@8as45, wherein the
substituted or unsubstituted heterocyclylal kyl groups,
sdpigriesigtant @noaﬁ@@@ﬂemu@agmm@uﬁwla-gr oups,
substituted or unsubstituted aryl oxyal kyl groups, or
substitutedygr u ' I ;
aroups: R10*Sna’ 04 s PELEE pOFEBEABKRr iR o¥laims 34-45,
awberein ¢ipedrleptdsystart eariced i selaciedifsdm tchrearic omyelogenous
uGgﬁbstitutﬁd alkél roups, substituted or
e&igava oy alemyBlogia, praenat el Garginemeor
unsubstituted heterocyclyl groups, substituted or
unsubsti t ut gd hetrgeeRythbd|ctlanylon@r SrEdimsSHASIdri 1 2d oPthe
unsubstituted al koxyal kyl groups, substituted or
uteuspeutiacardpesition of ank phe of slapns J-48,umaenein theadrvig-

3 pEE E  SPIRRReent " anc ar & | ndependent 1y

—= N W bW e

A W N e

f—

sel ected from substituted or unsubstituted al kyl

gr gup_s, sugsgj t uﬂ'hdgmt_hbd&ﬂ?&?]/idmt@%blair}dl 1-gBQ1rp157,-29r05 the
substituted or unsubstitute et er ac y roups; R1
atierapepticgomeositien Qgﬁay enedqfﬂaémér%‘*y-iﬁdﬂfag@m e drug-

[ :sel [

FETRERCERIdAL i sefeciel IoATbRISHEREICaHEER réfal cancer, gasiro
uimdediinal stromdl tumpor, gamarsa, anloreutad cancerebreast cancer, parotid

unsubstitut.ed heterocyclyl groups: and R16 | L. ect ed
{ FORGILBRRYIE GRBEC MeIHaRE, PPoRipagak GRnGRToMp (sinonasal)
Sehsddr! BOIBH cAihcHR TYBRhh Caheer, & YileOtanues, or

substituted or unsubstituted heterocyclyl groups.59.

The nethod of claimb58, wherein the subject is .
5 The method of any one of claims 1-33 or the therapeutic

composition of any one of claims 34-49, wherein the subject is a human

cancer patient.

51.  The method of any one of claims 1-7, wherein the cancer
is resistant to lenalidomide (Revlimid), thalidomide (Thalomid), docetaxel
(Taxotere), erlotinib (Tarceva), gefitinib (Iressa), vatalinib (PTK-787), VEGF-

trap, fenretidine, bortezomib, or a general monoclonal antibody.

52.  The method of any one of claims 1-7, wherein the cancer

is resistant to bevacizumab (Avastin), pertuzumab, or rituximab.

53. The method of any one of claims 1-7, wherein the
compound, the tautomer, the salt of the compound, the salt of the tautomer,
the mixture, or the pharmaceutical composition is administered to the subject
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adm ni stered a conpound of fornmula Il, a tautoner of
the conpound, a salt of the conpound, a salt of the

w0 awboe@I13 ' a mxture thereof, or a phar maceut PCHIS2006/017922

O 0 I & W

10

wnm kW N S W ok W

[V N Y R

conposition conprising the conpound, the tautomer, the
salt of the conpound, the salt of the tautoner, or the
m xture, wherein the conpound of formula Il has the
following formula and R7 is a substituted or
unsubstituted heterocyclyl group: 60. The nethod of
claim59, wherein R7 is a substituted or unsubstituted
het erocyclyl group selected froma substituted or

uaﬁép%btl%rﬁﬂjeocmuhﬂdﬁmallbﬁﬂae (Phé]@ﬁﬁd)' azysbem@wr,ax@fere)
nmor phol i nyl group . The method of claim®6

wﬁdﬂ@nlh (?Rérqeyaé %fubsth (tlr@tsea) datajwdmﬂ%TKﬂ@t? éoVIiGErtkqn

R AEE! bt i, 86p BTN Gip bRy Pas eh®! T

PagAi lﬁiétel’rlefdli tgtheiguigect atthth@l daﬁcel g irothe SIfojédtelaN-tadéwlbund to
pi perazi nyl conprises fro
PR Thaistan tofenandpmidss (Reyieid). thalidoraiga L Ebelonae), docetael

I -
A RAEIT, SbhS ETRESDS, Bhaf T et e e prer pvecr
t frappfepretiding; bantszpmibeoraigeneral angricaolonead entibody.
conposition conprising the conpound, the tautoner, the

It of th It of th
mixture,  whgfer n TORESREGT Aning SFGiERE i AT
feb Re, ﬂ@@ut@neﬁﬂhe Ealeoﬂmefmnpéumyth@@an@ﬂwé &iutdmer,

-6 wherein the lactic acid salt of the conpound is
adihﬁ RIbgtiEs, @ the phaenacjtiset compositing isadmiusigred iy thenwbject

F%L ﬁhﬂgﬂﬂﬁggé (A%& Irf. B?llélg@prﬁ a[?_;‘r}tgg pﬁaebcpééér)] Bé@ﬁ @g&\lmstered

Tlf@thﬁéﬁl!ib]éct(ﬁncame caneepin tHeasubjedihaBHhearhfouadrto thearesistant to
kinase is ABL KIT, PDGFRa, EGFR, or FLT3. 67. The
mbEMBeiZemalr{(\vasiin)o PeEHEMABEOT HiNEI®th the ki nase is

ABL (T3151).

~ 65.  The method of any one of claims 17-26, wherein the anti-
cancer drug is selected from lenalidomide (Revlimid), thalidomide (Thalomid),
docetaxel (Taxotere), erlotinib (Tarceva), gefitinib (Iressa), vatalinib (PTK-
787), VEGF-trap, fenretidine, bortezomib, bevacizumab (Avastin),
pertuzumab, or rituximab.

56. The therapeutic composition of any one of claims 34-42,
wherein the anti-cancer drug is selected from lenalidomide (Revlimid),
thalidomide (Thalomid), docetaxel (Taxotere), erlotinib (Tarceva), vatalinib
(PTK-787), VEGF-trap, fenretidine, bortezomib, or a general monoclonal
antibody.

57.  The therapeutic composition of any one of claims 34-42,
wherein the anti-cancer drug is selected from bevacizumab (Avastin),
pertuzumab, or rituximab.
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68. The nethod of any one of claim66, wherein the
ki nase is FLT3 (D835Y). 69. The nethod of any one of

w@bk@oee4a63 wherein the kinase is EGFR  70. TheremUbmd6/017922
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of any one of clains 58-69, wherein the cancer is
resistant to imatinib nesylate (d eevec), BAY43-9006,
Brostal licin, lenalidomde (Revlimd), thalidom de
(Thal om d), docetaxel (Taxotere), erlotinib (Tarceva),
gefitinib (Iressa), vatalinib (PTK-787), VEG--trap,
fenretidine, bortezom b, or a general nonocl ona
antibody.7 1. The nethod of any one of claims 58-70
wherein t h68canAemeﬂmdsfer mmﬂng adinagesinrasibieel CPRrsING:

stromal tunor cgute eno

R Y T L

Eﬁft&h@? BRth FH@MJ #£8alt of theCcomapeetd, sosalt of the tautomer, a
yper eosi nophi | i ¢ syndronme (HES

mixture thereof, or a pharmaceutical composition comprising the compound,

the tautomer, the salt of the compound, the salt of the tautomer, or the

mixture, wherein the subject is a cancer patient and the kinase comprises a

mutant gatekeeper residue, and the compound of formula | has the following

formula:

R6
R5

) Dt

/

wherein:

R!. R?, R%, and R* may be the same or different and are
independently selected from H, Cl, Br, F, |, -OR" groups, -NR"'R'2 groups,
substituted or unsubstituted primary, secondary, or tertiary alkyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted alkenyl
groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, or substituted or unsubstituted

heterocyclylalkyl groups;

RS, R, R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, 1, -OR™ groups, -NR™R™ groups,
-SR'® groups, substituted or unsubstituted primary, secondary, or tertiary alkyl
groups, substituted or unsubstituted aryl groups, substituted or unsubstituted
alkenyl groups, substituted or unsubstituted alkynyl groups, substituted or
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unsubstituted heterocyclyl groups, substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or
unsubstituted heterocyclyloxyalkyl groups;

R and R"™ may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylalkyl groups, substituted or
unsubstituted alkoxyalkyl groups, substituted or unsubstituted aryloxyalkyl
groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;

R"" and R" may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or

unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

"R™and R"™ may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;
and

R'® is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted
heterocyclyl groups.
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59. The method of claim 58, wherein the subject is
administered a compound of formula 11, a tautomer of the compound, a salt of
the compound, a salt of the tautomer, a mixture thereof, or a pharmaceutical
composition comprising the compound, the tautomer, the salt of the
compound, the salt of the tautomer, or the mixture, wherein the compound of
formula Il has the following formula and R’ is a substituted or unsubstituted

heterocyclyl group:

R7

/

I
60. The method of claim 59, wherein R’ is a substituted or
unsubstituted heterocyclyl group selected from a substituted or unsubstituted

piperidinyl group, piperazinyl group, or morpholinyl group.

61. The method of claim 60, wherein R’ is a substituted or
unsubstituted N-alkyl piperazinyl group.

62. The method of claim 60, wherein R’ is a substituted or
unsubstituted N-alkyl piperazinyl group and the alkyl group of the N-alkyl

piperazinyl comprises from 1 to 4 carbon atoms.

63. The method of claim 58, wherein the subject is
administered a compound of formula 1, a tautomer of the compound, a salt of
the compound, a salt of the tautomer, a mixture thereof, or a pharmaceutical
composition comprising the compound, the tautomer, the salt of the
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5 compound, the salt of the tautomer, or the mixture, wherein the compound of
6 formula Il has the following formula:

E NH, N\
H H
\ H
H N (0]
H
H
7 il

64. The method of any one of claims 58-63, wherein the

2 lactic acid salt of the compound is administered to the subject.
1 65. The method of any one of claims 58-64, wherein the
2 kinase is a cytoplasmic tyrosine kinase or is a receptor tyrosine kinase.
1 o 66. The method of any one of claims 58-65, wherein the
2 kinase is ABL, KIT, PDGFRa, EGFR, or FLT3.
1 67. The method of any one of claim 66, wherein the kinase is
2 ABL (T315]).
1 68. The method of any one of claim 66, wherein the kinase is
2 FLT3 (D835Y).
1 69. The method of any one of claim 66, wherein the kinase is
2 EGFR.

70. The method of any one of claims 58-69, wherein the
cancer is resistant to imatinib mesylate (Gleevec), BAY43-9006, Brostallicin,

erlotinib (Tarceva), gefitinib (Iressa), vatalinib (PTK-787), VEGF-trap,

1
2
3 lenalidomide (Revlimid), thalidomide (Thalomid), docetaxel (Taxotere),
4
5 fenretidine, bortezomib, or a general monoclonal antibody.
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1 71.  The method of any one of claims 58-70, wherein the

2 cancer is selected from gastro intestinal stromal tumor, acute myelogenous
3 leukemia, chronic myelogenous leukemia, multiple myeloma, renal cell
4

carcinoma, non-small cell lung cancer, or hypereosinophilic syndrome (HES).
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