METHODS FOR TREATI NG DRUG RESI STANT CANCER FIELD OF THE | NVENTI ON [ 0001]
This invention pertains generally to nmethods of treating cancer. Mbore
specifically, the invention pertains to nmethods and 4-am no substituted

gui nol i none benzi m dazol yl compounds such as 4-am no-5-fl uoro-3-[5-(4-

met hyl pi perazi n-1-yl)-1 H benzi m dazol - 2-yl ] qui nolin-2(1 H)-one conpounds
and pharnmaceutical formulations conprising such conpounds for treating
drug-resi stant cancer and patients with drug resistant cancer. BACKGROUND OF
THE | NVENTI ON [ 0002] A variety of chem cal conpounds and conpositions have
been reported as having activity agai nst one or nore vascul ar endot heli al
gromh factor receptor tyrosine kinase (VEG-- RTK). Exanples include

qui noline derivatives such as described in WD 98/13350, am noni coti nam de
derivatives (see, e.g. WD 01/55114), antisense conpounds (see, e.g. WO
01/52904), peptidoninetics (see, e.g. WD 01/52875), quinazoline derivatives
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BACKGROUND OF THE INVENTION

[0002] A variety of chemical compounds and compositions have been
reported as having actlwty agamst one or more vascular endothelial growth
factor ;eee-btor tyrosme kinase (VEGF RTK) Examples include qumollne
derivatives such as described in WO 98/13350, aminonicotinamide derivatives
(see, e.g. WO 01/55114), antisense compounds (see, e.g. WO 01/52904),
peptidomimetics (see, e.g. WO 01/52875), quinazoline derivatives (see, e.g.
U.S. Patent No. 6,258,951) monoclonal 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, I. et al., Tetrahedron Lett. 42, 7747-7748 (1995);



activity of other 4-hydroxy quinolones and thin anal ogs such as | H 2-o0xo0- 3-
(2- benzi m dazol yl ) - 4- hydr oxyqui nol i ne. Ukrainets, |. et al., Khimya

Get erot si kli cheski kh Soedinii, 1, 105-108 (1993); UWkrainets, |I. et al.,

Khi miya Geterotsiklicheskikh Soedinii, 8, 1105-1108 (1993); Ukrainets, |

et al., Chem Heterocyclic Conp. 33, 600-604, (1997). [0004] The synthesis
of various quinoline derivatives is disclosed in WD 97/48694. These
conmpounds are disclosed as capable of binding to nuclear hornone receptors
and being useful for stinulating osteoblast proliferation and bone grow h.
The conpounds are al so di sclosed as being wuseful in the treatnent or
prevention of diseases associated with nuclear hornone receptor famlies.

[ 0005] Various quinoline derivatives in which the benzene rin% of the

qui nol i ne i s $iknaingtsut.ed ahi iKhimiya GietaretsidichgskilsheS erdinil, @s 839124 1148982/ 18483.
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benzi m dazol yﬁpeé%rr?ﬁxa%ég@ﬂcﬁwg%ﬂ?@éﬂ | uor o- 3-[ 5- (4- net hyl pi per azi n-
1-yl)-1H benzi m dazol - 2-yl ] qui nol i n-2(1H) - one have recently been di scl osed
in 2 referencge0®ich as TWOsYAthe2RUT varidus/GuiaoNhY derddlifes Budisclosetpinunds  are
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nuclear hormone receptors and being useful for stimulating osteoblast
proliferation and bone growth. The compounds are also disclosed as being
useful in the treatment or prevention of diseases associated with nuclear

hormone receptor families.

[0005] ___ Various quinoline derivatives in which the benzene ring of the
quinoline is substituted with a sulfur group are disclosed in WO 92/18483.
These compounds are disclosed as being useful in pharmaceutical
formulations and as medicaments.

[0006] Quinolone and coumarin derivatives have been disclosed as
having'use in a variety of applications unrelated to medicine and
pharmaceutical formulations. References that describe the preparation of
quinolone derivatives for use in photopolymerizable compositions or for
luminescent properties include: U.S. Patent No. 5,801,212 issued to Okamoto
et al.; JP 8-29973; JP 7-43896; JP 6-9952; JP 63-258903; EP 797376; and
DE 23 63 459.

[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-y1)-1H-benzimidazol-2-yl]quinolin-2(1H)-one have recently been disclosed in



I n published United States patent applications U S. 200210107392 and U. S.
2003/ 0028018 and U.S. Patent Nos. 6,605,617, 6,774,237, and 6, 762, 194.

Het er ocycl i ¢ conpounds rel ated to benzi m dazol yl quinolinones have recently
been di sclosed in WD 02/18383, U.S. 2002/0103230, and U.S. Patent No.

6, 756, 383. O her such conmpounds are disclosed along wth new uses of such
conpounds in inhibiting serine/threonine kinases and tyrosi ne ki nases are
di scl osed in WO 2004/018419, and U.S. 2004/0092535, filed on August 19,
2003, and claimng priority to each of the foll ow ng provisional
applications: U S. Provisional Application No. 60/405,729 filed on August
23, 2002; U.S. Provisional Application No. 601426, 107 filed on Novenber 13,
2002; U.S. Provisional Application No. 601426,226 fil ed on Novenber 13,
2002; U.S. Pr rﬁfe@ngaasucztpps Q102622508 and ON 920 0Add4 3389 Bush GaRavpes 13,
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met hod for thelr esis, lactic acid er eof nd uses thereof are

di scl osed in thee dlsk:lmedgn Wa@@Bi183§BpUJSG£ODBAQ§0323@5@@&130\?@@‘611“66 2004:

101082, 757, anf PQEpUOBRT sulpfoRaidS pri iR bl Wi 454 ot By

docunents in tbd)@\p@@ﬂi@egihaﬁhbltmg sb_ﬁhé/ﬂ}febmﬁ@lkmfseé afld yrosiabadreizes are its
entirety and for al oses as i orth herejn. [0008 Vari ous

new conpounds ﬁ@?l@sﬁéd‘é Q?Ogﬂgﬂsﬁ&rﬂ‘dd}s{ St 8904/9092539'%5 ilaoreAngest TOror

Shown o gni 11 caagoartd ARG BabFpto B of e Ao KRG HRAcIo S SrPREERES ks

first made avall.3bPmvisionahApplicationiNd: 6040829 g boiAligustREB082; B.S.
Provisional Application No. 60/426,107 filed on November 13, 2002; U.S.
Provisional Application No. 60/426,226 filed on November 13, 2002; U.S.
Provisional Application No. 60/426,282 filed on November 13, 2002; U.S.
Prov:smnal Application No 60/428,210 filed on November 21, 2002 u.s.
Prov:snonal Apb_ll-c:'e—ltlon No 60/460 ~327 fi Ied on Apnl§3— é003 u. S Provnsnonal .
Application No. filed on April 3, 2003; U.S. Prowswnal Application No.
60/460,493 filed on April 3, 2003; U.S. Provisional Application No. 60/478,916
filed on June 16, 2003; and U.S. Provisional Application No. 60/484,048 filed
on July 1, 2003. Still other compounds, method for their synthesis, lactic acid
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



(CM) in May of 2001. According to the Novartis website, G eevec is

I ndi cated for the treatnent of newly diagnosed adult patients with

Phi | adel phia chronosone-positive (Ph+) CML in chronic phase. Followup is
limted. Geevec is also indicated for the treatnent of patients with pH+
CML in blast crisis, accelerated phase, or in chronic phase after failure
of interferon-alpha therapy. G eevec is also indicated for the treatnent of
pediatric patients with pH+ chronic phase CM. whose di sease has recurred
after stemcell transplant or who are resistant to interferon-al pha

t herapy. d eevec has been approved for use in patients with other cancers
such as Gastrointestinal Stromal Tunors (A ST). For exanple, on February 1,

2002, the FDA %ant ed Novartis approval of deevec for the treatnent of
patients with (GML)iotMaypf 200k Accasdingte thecNayarts website, %ﬁ&%ﬁ@t i c mal i gnant
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[0009] Other new experimental drugs that are currently being tested for

efficacy in treating cancer include BAY43-9006 (sorafenib) and Brostallicin.

BAY 43-9006 has been granted orphan drug status for the-treatment of renal -

cell carcinoma by the U.S. Food and Drug Administration (FDA). BAY 43-

9006 is being evaluated for the treatment of metastatic renal cell carcinoma,

an advanced form of kidney cancer. 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 tumor 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 |l 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

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



(1C50 = 0.46 and 1.45 ng/nlL, respectively) under conditions in which the 4
cytotoxicity of conventional antitunor agents was either unaffected or
reduced. [0010] Although significant strides have been nade in the

devel opment of pharmaceutical conpositions for treating cancer, new nethods
of treating cancer are required. Especially needed are pharnaceuti cal
conpositions and conpounds for use in preparing pharmaceutical conpositions
that are useful in treating drug-resistant cancer and patients with
drug-resi stant cancers. Also needed are pharnmaceutical conpositions and
conpounds that may be administered to patients with drug-resistant cancers
I n conjunction with known anti-cancer agents. SUVMARY OF THE | NVENTI ON

[ 0011] The present invention provides nmethods of treating cancer, nethods

of treating drggtot®aditisirtonoéntivial agtitdmisr hﬂelﬁﬁﬂla‘sfmﬂhépﬂuéﬂfécted:OﬂpOSi tions
for use in treating cancer in subjects such as those with drug- resistant
cancer. [0012] redHcede aspect, the present invention provides a nethod for
treating drug-resistant cancer. The method includes adm nistering to a

subj ect in neeqpdfgr eof . ARhERIPOYHAIflcAt shitiedHaRelbeeh hadd PNBE deleloBfent
conpound, a sal't of the conpound; a salt of the tautomer, a m xture thereof,

or a phar maceutof pharaseydsaltompasionsifen trepting sapeei oewdNethnds chlieding , t he
oot e, ° TR rg AR e EBUBEEREpr g E0CH MG HUORAT”
compound of f orcowippuhdé for uskdn peepavingphatrmacedtizal corpositinsithat are useful

in treating drug-resistant cancer and patients with drug-resistant cancers.

Also needed are pharmaceutical compositions and compounds that may be

administered to patients with drug-resistant cancers in conjunction with known

anti-cancer agents.

SUMMARY OF THE INVENTION

[0011] The present invention provides methods of treating cancer,
‘methods of treating drug-resistant cancer, and kits and therapeutié
_cofﬁr-)o.s"i;cic-)n:é‘fhor ﬁée--in _t'rééti-ng-cancef in subjects such as those with dfug-
resistant cancer. ’

[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:



R N2\ / Rz Ra RO 0 4 F Werein: Rl, R2, R3, and R4 may be the sane or
different and are independently selected fromH, d, Br, F, I, -ORL0
groups, -NR11R12 groups, substituted or unsubstituted prinmary, secondary,
or tertiary al kyl 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 heterocyclylalkyl groups; R5, R6, R7, and R8
may be the sane or different and are independently selected fromH d, Br,
F, I, -OR13 groups, -NR14R15 groups, -SR16 groups, substituted or
unsubstituted primary, secondary, or tertiary alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstjtuted al kenyl groups,
substituted or unsubstituted al kynyl groups,gssubsfituted or unsubstituted
het er ocycl yl groups, substituted or unsubstituted heterocyclylal kyl groups,
substituted or unsubstituted al koxyal kyl grou stifSt it uted or
unsubstituted aryl oxyal kyl groups,gtor gubsty unsubsti tuted

het er ocycl yl oxyal kyl groups; R70 and R|13 ne sane or different and
are independently selected f e s ~ o~gr unstibstituted al kyl groups,
substituted or wunsubstituted ar 9

het erocycl yl groups, substituted 9 nselsti tut ed heterocycl yl al kyl groups,
substituted or 6 unsubstituted al KoxyalNkyl %roups, substituted or
unsubstituted aryl oxyal kyl groupsg or substituted or unsubstituted

het er ocycl yl oxyal kyl groups; Rl1l and S14 nmay be the sane or different and
are i ndependently I

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, Ci, Br, F, |, -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



sel ected fromsubstituted or unsubstituted al kyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl
groups; R12 and R15 may be the same or different and are independently
sel ected fromsubstituted or unsubstituted al kyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl
groups; and R16 is selected fromsubstituted or unsubstituted al kyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted
het erocycl yl groups. [0013] . .- In- another. aspect, the present

I nvention. provides. anethod for. treating cancer. The nethod includes
adm nistering to a subject in need thereof, an anti-cancer drug sel ected
fromimatinib nmesylate (d eevec), BAY43-9006, Brostallicin, |enalidomde
(Revlimd), thusubsitited ajkoxyakt gtpups, sobstitated| orunsubstiuter ardoxyalkyhi b

(Tarceva), vatalinib (PTK-787) or el ezom b,

bevaci zumab (A%%"éqq’ Rf g"”‘bsgﬂﬁﬂt%a&ﬁﬁb/%@tg‘?he@ﬁ&?ﬁ#&&?mﬁhﬂggb onpound of
formula I, a tautonmer of the conpound, a salt of the conmpound, a salt of
the tautomer, a m xtureRfhandR may ba thksameae differant andoanedsdepemdentyrpr i si ng

th d, t t t sl [ t f..t d, t | t f th
oot oo oUo e om SubwtE MBS0 AEE BRURS: BusstEdar i ur'e and
vari abl es desgjshstitdea 4yl Cgra@aé}]or kUbatilited dP URSIbSAEREE hetdrb&/ch/l BFSIPS;

i nvention provides kits an therapeutic conpositions. The Kit's and
t herapeutic conpositions,inclu an anti-cancer drug and a conpound of

formula I, a tautoner oR't#w RonpaviRe thesamaior diferemandaarpdudrpendestl ¢ of
the tautoner, s%fe&?eﬂr%&ru?ﬁfiﬂ?éoe&f unsﬁﬁgﬁjtate?igﬁjmpgbqﬂs?? OdRelbrons i ncl ude

the anti-cancer drug an e conmpoun e tautonmer of the
conpound, t he unaubstitited rexylgrowes, od substiuted lor unsubstitited hatevaeyc)yl groupise

m xt ure thereqf 42S @ conbi ned preparation for sinultaneous, separate, or
sequenti al us@™Pn the treatnent of a subj ect that

R is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted
heterocyclyl groups.

[0013] = - In.another.aspect, the present invention. provides.a method for .
treating cancer. The method includes 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. The compound of formula
I 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 |, a tautomer of the compound, a
salt of the compound, a salt of the tautomer, or a mixture thereof. The



has drug-resistant cancer. The conpound of fornmula I has the structure and
vari abl es descri bed above. [0015] In another aspect, the present invention
provides a nethod for inhibiting a kinase in a subject. The method i ncl udes
adm nistering to a. subject in need thereof a conpound of forrmula I, a

taut omer of the conpound, a salt of the conpound, a salt of the tautoner, a
m xture thereof, or a pharnaceutical conposition conprising the conpound,
the tautoner, the salt of the conmpound, the salt of the tautomer, or the

m xture. The compound of formula | has the structure and vari abl es

descri bed above, the subject is a cancer patient, and the kinase conprises
a nut ant gat ekeeper residue. [0016] Further objects, features and

advant ages of the invention will be apparent fromthe follow ng detailed

description. ik m&éﬂldﬂ‘d ikElud&th i dveer d éﬂd the! éediouhd 6F @ scanned

i mage showi ng‘hﬁv\hol e body bi ol um nescent i nmag esq% obtained using an IVIS
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[0019] FI GUREagables des6ititeshdvenrge of whol e body BLI's obtained using an

I VIS I magi ng System ( Xenogen) of SCI D-beige mce after intravenous
injection with KMS-11-luc cells. The BLIs on the left are of mce treated

wi th vehi cl e [08thlt he BIN anether awpact dhe Peasenbinvamtion provides @ mpthgad for _ _
g?’llr_‘i;) gn‘;' ‘(Jggﬁr;nﬁgﬂh@ ,a(lgrbég% .pxlgggggt.a%e Tethbd intildeseRimifistkdmg!to 4 v! 1 qui nol i n-
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
phamaceutical 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, the subject is a

cancer patient, and the kinase comprises a mutant gatekeeper residue.

[0016] Further objects, features and advantages of the invention will be
apparent from the following detailed description.

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 atter 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-yl]quinolin-2(1H)-one (20 mg/kg/d)
exhibited a significantly lower mean photon count than those treated with
vehicle.



[0020] FIGURE 4 is a graph conparing the survival percentage of SCl D beige
mce intravenously injected with KM5-11-luc cells and then treated with

ei ther vehicle (dianonds) or with 4-am no-5-fl uoro-3-16-(4-

met hyl pi perazin-1-yl)-1 H benzi m dazol -2-yl]quinolin-2(1 H-one (triangles,
20 ng/kg/d). [0021] FI GURES 5-7 are graphs show ng that

4-am no-5-fl uoro-3-[6-(4- nethyl piperazin-l-yl)-1

H benzi m dazol - 2-yl ] qui nol i n-2(1H)-one (Conpound 1) 'nodu | ates FMtarget
expression and denonstrates anti-proliferative effects againstWw4; 11 and
R$4; 11 cells. In FIGURE 5, W4;11 (A) or RS4;11 (in presence of FLT3
ligand) (,) were incubated with serial dilutions of Conpound 1. Cell
viability was determ ned by the MIS assay after a 72 hour incubation

period. ECSO y@o4ms wer FIG}@RELB @tﬁbameamnag@bfmare By BiSs obthined N FI GURE
6, serumstarved W4; 11 (1 TD) or in FlI GURE 11 V\7I') ceIIs wer e

i ncubat ed wi t ising a8 dseaioisiem(Xanogan) of SElheigrimicaraffers  hours pri or
to cell lysisBednbls ﬁﬁ%&%@g‘_’\‘ﬁ%]&ﬁeﬁ Ce}lﬁ:tcfe%"‘*l’hg Brld 8n 'tﬁ&%ﬁ%ré%?ﬂncé‘gl m)

for 15 mnutes, as I nd sates were | mmunopreci pated with
anti - human FLTRated witio dghicleceral NnecBLttgloSD& ﬁ@tﬁt‘are ofnmmtvbafedswmueﬂt-e pr obed

w th anti-phosphot sin nti bo estrlpped
and reprobed "E'ﬂo'é-" yoreys f‘d"ﬁ@’&l?ﬁ&eﬁg éﬁg%rbeﬂzﬁ‘anaﬁﬁa%ﬂ RRANT | ower
l'ane) . Changepim)- Qﬁé(@()@gguﬁ@m)r,ggmgm percent of baseline (no treatnent)
usi ng densitonetry S 8°and 9 are graphs shows dose-dependent

I nhibition of FLT3- rredl at ed ERK and STAT5 phosphorylation in W4;11 cells
by 4- ami no-5{PP2Qr o- 3- ﬁﬁ REfbisr Oisph companing e survival percentage of

H benzi m dazol é’lDYﬂaélﬂé”nﬂ at egaﬁ&uﬂp 'n%d SRARME] 1hc M

(serum starve wer e”1 ncu ous concentrations 0¥1 %orrpoundl for
3 hours and |r’([emerIth|IedherpEHmle (FasoRds))r withs4-aotire-betiony-3yé<4ern bl ot and

B§$ﬁ$g ng L%JGREB?%\gltV\g%Serazm Ifnl ﬂebden%ﬁ\!n@gzgl I2O Wqﬂno(ﬁrﬁ?é M)—ogh?trﬁgﬁales o ERK or
mg/kg/d).

[0021] FIGURES 5-7 are graphs showing that 4-amino-5-fluoro-3-{6-(4-
methylpiperazin-1-yl)-1H-benzimidazol-2-yl]quinolin-2(1H)-one (Compound 1)
modulates FLT3 target expression and demonstrates anti-proliferative effects
against MV4;11 and RS4;11 cells. In FIGURE 5, MV4;11 (A) or RS4;11 (in
presence of FLT3 ligand) (m) were incubated with serial dilutions of
Compound 1. Cell viability was determined by the MTS assay after a 72 hour
incubation period. ECsp values were calculated using nonlinear regression.
In FIGURE 6, serum starved MV4;11 (ITD) or in FIGURE 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.



as percent of baseline (no treatnent) using densitonetry. [0023] FI GURE 10
Is a graph show ng that 4-am no-5-fluoro-3-16-(4- nethylpiperazin-1-yl)-1

H benzi m dazol - 2-yl ] qui nolin-2(1 H)-one (Conpound 1) inhibits autocrine
VEGF production by MW4;1 1 cells in vitro. W4;1 1 AML cells cultured in
10% FI BS contai ning nedia were incubated with or without 0.001, 0.01, 0.1,
0.5 and 1 pM Conpound 1 for 48 hours. Supernatants were analyzed for human
VEG- | evels (normalized for cellular protein content). [0024] FIGURE 11 is
a graph showi ng that 4-am no-5-fluoro-3-[6-(4- nethylpiperazin-1-yl)-1

H benzi m dazol -2-yl ] qui nolin-2(1 H)-one (Conmpound 1) inhibits FLT3 and
STATS5 phosphorylation in tunors xenografts in SCID-NOD mce. SCID NOD m ce
bearing s.c. MW4;1 | tunors (300 m8; n= 3 mce/group) were treated with

ei t her vehi cl elt92210 rrg/ﬁdéj; Suand 9 arecgraphs ﬂ%@)@s dasgrgependantinhiiant ed on
frozen (- 700 oy ToffHed ERCAESTATS cRUHEEfon AMVATRGURRE A T 2"

i mrulnopgI eg i pgt amll:)rw-ﬁiﬁlulerd-w lgtltaer‘r'teith3H|blrIBJrénZIrFL‘y'B C;IM—belﬁlzlnﬂc&EéTFS-yﬂltf}MIhbmdy,

resol ve nmTuno roped wi riate

ant i phosph)c/)t yr g@ "ﬁé) “PuépW‘{ iﬁ@g”s @ ;arﬂé% '%‘Elfqaﬁﬁ%‘él'ﬂénd

re- probed Wthvﬁidd&&fon@éﬁﬂratﬁn-g?of@on%dnd$f&-r§hour%%rﬂ%@éé@ll’&%r' grpof total
FLT3 or STAT5 E:dOtel n as |l oading controls ower ane Each Iane

represents a s %%S)Wﬁﬁﬁet@@qmmt@naﬂﬁﬁwpﬁ@éﬁa dGHREHwah owi ng t he

antitunor acti r

H benzi m dazol HétIeYrF%egﬁﬁgfq?lW@??H “ﬂ %ﬁ%ohpoun%gﬁg(rw#@ﬁgj%ﬁeqa%%%éu%
xenograft nodehs pérdentrafbaddlife (o reatRght)lubsingeddresitometnyror s 1 n SCI D- NOD i ce.
(FIGURE 12) W4;11 or (FIGURE 13) RS4; 11 cells were inplanted s.c. into the

o Comoon 28T, OB e BRI W 4 dphch MBS, VoLt
was admi ni st er gréthydsipélagind\g1)- tHLBBRSmitRiz6]-2-yBQAnoWB2(1IH)-dRBAChinpundi1gs,
Vehicle (0) or inhibits autocrine VEGF production by MV4;11 cells in vitro. MV4;11 AML

cells cultured in 10% FBS containing media were incubated with or without

0.001, 0.01, 0.1, 0.5 and 1 pM Compound 1 for 48 hours. Supernatants were

analyzed for human VEGF levels (normalized for cellular protein content).

[0024] FIGURE 11 is a graph showing that 4-amino-5-fluoro-3-[6-(4-
methylpiperazin-1-yl)-1H-benzimidazol-2-ylJquinolin-2(1H)-one (Compound 1)
inhibits FLT3 and STAT5 phosphorylation in tumors xenografts in SCID-NOD
mice. SCID-NOD mice bearing s.c. MV4;11 tumors (300 mm3; n=3
mice/group) were treated with either vehicle or 10 mg/kg Compound 1 for 5
days. Tumors were resected on day 5 at 4, 8, 24, and 48 h post-dose,
pulverized and immediately flash frozen (-70°C). For pFLT3 or pSTATS
modulation: tumor lysates were immunoprecipated with either anti-human
FLT3 or anti-STATS 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-STAT5S
for determination of total FLT3 or STATS protein as loading controls (lower
lane). Each lane represents a separate tumor.
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Compound 1 at doses of 10 (A), 30 (a), 100 (4) or 150 () ng/kg/d for 8 days
was adm nistered orally when tunors were - 300 mmB. (FI GURE 14) Effect of
daily, intermttent and cyclic dosage regi mens of Conpound | on the

ef ficacy of W4; 11 tunors. Conmpound | was administered orally at a dose of
30 ng/ kg either daily (”), every other day/q.o.d. () or cyclic 7 day on/7
days off (X). (FIGURE 15) Conpound 1 induces regression of |arge M4, 11
tumors. W4; 11s.c. tunors (n=10 m ce/ group) were staged at 300 (A), 500 (a)
or 1000 () nmmB. Vehicle (4)-treated tunors were neasured to a maxi num t unor
vol unme of 2000 mB (in FIGURE 16 shown only to 1000 mmB). Conpound 1 was
adm ni stered orally at 30 ng/kg/d (first cycle). Dosing was discontinued
after 50 days, and durability of responses were nonitored thereafter.

(FI GURE 16) mﬁ“ ngwMéﬁuﬁaEstwmear@éﬂaﬁhs sﬁawtn@qnéréﬂmun\mrtdmajm kg/d x 50

days were retreted / kgl d second e). Panel AD,” data are
expressed as amiaorStfluase- 3v[6|-(l4ﬂ’eeth$lalr(eﬁazm-1i)d) Wd@f‘gﬂmdﬁ;d'wmmqunrl | ustrates

or aphs show ELIRFoRb G 0Hkd B indl fbchrsout ooy eadrofhien 719 7€
pr /Olkl f if ZH gg/lw]jln/m RSY; vt ldekémic fumarstr SrCIIgI-l\EﬂglailbmFl(EURE 12)dVediwi th 30
rt;gnzigm' dazol %?§‘ﬁ@§¢ﬂ§§!{$“z‘§h?§? %’ep@g §°1§’¥° %\gl righflankeof 8GI0-y w4 11

tunor responygIDWhiks 13916%158/ OV 11 SrabiEBNVehiefe! () Ponfdupdbeari ng
S.c. W4; 11 tunors (n— 3-5 /group were freated Wi th elther 11 Vehlcle (a-e)

or Cormpound 1 Mmﬁl@@ﬂd')&r(&) @a@@ w} mgiko/driordbdaysveas adisisisteredon days

e PR B A G B Ll DRI R o0
5), cleaved Gshpand3t tidoses afa (@), G0 (E’ARBO((O) onj 150igw) nsg/kgMdifoing dagsrat OXyl in
i vi dual -t MARIRENRERY Orplbl e TRy MATR RIS T GURE B Efedl

of daily, intermittent and cyclic dosage regimens of Compound 1 on the

efficacy of MV4;11 tumors. Compound 1 was administered orally at a dose of

30 mg/kg either daily (m), every other day/q.o.d. (e) or cyclic 7 day on/7 days

off (X). (FIGURE 15) Compound 1 induces regression of large MV4;11

tumors. MV4;11s.c. tumors (n=10 mice/group) were staged at 300 (4), 500

(m) or 1000 (¢) mm3. Vehicle (¢)-treated tumors were measured to a o

maximum tumor volume of 2000 mm3 (in FIGURE 16 shown only to 1000

mm3). Compound 1 was administered orally at 30 mg/kg/d (first cycle).

Dosing was discontinued after 50 days, and durability of responses were

monitored 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-yl]quinolin-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
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RS4; 11 tunors followng treatnment wth 30 ng/ kg Conpound 1 treatnent. R$4;1
| tunors (n= 3-5 /group) were treated with either Vehicle (a-c) or Conpound
1 30 nmg/kg/d (d-f). Tunors were resected on days 9. Paraffin- enbedded
tunors were either stained with Hematoxylin and Eosin (a, d) or

| mmunostai ned with Ki67 (b, e), or pERK (c, f). FIGURE 18 illustrates
representative sections fromn= 3 individual treated tunors. (FI GURE 19)
SCID-NOD nmice bearing s.c. MW4;1 | tunors (n= 3-5 /group) were treated wth
ei ther Vehicle or Conmpound 1 30 ny/kg/d. Vehicle-treated tunors were
resected on day 15 and Conpound 1-treated tunors were resected on day 89
(50 daily doses of Conmpound | + 39 days without treatnent). Paraffin-
enbedded tunors were either stained with Hematoxylin and Eosin or

i mmunost ai ned Mahidie Ka- 6)701( Gomipohedrd t3dmpikg/dcfon htdays i Mymofajverehi cl e ( HEE,

day 80). (d) Commsman neve 2rt EpreminiabReael RN whre BROS b RREO o ol
1, conplete respawBRYIN R Eds'm (8% day\ny@mmmmhdstande@wltntmsv(wge@aygo vi abl e
cells di spersed i n necrotic/scar tissue, GURE_19 illustrates

represent at | v@ERKe (% gAY Shrdeaved @SBaﬁ'@é@édd@hﬁb?rspAﬁﬁ’g(ﬁrfld@¥l5|) OMthhf ¢ he
| mages as tak%rﬁa‘i?xyjjﬂc@oﬁﬁfe‘?gt#?ﬁ') tl'-"]éLh%?P’?ﬁ%ﬁﬁé@?ﬁ%&%bﬁéﬁﬁ?‘sg&loﬂﬁd 21 are

graphs show ng tha pi perazi n-1-yl)
H benzi m dazolfradn y1=]3qndmdu1ahtréét9d Kymorse (F[G]dRﬁolﬁ)dlmlr)urphcsltmt@mlstmwﬁ vaI of

SCI D- NOCD mi ce n eng W4: 1 rradia SCl m ce
wer e i npl ant eﬁ{]k ‘%’Dﬂ ° g\r(lﬂg;freairaqlﬁe@ﬁ] @? # | ?‘523[“1’?&”?9{\5\3 e
initiated on dRe4; 2<'I3fcurﬁ©f§5(ln&t3 B@?r@ﬁp)ﬁ\h/éﬂéqreat@d Wﬁth‘éﬂhbﬁ‘l/éhnbrb)(a%) oFonpound 1 20
ng/ kg given dally (A) or sched 7_days 12 on/ 7days off %@cﬁfrom days 23 -

98. M ce el i ciGarmpowt 1 §0§ngjh§/ddﬂ-fh| mnpwwereprﬁs%@t% 08 days Sodtarpiiat t h
SO var "o SRR s o A S BlE P A AL T |
or hi st opat holimgiurmistaived with KiGY (f, eRMdr aERK (d,.f). AIGURE 48iillustrates
representative sections from n= 3 individual treated tumors. (FIGURE 19)
SCID-NOD mice bearing s.c. MV4;11 tumors (n= 3-5 /group) were freated
with either Vehicle or Compound 1 30 mg/kg/d. Vehicle-treated tumors were
resected on day 15 and Compound 1-treated tumors were resected on day 89
(50 daily doses of Compound 1 + 39 days without treatment). Paraffin- '
embedded tumors were either stained with Hematoxylin and Eosin or
immunostained with Ki67 (with hematoxylin counter stain). (a) Vehicle (H&E,
day 15); (b) Vehicle (Ki67, day 15); (¢) Compound 1, partial 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
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of M4; 11 cells. Treatnments consisted of either Vehicle (a-c) or Conpound 1
20 mg/ kg/d (d-f; days 23-98). Fenmurs were collected on day 51 (a-d) or day
167 (e, f), BMwas isolated and anal yzed for % human W4; 11 cel | s usi ng
flow cytonmetry (a,d). BMcells were stained with~either anti-human HLAA,

B, CFITC (stains epitope on human MHC-1, solid line) or isotype-control

anti body (dotted line). Percent engrafted cells were identified after
appropriate gating, and positive staining for anti-human HLA-A B, C (marker).
BM speci mens of vehicle-treated (day 51) or Conpound 1-treated (day 167)

m ce were histochemcally stained wwth H&E (b, e) or imunostained with an
anti-human mtochondrial antibody (c, f) which stains human W4;1 1 cells in

T, et B s R i i L5 88 B S b e o © (>
i nvention sel ecﬁdré{l?éﬁ{ o'r'bbbphéalfﬁ' @elitioh!werk butititize. TACEMPROGINREle8e Ki nases
(See also Tab Activity of

4- Ami no- 5-f | uorfiankr[-Meaer reseenfisoryieal usi tima ploty (nE 19-12 mice/group). (FIGURE
b dazol - | GURES
enzi m dazo 2‘1&] Fi s 't@cg or H%fo&ﬁo%%fﬁ&alyﬂd@ﬁct 3t 1. v[lﬂgﬁﬁétloﬁ

23a and 23b are
treatment with of@ivghe cahsl WdattméniaroonslstédfdfledheF\3elﬁ|6le((é-c) or Compound 1

Chow that 1 reat BN (Fkdage st ERnURPasBEiet ot of Cotrendy O 7

stabilization i1679@; 0Bk Whs RBIEY Bndvah&lyret @9 % REMARINIINAY s asingenografts
KML2L4A human col on  tunor xenografts in nude mce were dosed daj | y wWth

Conpound | wherflovueiemetns da8dd Nb@ﬁ"ﬁweer@ztaal)ed)wﬂhoﬁbernaml-fcl@ew)HLAP{ 0030]

FI GURE 24 are n
I mati ni b-ref ra % ’Bﬁg glgt re%'ltgg ?%E@Irrpoun}gfe?@kf%gggybs% %031]
FI GURES 25a andaritnbbdya(dnt’gaddmlei Béroeaaengréﬁwcéllsghaﬂe)ldenauf@dsaftedose and nean
AUC (0, tlast ( ovmn asma _expqsur e
proportional Iy éwf%%ﬁag |%°S§ Sﬁﬁ'glpgrf%roé)n KR Wi@a@%
scanned i mage @M%p@éﬁﬁ@fsrbf%ﬁkleﬁﬂ%ﬂQdéyh@‘t) or Compound 1-treated (day 167)

mice were histochemically stained with H&E (b, €) or immunostained with an

anti-human mitochondrial antibody (c, f) which stains human MV4;11 cells in
mouse BM. Magnification 400x; arrows point to identified MV4;11 cells (b, c).

[0028] FIGURE 22 is a scheme showing how the compounds of the
invention selectively inhibit Class lll, IV, and V receptor tyrosine kinases (See
also Table of Activity of 4-Amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-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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4- am no- 5-fl uoro- 3-[ 6-(4-nethyl pi perazin-1-yl)-1

H benzi m dazol - 2-yl ) quinolin- 2(1H)-one inhibits basal ERK phosphoryl ation

i n peripheral blood | eukocytes (PBL). Positive control sanples were bl ood
cells froma normal donor processed identically to clinical sanples.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0033] The present invention provides
net hods of treating cancer, nethods of treating drug-resistant cancer, and
kits and therapeutic conpositions for use in treating cancer in subjects
such as those with drug- resistant cancer. The conpounds act as antagonists
of receptor tyrosine kinases, and, nore particularly, as inhibitors of
PDGFRa and PDGFR(3, bFGF andl or VEGF- RTK function. Such conpounds al so have

potent activi(aasAfh 1 ¢IEBRES 960bhFDSE HFOGifs bf IR Q“pro vasbe

respect to various serinelthreonine kinases. conpoun
can be for nul sdasg andyneap WAGril dlast (gih/mb) ﬁhv\umgdh@t plagma gxposigef ul , for

Cxal 1y |3 pRAERAE Ykt B RG O bRl o o VB, T

proliferation and in the treatnent of cancer, particularly drug-resistant
cancers. [0034[0052(} f ol IFd:GUleE %Israasd:aitriedrimage@fdélﬁléstbm Blos showing dheat

th hout MY ] bb t t hat st and
for acute. myel baBIEGETopM a4 MeRy pissiEn- RS H DERE A S OI T hat
stands for aﬁmﬂﬂ?lbh@ itifibies Basal Eﬂ}@ﬁmﬁgﬁory{léi%?h pefiPherafblabd #ukogyteat i on

t hat stands for hei ner Di sease IS an abbrew ation that
stands for amyF&le |5'P§&'M?§8F‘tr0|rﬁam%$9nwe{ 804 cellsgram g orgial 4BRRTevi at i on t hat

stands for autgl,egQisy igbmiBafiftd clididsBambRa! -

DETAILED DESCRIPTION OF THE INVENTION

[0033] The present invention provides methods of treating cancer,
methods of treating drug-resistant cancer, and kits and therapeutic
compositions for use in treating cancer in subjects such as those with drug-
resistant cancer. The compounds act as antagonists of receptor tyrosine
kinases, and, more particularly, as inhibitors of PDGFRa and PDGFR}, bFGF
and/or VEGF-RTK function. Such compounds also have potent activity with
respect to other tyrosine kinases and also with respect to various
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.

fa034] 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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[0040] 'BM' is an abbreviation that stands for bone marrow. [0041] "bFG" is
an abbreviation that stands for basic fibroblast growh factor. (0042]
"FGFR1", also referred to as bFGFR, is an abbreviation that stands for-a
tyrosi ne-ki nase-that interacts with-the fibroblast-growh factor FGF.
[0043] "Cdc 2" is an abbreviation that stands for cell division cycle 2.
[0044] TO 2" is an abbreviation that stands for cyclin dependent Kkinase 2.
[ 0045] "Cdk 4" is an abbreviation that stands for cyclin dependent Kkinase
4. [0046] "Chk 1" is an abbreviation that stands for checkpoint kinase 1.
[0047] "CK1 E" is a serine/threonine kinase that stands for Casein Kkinase |
(epsilon). [0048] "c-ABL" is an abbreviation for a tyrosine kinase that
stands for an oncogene product originally isolated fromthe Abel son

| eukemri a vi rus[0036F [ 004%LS"¢s &n ebbreyiadion dhatrstandsdor smyairepicilateeatt or
receptor or ma%%lefe"sl grow h factor receptor. [0050] "FGF" is an
abbreviation f 9%t i br obl ast gromh factor that interacts with FG-R1.

[ 0051] "FGFR3" is an abbreviation that stands for the tyrosine kinase
fibroblast groj@d87act or "AR'de phabbievidtiun that sthhadnfor AlzhedrmenDiseasell ti pl e

nyel oma-type cancers. [0052] "Fl k-1" is an abbreviation that stands for

fetal liver ty jae ki .1, also kno ki nase-insert domain tyrosine
ki nase or KDR I’[Q)%n), ?@% 'ﬁﬁam%é%‘"%r}ﬁ’\g@ﬂgiﬁta %@’t’ﬁ‘@?yﬁ%{ﬁ p&?%ﬂ{ fact or
receptor-2 or pMteihR2 (KDR (human), Fl k-1 (rmouse)). [0053] "FLT-1" is an
abbrevi ation tF?at stands for fns-1like tyrosine

[0039] “ASCT" is an abbreviation that stands for autologous stem cell
transplant.
[0040] “BM” is an abbreviation that stands for bone marrow.
[0041‘] “bFGF” is an abbreviation that stands for basic fibroblast growth
factor.
[0042] “‘FGFR1", also referred to as bFGFR, is an abbreviation that

- stands for-a tyrosine-kinase-that interacts with-the fibroblast-growth factor-
FGF.
[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" 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 serinefthreonine 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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ki nase71., al so-known-as vascul ar endothelial growth factor receptor.-1 _or.
VEGFRI . [0054] "FLT-3" is an abbreviation that stands for fns-like tyrosine
ki nase-3, al so known as stemcell tyrosine kinase I (STK ). [0055] "FLT-4"
is an abbreviation that stands for fns-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-I" is an abbreviation
that stands for a kinase al so known as dishevel ed associ ated ki nase, al so
known as HDAK. 16 [0059] "Lck" is an abbreviation that stands for

| ynphocyt e-specific protein tyrosine kinase. [0060] "MEK1" is an
abbreviation that stands for a serine threonine kinase in the MAPK (Mtogen

activated prot049ki naseC-Kit'gn alsoknamsrecstedrcelljaeteneseeptprormagicel t hat i s

formed of the (HR}W&C%& K1 phosphoryl ates ERK (extracel |l ul ar regul ated
ki nase) . [0061#3%' I'S an % revi ation that stands for nmultiple nyel ona.

[ 0062] "NEK-2" is an abbreviation that stands for NI MA rel ated ki nase.
[ 0063] "N M A'[0080hn abUF&F’ i amabbiexiation fordbe fibrobigst growth fattoothiat. [ 0064]

"PDGF" is an reviat.i t stands for platelet derived growth factor.
PDGF i nt er act %Eﬁr?ﬁtst‘w’g@?ﬁéqki nases PDGFRa and PDGFRfl. [0065]----

-"Rsk2"-1is-an-abbreviation that"stands-for-ribosonal - S6-ki nase 2. [0066]
"Raf" is a serjoosi] hr eorfFGFRA” isae abbreviatiolViiif stargisafor tHer tyrosiheckinase pat hway .

0067] "RTK" is ap apbreviation that stands for receptor tyrosine Kkinase.
%0068} "Ti e- 2!'fs'fPf9B'éﬁPaf6’M%t/'é€@¢lei "8ReRRLS taatisatten S¥Prﬁ§$%§£|"HEZ{E'P'%se W th I g

myeloma-type cancers.

[0052] “Flk-1" is an abbreviation that stands for fetal liver tyrosine
kinase 1, also known as kinase-insert domain tyrosine kinase or KDR
(human), also known as vascular endothelial growth factor receptor-2 or
VEGFR2 (KDR (human), Flk-1 (mouse)).

[0053] “FLT-1" is an abbreviation that stands for fms-like tyrosine

kinase-1, also.known_ as vascular endothelial growth factor receptor-1.or.. _. }
VEGFR1.

[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 VEGFRS3.

[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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and EGF honol ogy donmins. [0069] "VEGF" is an abbreviation that stands for
vascul ar endothelial growh factor. [0070] "VEG- RTK" is an abbreviation
that stands for vascular endothelial growh factor receptor tyrosine

ki nase. 17 [0071] Cenerally, reference to a certain el enent such as hydrogen
or H is nmeant to include all isotopes of that elenent. For exanple, if an R
group is defined to include hydrogen or H, it also includes deuterium and
tritium [0072] The phrase "unsubstituted alkyl" refers to al kyl groups
that do not contain heteroatons. Thus the phrase includes straight chain

al kyl groups such as nethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, dodecyl and the |ike. The phrase al so

i ncl udes branched chain isomers of stra”ght chai n al kyl groups, including

but not |initelP088] the “Lek)isaniahpreviation thakstppds faidanplocptsrsiegcifiscanpl e:
“CH(CH3) 2, - - CH( CH2CH3) 2, - CO(CH3) 3, - O( CH2CHB) 3,
-mgm(ﬁe)z,wr%%@?f&mf -0420%4( 0428(43) 2? -CHg(C( CHB) 3?

_CH2C( CH2CHB) 3, - CH( CHB) CH( CHB) ( CH2CHB) , - CHR CH2CH( CHB) 2,

- CH2CH2CH( CHR) [0080TH3) , “MEKID dsiaarabbrediion @eBing threonine

‘Geded Gedt s QBTG R RGN R R

cyclic al kyl gpathaaydnamedule tiedtdafdfirled®T thpRabMEK 12ERKY AMBK1 opy! ,
cycl obutyl, cyc]opentyl, cyclohexyl, cycl ohept %il , énd cycl ooctyl and such
rings substit BhesPharyiatesRK entracaliuiar meulaied KiRaS®- al kyl groups as defi ned

above. The phrase al so i ncludes polycyclic al kyl groups such as, but not

[imted to  apmEApty! ”‘Mmofsgaftabﬁeﬂag&?%!tQ{a%dé)icﬁ']rﬁﬁﬂiﬁﬂe MPélofiach rings

substituted w trai ght an ranched chain al grolps as defined above.

Thus, the phrase unsubstituted alkyl groups includes pri ma;i/ al kyl groups,
secondary al ky[0062] oups, “NE&+2{ isran abreviptign that stands feiNiM- retaied kingseey |

groups nmay be bonded
[0063] “NIM-A" is an abbreviation that stands for never in mitosis.

[0064] “PDGF" is an abbreviation that stands for platelet derived growth
factor. PDGF interacts with tyrosine kinases PDGFRa and PDGFRg.

[0065]— — —“Rsk2"is-an-abbreviation that-stands-for ribosomal-S6-kinase 2.-

[0066] “Raf” is a 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 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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to one or nore carbon atonm(s), oxygen aton(s), nitrogen aton{(s), and/or

sul fur atom(s) in the parent conpound. Preferred unsubstituted al kyl groups
i ncl ude straight and branched chain al kyl groups and cyclic al kyl groups
having 1 to 20 carbon atonms. Mre preferred such unsubstituted al kyl groups
have from1l to 10 carbon atons while even nore preferred such groups have
froml to 5 carbon atons. Most preferred unsubstituted al kyl groups include
18 strai ght and branched chain al kyl groups having from1 to 4 or from1l to
3 carbon atons and include nethyl, ethyl, propyl, and -CH(CH3)2. [0073] The
phrase "substituted alkyl" refers to an unsubstituted al kyl group as

defi ned above in which one or nore bonds to a carbon(s) or hydrogen(s) are
repl aced by a bond to non-hydrogen and non-carbon atons such as, but not

litm ted to, a Mﬂﬂen athGGhéfall %féiéﬁceﬁ@ﬁ@'ﬁalﬁelﬁent%uch@lemyurogearorfb-l(ygend
atomin groups_such as hydrox roups, al koxy groups  arylo rou an
ester groups; & ®gRAP ‘a@léﬂ?’ ?% ﬁw&féhﬁirﬁl%emm cﬂregﬁmpﬂ% 'fgﬁl ﬁ%u%‘%d aryl
sul fide groups gefild mﬁc@aewamg%w&rwé 2l RitRRes %QQTe?MH el %énﬁ{ oups; a

ni trogen atom I n groups such”as “am nes, am des, ky am nes, I'al kyl am nes,
aryl am nes, gl aryl am nes, diarylamnes, N-oxid m des, and enam nes;

a silicon at om[ 672]r oups Teephrase ‘Lnsubstituted akkyl’ ertfﬁ'f@tﬁilsw grayipsithgi da yi si |yl

| kyl d
Deteroatom. i nTOLFo T atEERRs, TASs te Hiked noliucl aBHidp oA My Gloups, |4
groupsirn whi cisticnes ofethyly ethiph pespy, d)twlcmrbwnh@)yl dTepwpbciﬂenéwl ddoyin i s
it ester g oubBaeelLdGasH a1t BedtiBe 108aMTa Hibp MAIESTRRRed s onas
and nitriles. Pédﬁﬁé%fo%@tréfghﬁéhéwtaﬁ@l @Homsé |EéI9éI'|h§ Hu@ﬁbﬂﬁﬁﬁe@f@ﬂ{b ot hers,

al kyl  groups in which oné or nore bond a carbon or hydrogen atomis/are
repl aced by ondollowimgwbicbargpreided bysmau@fammle el (Bkla)ipl e of a

that contain tHEERPIPHEr B RHIC e "R PR s C AR Rose  n

whi ch -CHch(CH3)(CHZCH3) -CH2CH(CH,CHs)z, -CH2C(CH3)s, -CH20(CH20H3)3,
~CH(CH3)CH(CHj3)(CH2CHs3), -CH2CH,CH(CHg)z, ~<CH2CH2CH(CH3)(CH2CHj3),
~CH2CHCH(CH2CH3)2, ~-CH2CH2C(CH3)3, -CHCH2C(CH2CH3)s,
-CH(CH3)CH2CH(CHg)g, -CH(CH3)CH(CH3)CH(CHs3)a,
--CH(CH3CH3)ECH(CH3)CH(EH3)(CH2CH3); ‘and others:-The phrase also
includes cyclic alkyl groups such as cycloalkyl groups such as cyclopropyi,
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 Qroups
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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one or nore bonds to a carbon or hydrogen atomis replaced by a bond to an
oxygen atom such that the substituted al kyl group contains a hydroxyl,

al koxy, aryloxy group, or heterocyclyloxy group. Still other alkyl groups
i ncl ude al kyl groups that have an am ne, al kyl am ne, dial kyl am ne,

arylam ne, (alkyl)(aryl)am ne, diarylamne, heterocyclyl am ne,

(al kyl) (heterocyclyl)amne, (aryl)(heterocyclyl)amne, or

di heterocycl yl ami ne group. 19 [0074] The phrase "unsubstituted aryl" refers
to aryl groups that do not contain heteroatons. Thus, by way of exanple,

t he phrase includes, but is not limted to, groups such as phenyl,

bi phenyl, anthracenyl, and naphthyl. Although the phrase "unsubstituted

aryl" includes groups containi ng condensed rings such as n:fpht hal ene, it
does not i ncl ugBaighyang bmnsbed sRain alad eraspsdiavinadings 14adhor&m 1kQI3 or hal o

groups bonded i nw at uch as tolyl are
consi der ed hertglgrrlb%'?gatgrté]stsaﬁgslﬁlg%e d%ﬁylbéﬁgggégg Qﬂ?ﬁa ed bel ow. A

preferred unsubstituted aryl group is phenyl. In some enbodi nents,
unsubsti tut ed §673]gr oupEhépheaser'suhsdituted alkyl” cefierote an vnsubstikwtedalkylt ut ed

aryl groups na t : aton(s),
i {rogen ot om Ut AR Rithyrs o ARSI SIS Toorsr the
phrage '_'subSE]I i hyﬂli@@eﬂ(’s))brﬂfdpﬁlbh 'bdl‘t%lsa bbed &anmd l-khwbl gegandwﬁn-cael_sqneatbnts)

titut t t1tut / . t tt
Ut subst 1 ut ed SHER g BH OB o FRialoger Siapu haltienshey R by b Brardl
I ncl udes aryl | [ ' ' ﬁﬂ&@, to one
of the non-ca%ggﬁ(p%?h %E)dr‘:ﬁ;lrflgrro gggﬁggﬁ' gﬁgyﬁgggﬁrgg%g?é%gﬁgﬁsg?so I'ncl udes
aryl groups i ngwpshaoeester gnaips; arsolfurt atomdnigsouns sifcht asathigl groupsoalkyli s

as dof i ned - hoPHp v hitdetiolite sBRbis heie Suithy FolFS oy SioRuC et bon
atons of an ampitrggenistont in droopesudhoasd amirkispamides, alkylintiyeés, al kenyl, or
oD uesionilS, Srylineds "ot (itanincy N-O03E0 s
and enamines; a silicon atom in groups such as in trialkylsilyl groups,
dialkylarylsilyl groups, alkyldiarylsilyl groups, and triarylsilyl groups; and other
heteroatoms in various other groups. Substituted alkyl groups also include
groups in which one or more bonds to a carbon(s) or hydrogen(s) atom-is-
replaced by a bond to a heteroatom such as oxygen in carbonyl, carboxyl,
and ester groups; nitrogen in groups 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.
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Thus, the phrase "substituted aryl"™ includes, but is not limted to groups
such as tolyl, and hydroxyphenyl anong others. [0076] The phrase
"unsubstituted al kenyl" refers to straight and branched chain and cyclic
groups such as those described with respect to wunsubstituted al kyl groups
as defined above, except that at |east one double bond exists between two
carbon atons. Exanples include, but are not limted to vinyl, '
-CH=C(H) (CH3), -CH=C(CH3) 2, -C(CH3)=C(H) 2, -C(CH3)=C(H (CH3), 20 _

- C(CH2CH3) =CH2, cycl ohexenyl, cycl opentenyl, cycl ohexadi enyl, butadi enyl,
pent adi enyl , and hexadi enyl anong others. In some enbodi nents,

unsubsti tuted al kenyl groups have from2 to 8 carbon atons. [0077] The
phrase "substituted al kenyl" has the sanme neaning with respect to

unsubstituted a4 yl Or P phiddatu ﬁsim%htutéaae}l"aéfevét@é@u@r@)ubaﬂuawbmotrespect

to unsubstitutéd a roups. _A substituted al kenyl group Includes alkenyl
groups in whi cnoataﬁbl%lﬁtgma&msdrhmrbyrww@fg@wrml@nﬂleghbaﬁmallud@s dutisar bon

doubl e bonded carbon or
non- hydr ogen a §%@H?%&@Bg@ﬁ%c§%%%§ﬁfﬁ@t ergﬁve%%Pﬁf’ghgoug%yl'bond to
anot her car bonAIthG@nglheTmawrmbétm’@dlmyH’ inctusids gréyps/contaiaingr s t o strai ght
and branched chain

h i b t.h t
unsubstituted SaNg&NS Grru SsS?Jl.’?J'( 2 hg@ @%éﬁggw\ﬁ ﬁaﬁrrys g'l(‘:%% : tone

triple bond t t
|.“m lot gd fg __eXhétg(é%H@?bmﬁﬁ éugﬂ( a%aélv@;%rﬁh@@ou Bm&é&ﬁHgi@éfdﬁe ringt are no

- C( H) 2C=C( CH3) mesmkers, &% &WQQE@PSHEGH-@? t%MIﬂfg c@ﬂw)dé@d hefe@dﬁ@ees/muhutﬁsht s,
unsubsti tuted o 0 9] The
phrase "substi taﬂl gaﬂﬁ kyny#b%ﬁﬁg@sgh S%f%@g(ﬁuﬁgu%‘?ﬂg@& %&Br&ﬂ) g !
unsubst ibt ut ed pgéwlillrf gomeranbdtﬁrheatgbanslIbstl’gnieclhbiwgr@npeLtmeHmtlm Wéd) W4 r Fipeclt
to unsubstituted . a r S, / stituted a up includes alkyn
groups in whichk@ 'g’oﬁ'cfﬁgﬁ‘gr E@%UB?@H W’&’BB%W%Y@%&&BE’H%%"&O v

carbon atom(s), oxygen atom(s), nitrogen atom(s), and/or sulfur atom(s) in the
parent compound.

[0075] The phrase “substituted aryl group” has the same meaning with
respect to unsubstituted aryl groups that substituted alkyl groups had with
respect to unsubstituted alkyl groups. ‘However, a substituted aiyl group also
includes aryl groups in which one of the aromatic carbons is bonded to one of
the non-carbon or non-hydrogen atoms described above and also includes
aryl groups in which one or more 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)(CHs), -CH=C(CHj3)2, ~C(CH3)=C(H)2, -C(CH3)=C(H)(CHs),
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carbon triple bonded to anot her carbon and those in which a non-carbon or
non- hydrogen atomis bonded to a carbon not involved in a triple bond to
anot her carbon. [0080] The phrase "unsubstituted heterocyclyl"” refers to
both aromatic and nonaromatic ring conpounds i ncluding nonocyclic,

bi cyclic, and polycyclic ring conpounds such as, but not limted to,

qui nuclidyl, containing 3 or nore ring nenbers of which one or nore is a
het er oat om such as, but not 21 limted to, N, 0, and S. Although the phrase
"unsubstituted heterocyclyl”™ includes condensed heterocyclic rings such as
benzi m dazolyl, it does not include heterocyclyl groups that have other
groups such as alkyl or halo groups bonded to one of the ring nenbers as
conmpounds such as 2- thyl benzi m dazol yl are substituted heterocyclyl
groups. Exanpl es(elrlzcHasﬁgﬁ/-bcymme@nﬂuwlomﬁwé cyplehexadienyl; butadienyd t o:

lr.:t no'[ limte r I | i I'm'dazo , .pyrazo pyri di Eyl
unsat urated 3 (RribadRIDSCletddits) SAANTOHE. 1o 58 dhbagsRE o such as.

di hydr opyri di nylnsupstituteddikenyl gwu@sihayé fropy2 lt@laz:arbdn atbrrisazol yI
(e.g.4H—1,24triazonI 1H 1, 2, 3-triazolyl, 2H 1,2,3-triazolyl etc.),

2,
tetrazolyl, H—tet Z0 traz " saturated.3 to 8
menbered ri ngs @8?1 ai ni na.%fpth\é SZP Hp?tg ﬁa@f‘%’% ghéggme 'Hﬁ?n'ﬂ%f”’" imted
to, pyrrolidi nybspédiité anaibsttuid alk@hﬂ%{rblﬁbmbt sm?bsmﬁftéd ialkyl groups hele dted
unsat ur at ed het erocycl I C groups containing nitrogen atons such as,

but not |im tedesRectinyps stltutg@amwryups q Awbsﬁyted lkerf geaupyincludes
benzi m dazol yl, e{lwgmog#gs if gﬂ’s | DRbN e Hoﬂ%%%hﬂydrc?@i?&hﬁi |§4>%¥\Méd to a

unsaturated 3 rings con ainin ons and 1 to 3
ni trogen at onsasbarhdashle lbondenbto anotherechrbaon ami throsleyih whldomoﬂ thé non-

oxadi azol yl 1,2, 4- diazo xad zolyl,. 1.2 5-oxadi.azolyl,
to.) - oat ur ot draon &t pon-RidHHRRE Fidms sBaisha s AicklPh o mvasBtin GouE and 1
to 3 nitrogen &Hdniso speteraarbdput not limted to, norpholinyl; unsaturated
condensed heterocyclic groups containing I to 2 oxygen atons and 1 to 3

nitrogen ators, [OB%] The phrase “unsubstituted alkynyl” refers to straight and
branched chain groups such as those described with respect to unsubstituted
alkyl groups as defined above, except that at least one triple bond exists
between twa carbon atoms. Examples include, but are not Jimited to ~C=C(H), .
-C=C(CH3), -C=C(CH2CHs), -C(H2)C=C(H), -C(H)ZCEC(CHg), and
-C(H).C=C(CH2CH3;) 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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exanpl e, benzoxazolyl, benzoxadi azolyl, benzoxazinyl (e.g. 2H 1, 4-
benzoxazinyl etc.); unsaturated 3 to 8 nenbered rings containing 1 to 3
sulfur atonms and | to 3 nitrogen atonms such as, but not limted to,

t hiazolyl, 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 nenbered rings containing 1 to 2 sulfur atons and 1 to 3
nitrogen atons such as, but not |imted to, thiazolodinyl; saturated and
unsaturated 3 to 8 nenbered rings containing 1 to 2 sulfur atons such as,
but not limted to, thienyl, dihydrodithiinyl, dihydrodithionyl,

t et rahydr ot hi ophene, tetrahydrothiopyran 22 unsaturated condensed

het er ocyclic .ri. C ai ni,ng sul fur at to 3 n,,trogen at ons
such as. but FEdenft Ogaty &yl ﬁta%wpe iesiiiednebhasht

benzot hi azi n)(hcl&d%ﬁcon%!én&e&h@@?é@cﬂé ﬁﬁg@é{ueh &4 Benzimidhizo mqmm hi azi nyl
(e.g. 2H 3, 4-di hydrobenzot hi azi nyl , ), unsaturated nmenber ed

rings cont ai nmczigde)m@my@&yquu@aématé@ve@merrqs@ups shcheap albylfqnmlo

unsat ur at ed ygen at ons
such as benz%?%%cﬁ@?d E{e.:ga.n%%@b%e %’Q{%‘E%ﬁ\c&?‘"aﬁtﬁ%‘fﬁgg ed 3to 8
menbered ri ngﬁeﬂhyhbbatlmld@zcmd amasg#mtlttaed)hemnobyblw graupsulBExampiesoofs such as,
but not I|mt droox thiinyl; saturated 3 red rings
cont ai ni ng 1 EerooEl ainy BEE8,hbar poBile B isafitelEiBE o .

oxat hi ane; UnfgmBerRIEhgsdHiH ﬁmg 1 fonDRitr6§En atomgsuch 4 bt R lffecbos such
as benzot hi enyl, benzodithiinyl; and unsaturated condensed heteroclycl I C

rings cont aifyielylayrekpyeimidazatylapyrazolyl pyridinyl gdihydropydisyic pyrimidyl,

benzoxat hi i ny, I I [ dr@bove in
whi ch one or d%ar\%msﬁ)g@?émyy tn%g:@’l'?eﬁ Elqs:' @d%uﬂgﬁlib?ﬁe’dgggtﬁ%%ﬁﬁb%ﬁtm oxygen
atons (sul f oxi,@@striazoidl etol)ftetrazgiyl, I{ng ebdatetvbmlylhﬁlt-léetnazatylyétcg;r oups i ncl ude
t et r ahydr ot hi ophepe X} de nd t et rah rot hi ene di oxi d Preferred
het er ocycl yl ?fr? B%d g%#\ g,nngs,cp 382 thﬂéé’ %tP E
het erocycl yl tﬁ.ﬂ%ﬁﬁml‘c@@tdl%rrol’@ﬁﬂhiﬁhﬂéb_%hdmyp@ip’éﬂdﬁﬁﬁ pipdragingt ne,
pyrrolidine, imdazole, pyfrazole, 1,

condensed unsaturated heterocycllc groups containing 1 to 4 nitrogen atoms

such as, but not limited to, indolyl, isoindolyl, indolinyl, indolizinyl,

benzimidazolyl, quinolyl, lsoqumolyl |ndazolyl benzotnazolyl unsaturated3

to 8 membered riﬁgé co'ntamlng 1102 oxygen atoms and 1 to 3 nitrogen
atoms such as, but not limited to, oxazolyl, isoxazolyl, oxadiazolyl (e.g. 1,2,4-
oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-oxadiazolyl, etc.); saturated 3 to 8
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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triazole, 1,2,4-triazole, tetrazole, thiophene, thionorpholine,

t hi onorpholine in which the S atom of the thionorpholine is bonded to one
or nore O atons, pyrrole, honopiperazine, 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 nore of
the ring nenbers is bonded to a non-hydrogen at om such as descri bed above
with respect to substituted al kyl groups and substituted aryl groups.
Exanpl es, include, but are not limted to, 2-nethyl benzimdazolyl, 5-

nmet hyl benzi m dazol yl, 5-chl orobenzt hi azolyl, N-al kyl piperazinyl groups such
as 1l-nethyl piperazinyl, piperazine-Noxide, N alkyl piperazine N oxides, 2
23 phenoxy-t hi ophene, and 2- chl oropyridi nyl anong others. In addition,

substituted hetussatyatedicogdenssed hateipcyelis rings qeataémlaaﬂdpﬁ syiupaens andvhi ch
he bond h
of a subst  t utSd HHSFACHR D, bt R Aod 8, GerfBltitEI OO R el
?_r al kylj, or1 ubmmbe?nuawmylmmmwmwl(e gLEIde ABeargthizzinyh@talle but are not
mt t - nz | pe | ,0 | N
5 (oyrrol i n- ScrolsRotisan e o RS AN sto; wsapteg 3
G oups such as tblﬁ%hémbeﬁémq]stwrﬂélniﬂgm@én Qﬁ)msgélmhpés HUE AoimibednBtitiyl;

pi perazi ne, substituted norpholine groups, and piperazi ne N-oxide groups
such as pi peraﬂnsatumf@sémadamed\h%tewvcl&rmgsa@m?énlnmdsa.?d@g'ggrl@t@aanp| es of

some subst! ¢ Ut eflchekHeAGUALNLAEQAS-bEFARSD Sl s ithiabli e i per azi ne

groups such as erazi ne t hyl
pi perazi ne and meénddenngsm-itammgm onygpﬂnatonmendgrtomos:.llfupahmasmc’leas;l- oxi de

aroups, A0 N B Koy Bfes B el ey - St Bed S AR FesC™,

groups. [0082] cUﬁﬁanﬁthqSt@ 2 @b@@@h%&mghﬁd 1hetesy etorabliod asnaters to

unsubstituted al k groups as defined above in which a hydr ogen or car bon
oxa hlane unsaturated condensed rings containing 1 to 2 Sulfur atoms such
as benzothienyl, benzodithiinyl; and unsaturated condensed ’heterocyclic rings
containing an oxygen atom and 1 to 2 oxygen atoms such as benzoxathiinyl.
Heterocyclyl group also include those described above in which one or more
S atoms _l_n_ the ring is d double—bonded to one or two oxygen atoms (sulfoxides
wand sulfones). For example, heterocyclyl groups include tetrahydrothiophene
oxide, and tetrahydrothiophene 1,1-dioxide. Preferred heterocyclyl groups
contain 5 or 6 ring members. More preferred heterocyclyl groups include
morpholine, piperazine, piperidine, pyrrolidine, imidazole, pyrazole, 1,2,3-
triazole, 1,2,4-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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bond of the unsubstituted al kyl group is replaced wwth a bond to a

het erocyclyl group as defined above. For exanple, nethyl (-CHs) is an
unsubstituted al kyl group. If a hydrogen atom of the nethyl group is

repl aced by a bond to a heterocyclyl group, such as if the carbon of the
met hyl 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 conpound
i s an unsubstituted heterocyclylal kyl group. [0083] The phrase "substituted
het erocycl yl al kyl ™ has the same neaning with respect to unsubstituted

het er ocycl yl al kyl groups that substituted aral kyl groups had with respect
to unsubstituted aral kyl groups. However, a substituted heterocyclyl al kyl
group al so includes groups in which a non-hydrogen atomis bonded to a

het eroatomin tphenhm—thimpnemleyan@ Renfnjoropyrizinyl amongtathersy di ydditiay, gr oup such

as, but not Iim enatmnt ne ri

pi per :Jdl nyl al L?Pbgﬁﬂﬂffg’ hq%ﬁrog t4"BHPS & S%Jﬁéq({]etehtﬁtg'i?oyﬁlge 88?/!9 ‘8‘“&6 ﬁhﬁ group
al so includes %ﬂﬂ%th@nmhydﬁogeﬁ%td?ﬁrb §606Ad & a zarbvrategehabiedriadf & he al kyl
part of the grouB IS repl aced %{ty bond to a substituted and unsubstituted

aryl or substi S4Pel tadsaryh sdbstifyted and Unsubstimsdaralke Plide but
are not limte I k- A\t ar

phenyl - (mrphoﬁnﬁgaanﬁ??#ggﬁgpﬁ*l%@éﬁl %xamﬂﬁé?s@éud unsu gtnlo’{ Illjrplée tILoxy
refers to a hydheozyiplpgridinpl 3(prHythi0mwtp|hohn)d t&(pwnmdidm(-ﬂ-yl)@ymhﬂmﬁemdatom is
repl aced by a ar.bon.at om of an WS tituted alkyl
group as defi ne @g" ‘f)o‘ti%%’rd‘ﬁﬂe ‘r'%%%u @tqlgﬁtsggsstﬁ\l}t%g@pe "PEPBrs to a
hydroxyl group g@o@é)sudhms/wrﬁéthympmzmetwﬁdﬁmtwmwgmn@tgmw ahdpl aced by
a bond to a carbon atom of an otherw se substituted al ky l-@ﬁ@}glpgas defi ned

above. [0086] TiRergrinadeoxida gueras sushas rieerazise N-pyidg,and N wzge

hydr oxyl grou t?taqj ed by
a bond to ar fklngmg[é%%?é'o?%ﬁl@stﬁzrg%ﬁge@a 8%1@3 st |#%%gaﬁrqrgpg§cny§ﬁn{p%§ rugﬁp as
defi ned as substituted piperazine groups such as N-alkyl substituted piperazine

groups such as N-methyl piperazine and the like, substituted morpholine
groups, piperazine N-oxide groups, and N-alkyl piperazine N-oxide groups are
examples of some substituted heterocyclyl groups that are especially suited
as R® or R” groups.

[0082] The phrase “unsubstituted heterocyclylalkyl” refers to
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 (-CHs) 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
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above. [0087] The phrase "substituted 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 substituted heterocyclyl group as defined above.
[ 0088] The phrase "unsubstituted aryl oxyal kyl" refers to an unsubstituted
al kyl group as defined above in which a carbon bond or hydrogen bond is
repl aced by a bond to an oxygen atom which is bonded to an unsubstituted
aryl group as defined above. [0089] The phrase "substituted aryl oxyal kyl"
refers to an unsubstituted aryloxyal kyl group as defined above in which a
bond to a carbon or hydrogen group of the alkyl group of the aryl oxyal kyl
group is bonded to a non-carbon 25 and non-hydrogen atom as descri bed above
with respect to substituted alkyl groups or in which the aryl group of the
aryl oxyal kyl gtieibetesocyclylaiist gtaupesiichras, butnatlimited tded nitkogeatabara in f@090] The

kot gt oup. as RRSTEREE SR APPRTRYEISLo 0P, bhagiien & Shatifeden bond
al kyl group asP en bond is
replaced by a h@f@oéﬂlmkﬂ@ma@bmlwuscdmugr s fOWKieH af sarb& boRGYPat i t ut ed

het erocycl yl group a fined above. [0091 phrase "substituted
het er ocycl yl oxyufiegen hoggafdhe @'k&lrpartﬁfsibﬁgfqlmjﬁé@'ﬁ@@@bb@ﬂ&“ﬁl@)@/al kyl group

as def [ ned abolenlh, Ml chaiBRh AR ot GAEBERR diRGRRNBRGYBRG the a1 ky!

group of the he erocycl up 1's a non-carbo
non- hydr ogen atgwnmsEMpleSlimihcﬂabMearemtIhmte;;istmemenyb(mpms:hm-ﬂtul)ememykyl

groups or in whi h th eteraoc oup of the heterocyclyl oxyal kyl group
|s a substitut &l ﬁ@?@ﬁdg] b&fégaﬁdné@ Hefined above. [0092] The phrase
"unsubstituted heterocyclylalkoxy refers to an unsubstituted al kyl group

la)ls gef i ned aboyeo84) whi cmhe ﬁnmrsl@dt]nam(;sﬁmed alkpy"aefrs kwatytdoxyegroaped by a
ond to an o at om wh
xy% Ori-l in which the bond to the hydrogen atom is replaced by a bond to a

carbon atom of an otherwise 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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t he parent conmpound, and in which another carbon or hydrogen bond of the
unsubstituted al kyl group is bonded to an unsubstituted heterocyclyl group
‘as defined above. [0093] The phrase "substituted heterocyclyl al koxy" refers
to an wunsubstituted heterocyclyl al koxy group as defined above in which a
bond to a carbon or hydrogen group of the al kyl group of the

het erocycl yl al koxy group is bonded to a non-carbon and non-hydrogen atom as
descri bed above with respect to substituted alkyl groups or in which the
het er ocycl yl group of the heterocyclylal koxy group is a substituted

het erocycl yl group as defined above. Further, a substituted

het erocycl yl al koxy group al so includes groups in which a carbon bond or a
hydrogen bond to the al kyl noiety of the group may be 26 substituted with
one or nore adénhd |nonahydmgm atoon asidegeiibed above withrespechta syhstifidedglkylExanpl es

2 oyt a- - y1 2SIk RS B ot R sl o

al koxyal kyl " r gfctipsad defined abuvebsti tuted al kyl group as defined above in
whi ch a carbon bond or hydrogen bond is replaced by a bond to an oxygen

[0095] Tre phr RIS, be: T4 pHESH Ras e nobrodESle AR iR At e

al koxyal kyl gr aHgutsitted laﬂ@ﬂg.@lnp\e% dd‘!lnéblaﬁbv@uhﬁﬁldhfa%a’:tb@rabbmwr hydr ogen
group of the al kyl group and/or the al oxg/ group of the al koxz@L kyI gr oup is

bonded to a noRY&ROBBIRORAS FRRaIedd Y0 BANGILAR aXYaRRsatpIHuRIch i
respect to sub%|Jnﬁhg€[g€{e§wet%ew&r%%g§h @sél}ﬁ hydprot ect ed” vmth

respect to hydroxy ryl groups refers to
forms of these functionalities which are protected from undesirable

reaction with §00Mdt ect i hige ghrase “gulsiituted hetenseyclyiiyalkyt refiers ocamrt such as

those set. Tor ok dodfh b8 BElarS e AR 3R rinSH BbBGE Pwn Ch 8 & V-

a carbon or hydrogen group of the alkyl group of the heterocyclyloxyalkyl

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 heterocyclyloxyaikyl 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 abond 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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(3rd Edition, 1999) which can be added or renoved using the procedures set
forth therein. Exanples of protected hydroxyl groups include, but are not
limted to, silyl ethers such as those obtained by reaction of a hydroxyl
group wth a reagent such as, but not limted to, ‘

t - butyl di met hyl -chl orosil ane, trinethyichlorosilane,

triisopropyl chlorosilane, triethylchlorosilane; substituted nethyl and
et hyl ethers such as, but not limted to nethoxynethyl ether,

met hyt hi onet hyl et her, benzyl oxynet hyl ether, t-butoxymethyl ether, 2-
met hoxyet hoxynet hyl ether, tetrahydropyranyl ethers, 1-ethoxyethyl ether,
ally/ ether, benzyl ether; esters such as, but not limted to,

benzoyl formate, fornmate, acetate, trichloroacetate, and trifluoracetate.

Exanpl es of pr gugsiteted witK dife & ABRSadditioriad Substitlite@ad WPisubstififegd to, ani des
such as, formam de, 27 acetam de, trifluoroacetanm de, and benzam de; i m des,

such as pht hal hetedesyclesn dEx@mples nchisierhutaernotdimnitest tRdyeid-2=vimesplaling-

prot ect ed sulfg ] ot limted to, thioethers
such as S-benz Wtﬁy(loa&dheﬁ?n gﬁgqﬂSrphB ﬂé{'&{] i oether; substituted S-nethyl
derivatives such as hemthio, dithio and am not hi o acetal s; and ot hers.

[ 0097] A "phar @094}t i cal The abtaspt“ah&lmsﬁ’alted aIkWaﬂ%’s‘ekrsw anwith an

i norgani ¢ base, or i,c,bas I nor i C ic. a asic or
acidic anino 38%&%&1 g?ﬂ‘tyﬁg@f"pi g‘f‘%‘&ﬁ? @BBYa%E'sW & qqg@gﬂp?%oqbnd udes, for
exanpl e,  al kahydrsgealbdnd U fepiacetiasli aiBbRd to@i asydenatos Which iebedddtonet al s
such as cal cium and magnesi um or al um num and anmoni a. As salts of organic

bases, the i nvéﬁtqnﬁHb$tﬁ'é'led(?é'§/ greyp ascagfined abovenet hyl ani ne, tri et hyl ami ne,
pyri di ne, picoline, ethanolam ne, diethanolam ne, and triethanol am ne. As

salts of inor 920‘0&95 1aci dSThé Pﬁrds@s‘gﬁgtltdté'é! ﬁlkbk%lkyl'”@fé@% ’anftﬁfsuﬁé‘tﬁﬁ%lie

hydrochloric a hydr oboric acid, nitric acid, furic acid,
phosphoric ac auaoxyailsylmwrsaaﬂeﬁmqhabwean|wmqh a Ibend Mamrbqn/@rhydmgamcl udes;

for exanpl e, 0 ic acid,
oxal i ¢ acid, tgfcgl@r ﬁggﬂiyb&r%ﬁ& ai\d?’c’ R?8M°}%§W8 %gtiﬁ ali %@g&@?ﬁgfs succinic
acid, malic acibgnded to a non-carbon and non-hydrogen atom as descrlbed above with

respect to substituted alkyl groups.

[0096] The term “protected” with respect to hydroxyl groups, amine
groups, and sulfhydryl groups refers to forms of these functionalities which are
protected from undesirable 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, #-butyldimethyl-chlorosilane,
trimethylchlorosilane, triisopropylchlorosilane, triethylchlorosilane; substituted
methyl and ethyl ethers such as, but not limited to methoxymethyl ether,
methythiomethyl ether, benzyloxymethyl ether, t-butoxymethy! 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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met hanesul foni ¢ aci d, benzenesul fonic acid, and p-toluenesulfonic acid. As
salts of basic am no acids, the instant invention includes, for exanple,
arginine, lysine and ornithine. Acidic am no acids include, for exanple,
aspartic acid and glutam c acid. [0098] In one aspect, the present invention
provides a nmethod for treating drug-resistant cancer. The nmethod i ncl udes
admnistering to a subject in need thereof, a conpound of fornula I, a

taut omer of the conpound, a salt of the conpound, a salt of the tautoner, a
m xture thereof, or a pharmaceutical conposition' conprising the conpound,
the tautoner, the salt of the conpound, the salt of the tautomer, or the

m xture. In such nethods, the subject is a cancer patient with

drug-resi stant cancer, and the conpound of fornula | has the follomﬁng

fornmul a: 28 RSac&antitle Nhﬂud%acétamld@an%ehzémldeﬁrﬁides%mrchia’s pHthaliniide, R3 5 and
R may be the sane or.different an

d dent | d f ,
B E 1, L OR AR PESUCHRAE AT A, EXANRT OURTOIRRd BTN DRLPRY
primary, secongaliyde, %ﬁtéraﬁdt%wtea'tbyﬁqlﬁ%ig ich ég%sséﬁzyr%&ﬁ%saﬁ&éswut ed

aryl groups, su stitute unsubstitute rouaps, tituted or

unsubstit ut ed ﬂd%%logﬂxeumbstﬁuwﬁmtw d@rlvam@bsh |asmeadthrmwh@cgnd yl
groups , n uted heterocyclylal kyl groups; R5, R6,
R7, and RS nay%i@hétﬁé)g S %tgﬁ%tﬁ?t:srent and are independently selected from
H d, Br, F, I, -OR 13 groups, -NR 74R15 groups, -SR16 groups, substituted
or unsubstit ut ¢0i09¥7]i mar yA “phammatzulicallyracceptabler saltiincjldes a salt with an

inorganic base, organic base, inorganic acid, organic acid, or basic or acidic
amino acid. As salts of inorganic bases, the invention includes, for example,
alkali metals such as sodium or potassium; alkaline earth metals such as
calcium and magnesium or aluminum; and ammonia. As salts of organic
bases, the invention includes, for example, trimethylamine, triethylamine,
pyridine, picoline, ethanolamine, diethanolamine, and triethanolamine. As
salts of inorganic acids, the instant invention includes, for example,
hydrochloric acid, hydroboric acid, nitric acid, sulfuric acid, and phosphoric

~d¢id. AS salts of organic acids; the instant invention includes, for example,”
formic acid, acetic acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric
acid, maleic acid, lactic acid, citric acid, succinic acid, malic acid,
methanesulfonic acid, benzenesulfonic acid, and p-toluenesulfonic acid. As
salts of 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
freating 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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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 aryl oxyal kyl groups, or
substituted or unsubstituted heterocyclyl oxyal kyl groups; R10 and R13 nmay
be the sane or different and are independently selected from substituted or
unsubstituted al kyl groups, substituted or wunsubstituted aryl groups,
substituted or unsubstituted heterocyclyl groups, substituted or
unsubstituted heterocyclyl al kyl groups, substituted or 29 unsubstituted

al koxyal kyl groups, substituted or unsubstituted aryl oxyal kyl groups, or
substituted or unsubstituted heterocyclyl oxyal kyl groups; R11 and R 14 may
be the sane or different and are independent R sel ected from substituted or
unsubstituted al kyl groups, substituted or uny=hs itH;ed aryl groups, or
substituted or unsubstituted heterocyclyl group i and R15 may be the
sane or different and are i ndepend@ht| y.seNEcNed 4 rom substituted or
unsubstituted al kyl groups, sypstitu un dguted aryl groups, or
substituted or unsubstituted heterot Ups; and R16 is selected from
substituted or unsubstituted al ky substituted or unsubstituted
aryl groups, or substituted oruf 3 het er ocycl yl groups.
[0099] -. .
| 0- - soms_enbodi rnent s- of -t he-net ho&* fortreati ng-drug-resi stant cancer, the
subj ect is adm nistered a conpound of fornula 11, a tautomer of the
compound, a salt of the conpound, a salt df the tautomer, a mxture
thereof, or a phatdpeceutical conposition conprising the conpound, the
tautoner, the salt of the conpound, the salt of the tautoner, or the
mxture, wherein the coRhRMR?)aid Rbmay ke the saawe ohdifférsnt end ace f or nul a and
R7 is a

independently selected from H, Cl, Br, F, |, -OR' groups, -NR''R" groups,
substituted or unsubstituied 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, |, -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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substituted or unsubstituted heterocyclyl group: HR F NHg NIl :/M #~N O
H HII 30 In some such enbodinents, R7 is a substituted or unsubstituted
het erocyclyl group selected froma substituted or unsubstituted piperidinyl
group, piperazinyl group, or norpholinyl group. In sone of these

enbodi nents, R7 is a substituted or unsubstituted N-al kyl piperazinyl
group. In sone such enbodinents, R7 is a substituted or unsubstituted

N-al kyl piperazinyl group and the alkyl group of the N-al kyl piperazinyl
conprises from1l to 4 carbon atons. [0100] In sone enbodi nents of the

met hod for treating drug-resistant cancer, the subject is admnistered a
conpound of fornmula Ill, a tautoner of the conpound, a salt of the
conpound, a salt of the tautomer, a mixture thereof, or a pharnmaceuti cal
conposition conprising the conpound, the tautoner, the salt of the
conpound, t he unalbstitdited atkaxgatikgingroups subsiduted arunsybstibited eiryloxyatkyt onpound  of
formula Il as _the fol Hin

groups, or snljt())s\ﬁt&gd fo%msjlljt%tituﬁec'i\l F'ée'#oéyc’&'loﬁyaﬂy(gr’élu 8s;H
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 s selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted
heterocyclyl groups.

[0099] __ _ In.some embodiments.of-the-method-for-treating drug-resistant - -
cancer, 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

/
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[0101] The invention also provides a nethod for treating cancer. The nethod
i ncludes adm nistering to a subject in need thereof, an anti-cancer drug
sel ected from d eevec, BAY43-9006, Brostallicin, lenalidomde (Revlimd),
thal i dom de (Thal om d), docetaxel (Taxotere), eriotinib (Tarceva),
vatalinib (PTK-787), VEG--trap, fenretidine, bortezom b, bevacizumab
(Avastin), pertuzumab, and/or rituximab, and a conpound of forrmula I, a
taut omer of the conmpound, a salt of the conpound, a salt of the tautomer, a
m xture thereof, or a pharmaceutical conposition conprising the conpound,
the tautoner, the salt of the conpound, the salt of the tautoner, or the 31
m xture, wherein the conpound of fornmula | has the structure and properties
shown above with respect to the nethod of treating drug-resistant cancer.
The ‘conpounds; rchirﬁQE @m'bodirrllent@,w |Efa| lﬁf ﬁtu%b?ﬁf)t%né,di‘)sﬁtru%f l'\é{Ero%%lgler
patients refractory to one or nore ese anti-cancer dr

conpounds of gfoupraglected from a aubstituted ar ensustituted piperidimyl grgupancer patients

wi th cancers that ar refractor resistant to e hese
anti-cancer dPW§EZMY 895’2‘1‘)' PH"I?ﬁ%‘Y%'H%%rPH%nQ“ BIME R g%ﬁ raoc{ﬁrpe&segt fhg
cancer, the élsbbgmnteldSoraLdﬁuBsmm@aemiamyppipamnﬂl gfoupongbmelsucha taut oner of
t he corrpound a salt of the conpound, a salt of the tautomer, a mxture

thereof, or &8MbRdimemsR| A subsk ww%tﬁyﬁ%blﬁgkwﬁ@eé%@dampthe

mxture, wher 215 2Rt Rl BB ool SO ORT sBln Shove,

and R7 |s a satmms.t uted or unsubstituted heterocyclyl group. In sone such
enbodi ments, R7 is a substituted or unsubstituted heterocyclyl group

o perasi nyl ol TR o | s Pmoptleieof ik SRl Sttt o
is a substi tucmbewtherwujm Istadreiflistérad leydompoupelrai fomydla i, @autontersfme such
and the-al iyl T expbesnd, peat o thg fomppeh 2-aalha o RHeDE AR co 4 casbon
at orms. 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 111 as the following formula:

I

[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, BAY43-90086, 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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[0103] In one enbodinent of the nethod for treating cancer, the subject is
adm ni stered a conpound of fornula IIl, a tautoner of the conpound, a salt
of the compound, a salt of the tautoner, a m xture thereof, or a

phar maceutical conposition conprising the conpound, the tautoner, the salt
of the compound, the salt of the tautomer, or the m xture, wherein the
conpound of fornmula Il has the fornmula shown above. [0104] In sone

enbodi ments of the nethod for treating cancer, the conpound, the tautoner,
the salt of the conpound, the salt of the tautomer, the m xture, or the
pharmaceutical conposition is admnistered to the subject 32 after the
anti-cancer drug has been adm nistered to the subject. In other

enbodi ments, the conpound t he tautoner, the salt of the conpound, the salt

of the tautoner, xture, or the 0Si t rst

S nt st or ed T EDENE WHEIIR theeBpaunS aeee L Brs dre afugurandaBnetes

adm ni stered tghdvitabe\d with redpecbld the n%th@d ommgmﬂgsfesngmtwund the
tautomer, the salt of the conpound, the salt of taut omer, the m xture,

or the phar maEbechmppundspbiormilar, Il,sarwdihaﬂeyseiubm treatingecange) patienta  t he

same tine that_.at e red to the
subj ect . [01Ogejfr%lc#rggqiénémﬁ’%@f}{@?é‘%@}cﬁﬁ{:‘% c{“‘@ ?hé ?Pg\%ghnsééﬁhl eved
and/or a redufarinala i, fl, andriil arel isefulde trestingcdriver patigrts withfdaacersdhatrarst r at i on
of the corrpour:%,%@% he tautorrer the salt f the co oung the salt of the
taut oner, thef Qfy er r%sr'St?'Pltetorﬂﬁ‘ﬁrWth € 898 0106] 1 n anot her

aspect, the invention provides therapeutic conpositions and kits. Such

conposi tions. apAgeit s i Naldndeembodiment oﬁﬁé%tho@'fd#gre%ﬂﬁg%aﬁ@éfpménd of
formula I, a tautorrer of the compound, a salt of corrpound a salt of

the tautoner, 8Wbjactis ﬁdwwsﬂemégompsu@mou@ana\@ébta t@utqmﬁﬁféu @ions and kits

cepar Qf'e”dirti‘gq'ﬁ@g?% LA SRRPBLAE  sdif G0 BlBfhel A rplifd haiRgE

dr ug-r esi st ant ocapbarmadeuticall conpdsitiont doenprising theraooipouadathe tautomer, the
sait of the compound, the salt of the tautomer, or the mixture, wherein the
compound of formula |l has the formula shown above, and R’ is a substituted
or unsubstituted heterocyclyl group. In some such embodiments, R’ is a
substituted or unsubstituted heterocyclyl group selected from a substituted or
‘unsubstitated piperidinyl group, piperazinyl group, or morpholinyl group. In
some of these embodiments, R7 is a substituted or unsubstituted N-alkyl
piperaziny! 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.

[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 [l 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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properties as descri bed above with respect to the nmethod for treating drug-
resi stant cancer. In sone enbodi nents, the anti-cancer drug included in the
kits and therapeutic conpositions is an anti-cancer drug other than the drug
that the cancer is resistant to. In other enbodinents, the anti-cancer drug
Included in the kits and therapeutic conpositions is the anti-cancer drug
that the cancer is resistant to. For exanple, if a patient is refractory to
G eevec, then a kit or conposition may include one or nore conpound of

formula I, 11, and/or Ill in addition an anti-cancer drug such as lressa.
Alternatively, if a patient is refractory to deevec, the kit or
conposition may include one or nore conpound of formula I, 11, andlor I1]

and d eevec. The purpose for the 33 inclusion of deevec is that

drug-resi st ancgg H;he p@f&éeﬁ({éﬁ' ﬁ%hé@ﬁe&ﬁ&ﬂﬁ\‘fﬂereﬁ% ithe Elﬁ\ge&r Y8 otiier

adm nistered to resi stance certain drug may
devel op duri ngambco}:hmuatst thexeanspotmg, th&:ﬂauwmemme salioof thécempound, the salt

different ant d ddi tjon to th ds, of . th t
10107 1n SomSSRLAHSIERE Smitie. R 18 PAmeRGHEAL O IRCRUHbES 11 ong. — the

conpound of fQs(dmhi%téredH‘ﬂmetﬁlb!iéb‘ﬁbéfd?étﬁé@ww@éﬁﬁéhlﬂﬂj%hé@béﬁt of the
conpound, the salt of the tautoner he m xture thereof is a conpound of

fornula I'l, a &d&fﬂjﬂﬁiﬁé’ed@ﬁtwb&ﬁﬁpmml otheryphedieents, the eampowd, thi: conpound
of formula Il tfxt%nﬁltrhe%falttqtgﬂ\é@&h ﬂie %Q?oﬁﬁﬁ@#ﬂﬁ\a?fth%%?ﬁi @opl, or a

m Xxture thereo erein e ¢co ornu Sl rrul a shown
above and R7 |tbeahaubaceutlualemd)mposlimubadnumstecemiettbecsupplcyattgesame I n some

h nbod b d h |
el ect ed fr onae tbet leBal e P IieAEeoat BacHs GErRRIRS 5 Ba SO ber azi ny!
group, or norpholinyl group.-- In-some of these embodinents, R7 is a

substituted or[0108fsubst in sod ehhisddivibnts| @ etabie digbass stafs islathives apd/on

enbodi ments, R7 is a substituted or unsubst.ituted azi nyl group
and the al kyI gresyption in Wmor Qizg qegHrsn the §‘iki’lﬁ9tlaf@6ﬁgﬁv@§éatf°?ﬂ?ﬂt €to 4 carbon

at ons compound, the tautomer, the salt of the compound, the salt of the tautomer,
the mixture, or the pharmaceutical composition.

[0106] In another aspect, the invention provides therapeutic
‘compositions and kits. Such compositions and kits include an anti-cancer .
drug and a compound of formula |, a tautomer of the compound, a salt of the
compound, a salt of the tautomer, or a mixture thereof. Such therapeutic
compositions and kits may include the components as a combihed
preparation for simultaneous, separate, or sequential use in the treatment of a
subject that has drug-resistant cancer. Formula | has the same structure and
properties as described above with respect to the method for tréating 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 resistantto. For example, if a patient is refractory i:o Gleevec,
then a kit or composition may include one or more compound of formula [, I,
and/or i 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 I, Il, and/or [l and Gleevec. The purpose for the
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[0108] In sone enbodi ments of the kits and therapeutic conpositions, the

conpound of fornula |, the tautoner of the conpound, the salt of the
conmpound, the salt of the tautomer, or the m xture thereof is a conmpound of
formula I'll, a tautoner of the conpound of formula IIl, a salt of the
compound of formula Ill, a salt of the tautonmer of the conmpound of fornula
11, or a mxture thereof, wherein the conpound of formula IIl has the

formul a shown above. [0109] In sone enbodi nents of the therapeutic
conpositions and kits, the anti-cancer drug and the compound, the tautoner,
the salt of the conpound, the salt of the tautoner, the m xture, or the
phar maceuti cal 34 conposition are provided as a single conposition. |In other
enbodi ments, the anti-cancer dru% and the compound, the tautoner, the salt
of the conpouriiglusion®f Sdeevegss thes diugmtesiiancerina patientmay net bekaown

phar maceut i cal oS I 1: [ an Kit.

[0110] The inv%'ﬁnﬁnoén&gpslgggﬁg\@slta&dqé tﬁrr%p ﬁtgééﬁﬁ‘ é?jhﬁihﬁ?@f’trigﬁéﬁgcﬁongse in a
subj ect. The neriainddiugahayldeveldpidaring reatmgent.o Kits sdy iaclude mnecka, threegof , a

conpound of fornula |, a fautoner of the cqppo n%a salt of e conpound,
a salt of the Qfdn?f&fﬁ?’?fea% ﬂ?@?ﬁ?(@r ldﬂéqseleﬁfiggBHEO ?%B%\!Hcfsc%ﬁtﬁ%orrposi tion
conpri sing t hgngshiepund, the tautoner, the salt of the conpound, the salt of

the tautonmer, or the m xture, wherein the subject is a cancer patient and
the Kkinase comﬂ)ri ses a _nutant gat ekeeper resjdue, wherein the c_onBound of

formula | has EOAG7kt r uctRsemaRIMBRAYpER i@§h%HW%BW%°QMtFW°FE’§’S@Q Sto the
met hod of ”e%gi%?l otfld 'of Forrdud}, it meH&}H&bo@?gP@@éﬁ%@ﬁbﬁﬁﬁt of the

met hod for inhi g a kinase, the abject is ad € a conpound of
formula I, a coxopauns thef salhef the tayiomer or thesmixtureftheresf iscmpompayndiokal t  of

Lhe Lautomer us A e BmBa SRR A seR TR B RO = 70
tautomer, or tfegmolet, & salt ofiieé GdulorhBeof the compound of formula Il, or a mixture
thereof, 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’ is a substituted or unsubstituted heterocyclyl group selected
from a substituted or unsubstituted piperidinyl group, piperazinyl group, or
‘morpholinyl group: -t 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

[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 Ill, a tautomer of the compound of formula I, a salt of the compound
of formula lll, a salt of the tautomer of the compound of formula lli, or a
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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conpound of forrmula Il has the fornula shown above, and R7 is a substituted
or unsubstituted heterocyclyl group. In sonme such enbodinents, R7 is a
substituted or unsubstituted heterocyclyl group selected froma substituted
or unsubstituted piperidinyl group, piperazinyl group, or norpholinyl
group. In sone of these enbodinments, R7 is a substituted or unsubstituted
N-al kyl piperazinyl group. In sone such enbodinents, R7 is a substituted or
unsubstituted N al kyl piperazinyl group and the al kyl group of the N alkyl

pi perazinyl conprises from1l to 4 carbon atons. [0112] In one enbodi nent of
the nethod for inhibiting a kinase, the subject is adm nistered a conpound
of formula Ill, a tautoner of the 35 conpound, a salt of the conpound, a

compr i Si ng-t L?c%bﬁé%hmiaret i pERsTe paRbedifto ARG AR ool
of the taUtOWEHntl-GanbhdruglaﬁdJﬂhe compduat ntheheutorrathe salt of tHeotompaeund, | has
the formul a shown above. I n one enbodi nent of the nethod for

inhibiting a kthﬂégléo Fh?etautgn?ﬁ{s@ei rgixtureQrdpe REATeagatigal cr?énFPGﬁ'ﬂQé‘ear%r is a
receptor tyro ﬁdé@%ﬁ&at&wﬁf?@%o‘?mdl nments, the kinase is selected from
or )

ABL, KIT, P I'n some such enbodi nents, the kinase is
ABL (T3151) In other such enbodi nents, the kinase is FLT3 (DB35Y). In
other such en8d1@knt s, Thelievextionsisa provideRa method fon inhibiting ekinask ent s of

th t hod f b t b

(e Tt 1o 1 i B o OUEEs o BARS pRulEEAR rhr EL

t hal i dom de ( Tdomhpound)of folnnds amau(ofammfeh%)é%:mpoum Ia3$atlmfdhf'égmpeuad
enreti di

efitinib Iress atalinib PTK- trap,

Dortevoni b ot SabUHERsRRIRGA b Hereeh Y 3 AraBreut G GRPREIGE ¢ ne
cancer of the &aeRin %b'c%‘ﬁ‘ipdlﬁldsﬂieqﬁ&t%%érrtﬂ@s@ﬁﬁ e cérﬂf)@@ﬁd A7 sait ool
tunor, acute nyel og{enous | eukem a, chronic nyel ogenous eukem a, nmultiple

myel oma, r enalthe &automer.caribenmixtues whesein tl@@swbje@tng acaneer patient and the
kinase comprises a mutant gatekeeper residue, wherein the compound of

formula I has the structure and properties shown above with respect to the
method of treating drug-resistant cancer.

M11]  Inone embodlment of the method for |nh|b|t|ng a kinase, the

ubject is admlnlstefed 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 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’ is a
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-alky! 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 lll, a tautomer of the
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or hypereosi nophilic syndrome (H ES). [0115] The invention also provides a
nmet hod for treating a subject suffering froma cancer associated with

over expressi on of pERK. The nethod includes neasuring endogenous pERK

| evels in the patient and admnistering to the, a conpound of fornula I, a
taut omer of the conpound, a salt of the conpound, a salt of the tautoner, a
m xture thereof, or a pharmaceutical conposition conprising the conpound,
the tautonmer, the salt of the conpound, the salt of the tautomer, or the

m xture. In sone such enbodiments, the neasuring of the endogenous pERK

| evel is conducted before the adm nistration. In such enbodi nents, the
measuring may be 36 perfornmed to determne a patient in need of the
conpound, the tautoner, the salt of the conpound, the salt of the tautoner,
the mxture, Qfonﬁﬁtﬁmdpa%%mmé é&ﬁbom%ltfdf% tahfbrﬁémarmi&fm@mé?@dsﬁ s, the
nmeasuring of the  endogenous pERK | evel is conducted after t

adni ni st rat i orer 8 phasmgiseutica ampesitien comprisinadhe Ferpaund the M@r@eﬁé@ to

det ermine the oS bURAGTRY Yo SAEoPFLALBMR s ok yAUTBRIRE. the

tautoner, the % e cdrrpound oner, mxture,
or the phar nacmpotmd ofcfmnqnﬂalllt hasthefotrhalashowardboven sone enbodl ments, the
conpound of fornmula I is a conpound of formula Il or a conmpound of fornula

b oot QBT P8< 18 b Rt ool R Rl g, e
enbodi ment s ofkjfhde :w@ﬁ@blégﬁnctwn%@mnmaase%m @Geceptof fyrddimokinasen M cancer
associ ated with over expreSS| on of measur i nﬂ‘f of endogenous pERK

| evel s i n the §540¢ embed E’@ﬁﬁiﬁd@@g‘r@ﬁﬁﬁﬁﬁ@ﬁ%d fiomyHBLc Khit ADFPERa,
h | - bl |
per i pher al - bl qgdr eUKAQNHRSs @B @@Weh@tf?é‘ﬂﬁ%@é&@%lf g@'ﬁd Emgg% by Vestern

Bl ot and/or flow cytorret ry assays. | evel s in
the subject arsuchlemiaadichentsy the Ihaase;vsd%TSe(BBSEY)rehtcﬂhetmrp&ﬁhodlmeetss are

stabilized or theqqn%%% I.I.“, Eégﬁ subj ect .

[0114] In some embodiments of the method for inhibiting a kinase, the
cancer is resistant to imatinib mesylate (Gleevec), BAY43-9006, Brostallicin,
lenalidomide (Reviimid), thalidomide (Thalomid), docetaxel (Taxotere),

_erlotinib (Tarceva), gefitinib_(Iressa), vatalinib (PTK-787), VEGF-irap,
fenretidine, bortezomib, or a general monoclonal antibody. In some
embodiments, the cancer of the cancer patient is selected from gastro
intestinal strorhal 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 sait 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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[0117] In sone enbodinents, Rl is selected fromH d, Br, F, or I. In sone
such enbodi nents, RL is F. In sone enbodinents, R2, R3 and R4 are all H In
some such enmbodinents, Rl is F and each of R2, R3 and R4 is H [0118] In

ot her enbodi nents, at |east one of Re or R7 is a substituted or
unsubstituted heterocyclyl group. In some such enbodi nents, one of Re or R7
Is a heterocyclyl group and the other of Re or R7 is a H In sone

enbodi ments, one of Re or R7 is a heterocyclyl group selected froma
substituted or unsubstituted piperidnyl group, piperazinyl group, or

nmor phol i nyl group. In sone such enbodi nents one of R6 or R7 is an N-al kyl 37
pi perazi nyl group such as an N-nethyl piperazinyl group or the like and, in
sonme such enbodi nents, the other of R6 or RL is a H [0119] In various
enbodi ments, the lactic salt of the conpound is adnministered to the subject

or s incl udedyp ol 6 deforfink BOSARRLN foed S WROBSMbOT, the [dlforhe % | N,

[0120] In varlgu I ments e cancer Is resist nt t'o eevec ot her
enbodi nent s, t balt obiime@empoundethesaltoithe tautemerathe mfxtlul‘ﬁeOCtbnepound the salt

O Lo g el el o B BTN SRPBR Y 1B o

subj ect and t hendegur@usipERK Rvelijcontiudiasd afieethelaimidistratid® Inesticht ant to
A eevec. [0121] In various enbodi ments, the cancer is resistant to

BAY43- 9006. |ﬁﬂ@pﬁ@ae@ﬁﬁbaum@%ngw ke pgirrmed toletermine e | the salt of
t he conpound, 9(6?{ uti cal
conposition iseﬁgﬁ%éﬁléés grtg%i%%rﬁlﬁiﬁ{r su JOfeth? ﬁpéwﬁ!%ﬁgélgéﬁ%rﬁgg egﬁ
adm ni st ered t the ¢compaurid, ﬁuﬂsalhdfthbéatﬂalmleerthe mIXthEB ontheephanmesebtieah f ound to
be resistant tqQ_ _BAY43-9006. n var di nent s canc S
osi stant to BRYEPANHP Meindtanfah solsnhatients e ESmbStnd S eRRUET L oner
the salt of thg £esmpomed of formula |l or a compound of formula [li, a salt thereof, a salt

of the tautomer thereof, a mixture thereof, or a pharmaceutical composition

cdmprising one of these.

[0116] In some embodiments of the method for treating a subject
suffering from a cancer associated with overexpression of pERK, the
measuring of endogenous pERK levels in the patients comprises extracting
‘blood" containing peripheral blood leukocytes and measuring endogenous
PERK levels by Western Blot and/or flow cytometry assays. In some
embodiments, the pERK levels in the subject are elevated. In other such
embodiments, the pERK levels are stabilized or reduced in the subject.

[0117] In some embodiments, R is selected from H, CI, Br, F, or . 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, piperazinyt group, or
morpholinyl group. In some such embodiments one of R® or R is an N-alkyl
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the salt of the tautoner, the m xture, or the pharmaceutical conposition is
adm nistered to the subject after Brostallicin has been admnistered to the
subj ect and the cancer in the subject has been found to be resistant to
Brostallicin. [0123] In various enbodi nents, the cancer is resistant to, or
the conpounds, salts, tautoners, m xtures, or pharmaceutical conpositions
of the invention are used in conbination with, one of the foll ow ng
anti-cancer drugs which are each individually preferred: |enalidom de
(Revlimd), thalidom de 38 (Thal om d), docetaxel (Taxotere), erlotinib
(Tarceva), gefitinib (lressa), vatalinib (PTK-787), VEG--trap, fenretidine,
bortezom b, or a general nonoclonal antibody (mAb) such as, but not limted
to, bevaci zumab (Avastin), pertuzumab, or ri tuxi nab Trast uzunab
(Herceptin) may; ,mg;l | edsndfin t he
present invent Flgﬁfaithﬂgﬁ Var i oét}sgfggﬁgg@ I;ﬂﬁe gjgmvﬁ)th the rret hods,
conposi tions, semd skich embfodirhentpytbeatheriaf mrlR)ns alhh some enbodi nents, the
cancer is a solid cancer such as a solid tunor which, in sone embodi nent s
I's drug-resist In het. i r cancer or a
hemat ol ogi cal @;'tr‘\‘gér ﬂh @E'Pﬁ%%ﬁ%’ﬁn%ghlgﬁaecﬁ?ggﬁ oﬁ{ehsec%drﬁé@?unﬁs' gastro

i ntestinal stradministeredrto thé&sGhject dris oichaieddnthekitseorttherapeaticancer is acute
nyel ogenous | eukem a, I n t .ot her enbodi nents, the cancer is chronic

myel ogenous Ieﬁ?@ﬂ?ﬂt‘onﬁtﬁf’ﬂl"@n Bl oma, or renal cell carcinoma. In still
ot her enbodi nents, the cancer is selected fromprostate cancer, renal

cancer, gast r0[01'2!)]35'f I nah vagibl® BRIbot maits, &ﬁé@:@ﬁd;éfﬂs r@@ét@ﬁﬁ@t@bewqm
br east cancer, &@r otid cancer gastric cancer, nel anonma, oesophageal

cancer, NET (sP rggwoplinaents he copmoynd cthia dastome.dhe alt of thessompaund; ver
cancer whi ch, ﬁgﬁ;ﬁgbr%mtﬁe mistured bk 8d ;ﬂ%rnﬁﬁ%@ﬁhcaﬁc&r‘nﬁ&sﬂ&n Rt her

cancers t hat may i n’accor anée Wt esent ' | nvention
i ncl udes, but admnnsteredmttbelsub;sc’gafﬁﬂrr@ieev&odxasi bresein admmlmredttulﬂmf, acute
nyel ogenous | eukeni

subject and‘: t ancré'ngerml%%g g gt%aseoueléle'\r?oghd F&J é)é Iré)slisetant to

Gleevec.

[0121] In various embodiments, the cancer is resistant to BAY43-9006.
In other embodiments, 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.

[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
administered to the subject after Brostallicin has been administered to the
subject and the cancer in the subject has been found to be resistant to
Brostallicin.

[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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nyel oma, renal cell carcinoma, non-small cell |ung cancer, or
hyper eosi nophilic syndrone (HES). [0125] In various groups that include

het er ocycl yl groups, the heterocyclyl group may be attached in various
ways. For exanple, in an OCH2(CH2)q(heterocyclyl) group, where q is
selected fromO0O, 1, 2, 3, or 4, the heterocyclyl group nmay be bonded to a
nmet hyl ene carbon of the -OCH2(CH2)q group of the -OCH2(CH2)qg(heterocyclyi)
t hrough various ring nenbers. By way of non-limting exanple, where qis 1
and the heterocyclyl group is tetrahydrofuran, the group could be
represented by the fornula 39 - OCH2CH2(t et rahydrof uranyl) which corresponds
to the followwng two structures: IV v where structure IV represents the
group that can be referred to as the -OCH2CH2(2-tetrahydrofuranyl) group
and structure Mhatimid}elvcetaxbE(Taxotepe), bheﬂml@e?rarbwa)e@@ﬁtin&d(ltessa)s t he

N-contai i ng. hEABRJeT TRy e, onaicing, o Gaority Of AR Bt G, -

pi perazi ne, nopRRBLILAS. arﬁibo&s}’gﬁ\ﬂb) &lid}as, %hﬁnaquéacwcba/mm bonded to
the nmet hyl ene carbon throu ring carbon atom or hrough a nitrogen atom

in the ring of (Avsstim), aerwaurnab»g:rn@%maby‘énaétuzuB@br{Hercemﬂakmaa(raéso be ef erred.

;’ﬂ?[}:ttergccglt 5%?&&’%%&&6 i fomf ﬁ@é&ﬁﬁqﬂdg%fﬂ'{bdpﬁséﬁt nﬁvérﬁ{glne an dOCHZ(CF

gr oup, ructures aré possi
preferred: N y 0O NSVl vu NN VIII | X
[0124] Various cancers can be treated with the methods, composmons

and kits of the present invention. In some embodiments, the cancer is a solid
cancer such as a solid tumor which, in some embodiments is drug-resistant.
In other embodiments, the cancer is “liquid” cancer or a hematological cancer.
In still other embodiments, the cancer is gastro intestinal stromal tumor
(GIST). In other embodiments, the cancer is acute myelogenous leukemia.

In yet other embodiments, the cancer is chronic myelogenous leukemia,
multiple myeloma, or renal cell carcinoma. In still other embodiments, the
cancer is selected from prostate cancer, renal cancer, gastro intestinal
stromal tumor; sarcoma, colorectal cancer, breast cancer, parotid cancer,
gastric cancer, melanoma, oesophageal cancer, NET (sinonasal) cancer,
colon cancer, ovarian cancer, or liver cancer which, 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
-OCHz(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 ;OCHz(CHz)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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[0126] Structure VI is an exanple of a -Q(CH2)3(N-piperidinyl) or

-Q(CH2) 3(1-piperidinyl) group. Structure VIl is an exanple of a -Q(CH2) 3-(2-
pi peridinyl) group. Structure VIII is an exanple of a

-Q(CH2) 3(3-piperidinyl) 40 group. Structure I X is an exanple of a
-Q(CH2) 3(4-pi peridnyl) group. Wiere the heterocyclyl group is a piperazine
and g is | for an -OCH2(CH2)q(heterocyclyl) group, the follow ng structures
are possible and preferred: giO N N X Xl [0127] Structure Xis an exanple
of a -Q(CH2)2(2-piperazinyl) group, and structure Xl is an exanple of a
-Q(CH2) 2( 1- pi perazinyl) or-Q(CH2)2(N- pi perazinyl)group. Were the

het erocyclyl group is a norpholine and g is 1 for an

- OCH2( CH2) q( het erocycl yl ) group, the follow ng structures are possible and
preferred: 0 NO X11 XH ~N of XIV [0128] Structure XIl is an exanple of a
-Q(CH2) 2( 3- m)r-ﬂ&l-llziQirig(tptrghydrpfuranyl)wbich icorrEspandsdo dine tollawjrigetwelf  a
-C(CH2)2(4-nDr h}n ) or -Q(CH2)2(N- norpholinyl) group, and structure XV
is an exanple %iC}Q)Z(Z nor pholinyl) group. It will be observed that
where the group is a pyrrolidine, and gqgis 1 the structures avail able

i nclude - Q(CH2) 2(1- pyrr ol Red eO(CHZ) oIidinyI),
-Q(CH2) 2(2-pyrrolidinyl), and -Q 2) 2\3- pyriol i | nyI [0129] Schene 1
o]

depi cts one exenplary synthetic route for the

1A% A%

where structure 1V represents the group that can be referred to as the
-OCH,CH.(2-tetrahydrofuranyl) group and structure V represents the group
that can be referred to as the ~OCH.CHy(3-tetrahydrofuranyl) group. When
the heterocyclyl group is a N-containing heterocycle, such as, but not limited
to piperidine, piperazine, morpholine, or pytrolidine, the heterocycle can be
bonded to the methylene carbon through a ring carbon atom or through a
nitrogen atom in the ring of the N-containing heterocycle.” Both of these are
preferred. Where the heterocyclyl group is a plpendme and qis 2 for an
~OCH5(CHz)q(héterocyclyl) group, ‘the followmg structures are possmle and

preferred:
N
}{"\/\/O }{°\/\/O
Vi
"{"\A/[J %OV\/O

VIII IX

[0126] Structure VI is an example of a ~O(CHz)3(N-piperidinyl) or
-O(CHy)3(1-piperidinyl) group. Structure VIl is an example of a ~O(CHa)s~(2-
piperidinyl) group. Structure Vill is an example of a ~O(CHz)s(3-piperidinyl)
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synt hesi s of a benzi m dazol yl quinolinone conmpound and shoul d not be
interpreted to limt the invention in any nmanner. Schene | O'N\ HN N p2N
EtOH 1 /\ H Mci 07 C, 96 hour; HZNN M No, Pd/C, 85% EtOH C 50 C, 6
hours Q(VHHGEfFO- D ~ EtOOEt HZN 50 C, 2 hours N HSN N NC 6 HzN

| WOS, THE 40" C, 6 hours F NH Q O Uncycllzed Intermediate F NHiz N H
[0130] Schene 2 depicts another nmethod for synthesizing a conpound of the
i nvention and does not limt the invention in any manner. Those skilled in
the art will understand that the selection of a substituted or unsubstituted
di am nobenzene and a substituted or unsubstituted anthranilonitrile allows
for the synthesis of a wide variety of conpounds. Those skilled in the art
will also recognize that certain groups may need protection using standard

protecting group. Structure IX is an example of a -O(CHz)s(4-piperidinyl) group. Where

the heterocyclyl group is a piperazine and q is 1 for an
~-OCHy(CH_z)q(heterocyclyl) group, the following structures are possible and

RACRAA®

X XI

preferred:

[0127] Structure X is an example of a ~O(CHz)2(2-piperazinyl) group,
and structure Xl is an example of a —O(CHy)2(1-piperazinyl) or -O(CH,)z(N-
piperazinyl)group. Where the heterocyclyl group is a morpholine and q is 1
for an —OCHz(CHg)q(heterocyclyl) group, the following structures are possible
and preferred:

<) Y0

X1
'71:0
A \/Y\N
P
X1V
[0128] Structure Xll is an example of a ~O(CHz)2(3-morpholinyl) group,

structure XlII is an example of a ~O(CHa2)2(4-morpholinyl) or -O(CHa)»(N-
morpholinyl) group, and structure XIV is an example of a -O(CH,),(2-
morpholinyl) group. It will be observed that where the group is a pyrrolidine,
and q s 1, the structures available include ~O(CHa).(1-pyrrolidinyl) or
-O(CHz)2(N-pyrrolidinyl), —O(CHz)2(2-pyrrolidinyl), and -O(CH.)2(3-pyrrolidinyl).
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42 groups for the final cyclization reaction. The extrenely versatile
synthetic route allows a plethora of conpounds having the formula Il to be
readily prepared by a highly convergent and efficient synthetic route.
Scheme 2 Rs H2N'R6 RN RT 6 RS R6 ETOHONHHC iN''\' R EtO-CN ~~ \ HC
Et0O Okt heat ERCHR/ Re R R\ CNP56 RINH2 RR jk4 Rt NHZ N R7
-KHtabsS -R2 ----- ~ \-/- --- A\ NR6 THE 3|1 NOHR4A H[0131] Conpounds of
Structure | are readily synthesized using the procedures described in the
foll owi ng Exanpl es section and disclosed in the follow ng docunments 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, pybhished USsShemet tdepidismnecaenylarisyntn2€o dweiatibé, U. S. Pat ent
Application Nos'yn%h%/s?szgo a7ge7ﬁzir%l%%zlo+y?quirl?gl}n%rr]\te compound and should not be

interpreted to limit the invention in any manner.

OzN HN N— O:N
R
HaN Cl  87°C, 36 hours N/\

N l k/“\

Scheme 1

Ha, PAIC, 95% EtOH
50°C, 6 hours

g J
N
Eo E et
/
N 9 C, 2 hours
N /\ HZN N /\’
F

10
50
N
(A (A
ch@ ~ ~

HN
KHMDS, THF
40°C, 6 hours

e a®
N
N~ o

Uncyclized Intermediate

F NH, N N—
| \_/
S N
H
N (o]
[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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Application No. 10/982,543. [0132] The conpounds of Structure |, tautoners
of the conpounds, pharnaceutically acceptable salts of the conpounds,
pharmaceutically acceptable salts of the tautoners, and m xtures thereof
may be used to prepare nedicanents, that nay be used for the purposes
descri bed herein, 43 and nmay be used to treat various biological conditions
as described herein. The conpounds, salts, tautoners, salts of the
tautomers, 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 nments described above in conbination with a

phar maceut i cal groupederihelfingl epliggiorsieabtictt THwekrerfsly vetd b siptiitie: Such
formul ations may al so include a different anti-cancer drug such as, but not

limted to, Q Ejeallownapiethorrnf compgupds havingithe formylesll toierepdibt ant

i nvention al so i f L L i : epared by m xi ng
one or nore coﬁggoﬁ%dsjsg? 'ﬁ%helglens?ag%ﬁtioér@enIllgﬁ,%%a’gﬁ%@%ﬁéceuti cally
acceptable salts tautonmers thereof, or mxtures thereof with

phar maceut i cal Bghamesdt abl e carriers, excipients, binders, diluents or the
like to treat or aneliorate disorders related tao,gretastaci zed tunors. The
conpositions of the inventions may be used tggre teRa‘ ormul ations used to
treat netastacized tunors as described herein? conpositions can be in
the formof, for exanple, granules, powders, t ; capsul es, syrup,
suppositories, injections, emulsions, elixi rE',Z sugpensi ons or solgdti ons. The
i nstant conpositions can be fornulated for vari o} routes of fdmiiqi g¥er ati on,
for exanple, by or admi efostt r at i On, NBy Héhsal admi ni strati 7 b

adm ni strati on, Ghhe (Y] Oy | Nt ravenQus | njmejd ony
injections, or intraperitoneal Tnjection. The follow ng dosag BB are
gi ven

R‘l
RZ

R3

[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 éompounds 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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by way of exanple and should not be construed as |imting the instant

I nvention. [0135] For oral, buccal, and sublingual adm nistration, powders,
suspensi ons, granules, tablets, pills, capsules, gelcaps, and caplets are
acceptabl e as solid dosage forns. These can be prepared, for exanple, by 44
m xi ng one or nore conpounds of the instant invention, pharmaceutically
acceptable salts, tautoners, or mxtures thereof, wth at | east one additive
such as a starch or other additive. Suitable additives are sucrose, |actose,
cel lul ose sugar, mannitol, nmaltitol, dextran, starch, agar, alginates,
chitins, chitosans, pectins, tragacanth gum gum arabic, gelatins,
col | agens, casein, albumn, synthetic or sem -synthetic polyners or
glycerides. Optionally, oral dosage forns can contain other ingredients to
aid in admnist raaatilmay béuebd aﬁtre@wanoasblohgmhl lcordition®as deberibedieseinuch as

nagnesi um st ear servat s such n or sorbi.c aci

anti - oxi dant s sﬁ&ﬁ érﬁﬁ@ e‘isoﬁ"ﬂ%fgqg? ?%-& ORIELS, @Nf dnixtyres  fheredr

di si ntegrating i‘ﬁ%mv@hﬁ}ﬁﬁér‘é arﬁ(ﬁ!l &in %éﬂ‘ R Patict® #ia® REUS carldeRV Or | Ng
agents or perfum ng agents. ablets and pills my be further treated with

sui tabl e coat i ngvhieh isrreaistank ioome Phmorreothet anql-camsqr druggiséchiess Glgeveer ms f or
oral adm ni strat AU m of pharnmaceutically acceptabl e
enul si ons, syrupd Wﬁ) “dth@ggrl'&ﬁfa grid solutions, which nmay contain
an inactive diluent, such as water. Phar maceutical fornulations and

medi canent s may [bt331repar PtHammadeutisaldormsulatianssman includesanyudfitbes usi ng a
sterile liquid, such a ohol , and

b
conbi nati ons of @Hw@@naﬁﬁaﬁfﬁ’mmrégwgéw PE@'P@mWWQE{SéFﬁ%ﬁQ?ﬁg%% ¥fdi ng

agents, enul si f yjh BeMBERIALA withey phaniiédatcdl acesmhbR! carié ich@isthose
adm ni stratlon 0137] As not ed above, suspensions may include oils. Such

oi | include, saiikechberein. npuehformulatiensmey @ilso, ingluga reditiprent aeti-caneased
oil, comoil an%n?é ki€ as, but not limited to, Gleevec, BAY43-9006, or Brostallicin.

[0134] The instant invention also provides for compositions which may
be prepared by mixing one or more compounds of the instant invention, or
pharmaceutically acceptable salts tautomers thereof, or mixtures thereof with
pharmaceutically acceptable carriers, excipients, binders, diluents or the like
to treat or ameliorate disorders related to metastacized tumors. The
compositions of the inventions may be used to create formulations used to
treat metastacized tumors as described herein. Such compositions 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 doéage 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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oi | . Suspension preparation may al so contain esters of fatty acids such as
ethyl oleate, isopropyl nyristate, fatty acid glycerides and acetyl ated
fatty acid glycerides. Suspension formulations may include al cohols, such
as, but not limted to, ethanol, isopropyl alcohol, hexadecyl al cohol,

gl ycerol and propylene glycol. Ethers, such as but not limted to,

pol y(et hyl enegl ycol ), 45 petrol eum hydrocarbons such as mneral oil and
petrol atum and water nmay also be used in suspension formulations. [0138]
For nasal admi nistration, the pharmaceutical fornulations and nedicanents
may be a spray or aerosol containing an appropriate solvent(s) and
optionally other conpounds such as, but not limted to, stabilizers,

antim crobial agents, antioxidants, pH nodifiers, surfactants,

bi oavai | abi | i t ynixing dhé ioe nworacdmpouhiisiaf therisstarit invertion, phamgeelticatly f or an

aerosol formulation may, include conpr.essed,air. nitrpgen, carbon dioxide,
or a hydrocar baﬁcepﬁ%%lﬁ&gﬁﬁ\r}/%tﬁ’mqrﬁgoré‘?}@é‘?ﬁt:he[qﬂe‘@']th ?ﬁh‘%éﬁft%ﬂﬁ %‘Rgtﬂ)vseage for ns
general | y i ncl ygeh aslHepateh D oRRIMaUEITSe. SLItable aBURIPES atePaTcroke, tactosy be
prepared using a suitable dispersant or wetting agent and a suspendi ng

agent . | nj ect apellloss shgakapaneitl, malitalidexiranpsiaih, ggai, glainates.shiings a
suspensi on, WhLEGH J-S P | I : | n :

Accept abl e_sol \b@lﬁégﬁ&ﬁ%ﬁ%%ﬁ%@%éﬁ@l LHE s Lgﬁi él)é'%’ \/l\é/at er,?:olﬁggag,rcasseméol ution,
or an i sotoni catbgudousyntteticror senli-synthatic polymerson glgteridest dptioaally,losalmay  be
enpl oyed as sol,vents_or suspending,agents, Preferabl the oil or fatty

201 0TS non- volEAUECIORTs SED ORI M dtrer morates fe AR amineafon, shén efus
mono-, di- or ahhihadivy @Rtéstesr lubfdAls siish ad MagRbsiAMm stbhritd s maceut i cal
formul ati on and/ or nedi canent nmay be a powder suitable for reconstitution

wi th -an appr opPreses/aliyes suehas parapesarispruc agidver antkaxigarts syeh efese i ncl ude,
but are not |im L0 f % [ L OL af ' f I ed powders,
anor phous pomgké&gigcr%r‘ldmtés, %E?Icegéicg??g?éé?’l%'}tggﬂaa]?iﬂggg@ﬁgﬁﬁe or injection,
t he formul ati othickemers)puiffersglsiveeteners, flavoring agents or perfuming agents.

Tablets and pills may be further treated with suitable coating materials known

in the art.

[0136] Liquid dosage forms for oral administration may be in the form of
pharmaceutically acceptable emulsions, syrups, élixirs, suspensions, and
solutions, which may contain an inactive diluent, such as water.
Pharmaceutical formulations and medicaments may be prepared as liquid
suspensions or solutions usihg 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, com 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 not‘
limited to, ethanol, isopropyl alcohol, hexadecyl alcohol, glycerol and
propylene glycol. Ethers, such as but not limited to, poly(ethyleneglycol),
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contain stabilizers, pH nodifiers, surfactants, bioavailability nodifiers
and conbi nations of these. [0141] For rectal adm nistration, the

phar maceutical fornulations and nedicanents may be in the formof a
suppository, an ointment, an enema, a tablet or a creamfor rel ease of
conpound in the intestines, signmoid flexure 46 and/or rectum Rectal
suppositories are prepared by m xing one or nore conpounds of the instant

i nvention, or pharmaceutically acceptable salts or tautoners of the
conpound, with acceptable vehicles, for exanple, cocoa butter or

pol yet hyl ene 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 the rectum QOls nay also be

enpl oyed in tbetr@eenﬁ*ty%ird:mbaﬁs éumrmd mirepaiilaind: petratatlim; gad atater zpe  and
suppositories., Water, sali ne, ousbglext rose and rel ated sugar solutions,
and gl ycer ol saﬁﬁ>bed§qgrfﬁlsH§B%!"sl' I8R%r ati on of suspension formulations

whi ch may al so contain suspendi ng agents such as pectins, carboners, nethyl

cel | ul ose, hygyzgypr opy#orqeelslavé&ﬁmnstfan@ﬁrthewaﬁhadéuncapﬂokmbraﬁ@nsaﬁdmelI as
buffers and preservatives. [0142] Besi des those representative dosa?e forns

descri bed abovgdicamentaratayiie @ splay ciasnohporiaining # aRPROPHAlS SWANIS) s are
general Iy kno droBtugﬁ ﬁ%‘?héikédnl\@{ Qshgﬁagrﬁut%‘flrﬁﬁtﬁdgcié“é‘fablﬁi%gé uded in the

I nst ant |nven excl pi S and carriers are for exanpl e,
in "Rem ngt onanﬂhmmiaahagenﬁmlanﬁoxndmiespH Mmmd?a,tsur@ntantmoalmﬂalmmw 1991),

2s (1 fully<Bategs Bd AQMBITRL 5 oF iEsen  RPRiAT TP NS TmARAT | on may

be desi gned tﬁmd@ﬁnémeé bon@?éss@a,auf ﬁﬁrbgéﬁ'éé?ﬁd)r’ﬂaboxldéngr ahiyt RGartond
sust ai ned-rel easin descri bed bel ow. Thus, the pharmaceuti cal

f ornmul ati ons hﬁ%@? bejling selwemtat ed for controlled rel ease or for slow
rel ease.

[0139] Injectable dosage forms generally include aqueous suspensions
or oil suspensions which may be prepared using a suitable dispersant or
wetting agent and a suspending agent. Injectable forms may be in solution
phase or in the form of a suspension, which is prepared with a solvent or
diluent. Acceptable solvents or vehicles include sterilized water, Ringer's -
solution, or an isotonic aqueous saline solution. Alternatively, sterile oils may
be employed as solvents or suspending agents. Preferably, the oil 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 maodifiers, 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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[0144] The instant conpositions nmay al so conprise, for exanple, mcelles or
| i posones, or sone other encapsulated form or may be admnistered in an
extended rel ease formto provide a prolonged storage and/or delivery
effect. Therefore, the pharnmaceutical formulations and nedicanents may be
conpressed into pellets or cylinders and inplanted 47 intramuscul arly or
subcut aneously as depot injections or as inplants such as stents. Such

i npl ants may enploy known inert materials such as silicones and

bi odegr adabl e pol yners. [0145] Specific dosages may be adjusted dependi ng on
conditions of disease, the age, body weight, general health conditions,
sex, and diet of the subject, dose intervals, adm nistration routes,
excretion rate, and conbi nations of drugs. Any of the above dosage forns
cont ai ni ng ef faeiorvectuaioRBttal suppostdriesarelprepdrbd byonisihg arfe sranbiene

experinmentation and therefore well withip the sgo of t I nst ant
i?(]\p/)en!t i on. [blwmp%nﬂﬁ&f ﬁ}?e'l']‘?fa@&mV?"@r\"QEPFW@%gcﬁ&WQFQP{}%& {?cﬂr ng upon
the route of tﬁél‘&}ﬁé@bfﬁié&?nﬁd%d‘?%ﬁ%&c%ﬁéﬁlblﬁhﬁ:lé& fdre8xafthi€,ximeesnd or

conpounds of the instant invention is a formulation that exhibits a high
t her apeut i ¢ i raldier ompelyethylemeeglydot, whicleis presenidn asold phase abeeain t oxi ¢ and

EDS0. The L Dac PG e HASRuTRL afdoreetE 558 Bilidipubss of s8Rtk "20: 0"
the dose therquitableitoatlegse bfdrad instde the PoUy osuchhes indhe! redtinmn OilBhaay. D50 and
ED50 are determn ned b){ st andard pharpaceuti cal qproc?dureﬁigl n.ani mal cell -

cultures or e@!%P?ﬁmﬁ%xeddﬁithﬁpﬁpa[@ip@ﬂf.mm% ngf e 66 e'laH.BtléR?nt ext of
the instant i nyendifyositdfed) SVafkr, féli'n@vé €08 d&tréé’é’ﬁﬁ@@at@ﬂ?gﬁbﬁt ed with a

di sorder or disease, or halt o urthe progression or wor ing of those
synpt oms, or peckitions; and giycerptomay bexémployed indhelipseparatian oidsuspeasien For

v g OBUGALNGEh Ry s EobPsliBh b ot s B o 2
carbomers, methyl cellulose, hydroxypropyl cellulose or carboxymethyl
cellulose, as well as buffers and preservatives.

[0142] Besides those representative dosage forms described above,
pharmaceutically acceptable excipients and carriers are generally known to
those skilled in-the-art and are-thus includedin the instant invention. Such - -
excipients and carriers are described, for example, 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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may include a reduction in the proliferation of capillaries feeding the
tunor(s) or diseased tissue, an alleviation of synptons related to a
cancerous growmh or tunor, 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 growh of cancerous
cells. Treatnent may al so include adm ni stering the 48 pharmaceuti cal
formul ati ons of the present invention in conbination with other therapies.
For exanpl e, the compounds and pharnaceutical formulations of the present
I nvention may be adm ni stered before, during, or after surgical procedure
and/ or radiation therapy. The conpounds of the invention can also be

adm nistered in conjunction with other anti-cancer drugs such as, but not
limted to, QG éeivamusdiaiCerabéutaardusly as dapot injestiemeiodasiigsplansts ducimas

Those of - ski | ST BHch RBPBS AN AR NG ARG SVStpRals Aok s IR o sease

state" as used émtmodéﬁﬁ@éﬁlebglyﬁiﬁ?&er treatment neans a cessation in the
growm h of the cancer. This may ‘often be visualized using a scanning nethod

such as positraon em ssion tonography (PET) as shown in the Figures. [0149]

Phar maceuti cal (08491 at | SRecii dopegfstnay Re adiistest depgiding emeon 'mfi E)n
nelude the compoiig %%ﬁgag@%%ﬁe% Hedith 3Rdflons: 3bkSandPdiet & th " &S

t hereof in conbinatibon w utic y acceptable carrier. hus,
t he conpounds ubjec dosedntervals, mdmitistrationdroutespexgratien ratej anthent s and

pharmaceutical fornulations, Suc Lcapent 5 and pharnaceut.i ¢ .

P ormulatt ons: meoHsattog & Frudis Anu{FohS 3BT Bt B BRSNS Rliectivg

[ 015_0] The Comhkﬁlﬂﬁs éféjw‘ewwm!nﬁhé(v@&n@é of RRting exeeimentation had tisrefore,
particularly suitable for use in conmbination therapy as they have been shown

to exhibit synevejiwithip the seone qfitba ingdar InvendieRbhi nati on with anti - cancer
drugs such as, but not limted to, canptothecin, doxorubicin, cisplatin,

;;hngggfgtnl Og Ct1dell) . 2lainbripeltcagtetiivd 4% HRYwaAPEeperdiitg dpor thB bi tors,
route of administration and dosage form. The preferred compound or
compounds of the instant invention is a formulation that exhibits a high
therapeutic index. The therapeutic index is the dose ratio between toxic and
therapeutic effects which can be expressed as the ratio between LDsp and
EDs. The LDsg is the dose lethal to 50% of the population and the EDsx is the
dose therapeutically effective in 50% of the population. 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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treatnment. Furthernore, the conpounds of the invention may be used in

conbi nation with anti-cancer drugs such as d eevec, 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
pharmaceuti cal fornulations that include the conmpound of Structure |I and 49
tautonmers, salts, and/or m xtures thereof in conmbination with an anticancer
drug,. The invention also provides the use of the conpounds, tautoners,
salts, and/or mxtures in creating such fornmulations and nedi canents and t he
use of t he conpounds in treating cancer patients. [0151] In some

enbodi nents, the invention provides therapeutic conpositions conprising, an
anti-cancer drug and a conpound, a tautomer, a salt of the conmpound, a salt
of the tautorrepharmacautldakfammlattbeseﬁtheqireaem in\anliodiimreumbm{ationwithmmion as

a conbi ned preparati o for nul t aneo arate ential use in
Che treat nent BBrpiesH o sxaniHie g GolPRiEand AR FEtted ot

enbodi nents, tthe dpv@éerﬁmVehﬁoﬁnfa@rb“@édrnmtst@rea befstb, dsing, ©f biélsUrgical at | east
one anti-cancer dru such as G eevec, BAY43- 9006 or. Brostall | cin, In sone

such enbodi rreri't’@ce(ﬂUf@ ane{ar radiatien theragy. aHe senapounsisRfihe invention gan 8%er, t he
salt of the C%@Q&'ﬁﬁ'nstétb% |ﬁ5?:|ohjlﬂf;tlc§rt"\‘ﬁntﬁ %Hte? I”talrﬁt.fl-vcaﬂf:er drgg? qL HE %L{t]@Sf eof are

provided as a single conp er such nents, -t
anti =cancer drlugntedatmd Gtém/echAb'éafﬁOOmad Brastatiisin andeirtm wseddf mheensmpound

ar 15 of & ki 1SN T AP RPATE coMTUIIRS o PP el ENaST by 1SR 0181

The conpounds gkl ﬁqhﬁebﬁggagygndmﬂlaﬁegﬁgd to treat a variety of subj ects.
Sui t abl e subjects include animals such as mammal s and humans. Suitabl e

mammal s include, but are pot limted to, prinmates such as, but not limted
to | emurs, ape@“ﬁhd mlﬁ(é}%blerdﬁéﬁ?gaé%c%%ﬁ@ drwiths respeelio’ canger gui nea pi gs;

rabbit's and ha{}@ﬁmeﬁ?ﬁﬁeng%r &R3atic Phe g&%ﬁ of M ERhceFB RIS nﬁt/ gften ged
carni vores suc I nes, cani nes, ursines. I'n sone e I ments,
visualized using a scanning method such as positron emission tomography

(PET) as shown in the Figures.

[0149] Pharmaceutical formulations and medicaments according to the
invention mclude the compound of Structure | or the tautomers, salts, or
lextures thereof in comblnatlon wuth a pharmaceutlcally 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 Il 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 1 and
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t he subject or patient is a human. In other enbodi nents, the subject or
patient is a rodent such as a nouse or a rat. In sone enbodi nents, the
subj ect or patient is an animl other than a hunman and In sone such

enbodi nents, the subject or patient is a manmal other than a human. 50
EXAMPLES [0153] The foll ow ng abbreviations are used in the Exanpl es:

Et OH Ethanol H2O Water HC: Hydrochloric acid HPLC. Hi gh Perfornmance
Li qui d Chronat ography KHVDS: Potassium bis(trinmethylsilyl)amde LiHVDS:
Lithiumbis(trinmethylsilyl)am de NaHVDS: Sodi um bis(trinethylsilyl)am de
NaOH Sodi um hydroxide N2: Nitrogen TBME t-Butyl nethyl ether THF:

Tet rahydrof uran [ 0154] Nonencl ature for the Exanpl e conpounds was provided
using ACD Name version 5.07 software (Novenber 14, 2001) available from
Advanced Chem stry Devel opnent, Inc., Chem nnovation NanExpert +

Nonmencl at or Tm tautordersp$altsa aadfv aiiktatdsdhéreofinGombinatiorawitio an soficawoee, | nc.

and Aut oNom Ver.si o .2 available in .the CherOifice(r)- Utra software
package versi oﬂrus."gT ﬁ%mvﬁaﬁ%ag&ﬂﬁ?‘eﬁ%&ﬁdﬁéﬁqe %Bé?%%’&)w%?@&%ri dge,

MA) . Sone of t §&itsC AWRY Afiktufssdn ThédtingaicRTdiriulatohs \widemBdibBthertsi 4id thet andard
| UPAC nonencl ature, [0155] Various starting materials may be obtained from

comercial  souseeakthgrempospds dytregtingsansacPratitidh to one of skill in the
art. 51

[0151] In some embodiments, the invention provides therapeutic |
compositions comprising, an anti-cancer drug and a compound, a tautomer, a
salt of the compound, a salt of the tautomer, or a mixture thereof of any
embadiment of the invention as a combined preparation for the simultaneous,
separate, or sequential use in the treatment of a patient, such as a cancer
patient. In some such embodiments, the patient is a cancer patient that is
resistant to at least one anti-cancer drug, such as Gleevec, BAY43-9006, or
Brostallicin. In some such embodiments, the anti-cancer drug and the
compound, the tautomer, the salt of the compound, the salt of the tautomer, or
the mixture thereof are provided as a single composition. In other such
‘embodiments; thé anti-cancer drugand the compound, the tautomer, the salt
of the compound, the salt of the tautomer, or the mixture thereof are provided
separately as parts of a kit. Such kits may further include instructions for use.

[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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Example | Synthesis of 5-(4-Methyl-pi perazin-1-yl)-2-nitroaniline
Procedure A zN | .~ HN N 02N \% HZN C HzN N N [0156]
5-Chloro-2-nitroaniline (500 g, 2.898 nol) and 1-nethyl piperazine (871 g,
8.693 nol) were placed in a 2000 nL flask fitted with a condenser and
purged with N2. The flask was placed in an oil" bath at 100C and heated
until the 5-chloro-2-nitroaniline was conpletely reacted (typically
overnight) as determ ned by HPLC. After HPLC confirmed the di sappearance of
the 5-chloro-2-nitroaniline, the reaction m xture was poured directly (still
warm into250.0_nl_of.roomtenperature water with mechanical stirring. The
resulting mxture was stirred until it reached roomtenperature and then it
was filtered. The yellow solid thus obtai ned was added to 1000 niL of water
and stirred for 30 mnutes. The resul EXAMREE8 ure was filtered, and the
resulting soli S was | : s dried under
vacuum for onc!e?m r usi Eggz;g“roﬁfﬁ%i%g(rﬂéﬂ%%&;eesu t'ﬁggegggﬁgl%vas transferred
toa drying tray and dried in a vacuum oven at 50C to a constant weight to
yield 670 g (¥EtO89 of the tEtHamobtonpound as a yel |l ow powder. Procedure B
[0157] 5-Chl orddoB:nitroani | i nWet&08.2 g, 1.79 nol) was added to a 4- neck
5000 nlL round Mk om fl ask fi Hyeé@chiorib agid over head stirrer, condenser, gas
inlet, additiorHpumnel , and tH rifange Qifid Cheorhateglaphgs t hen purged
with N2. 1-Met hghmbeer azi ne (Patasdiuth bi§tmethylsilyi¥amidel ) and 200 proof

et hanol (508 mypneyse added tpiRkid/ Bi &R Isfl);tl idith stirring. The flask
was again purgggambsh N2, angqhiif Bigﬁﬁllnb yIsYl?I?arﬂﬂient ai ned under N2. The

flask 52 NaOH: Sodium hydroxide
Na: Nitrogen
TBME: t-Butyl methyl ether
THEF: Tetrahydrofuran
[0154] Nomenclature for the Example compounds was provided using

ACD Name version 5.07 software (November 14, 2001) available from
Advanced Chemistry Development, Inc., Cheminnovation NamExpert +
Nomenclator™ brand software available from ChemInnovation Software, Inc.,
‘and AutoNom version 2.2 available in the ChemOffice® Ultra software’
package version 7.0 available from CambridgeSoft Corporation (Cambridge,
MA). Some of the compounds and starting materials were named using
standard I[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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was heated in a heating mantle to an internal tenperature of 97C (+/- 5C)
and nmai ntained at that tenperature until the reaction was conplete
(typically about 40 hours) as determ ned by HPLC. After the reaction was
conpl ete, heating was discontinued and the reaction was cooled to an
internal tenperature of about 20C to 25C with stirring, and the reaction was
stirred for 2 to 3 hours. Seed crystals (0.20 g, 0.85 nmol) of

5- (4-net hyl - pi perazin-1- yl)-2-nitroaniline were added to the reaction

m xture unl ess precipitation had already occurred. Water (2,450 nL) was
added to the stirred reaction m xture over a period of about one hour while
the internal tenperature was naintained at a tenperature rangi ng from about
20C to 30C. After the addition of water was conplete, the resulting m xture
was stirred for about one hour at aExampd¢ 4ture of 20C to 30C. The
resulting mxture was the filtered,, apd the,flask and filter cake were
washed with meilgQH%etbvlﬂ%eragm-ﬂ-an-i}eltmﬂM' Bfid product was dried to
a const ant W(pirg@éd@feﬂm g (98.6% vyield) under vacuum at about 50C in a
vacuum oven. Procedure C [0158] 5-Chloro-2-nitroaniline (401 g, 2.32 nol)
was added to a 4- k

roungN/bom_Q_mfl@g\k fitted with an overhead
stirrer, condenser, i

S et, addiyion funnely 3yt her nonet er probe. The
flask was then purged N2- —t—=etthytpr per azi 977 g, 1.08 L, 9.75 nol)
and 100% et hanol (‘_‘2'53 jere added to the res OR

9 f with stirring.
The flask was agai A purged th N2, and th&¥eaction \Aﬁ;n/a nt ai ned under

N2. The flask was heated in a heating mantle to an internalytenperature of
97C (+/- 5C) and maintained at that tenperature until t reastion was
conplete (typically about 40 hours) as determ ned by HPLC. After the

reaction vas (6psgl et e, sheRblobBifEnilie 500! 2699 nifaide-rigiAgt | on vas cool ed
to an internal tenperature of about 80C wi'th StII’I’InP, and water (3.15 L)
was added t o pipasazing (8fg,8 .69 mauerte paced inrtn200bmb flask dittpdwitbd@ of 1 hour

whi l'e the i ntc@bﬁ%%%rgﬁeﬁ)ﬁéﬁ@tm ':fwer}fa@i( %@ plgéecﬁa%n((;'i{ Batﬁg)c 106“6 er vater

addi ti on was
and heated until the 5-chloro-2-nitroaniline was completely reacted (typically

overnight) as determined by HPLC. After HPLC confirmed the disappearance
of the 5-chloro-2-nitroaniline, the reaction mixture was poured directly (still
warm) into 2500.mL.of room-temperature water with mechanical stirring. -The
resulting mixture was stirred until it reached room temperature and then it was
filtered. The yellow solid thus obtained was added to 1000 mL of water and
stirred for 30 minutes. The resulting mixture was filtered, and the resulting
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
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 N2, 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 Nz, and the reaction was maintained under N,. The flask
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di sconti nued and the reaction m xture was all owed to cool over a period of
no 53 less than 4 hours to an internal tenperature of 20-25C. The reaction
m xture was then stirred for an additional hour at an internal tenperature
of 20-30C. " The resulting mxture was then filtered, and the flask and
filter cake were washed with water (1 x I L), 50%ethanol (1 x 1 L), and
95% ethanol (1 x 1 L). The golden yellow solid product was placed in a
drying pan and dried to a constant weight of 546 g (99%yi el d) under vacuum
at about 50C in a vacuum oven. Example 2 Synthesis of

[ 6- (4- Met hyl - pi perazin-1-yl)-1 H benzi m dazol -2-yl]-acetic acid ethyl ester
Procedure A CaN | H N Hz, Pd/C, EtOOH 2N/ N" HZN/ N~ | N N~ HC EtO0
Cet EtO~( NHNM [0159] A 5000 nlL, 4-neck flask was fitted with a

stirrer, thernpaehedted i amgdatisg mantisdo gasntemattenmparhtere of OE° Gk id f | ask
was charged wth 265.7

5- (4- et hyl - pi %’r'&@lf\t\a@g@ ﬁ§ f}*?% Fﬁ"ﬂ?“lﬁ’éﬁﬁ'&? Bﬂ@qé%géagﬁgg WS oMPISEdYRIGY Et on.

The resul ting o) b MUV ashistERtindd b HER J. OAftehGha réutitoR wad\orple)- 0 g of
5% Pd/ C (50% H20O ww) was added. The reaction was vigorously stirred at

40- 50C (i nt er rigatingiwas discordginues iand thepreastionwesicealedittaepgierile ni xture. The

reaction was nfgmpte?étﬁ% &Oéﬂ'dui’ 26‘% t& E@’C with stirring, and the reaction was stirred
for 2 to 3 hours. Seed crystals (0.20 g, 0.85 mmol) of 5-(4-methyl-piperazin-1-
yl)-2-nitroaniline were added to the reaction mixture unless precipitation had
already occurred. Water (2,450 mL) was added to the stirred reaction mixture
over a period of about one hour while the intemnal temperature was
maintained at a temperature ranging from about 20°C to 30°C. After the
addition of water was complete, the resulting mixture was stirred for about one
hour at a temperature of 20°C to 30°C. The resulting mixture was then
filtered, and the flask and filter cake were washed with water (3 x 2.56 ). The
golden yellow solid product was dried to a constant weight of 416 g (98.6%
yield) under vacuum at about 50°C in a vacuum oven. .

Procedure C

[0158] 5-Chloro-2-nitroaniline (401 g, 2.32 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 Na.
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 Np, 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 intemal 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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54 di sappearance of 5-(4-nethyl-piperazin-1-yi)-2-nitroaniline by HPLC. The
typical reaction time was 6 hours. [0160] After all the

5- (4- et hyl - pi perazin-1-yl)-2-nitroaniline had disappeared fromthe
reaction, the solution was purged with N2 for 15 minutes. Next, 440.0 g
(2.25 mol) of ethyl 3-ethoxy-3-im nopropanoate hydrochloride was added as a
solid. The reaction was stirred at 40-50C (internal tenperature) until the
reaction was conplete. The reaction was nonitored by follow ng the

di sappearance of the diamrio conpound by HPLC. The typical reaction tine
was 1-2 hours. After the reaction was conplete, it was cooled to room
tenperature and filtered through a pad of Celite filtering material. The
Celite filtering material was washed with absolute EtOH (2 x 250 nL), and

L he f ; Itrate mls tngmtt%t:rsaﬁoe;h mm‘ﬁ?l temBMemfm%ggwi@bﬂ@w mm%/CkHo
rown/ or ange Ol e.r tl ng, ol u (0] b 0

ol Ut on- Sl PSR ST By apddiioual St o aiel fsberghire ahabab"C.
precipitate  ahehaslTRPmhAB MR TN aHBhONAK A iRk kb gere and- Lhi en

filtered. The soli1d was washed wt O (2 m.) dried at 50Cin a

vacuum oven pweashed withxster(1gx { 1. '@%@tmmq 6L>( ALh@nﬁﬁa/peﬁ@alzﬁw 1L)y| )-1 H

benzoi m dazol

Procedure B [gﬁgﬁdq&%ﬁbﬁlrﬁ?ﬁhﬁcﬁ%@L\Gaghagc{eggﬁ]a fdargﬁb%aaéal tqq[leegﬂ Wi

nmechani cal  stonstant weightiefee g (3936 yizid)tunder pacuumn ataisoutr§0eC in and oi |

bubbl er. The ped flask was charged with 300 g (1.27 nol) of

5- (4- net hyl - pi"Ba#HgiONe’i yl}2-nitroaniline and 2400 nL of 200 proof EtCOH
(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 withEkafp_qgﬂS m nutes. Next, 22.7 g of 5%
Pd/ C (50% H20 ww) was added to the reaction flask. The reaction vessel was

purged with NBYPEresis Wmﬁ'é@ethylﬁﬁ'l’éfazﬂm"gw)réWPQW‘NNaﬂ‘@‘Y kaeetien vessel
was purged w taeld'@tlﬂf(egﬂr”t aining a

Procedure A

=N HaN
- . e a e N‘. — — . =
e N

(o) NH HCl

ool

[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 g

(1.12 mol. 1.0 eq) of 5-(4-methyl-piperazin-1-yi)-2-nitroaniline and 2125 mL of
200 proof EtOH. The resulting solution was purged with N, for 15 minutes.
Next, 20.0 g of 5% Pd/C (50% H-0 w/w) was added. The reaction was
vigorously stirred at 40-50°C (internal temperature) while Ho was bubbled
through the mixture. The reaction was monitored hourly for the
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sl ow, but constant flow of H2 through the flask. The reaction was stirred at
55 45-55C (internal tenperature) while H2 was bubbl ed through the m xture
until the 5-(4-nethyl-piperazin-1-yl)-2-nitroaniline was conpletely
consuned as determ ned by HPLC. The typical reaction tine was 6 hours.
[0162] After all the 5-(4-nethyl-piperazin-1-yl)-2-nitroaniline had

di sappeared fromthe reaction, the solution was purged with N2 for 15

m nutes. The diamne internediate is air sensitive so care was taken to
avoid exposure to air. 500 g (2.56 nol) of ethyl 3-ethoxy-3-im nopropanoate
hydr ochl 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 tenperature) under N2
until the diam ne was conpl etely consuned as determ ned by HPLC. The

typical reaction tine was about 2 hours. After the reaction_was_conplete,

the reaction dig@praarangeef Sntf-methikpiperagindgm-2-npeaandinedy HPC. The reacti on
flask and Cell&bﬁa%%ﬁtiwﬁﬂe%goﬁ\dsth 200 proof EtOH (3 x 285 nL). The
wer 'n a m-

filtrates conbi ne "flask, and about 3300 nL of ethanol
was renoved under vacuum produci ng an orange oil. Water (530 nmlL) and then |
M HCL (350 nl)[0160F adddifteralltthe5+ésnsthylmiperakin-kyk-2-hitroamiing hachg ni xt ure

tirred. Th | ti | ut i ' Ly stir. i,Le 30% NaCH
(500" - “vis seRrpaed ot 8rpacl, MRt 3 ol il e BP0 e
internal tenpemuids Rbxtahaold 22-ZmoWdf bthyl Batidxy&imipbprigahoste bet ween 9

and 10. The resulting suspension was stirred for about 4 hours while

mai nt ai ni ng t hydreehieride waeegded e eesalid. dbeueactipnuas stired aledlib@iCg i xture
col | ected ol i Qe Brinereie AR HERaEAL s topi T st in . 12
vacuum oven pr@whitored by4olidviog ddiséppedrance ¢itherlianinomongyoamd by HRILG - | H-
Al Tornati ve worhe bpica Gracion g fes 112 ouie c ANaE e BB RATWES SIPIER ot hanol
was renoved UNggs cYAEH YO8 itémﬁérahﬁ@%hd‘?ih@#&d tARNGghe p&® BN CERERIB G

material. The Celite filtering material was washed with absolute EtOH (2x

250 mL), and the filtrate was concentrated under reduced pressure providing

a thick brown/orange oil. The resulting oil was taken up in 850 mL of a 0.37%

HCI solution. Solid NaOH (25 g) was then-added in one portion, and a

precipitate formed. The résuiting mixtlre was stirreéd for 1" hour-andthen

filtered. The solid was washed with H,O (2 x 400 mL) and dried at 50°C in a

vacuum oven providing 251.7 g (74.1%) of [6-(4-methyl-piperazin-1-yl)-1H-

benzoimidazol-2-yl]-acetic acid ethyi 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 N for 15 minutes. Next, 22.7 g of 5% Pd/C (560% H>O w/w) was added
to the reaction flask. The reaction vessel was purged with N2 for 15 minutes.
After purging with Ny, the reaction vessel was purged with H; by maintaining a
slow, but constant flow of Hé through the flask. The reaction was stirred at
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Water at a neutral pH was then added to the resulting oil, and the solution
was cooled to about OC. An aqueous 20% NaCOH sol ution was then added 56
slowy with rapid stirring to bring the pHup to 9.2 (read with pH neter).
The resulting m xture was then filtered and dried as descri bed above. The
alternative work up procedure provided the light tan to |ight yell ow product
in yields as high as 97% Exanple 3 Method for Reduci ng Water Content of

[ 6- (4- Met hyl - pi perazin-1-yl)-1H benzoi m dazol -2-yl]-acetic acid ethyl ester
[0163] [6-(4-Methyl-piperazin-1-yl)-1 H benzi m dazol -2-yl]-acetic acid

ethyl ester (120.7 grans) that had been previously worked up and dried to a
wat er content of about 8-9% H20 was placed in a 2000 nL round bottom fl ask
and di ssolved in absolute ethanol (500 nmi). The anber sol ution was

concentrated t thick oil using a rota ev rator w heatin til all
sol vent was re%%‘géﬁ (imigEna) terpaiaty Bh? E%@%Zﬁ’wm@h%mmﬁ%@ﬂ

t hi ckoii thus Bl \i Mool i AEh | aPgdIum oven
heated at 50C tg\%gﬁ gﬁ?‘%ﬁ?ﬁréfi—'ﬁéh’g’rﬂz?ﬁgﬁ@'ﬁ% esulﬂléﬁg?%ﬁuga a water

content of 5. 2d&termined byWilc@. Whe dypical neastion dimewae 8 hours.hi s net hod
provi ded increased yields in the procedure of Exanple 4. O her solvents such

B ease B anjonBa) T Mt e B-(IGHyHipdraZin®t- A hinbahiiheha I V! N9

4- Ami no- 5- f | uodieappddied frometheyrbagtiqme thezsatutionwas puidgedivdtieNpfaddbol - 2-yl ] -1

Hquinol i n-2- Orrrlw?nu?ésgc'?ﬁg {i%mpi‘n'e: inteNrcr:ne%igteTs girlglgﬁsiéi\‘/]e/ SC\) care was taken to avoid
exposure to air. 500 g (2.56 mol) of ethyl 3-ethoxy-3-iminopropanoate
hydrochloride was added to the reaction mixture over a period of about 30
minutes. The reaction was stirred at 45-55°C (internal temperature) under Na
until the diamine was completely consumed as determined by HPLC. The
typical reaction time was about 2 hours. After the reaction was complete, the
reaction was filtered while warm through a pad of Celite. The reaction flask
and Celite were then washed with 200 proof EtOH (3 x 285 mL). The filtrates
were combined in a 5000 mL flask, and about 3300 mL of ethanol was
removed under vacuum producing an orange oil. Water (530 mL) and then
1M HCL (350 mL) were added to the resulting oil, and the resulting mixture
was stirred. The resulting solution was vigorously stirred while 30% NaOH
(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 H2O (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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NHVDS, THE / v 57 [0164] [6-(4-Methyl-piperazin-1-yl)-1 .

H benzi m dazol -2-yl]-acetic acid ethyl ester (250 g, 820 mml) (dried with
et hanol as descri bed above) was dissolved in THE (3800 niL) in a 5000 niL
flask fitted with a condenser, nechanical stirrer, tenperature probe, and
purged with argon. 2-Am no-6- fluoro-benzonitrile (95.3 g, 700 nmol) was
added to the solution, and the internal tenperature was raised to 40C. \Wen
all the solids had dissolved and the solution tenperature had reached 40C,
solid KHVDS (376.2 g, 1890 mmol) was added over a period of 5 m nutes. Wen
addition of the potassium base was conplete, a heterogeneous yell ow

sol ution was obtained, and the internal tenperature had risen to 62C. After
a period of 60 mnutes, the internal tenperature decreased back to 40C, and

the reaction vaéwlydm_treraﬁimgﬁhihgtd)brm%pmelm ap ity 92 Feddwith iphf inetep). TRieer i al  or
uncyclized internediate was present). The thick reactjon m xture was then
quenched by p&sHKiRg rmlxturwasﬂrm@tﬁye@an@)iﬂaﬁeswm Bove- r | ting

m xture until }J t r ]

filtered. and ? eernﬁ:l’let‘g‘?&p °&§@%£ﬁ°§%%ﬁ%?§ﬁ°?@é%#’%“ @xa)dw'el‘ﬁe bri ght
yel | ow sol i d wyeldplasddgh as98%.dryi ng tray and dried in a vacuum oven at 50C
overni ght providing 155.3 g (47.9% of the desired

4- am no-5-fl uoro-3-[6-(4-nethyl -pi perazin-1-yl)-1 H benzi m dazol -2-yl]-1

H qui nol i n-2-one. Procedure B [0165] Azl 4-neck jacketed flask was
equi pped with a distillation apparatUus, erature probe, a N2 gas
inlet, an addi Method forrRéducing Watem&anentoad [6<(d+Methyl-piperazin-1-yl)-1H-

6- (4- Met hyl - pj in-1-y] )-1 H.benzjm.d -2-yl]-aceti id ethyl est
(37507, E70 bEOMidZ oAy G agoH ek AV B0, and the  reactor was
purged with N2[ghes] 15 m[&(ﬂg«ﬁth&%pgﬁdﬁn(ﬁmI-pﬁénz\ﬁﬁﬁiatzbleﬂyl]%éﬁ(gé&di nto the

flask with stirring. After solid di ssol ved, solvent was renoved

by distill ati ofthyhester (1207 aremss fhedihad been drevieprly wortasymand dried to a
water content of about 8-9% H,O was placed in a 2000 mL round bottom flask
and dissolved in absolute ethanol (500 mL). The amber solution was
concentrated to a thick oil using a rotary evaporator with heating until all
solvent was removed. The procedure was repeated two more times. The

_thick_oil thus obtained was left in.the flask and placed in a vacuum oven
heated at 50°C overnight. Karl Fisher analysis results indicated a water
content of 5.25%. The lowered water content obtained by this method
provided increased yields in the procedure of Example 4. Other solvents such
as toluene and THF may be used in place of the ethanaol 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

F
o] NC.
EtO N
4 HN
KHMDS, THF
H
L

~
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hel ps to renove the water) using heat as necessary. After 1000 nL of sol vent
had been renoved, distillation was stopped and the reaction was purged with
58 1 N2. 1000 niL of dry THE was then added to the reaction vessel, and when
all solid was dissolved, distillation (vacuum or atnospheric) was again
conducted wuntil another 1000 nmL of solvent had been renoved. This process
of adding dry THE and sol vent renoval was repeated at |least 4 tines (on the
41h distillation, 60% of the solvent is renoved instead of just 40%as in
the first 3 distillations) after which a 1 nL sanple was renoved for Kar

Fi scher analysis to determine water content. |If the analysis showed that
the sanple contained I|ess than 0.20% water, then reaction was conti nued as
described in the next paragraph. However, if the analysis showed nore than
0. 20% water, t t he YA i .4 : icHeRfl until a
wat er cont ent [g?&pess thg‘tnN%F%&Wﬂ?@?%ﬁ);yg?én?mggﬁ%¥lg?é§lc\/\/ater cont ent
of less than mthyliester (250082 mmaaih(dsed avithigthanpl @isslescibediabevej®@sr i bed | n

th ' , i~stid.latd I i th
or1 i condendRSONEAARTH faeofht| in % 56U mE RBGK Bl Wit Ediiefiss! 1 @
2=ar ti i n6=6- f Imeshanicah stimér, terhperafife prabie, 4Rd-parged with argonor@Amine6edur es
0. 95 equi val er}}s i_Eguse ction was th ted, t.o an ,jnternal

tenperature oflU8EQ @O%ﬁn&eﬁeéfﬂlwm) W%?@%‘fébc {c}(ratge ﬁQH}ﬁPBa% € 38-42C,
KHVDS sol uti Oqﬂtgﬁg%g?rgper]at WY raist@% KU;@SW%nZﬁFﬂ\e"%ﬁds AddatssbReline

reaction via t on tunnel over a period of 5 mnutes naintaining the
i nternal tenpearatthe sohittionlempebursMaddeacheg 407€, adiil KHMDS (3¥8:2 gad®@Q i on of

t he potassi um base was | ete, the reaction sti,rred or 3.5.to 4.5
our o (1 SonuMERAWARAdqed ques spqrofal TouEs. (i hed Hlan of Hereolassiu®
reaction may beseQud &drplstd, A Hbtér‘&?bnédd@ell%‘éo%tl&%'v?é@bl’i‘tbﬁﬁd? Bfd tiat er nal
tenperature at from 38-4%C. A sanmple of the reaction was then renoved and

anal yzed by Hmrhiernal temperatwadiadaisends 688C. Aftepa pedod afl60 mibutak, teVDS

solution was added to the fl ask over a ri of 5 mnutes and the reaction
6}ntemal temperature decreased bacl? ?o 48%, 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 H20 (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 1653 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 N2 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 N3 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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was stirred at 38-42C for 45-60 mnutes (the anount of KHVDS solution added
was determined by the following: If the IPCratiois < 3.50, then 125 nL
was added; if 10.0 IPC ratio 23.50, then 56 nL was added; if 20.0 ?IPC 59
ratio > 10, then 30 nL was added. The IPCratio is equal to the area
corresponding to 4-am no-5-fluoro-3-[6-(4-nethyl-piperazin-1-yl)-1 H

benzi m dazol -2-yl]-1 H qui nolin-2-one) divided by the area corresponding to
the uncyclized internmediate). Once the reaction was conplete (IPC ratio >
20), the reactor was cooled to an internal tenperature of 25-30C, and water
(350 nL) was charged into the reactor over a period of 15 mnutes while

mai ntai ning the internal tenperature at 25-35C (in one alternative, the
reaction is conducted at 40C and water is added within 5 mnutes. The

qui cker quencinNg: emuoaﬁLtdﬁdrsaerWasxheh mdded tqtffehehcﬁmmsseu@hdtwm)au The
refl ux condenser, was ije ﬁ \Aayth a di s g par at us .and sol vent
was renoved bySHA¥ES 'ﬁﬁq ?C‘éHrﬁl%B "G Wﬁgaﬁ@‘é‘tc ondueted i r ed.
After 1500 mi g éﬁéﬂssmodi@ﬁqmﬁ%hfeﬁma@ﬁeeﬁre?ﬁwédatm@ pY%‘ész?S@d]h{;nued and
the reaction vvamﬂpur ed wt (16 nm.) was then adde

reaction fl askdrwHFeandsolventriempvahwas repeated atileagidrtimes ondtheZ- 30C. The

reaction mxtu ool i ng
¢ ro o G %P of it it e o ins R BRI A0S AR oL
Thehr §SU| t Ihng dlﬁﬂ!&?%ﬁ@)legl@émﬁ aHtrell sélnp?lwl?lﬁ regndveaisior gad Fﬁsdhbeanaigﬁe ver e
washed with wat er X 650 mL soli1d thu was to a
const ant wei gHP dgiRrBHne Wé‘?ﬁflﬁ?ﬂﬁnth‘é@ ARal XS‘§§59‘U%& g’\‘ﬂggh‘? aawpgﬁqn@a'&% 9 g
(42.6%yiel d) |gés fhl %@@ watb, thighi Rz Readtib¥ wad caﬁﬁmeid&, a@ﬁrﬁéu% fe/hext 1
H benzi m dazol - af qui nol i n-2-one as a yell ow powder. Procedure C F
0 NJ~\ Et 0~paragraph\ Howener,Nf the/anglysis-showed more than 0.20% water, then the
drying process described above was continued until a water content of less

than 0.20% was achieved.

[0166] After a water content of less than or about 0.20% was achieved
using the procedure described in the previous paragraph, the distillation -
apparatus was replaced with a reflux condenser, and the reaction was

“charged with 2=amino-6-fluéro-benzonitrile (66.2 g, 470 mmol)( in some
proéedures 0.95 equivalents is used). The reaction was then heated to an
internal temperature of 38-42°C. When the internal temperature had reached
38-42°C, KHMDS solution (1313 g, 1.32 mol, 20% KHMDS in THF) was
added to the reaction via the addiﬁon 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 23.50, then 56 mL was added,; if 20.0 =IPC
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INN. HZN / NNV KO'BU'F) I \' \ HN Tiume NO H[0167]

[ 6- (4- Met hyl - pi perazin-1-yl)-1 H benzim dazol -2-yl]-acetic acid ethyl ester
(608 g, 2.01 nmol) (dried) and 2-am no-6-fluoro-benzonitrile (274 g, 60 2.01
nol) were charged into a 4-neck 12 L flask seated on a heating mantle and
fitted wth a condenser, mechanical stirrer, gas inlet, and tenperature
probe. The reaction vessel was purged with N2, and toluene (7.7 L) was
charged into the reaction mxture while it was stirred. The reaction vessel
was again purged with N2 and nmai ntai ned under N2. The internal tenperature
of the mxture was raised until a tenperature of 63C (+/- 3C) was achi eved.
The internal tenperature of the m xture was nai ntained at 63C (+/- 30O
whil e approximately 2.6 L of toluene was distilled fromthe flask under

reduced pr eSS Ul o(§ﬁ9 Qj3€’ ﬁ/é%%\dg% t*l'h%‘lﬁ@r& ne%qualt%ﬂﬁ Gibg 100 (Karl

Fi scher anal ysi's " was™ u er con m xture. If the
wat er content esrrespoadingrtoYramind-58d6rot3:[Bi(4amethyepip2razin-1of)-1id uene was

added and distjllatjon eat ed. Thi cess,was repeated until a water
content of |es%enmmwaé°@§vuﬂ§'§qgeﬁh'r@3&w§d& é’eb Ah@Areq CRBPRRANAING 0| ess t han

0. 036 vas T eackigcnd)apiolateAgalic)o Biick e eadhBf] et (P el £00! ed

under. N2t o an.internal tenmperature:of 17-1.9.C. Potassiumt- butOX|de in THF
(20% i n THF; 32@)9thegea6to®m/asmm¢fotm:slatenmlttempemtmrae)f 2he30°Chend adtrd t o

the reaction u ates t the intern te erat re of the
reaction was k@%ﬁ 'Bgz‘ﬁ Q\ﬂ’EtQE chr&){elég Pergd gggé@ﬁﬁ ﬁt oxi de was
conpl ete, the ﬁ\%ﬂﬁé|h[h$ tH@%téFrial féi‘ﬁbé%étu?é‘at 26-35‘@K|ntdh'§%treﬁﬁéﬂv§ th% | ess than
20C for 30 m nutes he tenperature was then raised to 25C, and the

reaction was tactioris cmduatedla;eﬂ@f’ Candovater istadded wikimd miautess Theen r ai sed
to 30C and ta]lﬁckeeraq%tehgﬁl r¥‘@l?ce§tthé aﬁ\%uh%f |ﬁ'ttpuhf§iatﬁ5t f%?m?o%} ﬁr?ue).TFﬁe reaction

was t hen
reflux condenser was then replaced with a distillation apparatus and solvent

was removed by distillation (vacuum or atmospheric) using heat as required.
After 1500 mL of solvent had been removed, distillation was discontinued and
the reaction was purged with N2. Water (1660 mL) was then added to the
reaction flask while maintaining the internal temperature at 20-30°C. The

.. reaction mixture-was then stirred at 20-30°C for 30 minutes before cooling it to
an intemal temperature of 5-10°C and then stirring for 1 hour. The resulting
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% yield) of 4-
amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-1H-
quinolin-2-one as a yellow pbwder.

Procedure G

= ﬁ)ir

'[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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nmoni tored for conpletion using HPLC to check for consunption of the starting
materials (typically in 2-3 hours, both starting materials were consuned
(less than 0.5% by area % HPLC)). If the reaction was not conplete after 2
hours, another 0.05 equival ents of potassiumt-butoxi de was added at a
time, and the process was conpleted until HPLC showed that the reaction was
conplete. After the reaction was conplete, 650 nL of water was added to the
stirred reaction mxture. The reaction was then warned to an internal
tenperature of 50C and the THF was distilled away (about 3 L by volune) 61
under reduced pressure fromthe reaction m xture. Water (2.6 L) was then
added dropwi se to the reaction m xture using an addition funnel. The m xture
was then cooled to roomtenperature and stirred for at least 1 hour. The

m xture was t haf1miol) weesicharged inte af4-neck 12 b ieskaeatad ohanheating manter (1. 2

L th 70% % ht

yZaI | vam solid ﬁi@ﬁt& ‘ggﬁa%ﬁl"éeﬁr Wg %‘A‘;&?Hﬁ%&%&”'% aﬁd\%fgﬁgﬁt@égﬂ at 50C
until a constprabewdhghtastioh vassel wasip edwluhrrgz @nd touéhs (AY)L) efast he desired
,A_I ?“T, zgl-i ﬁ le Yeharg 3@&&*& c%rr{i))ft@ |Byva¥ sirda RS Wa it adtaiwas 1 71

4- Ami no- 5f | uor@ga?.-[; gﬁ #\m{ N%bn&'nl%ﬁt%ﬁieﬂ ubrdét No 1 ThHe ifte Rl f@rﬁﬁéaturaovl -1

H qui nol i n- 2- one A 3000 nL 4-neck flask equi pped with condenser,
t enper at ur e pribbamixture \A@asralsademtll atemparatue 0£63°Gs (/1 3%€3) wmam@l\@@d in c-

h [ I h fI sk he h d h.4- I 6- (4-
ret byl ol ner TR gra s anid S MkEaS e e R LT bo
0.26 ol ), a”ﬂhié‘&pﬁr@hh?é‘t%l?@6P_'df’?&uéﬁ@ﬂﬁ@@%‘ﬂlléd‘fr@ﬁ%étﬂﬁél@thérlooo m) and

stirred. In some cases an 1 solvent ratio 1s used he suspensi on was then
heated to a gemdueed pfdssure (380pidr ¥ tore digtilliagdead 1630 ¢H- H°O)(Karh over a

aﬁir : gd of aboult-'ls%heroaunralys?;hv%aé %‘3&5 {oo&evgﬁhé Qv% erscto'n ern??n {h%rmié)ldr’drg.S ifthe utes

water content was greater than 0.03%, then another 2.6 L of toluene was
added and distillation was repeated. This process was repeated until a water
content of less than 0.03% was achieved). After a water Content of less than
0.03% was reached, heating was discontinued, and the reaction was cooled

_.under N to an internal temperature of 17-19°C. Potassium t-butoxide in THF
(20% in THF; 3.39 kg, 6.04 moles potassium t-butoxide) was then added to
the reaction under Nz at a rate such that the internal temperature of the
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%i 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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refluxed. At this point, the heat was renoved fromthe flask and the
suspension was allowed to cool to a tenperature of 25-30C. The suspension
was then filtered, and the filter pad was washed with water (2 x 500 ni).
The vyellow solid was then placed in a drying tray and dried in a vacuum
oven at 50C until a constant wei ght was obtained (typically 16 hours) to
obtain 97.2 g (96.2% of the purified product as a yell ow powder. 62
Exanpl e 6 Preparation of Lactic Acid salt of 4-Am no-5fl uoro-3-[644-nethyl -
pi perazin-1-yl)-1 H benzi m dazol -2-yl]-1Hquinolin-2-one F NHp f1- H/ N O
H D L-Lactic Acid EtOH, HHONHz N\ / / V' 1 - O OH L -1 L -J [0169] A
3000 nL 4-necked jacketed flask was fitted with a condenser, a tenperature
probe, a N2 gas inlet, and a nechanical stirrer. The reaction vessel was
purged with Nurder redudesbmesdiiefionuthesreactibrt inédureh Weted (261 was then

5-fl - 3 1-yl)-1 H imd - 2-) -1 H
Ui nol i n- 2- onePJaesarpniEe3 the PodtTal Ty thiha s RRER inad: by ikhie 5 o
1.72 ol of nwa@mrré&ﬁedfberobﬁﬂeﬂnuéwu@éﬁ&éﬁ\%aforwe%td%ar mMhe and
et hanol (1211 niL repar ed then charged to the reaction fl ask.

Stirring was Wﬂtlﬂﬁeaftl%&j féterﬁsbuaumtln%ﬂl&er cake Wasavashegtwithwakes (hddded to an
|nternal  tenmpgrabHEeRbn8f 20, ahl Hiths3 BHanbFIPE LR ¥hE bAGhtyRfiokeact | on

was
solid was placed in a drying tray and dried in a vacuum oven at 50°C until a

constant weight was obtained providing 674 g (85.4%) of the desired 4-amino-
5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-1H-quinolin-2-
one.

Example 5
Purification of 4-Amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yl)-1H-
benzimidazol-2-yl]-1H-quinolin-2-one
[0168] A 3000 mL 4-neck flask equipped with a condenser,
.temperafure.probe, N2 gas inlet, and mechanical stirrer was placed in a
heating mantle. The flask was then charged with 4-amino-5-fluoro-3-[6-(4-
methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-1H-quinolin-2-one (101.0 g, 0.26
mol), and the yellow solid was suspended 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.

62



mai nt ai ned at 68-72C for 15-45 m nutes and then heating was di sconti nued.
The resulting mxture was filtered through a 10-20 mcron frit collecting
the filtrate in a 12 L flask. The 12 L flask was equi pped with an internal
tenperature probe, a reflux condenser, an addition funnel, a gas inlet an
outlet, and an overhead stirrer. The filtrate was then stirred at a nedi um
rate and heated to reflux (internal tenperature of about 78C). Wile

mai ntai ning 63 a gentle reflux, ethanol (3,596 m-) was charged to the flask
over a period of about 20 m nutes. The reaction flask was then cooled to an
internal tenperature ranging from about 64-70C within 15-25 m nutes and
this tenperature was nmaintained for a period of about 30 m nutes. The
reactor was inspected for crystals. If no crystals were present, then
crystals of the lactic acid salt of

4-am no-5-fl uoro-3-[6-(4-net hyl -pi per 3aiampled ) -1 H benzi m dazol -2-yl]-1
H-qui nolin-2-one (484 ng, 0.1 nole % "were added to the flask, and the
reacti on was Stieparatien obLkacticAcid salh of#rAimino-bdtuare-Lilfil4mmethdpect i ng t he
flask for cryst: - ONCA) | S e LS A inSlih 9. was reduced to a
|l ow rate and t @E?aezé@ﬁ&?%@é@@ﬁ%@?%&lgjﬂ%%n?gb iagngddi tional 90

m nutes. The reaction was then cooled to abg 0C gver\a period of about 2
hours, and the resulting m xturef was\til thera vl gh 2725-50 nicron
fritted filter. The reactor was jashed wlt h gtfanol 84 m-) and stirred
until the internal terrperatur t PC. The cold ethanol was used to
wash the filter cake,-and-thi§ W e-was-repeated 2 nore-tinmes. The
collected solid was dried to a onsfantowei ght at 50C under vacuumin a
vacuum oven yielding 510.7 g (85.7%, of the crystalline yellow lactic acid
salt of 4-am no-5- fluoro-3-[6-(4- rretﬁhu;{LLLacmiAmer azin-1-yl)-1

H benzi m dazol - 2-yl ] -1 H qui nol i n- 2- gné* A rubber dam or inert conditions
were typically used during the filtration process. Wile the dry solid did
not appear to be very_ hygroscopic, the wet filter_cake tends,to pick up
wat er and becone sticky. Precautions mefe t?k&f\ to| pvoi d prollonged exposure
of the wet filter caketq:thewj;ttrr[pJ N

— 0]

| !
N W/L

OH

=2

0

L. -l -

[0169] A 3000 mL 4-necked jacketed flask was fitted with a condenser,
a temperature probe, a N, gas inlet, and a mechanical stirrer. The reaction

vessel was purged with N for at least 15 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 funhel, a gas inlet an
outlet, and an overhead stirrer. The filtrate was then stirred at a medium rate

and heated to reflux (intemal temperature of about 78°C). While maintaining

63



[0170] Commercial lactic acid generally contains about 8-12% ww water, and
contains dinmers and triners in addition to the nononeric lactic acid. The
nole ratio of lactic acid dimer to nononmer is generally about 1.0:4.7.
Commercial grade lactic acid nay be used in the process described in the
precedi ng paragraph as the nonolactate salt preferentially precipitates
fromthe reaction mxture. 64 ldentification of Metabolites [0171] Two

nmet abolites of 4-am no-5-fluoro-3-[6-(4-nethyl-piperazin-1-

yl)-1H benzi m dazol - 2-yl ] - 1H qui nol i n- 2- one (Conpound 1) have been

i dentified and characterized in pooled rat plasma froma 2 week toxicol ogy
study as described in the references incorporated herein. The two lIdentified
net abolites were the piperazi ne N-oxide conpound (Conmpound 2) and the N
denet hyl at ed cageatletflgGoethanol 3,596 shigwadeharged to the flaek ovenipenpdoK \ -/ N-"

CN:o?p oﬁwdg T ?é?o% 58 n%nll.:ltelgl!_lzl'hlg r'c\alélét/iol}lﬂlas'kI \All_és tlﬁerl}I cg)olela| tg%ﬁﬁﬁfé%’al?’ | &50s of
temperature ranging from about 64-70°C within 15-25 minutes and this
temperature was maintained for a period of about 30 minutes. The reactor
was inspected for crystals. If no crystals were present, then crystals of the
lactic acid salt of 4-amino-5-fluoro-3-[6-(4-methyl-piperazin-1-yi)-1H-
benzimidazol-2-yl}-1H-quinolin-2-one (484 mg, 0.1 mole %) were added to the
flask, and the reaction was stirred at 64-70°C for 30 minutes before again
inspecting the flask for crystals. Once crystals were present, stirring was
reduced to a low rate and the reaction was stirred at 64-70°C for an additional
90 minutes. The reaction was then cooled to about 0°C over a period of
about 2 hours, and the resulting mixture was filtered through a 25-560 micron
fritted filter. The reactor was washed with ethanol (484 mL) and stirred until
the internal temperature was about 0°C. The cold ethanol was used to wash
the filter. cake,-and-this procedure-was-repeated 2 more times.- The 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)-1 H-benzimidazol-2-yl]-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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[0172] The kinase activity of a nunber of protein tyrosine kinases was
nmeasured using the procedures set forth bel ow for Conpounds 1-3 to provide
the 1 C50 val ues shown in the following Table. 65 Table. |C$0s of Conpounds
1-3 1C50 (NM Conpound VEGFR fit VEGFR fl kl bFGFR PDGFR FIt3 c-ki't  Conpound
1 0.010 0.013 0.008 0.027 0.0001 0.0015 Compound 2 0.004 0.009 0.005 0.010
0. 0004 0.0002 Compound 3 0.019 0.012 0.019 0.037 0.0001 0.0002 Synthesis of
4- Am no- 5-f | uor o- 3-[ 6- (4- net hyl - 4- oxi dopi perazin-1-yl)-1 H

benzi m dazol - 2-yl ] qui nol i n-2(1H) - one (Conmpound 2) and 4- Am no- 5-

fl uoro-3-(6-piperazin-1-yl-I H benzimdazol-2-yl)quinolin-2(1 H)-one
(Compound 3) [0173] To confirmthe structures of the identified netabolites
of Conmpound 1, the metabolites were indePendently synthesized. [0174]

Conmpound 2, thgehtificatibh 6EMeBJlites of Conmpound 1, was synthesized as shown
in the schenme bel ow. Conpound 1 was heated in a mxture of ethanol,

di met hyl acet anpgiprjand hygioqeefabBres vf d%mlhmnﬂud?@mﬁmﬁtraathgr-pufoa@zrneﬁct i on,
Compound 2 was |soI ated by filtration and washed et hano | f

necessary, the )p‘rhb@eazmu@aﬂwmé] thhauinstinZoeng (GampgundotJiave heenonat ogr aphy.
FFE N2 - NG RS2 chatactéided i pUB'leﬁl it plgérgz?\' frafVe Pk Bx{co%gy

study as described in the references incorporated herein. The two identified
metabolites were the piperazine N-oxide compound (Compound 2) and the N-
demethylated compound (Compound 3) shown below.

N N/O
F NH I\II L)
X N
H
N~ "0
H
Compound 2
N NH
F NH, I\‘I \ )
X N
N~ ~O
H
Compound 3
IC5ps 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 [Csq values shown in the following Table.
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1 2 [0175] Conpound 3, the N-desnethyl netabolite of Conpound 1, was

synt hesi zed as shown in the schene bel ow. 5-Chloro-2-nitroaniline was
treated with piperazine to yield 4 which was subsequently protected with a
66 butyl oxycarbonyl (‘Boc) group to yield 5. Reduction of the nitro group
foll omed by condensation with 3-ethoxy-3-im nopropionic acid ethyl ester
gave 6. Condensation of 6 with 6-fluoroanthranilonitrile using potassium
hexanet hyl di si |l azi de as the base yielded 7. Crude 7 was treated with
aqueous HCI to yield the desired netabolite as a yellow brown solid after
purification. !'"-1 p2N ~ D2N 02N HNINH / (BOC)aOj H2N CI H2N N~ H2N N~
ONHONBOCc 45 FOCN 1. H2, PAIC NNH2 EtONHI ~ N 2. ONHHC 0 Boc
KHWDS EtOCEt 6 FF NH2 NH2 gHNNHC \ / \ NOHN- HN/ N O NH

Table. 1Css of Compounds 1-3

ICs0 (M)

Compound | VEGFRflt | VEGFRflkt | bFGFR | PDGFR | FIit3 c-kit
Compound 1 0.010 0.013 0.008 0.027 | 0.0001 | 0.0015
Compound 2 0.004 0.009 0.005 0.010 | 0.0004 | 0.0002
Compound 3 0.019 0.012 0.019 0.037 | 0.0001 | 0.0002

Synthesis of 4-Amino-5-fluoro-3-[6-(4-methyl-4-oxidopiperazin-1-yl)-1H-
benzimidazol-2-yl]quinolin-2(1H)-one (Compound 2) and 4-Amino-5-
fluoro-3~(6-piperazin-1-yl-1 H-benZImldazoi-Z-yl)qumolm-2(1 H)-one
(Compound 3)

[0173] To confirm the structures of the identified metabolites of
Compound 1, the metabolites were independently synthesized.

[0174] Compound 2, the N-oxide metabolite of Compound 1, was
synthesized as shown in the scheme below. Compound 1 was heated in a
mixture of ethanol, dimethylacetamide and hydrogen peroxide. Upon '
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.

I alse!
N N
HN N N EtOH, DMA N N/\

o) K/N\ ' o] N+,
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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O LNH 7 3 Assay Procedures Serine/ Threonine Kinases [0176] The ki nase
activity of various protein serine/threonine ki nases was neasured by
provi ding ATP and a suitabl e peptide or protein containing a serine or

t hreoni ne am no acid residue for phosphorylation, and assaying for the
transfer of phosphate noiety to the serine or threonine residue. The
synthesis and assay activity of a |arge nunber of conmpounds of formula I,
1, and Ill is disclosed in the follow ng references which are all hereby
i ncorporated 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
Pat ent - Application 67 No. 2004/0092535; U. S. Patent Application No.

10/ 983,174, filed Novenber 5, 2004; and published U. S. Patent Application

No. 2004/ 0220 ' t

GSic 5, R 2, HpEERREY G Rl B iy SOREIGHOL BE S BRERTBERAE 00
cell's using abyMdématmsulﬂx%&m&mmxwepnﬁlcraﬂld ethybestengavedbiri fi ed vi a
d ti bod t d t by Met al
"on Chr omat oitsRySgHas on wh pelugreeR oy A geg PRRs Rt o) clez ( GoT

f usi on Constr%kém@frmdiyi@ztdé&mr@swmrseﬁ%é M@fs%réaté@mhcel I's using a
Bacul ovi rus expressi on system Reconbi'nant, active k2/cyclin Ais

avai | abl e comagredas Hil mwﬂelﬂdbepi@swemwﬁawltﬁmpye&w/bmm gelishaftesgy. The
purified Cdc2 9@'21%(6!{% used in the assay was commercially available, and it
may be ‘purchase ™ New Engl and Bi o Labs. For each assay, test conpounds
were serially dil uted i n DIVISO and then m xed with the appropriate kinase

reaction buff@t;Np us N(p.f 3FEN -1 abel ed ATP. The _kihase protein
and the appr oprl b| ot| n ted pe m: strat 8% e, add '@ tN%gi ve a
re i

final volunme ofN L. Reactions ted for 3-4 HN

NBoc
5

F

CN
1. Hy, Pd/C D\
Et0{< N NH,

O NHHCI
2, L_NBoc KHMDS
EtOMOEt 6
F F
NHj
N
\ 'DL 1L
N —_—
H HN N N
) K/NBoc o " /\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, II,
and Ill is disclosed in the following referénces 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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hours at roomtenperature and then stopped by transferring to a
streptavidin- coated white mcrotiter plate (Therno Labsystens) containing
100 pL of stop reaction buffer, The stop reaction buffer consists of 50 niM
unl abel ed ATP and 30 nmVEDTA. After 1 hour of i ncubation, streptavidin

pl ates were washed with PBS, and 200 L Mcroscint 20 scintillation fluid
was added per well. The plates were sealed and counted using TopCount. The
concentration of each conpound for 50% inhibition (1C50) was cal cul ated

enpl oyi ng non-linear regression using XL Fit data analysis software. [0177]
The reaction buffer contained 30 MM Tris-HCI2 pH 7.5, 10 "M MWC Z, 2 nM
DTT, 4 nM EDTA, 25 nM bet a-gl ycerophosphate, 5 mM M\hCd 2, 0.01% BSA/PBS, 0.5
gM pepti de substrate, and | M unI abel ed ATP. GSK-3 enzyne was used at 27

P Che ke 5 DL 2088/Bp8esds: lbaPaieht Rbeicanpn Non 1083 174: Hied “? overiber 5, ™

SGSGKRRE LSRRPQO& Yd?\fd%'t?oli%ﬁ&@d@ %nﬂ/&ol%ﬁomﬂsdzo 022@1&3 assay, a
bi ot i n Cdc25c ptide (Biotin-][ G YRSPSMPENLNRP (SEQ I D NO

5)) was used. ombh@nu:tmelaaaomamnwt@ liRase,/domainp o 5 -3{: BS ré pepti de
| cBi ot I n GGanP Rsk?2
gi[ssay a b} otin: @%@%Z@E%&@%%m%%ﬁ%@qﬁgﬁﬁﬁs E%}ﬁg,a M PKC
|K Inh| bi tO{ Ogsg} Bdﬁulo&iﬂ@b expredsibisystem (llri\lltw%%rﬁmddctmriﬁedenaJGﬂdantlb'ﬁxdyoii ne
nases e cti nunbe tejn tyrosine kinases
was measur ed erﬁPﬁ Pﬁg?%?ﬁ’}locﬂ%‘a ‘gﬁ bgé@?’@h@ Nor protein _
containing a CheRbRrasHy Fordtisd(SEY 'Ilﬂ‘l’lﬂ)fﬂrtagﬁﬁ&ﬁéﬂ?%'trﬁb@' edc2 ggCTassaY' ng

for the transfer of phosphate noiety to the tyrosine residue. onbi nant

proteins corr &mmm@rup angdecyeljn Bm/%rgrmcemedsn &9 insectuells USNGEGERI ) |
VEGFR2, VEGF d
-in Sf9 i nsec!t?% ggﬁqog"ﬁssF%@ggﬁ%ﬁ@ﬁpg@g%ﬁ Z‘@a{%&@?%@g? r ggELSESZﬁd

available commercially and was purchased from Upstate Biotechnology. The

purified Cdc2 enzyme used in the assay was commercially available, and it
may be purchased from New England Bio Labs. For each assay, test
compounds were serially diluted in DMSO and then mixed with the
appropriate kinase reaction buffer plus 5-10 nM of P gamma-labeled ATP.
The kinase protein and the appropriate biotinylated peptide substrate were
added to give a final volume of 150 pL. 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. 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 (1Csp) 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 MnCi,
0.01% BSA/PBS, 0.5 uM peptide substrate, and 1 uM 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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may be purified via Au antibody interaction (for G u-epitope tagged
constructs) or by Metal [on Chromatography (for Hiss (SEQID NO 1) tagged
constructs). For each assay, test conpounds were serially diluted in DMBO
and then m xed with an appropriate kinase reaction buffer plus ATP. Kinase
protein and an appropriate biotinylated peptide substrate were added to give
a final volunme of 50-100 L, reactions were incubated for 1-3 hours at room
tenperature and then stopped by addition of 25-50.sL of 45 nM EDTA, 50 nM
Hepes pH 7.5. The stopped reaction mxture (75 L) was transferred to a
streptavidin-coated mcrotiter plate (Boehringer Mannhein) and incubated for
1 hour. Phosphoryl ated peptide product was neasured with the DELFI A tine-
resol ved fl uorescence system (Wall ac or PE Bi osciences), using a Europium

| abel ed anti -pmmRWEESRRWpS)WNHZREEQ v NO: 4hevadédd. crérithe GHiet t he
DELFI A assay buffer vvastsu emented with I mM MgC 2 for the anti body
"ﬂ'id&?

dilution. Ti me asgayla/kig 5@@6%@9 was read on a Wallac 1232 DELFI A 69

[l uoromet of o (@iofyXhAASH SISV RSPABENITERRAYRE Ehia RoRES MY dhton o
regressi on usi nugedl Flérthej@dez analtbestk%%sayareblqtlﬁal-‘ﬁg’qonEu-'l‘l peptideGFR2, o
VEGFR3, FGFR3, Ji.e- ' 50 He H 7.0,
2 mM MyCl2, 10 (WWQEWMEW%EE@@%%@ES% MIBYE and

0. 20-0.50 pM cq{mmag ABiotiRlpT0l puptiaé erb PRPMgDR, IURRE DRT 5 nill EDITA, $EGFR2,
VEGFR3, Tie-2, and FGFRI ki nases were added at 0.1 pg/m_ 0.05 pglnL, or

0.1 pg/ L respadd P& iphitiitor peptide, Andi2 KMrRISA inhilitor peptide wereruseshzyme wi t h

the sane buffer conditions as above was used except for changing ATP and
bi bt 1 n- o3 FODPOVRVERIKTREBE <20 1 D NG 2} pept i do. substrate. [0180]
Recomnbi nant and0#%Z8) ve t hesklmeldcnwia,esf dyumbemof grofeiratyeosine kinases was
avail abl e- Commrﬁgés%lreg by proy\& AHLH anda an apprro%ﬁ]ateppsetp?'de ol?lp%tg% cno%ltaqlg%g For
a tyrosine amino acid residue for phosphorylation, and assaying for the
transfer of phosphate moiety to the tyrosine residue. Recombinant proteins
corresponding to the cytoplasmic domains of the FLT-1 (VEGFR1), VEGFR2,
VEGFRS3, Tie-2, PDGFRa, PDGFRB, and FGFR1 receptors were expressed
in Sf9'insect calls Using a Baculovirus expression system (InVitrogen) and
may be purified via Glu antibody interaction (for Glu-epitope tagged
constructs) or by Metal fon Chromatography (for Hisg (SEQ ID NO: 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 L of 46 mM EDTA, 50
mM Hepes pH 7.5. The stopped reaction mixture (75 plL.) 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 MgCl, for the antibody
dilution. Time resolved fluorescence was read on a Wallac 1232 DELFIA
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each assay, test conpounds were serially diluted in DMSO and then m xed
with an 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 volune of 150 sL. Reactions were incubated for 3-
4 hours at roomtenperature and then stopped by transferring to a
streptavidin-coated white mcrotiter plate (Therno Labsystens) containing
100 gL of stop reaction buffer of 100 mM EDTA and 50 pM unl abel ed ATP.

After 1 hour incubation, the streptavidin plates were washed with PBS and
200 pL Mcroscint 20 scintillation fluid was added per well. The plates were
seal ed and counted using TopCount. The concentration of each conpound for
50% i nhi bition (1C50) was cal cul ated enpl oyi ng non-Ilinear regression using

XL Fit data anfomimeterairtaleE a/ictbPN Siditiple sighbheader. €Tisé comcentration of eaichl:yn,2 ,
T DTT, 2 il EBSTRPOU RS0 Grroah aiUBiad P BIoa HOGaPES, 0.5 i
of the approprj ; i | Q4 ated Src peptide substrate:

bi ot i n- mﬁ%&%&éﬁyﬁy@%@g@%% 3; (]?'or Fyn and Lek), 1 M

unl abel ed ATP, and 1 nM ki _nase. 0182‘ The ki nase activi té‘%}‘ c-Kit and
FLT-3 were neald78l by 'ﬂ:B\?iME%R@T % FseR3.dde@s apd 51G&TRi kibases ni ng a

tyrosi ne am no ' Is f I ' n ' f t he
transfer of ph‘é@%g?seary%éi"gpg r{'@ l-ti e%f@?ggggﬁvg\gg%%bfb @ggﬁ)@%gn@r\ﬂpr ot ei ns
correspondi ng NaF} henMEYTRPI @g/mic BSA) i i ATP, e 0c20<015094M cbirésSoridiept or s
wer e purchased iQ&Proqui nase). For testi ng an exerrEI ar ound, for

exanpl e 4-ani nB nylﬁte@i(ﬂqpiig?e[sgbﬁnatﬁeﬁWr MRGER2 VEG) a%ioe' , and FGFR1

H benzi m dazol 2. ' ' [ ' sﬁ*%[t m xed
with the kinas ré'%raéét%ﬁ%éqng (?fﬁ %th11 E%é@?’?{)g%\agg?%vérpﬁﬁggm%% | 'aE‘Zrn
protein (c-KitthyPBGFRRinaselagdyy, 120 phinily batyete nithtthel sameltsiffeatenditions
(bi oti n- GGLFDDPSYVNVQNL- NH2 ( SEQ . .

as above was used except for changing ATP and peptide substrate

concentrations to 1.4 uM ATP, and 0.25 pM biotin-GGLFDDPSYVNVQNL-

NHz (SEQ ID NO: 2) peptide substrate.

[0180] Recombinant and active tyrosine kinases Fyn, and Lck are
-available-commercially-and- were purchased from Upstate Biotechnology. For
each assay, test compounds were serially diluted in DMSO and then mixed
with an appropriate kinase reaction buffer plus 10 nM **P gamma-labeled
ATP. The kinase protein and the appropriate biotinylated peptide substrate
were added to give a final volume of 150 pL.. 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 uL 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 uL 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.

[0181] The kinase reaction buffer for Fyn, Lck, and c-ABL contained 50
mM Tris-HCI pH 7.5, 15 mM MgCl2, 30 mM MnCl, 2 mM DTT, 2 mM EDTA,
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NO 2)) were added to give a -final volune of 100 pL. These reactions were

I ncubated for 2 hours at roomtenperature and then stopped by addition of 50
pL of 45 nM EDTA, 50 mM HEPES, pH 7.5. The stopped reaction m xture (75 pL)
was transferred to a streptavidin-coated mcrotiter plate (Boehringer
Mannhei m) and incubated for 1 hour. Phosphoryl ated peptide product was
neasured with the DELPHI A tinme-resol ved fluorescence system (Wallac or PE
Bi osci ences), using a Europiuml abel ed anti-phosphotyrosi ne anti body, PT66,
with the nodification that the DELFI A assay buffer was supplenented wth 1
mM MyCl12 for the antibody dilution. Tine resolved fluorescence values were
determ ned on a Wall ac 1232 DELFI A fluoroneter or a PE Victor Il nmultiple
signal reader. The concentration of each conpound for 50% inhibition (1C50)
was cal cul at ed 28mpMoyetaglyvers|iphospiate e 0&%sBBA/RBS, My5 XM & the apatapriatenl ysi s

1 NGE, 2 miPeBHSS SUaT AR YEtER 1 REPIAS BORISIS PR and 1 71 b of

cor r espondi ng ;@GGGWER@E@WGVW@#&QE%E@QD(@%? for FiAPaRPRR MNINL - NH2

(SEQ I D NGO 2) The concentration o LT-3 and c-Kit kinases were assayed

at 2 nM Real - TintabelattATBnand:ha kinese.nagi ng Eval uati on of 4- Anmi no-5-fl uor o-
3-1644- et hyl pi perazin-1-0-1 H benzi m dazol -2-yllquinolin-2(1 H)-one

Effcacy 10 & Rygght v ol Sy0eL QTR DRAB TLONBA il rvel o

(MM, a B-cell *neopl asm characteri z nal” expansion o sma cells
i n the hemat op@retiding Ao andarpeptide enprotein canfaliing altgnosinel angino aicidral i gnancy

due to devel opnent, of intrinsic and acquired _  drug resistance despite
ntroduct i on offSHENS BIANGRANOHIAYAN FceRs MG e TnertzansTerial PRSSPIRIE Moiety

demonstrat ed t RgindgRSSiNSFdshivie. R sd?gdlﬁéﬁtcﬁ?ﬁi%lmscl bEndiiy 6 tHesS

preferentially home anél grow, play crucial role iIn devel opi ng resi stance
t o convent i onalcytapipsmio dlomding eithe s-Kiband FLT-3 receptors were purchase

~(Proquinase). For testing, an exemplary compound, for example 4-amino-5-
fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-yljquinolin-2(1H)-one,
was diluted in DMSO and then mixed with the kinase reaction buffer
described below plus ATP. The kinase protein (c-Kit or FLT-3) and the
biotinylated peptide substrate (biotin-GGLFDDPSYVNVQNL-NH2 (SEQ ID
NO: 2)) were added to give a‘final volume of 100 pL. These reactions were
incubated for 2 hours at room temperature and then stopped by addition of 50
uL of 45 mM EDTA, 50 mM HEPES, pH 7.5. The stopped reaction mixture
(75 L) was transferred to a streptavidin-coated microtiter plate (Boehringer
Mannheirh) 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 valués
were determined on a Wallac 1232 DELFIA fluorometer or a PE Victor Il
multiple signal reader. The concentration of each compound for 50%
inhibition (ICsq) 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 MgClz, 10 mM MnCl; and 1mg/mL BSA, 8 pM ATP and 1
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MM Therefore, nolecularly- agents targeting not only the MMcells but also
MM cel | -bone marrow m croenvironnment interaction offer a potenti al
opportunity to treat MM Recent advances in understandi ng the nol ecul ar

pat hol ogy of MM have provi ded novel therapeutic targets for treatnent of
this disease. The ectopically expressed and deregul ated FGFR-3, which occur
in approxinmately 15% MM patients resulting fromt(4;14) chronosonal

transl ocati on and confers a.particularly poor prognosis in clinic, has
beconme an attractive therapeutic target for M [0185]

4- Am no- 5-fl uor o- 3-[ 6- (4- met hyl pi perazin-1-yl)-1 H benzi m dazol -
2-yl]lquinolin-2(1 H-one (Conpound 1) is a small nol ecul e inhibitor
targeting to multiple receptor tyrosine kinases including VEG-R-2 and PDGFR
(1C50s bggnngﬂyh&ﬂ@qr}%ssig Iﬁg)i)slgtin?/%(iie(f pepﬁld% s(ulb(sjégte (%IOth 'n kinase assays).

It has

4- am no- 5- f | vOIBBEFDOPS¥IBIQNLINHIE (SEQMD NO! 2))1 THe concentration of FLT-3

benzi m dazol - 2-yl ] (]‘kll nol i n-2( 1H) - one i nh| hits FGFR-3 aut ophosphoryl ation
and cel | proli eadgrikib Kinageswere assayed@t 2MM.cel 1s in vitro (S. Trucial et
at.; 72 Blood; in press). To evaluate the antinyel oma efflcacy of

4-ani no-5-f | Uor ReakT
H benzi m dazol -Z-yTI7]
was devel oped i r@:{ﬁﬂ : v palin=2(1HHrone

I.v. injection of human 9 GFR-3 (Y373C)
stably transfected with ’ =t—¢ ' E:lescent | magi ng
(BLI') was enpl oyed to non-invasively nonitor the in vivo grow h and

met astasi s of KB4 1-| uMulidlé myelosna ﬂAMI),w Imeﬁmeoplasmtharaetehzéd by

captured by BLOGNA Ardect rsringdll § b hepshpi RO R e T Lot ed
ani mal s were f urathl henfitiegiesl ﬁ(éﬁdr%ﬁb?ﬂﬁe@é d@ﬁel@@ﬁém Giintiayic 4Ad acatiiréd were
Kk elvis resulting in frequent

ly | | d
ggi/& )c/)prrg(r:l? IofZ edmé Qﬁs;séflrlggq ﬁ&n‘%gnm&wnvﬁ@owtlowmjhﬁmqq cacy of 4-
ami no- 5- Tl uor o< gl fidetafit RHaB HREH Hehibnbidtel that Bt bFb#azo!l - 2-yl ] qui nol i n-

microenvironment, where MM cells preferentially home and grow, plays a

crucial role in developing resistance to conventional and novel therapies for

.MM. Therefore, molecularly targeted agents targeting not only the MM cells
but also MM cell-bone marrow microenvironment interaction 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 theragpeutic target for MM.

[0185] 4-Amino-5-fluoro-3-{6-(4-methylpiperazin-1-yl)-1H-benzimidazol-
2-yl]quinolin-2(1H)-one (Compound 1) is a small molecule inhibitor targeting
to multiple receptor tyrosine kinases including VEGFR-2 and PDGFR (ICsgs

- ~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-ylJquinolin-2(1H)-one inhibits FGFR-3 autophosphorylation
and cell proliferation in FGFR-3 mutant MM cells in vitro (S. Trudel ot al.;
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2(1 H-one in this Lv. injected in vivo KM5-11-1uc MM nodel was investigated
and it was found that daily oral adm nistration of 4-am no-5-fluoro-3-[6-(4-
nmet hyl pi perazin-1 -yl)-1 H benzi mi dazol -2-yl]quinolin-2(1 H)-one at 20

ng/ kg, a dose that was denonstrated to inhibit phosphorylation of ERK in
KMS-11-luc tunors in vivo, resulted in a significant inhibition of KMS-11
tunor growth, as detected by serial BLI imaging. Furthernore, the antitunor
grow h activity of 4-am no-5-fluoro-3-[6-(4-nethylpiperazin-1-yl)-1

H benzi m dazol -2-yl]Jquinolin- 2(1 H-one translated to a significant

| mprovenent in the animal survival rate conpared to vehicle treatnent.
These studies provide further preclinical basis for clinical trials of

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

benzi m dazol - 2£¥|]QUIHO|IH 2(1 WL one in_NNIFatlents and warrant further
eval uation of AIeed:ibpress) UBQ GVQ F@ﬂ‘ﬁ%[‘ﬂ? Omﬁ)ﬁflf'ﬁéﬂho #-gmjnor5-fluoro-3-

H- benzi m dazol h
convent i onal ;6%4-# H}HE@P yw'grggg{ﬁe' age tl]gﬂhl?ﬁr? ﬂﬂ%’ﬂ“l{'uc in
vivo nodel. 73 vmmpmdlm:«pa]]&dlﬂ]mmdeimrdeveropeé in whwlhen(llamrgan BMuasions! d)
mrunodefi ci ent, SCl D-  bei n_ce, Wer.e obt ned f I kson | abor at or
(Bar v bor - MEPVEIRGed ABPE G TeiE L THiSct gt ery KOS T i Gig 2apresBing” = O
filter-top cagenutaht H-“GER-@pmsd)l@éﬁly &aﬁéfectjédwﬂth a ébrhstmcpef lGiferhse.ver e

conducted in a facility accredit the Assaqciation for Assesspent and
Accreditation &lggwa w&lnqyéubaa%empmy@ﬂﬁappaﬂ%\raw mnﬁ%rctbedbnce

w th all ol delyilfsioRh GRE mdtadtabiy'or RRAS-1 AR 0fridis. ?%‘Q% ReciBiany! e¢ and

the Cuide for re and orator Ani Resear ch
Counci | ). KM5- betial compehensive nmionitbong g@vﬁl@bhmms’taulcalaswn(swm%) wer e

cultured in Iscove's +10% E +, L- gl ut am an { week in
a range of 1: 23“80%35%(5@'3 a@/ﬁ§%ﬁ"éhg (&T R{%ﬁ{l){gﬁéﬂ@%— ﬁHfﬁA“Hﬁ?{)n into
the tail vein. o@ll-ﬁ;@ctéa%urﬁélblvﬁeré%urﬂdl@ develdpIWAVesionsataS eal &€ dup 6,

irradi ated at GY (3.2 m nut eszI on the da%uIOf cell inmplantation. Animals

received daily Vtﬂ"ﬂ‘éh Wﬁf%ﬁtaﬂfﬂ)‘liocé zeghinginey skulbaadhpelyis resulting in frequent
development of paralysis in this model. The anti-myeloma efficacy of 4-

amino-5-fluoro-3-[6-(4-methylpiperazin-1-yi)-1H-benzimidazol-2-yl]quinolin-
2(1H)-one in this i.v. injected in vivo KMS-11-luc MM model was investigated
and it was found that daily oral admlnlstratlon of 4 ammo-5-ﬂuoro 3-[6- (4-
methylpiperazin-1-yl)-1H- benZImldazoI-Z-yI]qulnolm-2(1H) one at 20 mg/kg,
dose that was demonstrated to inhibit phosphorylation of ERK in KMS-11-luc
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-yl]quinolin-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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fluoro-3-[6-(4-nethyl pi perazin-1-yl}1 H benzimdazo[-2-yl]quinolin-2(1
H)-one or vehicle (n = 9 each group) starting at 48 hours after the
KOML1-luc cells were injected. Biolumnescent inmages (BLI) were obtained
using an IVIS Inmaging System (Xenogen) that included a highly sensitive,
cooled CCD canera nounted in a light-tight canera box. |mages and
nmeasurenents of biolum nescent signals, as quantified by photons/second,
were acquired at day 8 and once a week thereafter. Aninmal body wei ghts were
nonitored twice a week and clinical observations were recorded daily. In
accordance wth aninmal care regulation and guidelines, mce were sacrificed
by CO2 inhalation in the event of paralysis or major conpromse in their
quality of life. 74 Results [0187] At day 8 after KM5-11l-luc cells were

i ntravenously npitgeged into SClD-beige mce, whole body inmaging

denonstrated devel opnent of cell growth and possibly MM I esions mainly
| ocal ized I n epjrasjkel etﬁ'coh@@bf’ﬂ'@femé@'(a@bm%Wéél@oldb InviRlinddsticraplt SOMID-
Typical diffuse multiple skeletal |esions cluding skull, pelvis and spine

were clearly obeeyeigewere Rbtakgbirom,Ther aek&@ |lagpraten(Ban HasloraMEYaRd day 48
as seen in thew@['é ho ISR aokaaH{:I Ce@ﬁi}y]m s‘f@ll&ﬁlteﬁ”l@é cﬁgégghtﬁq%d’l‘frt h hind linb

paralysis, resulting in sacri mce rotocol. [0188] The
antinyel oma ef fightiayk oyclds.afll erpérihénts were cprduoled imed facilty aecredited by y1 ) - 1

H- b dazol i n-2(1 { this i
Vi v, model - v 16 ASalatin e Astesetientang SogeaiEar el AR BAUERL0aR) my kg

at 48 hours af lrﬂérnbﬂ@né‘f“ﬂﬁdlﬂ’abb@rdﬁﬁéé Wlt%ﬂﬁuldéhﬁé‘é 8tkthe l&ﬂﬂiﬂcﬁﬁﬂ-\ﬁin’{aﬂ and
serial nonitoring of photon counts in each ani mal was (ﬂer ormed on a weekly

base schedul e. CarepgeseGammittageanditbeSyide faheduare andiUse of Laboratory
3I ?(rqnupgoisl Ll g?r alL gNéé)r eag%gg*rcgﬁﬁ&ﬁcm g]g%%fflrug{hg@r@g%gf@gfng? (%/%% cle
treat ment as sBommtants (YBEBREW2re dlituwedvirsiseows's Medizs€10%FBEY +degiptaninen of
and passed twice/week in a range of 1:2 to 1:4. Cells were implanted by
intravenous injection into the tail vein.at 10 x10° cells per 100 pL HBSS per
mouse. Mice were irradiated at 3 GY (3.2 minutes) on the day of cell
implantation. Animals received daily oral treatment of 20 mg/kg 4-amino-5-
fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazal-2-yllquinolin-2(1H)-one
or vehicle (n = 9 each group) starting at 48 hours after the KOM11-luc cells
were injected. Bioluminescent images (BLI) were obtained using an IVIS
Imaging System (Xenogen) that included a highly 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 CO; inhalation
in the event of paralysis or major compromise in their quality of life.
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t he whol e body BLI inmages taken of mce injected with KM5-11-1| uctreated
with vehicle and those treated with

4- am no- 5-fl uor o- 3-[ 6- (4- met hyl pi perazin- 1-yi)-1

H benzi m dazol -2-yl]quinolin-2(1 H)-one as shown in FIGURE 3. [0189]
Reducti on of photon count in mce treated with 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
treated was well reflected by a significant increase in the survival tine
conpared to mce treated with vehicle. At day 91, 5 out of 9 animals in
those mce treated wth 4-am no-5-fluoro-3-[6-(4-nethyl piperazin-1-yl)-1
H benzi m dazol -2- yl]quinolin-2(1 H-one remained alive with overall healthy
conditions. In contrast, nost aninmals in the vehicle-treated group were
sacrificed aroqRQ%P| y 50. Furthernore, mce treated with

4- am no- 5-fl uoro- 6-(4 75 net hyl pi perazin-1-yl)-1

H benzi ni dazol ;ﬁg?*}iq“' Qi y?a(%néﬂ)xmeem-mebsﬂsa{gse ihﬂé§en&ds§ﬁhf§%f€d @l | for

the long perio his stu ecause of the obvious | nprovenment 1n the
survival tine o8CH-beigermiaeswholetbody-imaping-demanstrateddgvelqpment of cell

was 1 Br b nat it and oBsRER AiFIEAR08 idiniy ltHiskel bt e Rt ous ' Y
studi es with renpi@dingtiondsilivasand eiieentrryﬂcalrmmseemaltnple $I(életbi lesions of FGFR3,
and treatment of canpcers including multip %el oma

w t
4- ani no- 5- f | uoripelyding-ghyl nﬂqlw§|ag¢§@pr§zwe,re|c] gbserved in the maijority of mice

H benzi m dazol S.
Pat ent Appl i catfgt tyétko&h gggﬁ? Oagé(%aél? § %ﬁe%‘fiﬁ tﬁgtaBtLiemt"é%oé (FYI @QHRO%H]’%’SN%
10/ 983, 174, U. Svapassoviatedwyithi hind limb peealysie,oesafing irosacrifing oUmie Pat ent  No.

6, 605, 617. Theregfor each of these references is hereby incorporated by
reference in it& C@ﬁ‘ﬁpgé(??%q%% for all purposes as if fully set forth
herein. Activity of 4-am no-5-fluoro-3-f6-(4-nethyl pi perazln-1-4-1 H

benzi m dazol - 2-f01MBLI nol iThedritihyeioraa eficapy ofd-ah)ino3-floqpes3HBedt al  Tunor

2 Ao 5. £ | or BEGVRDYRZRET Y Bermidazal-2 v auineloeRitHiang ups tested in
KMS-11-luc in this in vivo model. Mice started to receive daily oral treatment
of 58 at 20 mg/kg at 48 hours after the KMS-11-luc cells were injected.
Comprehensive and serial monitoring of photon counts in each animal was
perfefrhed ona\ weekly base schedule. A SIgnlf cant lower mean photon count
in 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-
yllquinolin-2(1H)-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-y1)-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-yl]quinolin-2(1H)-one treated
was well reflected by a significant increase in the survival time compared to
mice treated with vehicle. Atday 91, 5 out of 9 animals in those mice treated
with 4-amino-5-fluoro-3-[6-(4-methylpiperazin-1-yl)~1H-benzimidazol-2-
yilquinolin-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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2-yl]lquinolin-2(1 H-one (Conpound 1) is a novel, orally active,
multitargeted small nolecule, that exhibits potent activity against FLT3

kinase and Class IIl, 1V, and V RTKs involved in endothelial and tunor cell
proliferation. Gven the relevance of FLT3 nutations in acute nyel ogenous
| eukem a (AM.), Conpound 1 was tested on two human | eukem c cell lines with

differing FLT3 nutational status (MW4;11 FLT3 ITD vs. RS4; 11 FLT3 W).
Antiproliferative activity of Conpound 1 against W4;1 | was -24-fold
greater conpared to RS4;11, indicating nore potent inhibition of
constitutively activated FLT3 Dose- dependent nodul ation of receptor
phosphoryl ati on and downstream signaling (STAT5 and ERK/ MAPK) in M4;11

cells with Conmpound | confirmed nol ecul ar nechani sm of action. Target
modul ation of [t CgplpéﬁaihERkSII THWéhiiknid atoMZOyRuIREn 2¢ HRYRS, tlerdte@tingi cal |y
active doses of ound urmr regressi ons and eradication of AML cells

fromthe bone trre@itmewwhéprml@na@m of issfudy, BeprusePidbaobYRUSBM
engraf t ment pqueﬁ]gﬁ?ﬂpﬁbaéuﬁwgmﬁ#éof H@Eeaﬁ@&ﬂﬁﬂieaﬁnﬁﬁ il zed
I stochem Ca

by decreased ce ar proliferation an osit1ve I nmuno
staining for anethylplpemmdwlmId#u:hnzinedamj-ZFWaBmQ#ngljeH) ong, thelstudyewtsh was

medi ated vi a I,S., ., Th dat a,.s ort the clinical evaluation of
Conpound | in ié)ﬁ_ Inateg it dEV%ﬁ?”[BerE‘ia eonsirer D$1 (FLT3 I TD) and RS4: 11
(FLT3 W) leukemc cells were obtained from Anerican Tissue Culture

Col I ection (Roqayed] e, Mihriodd sRiblies\Mth rbbp6e6t!tb kinaEéntbielvn in derleiglpves
nodi fi ed Dul becco nedi u pl emented with 10 % fetal bovine serum

(FBS, G bco Li fl@hlbmeeﬁﬁEﬁE&%@nd@e?memtﬁ@agcermcl%ng m%ﬁmlgrweiﬁwa with

L-glutam ne, 5 -
(G%/# CSF, R&D sﬁ?‘@ﬂi -5$ nnez%yl S, 5{\% Q%%E‘ ﬁg))ggﬁ,b%ﬁ \%Hn é@g%l?{orrym n.
RS4; 11 wer e gr &fhH)-ane RR\setf6rl impuablished bt S Fﬂategt Applivats) NDm\/I sodi um
pyruvate and 1048%'4/%551?5,(%% l?l.'SAf)PateCrﬁlApsplica jon NO. %’3)9@:? 1?&'%3‘38“15-"39er}1tcm tures

and nai nt ai ned
Application No. 2004/0220196, and U.S. Patent No. 6,605,617. Therefore,
each of these references is hereby incorporated by reference in its entirety

and for all purposes as if fully set forth herein.

_ Activity of 4-amino-5-fluoro-3-[6-{4-methylpiperazin-1-y)-1H-

benzimidazol-2-yllquinolin-2(1H)-one (Compound 1) in Experimental
Tumor Xenograft Models 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 I,
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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a hum dified atnosphere at 37C and 5% CO2. Ki nase Assays [0193] In vitro
FLT3 ki nase assays were run with 2 nM FLT3 enzyne (Upstate Bi otechnol ogy,
Charlottesville, VA in the presence of 8 pM ATP and serial dilutions of
Compound 1. Phosphoryl ated peptide substrate at a final concentration of 1
pM was incubated with a Europiuml abel ed anti phosphotyrosi ne anti body
(PT66) (Perkin Elnmer Life Sciences, Boston, MA). The Europi um was detected
using time resolved fluorescence. The I C50 was cal cul ated usi ng nonli near
regression. 77 Proliferation Assays [0194] Cells were plated in 96-well
mcrotiter plates (10,000 cells/well) and serial dilutions of Conmpound 1
were added. RS4;11 cells were stinmulated with FLT3 ligand (100 ng/m, R&D
Systens, M nneapolis, M\). At the end of the incubation period (72 h at

37C), cell viapig WM‘O@,SH%frgrgh@@%chi%Ve& B?p?@g%‘ﬂf%ﬁﬁ&&&&é&%% Madi son,

W). EC50 val ues were cal cu usi ng non egression, and defined as
t he concent r atGampowredtdTémor eegréssionseahdcenadication abAbLocells droof therleseed vs.

untreated control c . noprecipitati on and r Bl Anal ysi s
01051 For i nAtTens (b ern BRRORERAY B e iPhedhs AMS T cobiindlr exted wich
Conpound | f ofekefid kEno ;n_iodelgerlhrﬁowsﬁoﬁéésrwé@tmrwéﬁzeﬂﬂﬁ ligand (100
ng/ m.) for 15 mnutes after incubation with Conpound 1. After incubation

with drug, celdesregsed crlivlaeprobgrationsansbipagitive inmeunahiso¢iemigalstainipgder wi t h

RI PA buffer (1% Nopi F 9 ' ; 9 ;

dodecyl! sui phaéla éé{ "l@%%ﬁ&%ﬁ%ggaﬁﬁ E 2‘?35ggggﬁhéﬁrb%hﬁi?g%‘gﬁ%ﬁeé@%g@

pr ot ease i nhi l@Epbptosis; Ritedse detd suppart thBi dlinicahevadliationl of Gampquoid sin AML.. and
phosphat ase inhibitors (Sigm, St. Louis, M). For in vivo target nodul ation
anal yses, res%c%txf'crii te%rmrs were flash frozen, pulverized and stored at -70C
prior to lysis %50 nM NaCl, 1.5 nM MyCl2, 50 nM Hepes, pH 7.5, 10%

[0192] Human MV4;11 (FLT3 ITD) and RS4;11 (FLT3 WT) leukemic
cells were obtained from American Tissue Culture Collection (Rockville, MD)
24-26. MV4;11 cells were grown in Iscoves modified Dulbecco medium
(IMBM) supplemented with 10 % fetal bovine serum (FBS, Gibco Life
Technologies, Gaithersburg, MD) containing 4 mM L-glutamine, 5 ng/ml
granulocytemacrophage colony stimulating factor (GM-CSF, R&D Systems,
‘Minneapolis, MN) and 1% Penicillin and Streptomycin. RS4;11 were grown in
RPMI-1640 media containing 10 %FBS, 1mM sodium pyruvate and 10mM
HEPES (pH 7.4). Cells were grown as suspensiOn cultures and maintained in

a humidified atmosphere at 37°C and 5% CO..

Kinase Assays

[0193] In vitro FLT3 kinase assays were run with 2 nM FLT3 enzyme
(Upstate Biotechnology, Charlottesville, VA) in the presence of 8 uM 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 IC5 was
calculated using nonlinear regression.
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glycerol, 1.0% Triton X-100, 1 nmM EGTA, 50 mM NaF, 1 nM Na3VO&4, 2 nM

Pef abl oc (Roche), and conpl ete protease inhibitor cocktail (Roche). Protein
content of the |ysates was determ ned using the BCA assay (Bio-Rad,

Hercul es, CA). Western blot analysis for pERK was perfornmed with a nouse
anti body to pERK (1:1000, Cell Signaling, Beverly, MA) and incubated at 4C
overnight. Total ERK | evel was eval uated by re-probing with anti body agai nst
total ERK (Cell Signaling). The nenbranes were then incubated for 1 hour at
RT with 1:5000 horseradi sh peroxi dase-conjugated anti-rabbit 1gG (Jackson

| mmunor esearch, West Grove, PA). For immunoprecipitation to detect FLTS3,
equal ampunts of proteins (500 pg for STAT5; 1000 pg for FLT3) were 78

i ncubated with anti bodi es agai nst either human FLT3 or STAT5 (Santa Cruz

Bi ot echnol ogy, ppalittafibHZA: overnight at 4C and with protein A- agarose
for 2 hours at 4C. FLT3 or STAT5 phosphoryl ati on was neasured by probing

with an anti- pijgsgot yr OBewasd b @%Mn(g@%én ﬁFdet?tea platd0 0, Goc¢IsRYel)

Si gnaling, and anti’- pSTATS ant from Upst at e) rot el ns were det ect ed
usi ng enhanced aEIHEﬂWIBUdHU’GIQQSQﬁGQIT(DEmld 1Aaveresidded BRS4:1 baelisswere

Bucki nghanshi r f
Scanni gg densi t%gﬁﬁgga&ﬁ% %@nl%flﬁaﬁgg ¢6ﬁ§/"§h gpyé%%?%?llg ”I“%SF@ 5sw\i)Téa(pverl fy
equal ::E%i ?% thé et(n:? o‘f\ﬂfgelnemhsagi@nlepénadq?z h-ab BBRE) cell Wabgtwabsadetesmm)del t her
anti - ant a i ot echnol o i osci ences) to
measure total rhyL'?% '\)!)%S ;5?'@?83 H?/'aﬁ?'ﬁg'ﬂrg& ) ggﬁfy"a' WSFﬁ)EﬁC]?‘ﬁ edpFLT3,

ERK STAT e@?é% I @%{? RidoPal I
gnd g(r) gr ed '?J SW@Z’F]‘?}@PEE" ollr untsﬁde}tlalagg%%gﬁﬁ %?t rﬁbn§gﬁrﬁ%§é| C Afs]gas\s/e >

[ 0196] M/4 11 EO% gedustion in absarblandet of tieatgrbvs dintrefited ®rﬂr@hc@ISunder
serum starved conditions (overnight in Opti MEM nedi a). For detection of

ce- col d met hangruneBiREiptadomand WeeB BRAABINGRT U2 T bated Wi th

anti - [0195] For in vitro experiments, MV4;11 and RS4;11 cells were treated
with Compound 1 for 3 hours. RS4;11 cells were stimulated with FLT3 ligand
(100 ng/mL) for 15 minutes after incubation with Compound 1. After
incubation with drug, cells were harvesfed, washed with ice-cold PBS and
lysed with RIPA buffer (1% Nonidet P40, 0.5% sodium deoxycholate, 0.1%
Sodium dodecylsulphate in 1X phosphate buffered saline, pH 7.2) containing
protease inhibitors (Roche Molecular Biochemicals, Indianapolis, IN) and
phosphatase inhibitors (Sigma, St. Louis, MO). For in vivo target modulation
analyses, resected tumors were flash frozen, pulverized and stored at —70°C
prior to lysis with 150 mM NacCl, 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 NazVOy, 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 pg for STAT5; 1000 ug for FLT3) were
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pSTATS antibody (Cell Signaling) for 30 mnutes. Purified rabbit 1gG
(Oncogene, San Diego, CA) at the sane concentration was used as isotype
control. Secondary anti body was a PE-conjugated goat F(ab')2 anti-rabbit

| gG (Jackson I munoresearch). Sanples were stored at 4C in the dark prior

to anal yses using a FACScan fl ow cytoneter (Becton Di ckinson, San Jose,

CA). Mean fluorescent intensity (MFl) was determ ned for pSTATS stai ning

usi ng Cel | Quest software (Becton Dickinson) and the specific MFI was the
difference fromthe MFI of isotype control antibody. [0197] , For processing
of bone marrow (BM cells fromthe nouse MWW4;11 engraftnment nodel, fenurs
were purged with cold saline and red blood cells Iysed wiwth FACS |ysis
buffer (Becton Dickinson). Percent 79 engraftnment of human | eukemic cells in
nmouse BM was détcubztetbwith yntisdédieagaingt dithephtimah LG drlSTAY 33(Sankd TiA vs.

| sot ype- mat chedq,.ant | body- FI TC contral BD Pharm ngen). VEGE ELI SA [ 0198
MV4; ﬁ) cells igteg m'eaﬁéfqrﬁa 95%’@% %’Sh'gﬁtrﬂqﬁg@ i\g&f\l,\pgoﬁeln\fﬁ,aiggwk ]
concent rati ons 1605 ndu e 45, GATBRUTSTAT AlostRoRRAIGh wddeaSuR@IAl ant s wer o

collected after centrifugation, and VEC evel s were neasured by ELISA (R&D
Systems, M nnedpobing withngn amti-phesphotyrosine antikadydastipELd 3dntibedy fiem el ng t he

concent 1 at f on, TG o8 ptkpE)ASe A EEEY shBGbediely EFets R et 56 ' "
week- ol d, 18- 22sing etamcetiichemildmirgsesndd (@CLe Anréreram(Blbseiemgispn, MA) and
acclimated for 1 week in pathogen- free-enclgzﬁre prior to start of study.

Ani mal s recei v@%ﬁ@h?ﬁ@“@d@?ﬂqamd \QWI% CHEXAASHIY M%éﬂ!‘rfh@r e housed
were under ¢ he SLro GHERBmEly iaxhkRihed (8 QAN band Hfloiied o ferty" | ent <
Accreditation ciquehloadimgoblptyweresstrigpedand re-probed with antibodies to either anti-

FLT3 (Santa Cruz Biotechnology) or anti-STAT5 (BD Biosciences) to measure

total FLT3 or STATS5 protein, respectively. The amount of pFLT3, pERK or

pSTAT5 was normalized to total FLT3, ERK or STAT5 protein levels, and

compared to vehicle or untreated controls.

Flow Cytometric Assays

[0196]  MV4;11 cells were treated with Compound 1 for 3 hours under
serum-starved conditions (overnight in OptiMEM media). For detection of
pSTATS, cells were fixed with 1% formaldehyde, and permeabilized with 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 pSTAT5 staining
using CellQuest software (Becton Dickinson) and the specific MF| was the
difference from the MFI of isotype control antibody.

[0197]  For processing of bone marrow (BM) cells from the mouse
MV4;11 engraftment model, femurs were purged with cold saline and red
blood cells lysed with FACS lysis buffer (Becton Dickinson). Percent
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I nternational. Subcutaneous Mdel [0200] W4;1 1 and RS4; 11 cells were
passaged from subcutaneous (s.c.) tunors in SCID-NOD mce. Cells (5 x 106
cell s/mouse) were reconstituted with 50% Matrigel (Becton Di ckinson) and
implanted s.c. into:the right flank of SCID-NOD m ce. Treatnents were
initiated when tunors were 200-1000 mmB, as outlined in specific study
designs. Mce were randomy assigned into cohorts (typically 10 m ce/ group
for efficacy studies and 3-5 mice/group for pharmacodynam ¢ (PD) studies).
Compound 1 was administered as a solution via oral gavage. Tunor vol unes
and body weights were assessed 2-3 tines weekly. Caliper neasurenents of
tunors were 80 converted into nean tunor volune using the formula: 1/2
(length x [wdth ]2). Percent tunor growth inhibition (TG) was conpared

wi th vehi cl e-t gAgiafithentof BumBA J6lkantic EéllsSip mélise BiMfwaedetaeminedpyet e
responses CR (no pal pable tunor) or partial responses PR (50-99% shrinkage)

conpared to tuftgining withaatiziureansHtAehB,G-RilTE 4Ys- dsptynarmelched Aantibegdyre Mar r ow
(BM Engraftne mce were irradiated (3 Gy) prior to
tail vein inj egﬁ%@gﬁﬂé?l; g@%a@%@? ‘cells in 0.2 mM saline. Conpound | or

vehicle treatnents were initiated 3 weeks post-cell inoculation. Mce were
moni t or ed dai | YEGRIELI®Ae eut hani zed when nori bund or early signs of |oss of
hind linb notility. Increased |ife span (ILS) of treated m ce was

cal cul ated as {0198]cent MWd:itacalls wererallired is d0% FBS containiggBedia/with

1o oot v uREOl CaeBRlRion O L MR Bl B IR TS sgecar
300mSB and tr eeuFmbﬁamsmé'réscxﬂrécm‘d Sftar leentrifedztioh camd VEGFleveld were Was

adm nistered orally at 10 @Q(ﬁg far 5 da@. To characterize the PD
properties of AASHAGPYEL &R Hystems, Minaeanralis MNad Fetelpar i ous ti rres

concentrations were determined using the BIO-RAD protein assay (Hercules,
CA) and results were normalized to protein concentration.

In Vivo Efficacy Studies

[0199] Female SCID-NOD mice (4-6 week-éld, 18-22 g) were obtained
from Charles River (Wilmington, MA) and acclimated for 1 week in pathogen-
free enclosure prior to start of study.” Arimals received sterile rodent chow™ ™ =~ -
and water ad /ibitum and were housed in sterile filter-top cages with 12 hour
light/dark cycles. All experiments were under the guidelines of the

Association for Assessment and Accreditation of Laboratory Animal Care
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/mouss) 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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(N=3 mice/ timepoint) follow ng Conpound | dosing. | nmmunohistochem stry

[ 0203] 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 (fenur) sanples were decalcified (Protocol TM Fisher Di agnosti cs,
M ddl et own, VA). Paraffin bl ocks were sectioned to 4 pmthickness and

pl aced on positively charged glass slides. Tissues were stained using a

Di scovery automated slide nmachi ne (Ventana Medi cal Systens, Tucson, AZ).
The slides were treated with citrate buffer (pH 6.0) in a pressured steaner
to retrieve antigen for Ki-67, pERK and PARP staining, and caspase-3 was 81
retrieved by Ventana reagent CCI. The primary antibodi es used were Ki-67

(1: 750 di | uti oncomverzdantomebabonat wiiras usidisthe PEERIGI: H/2 (engthlx Wwidth P.

Tenmoul o, | CA). - EPITbUIALRR BBHoRD 1L RS campAzd W) vaRgedesioty parp
(1:100, Bi osourf,ﬁ% RESSBHARI 4t cf%%ér@%m@@%a%oﬁ%te%ﬁﬁm%é?@ﬁ Sn% pfa’—!ﬁht)le

bi oti nyl ated an ody, '1: 100 | ution son | munoResear ch Sl'i des were
count er st ai ned #inaer) be pattiakigspanses®RH{E0-98tnsinkagehcemparedrto ampr - Gener al

ti ssue norphol o S usi ng henmt oxylin and eosin staining.
Statistical Ana é@ﬁ% ?@%X’flgﬁﬁhggh&gegresm on was peformed using M crosoft
Excel (Rednond, WA). Student's t-test was used to measure statistical
significance betweemttavenoussome Magrovw (BM) Enigrafbhent Muoglel i sons were done

usi ng one- way analysis of variance (ANOVA), and post-tests conparing
di fferent treaf0201] neanscmmmmeewei'mgraﬂtateté(ﬁGwmolfmuvem |rljetstton

(SigmaStat, San, Ra For urV| tud| es s used
to determ ne BM{qag\%%?l’}@“ §U' SA ‘0%1 %’E?PQ\é%d 61‘“3‘35'9@&9‘5 3mant S vs.
V?hj[ cle ?FOUDS vs/ePé inftiate 8 Wddk8 Pst-66) inoMilafort aRlidel wéretnihitdted @bilpandieal th
status a
were euthanized when moribund or early signs of loss of hind limb motility.
Increased life span (ILS) of treated mice was calculated as a percent increase

in median survival time (MST) vs. vehicletreated control mice.

Target Modulation /n Vivo

[0202] ~~ " "MV4{11 s ¢! tuimiors in SCID-NOD micé (n="3 mice/grotp) were’
staged at 300mm?® and treatments consisted of either vehicle or Compound 1
was administered orally at 10 mg/kg for 5 days. To characterize the PD

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 pm 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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term nation of study were considered |long-term survivors and censored in
this analysis. Differences were considered statistically significant at p <
0.05. RESULTS Conpound 1 Denopnstrates Potent Inhibition of FLT3 Ki nase
Activity [0205] The specificity of Conmpound 1 was tested agai nst a diverse
panel of RTKs using ATP-conpetitive binding assays with purified enzynes as
descri bed above. Conpound 1 was found to be highly potent against FLT3 (1
nM w th nanonol ar activity against c¢c-KIT (2 nM, VEGFRL/2/3 (10 nM;
FGFR113 (8 nM; PDGFRf& (27 nM and CSF-1 R (36 nM (See the follow ng
Table). To confirmselectivity against Cass Ill, IV and V RTKs, Conpound 1
was tested agai nst other kinases in the PI3K/ Akt and MAPK(K) 82 pat hways and
was found to have negligible activity (1C50 > 10 NM (See the follow ng
Tabl e). Tabl e. ﬁeméwédbykléntana reagent CC1. The pnmary antibodies used were Ki-67

4- Am no-5-fi uor a 1-
benzi i dazol - ?a‘gjgﬂéﬂ %éh%sﬁﬁivaé M’@)é %}'l&ﬁﬁ}(ﬂﬂj{go /Atianeso(py)  FLT3
<0001 G KIT) om&%ur@wmm@ B30, arffRUFa O rShoiERI 00 @B R /i t 1
0.01 VEGFR2/Flkl 0.013 VEG-R3/FI't4 0.008 PDG- 27 21 INSR
2 EGFRL 2 Temecula, CA), cleaved caspase-3 (1:200, Cell Slgnalmg) and cleaved PARP
(1:100, Biosource). Secondary antibody was a goat anti-rabbit F (ab') 2
biotinylated antibody, 1:100 dilution (Jackson ImmunoResearch). Slides were
counterstained with hematoxylin and the mounted with a cover slip. General

tissue morphology was also evaluated using hemtoxylin and eosin staining.

Statistical Analyses

[0204] Linear regression was peformed using Microsoft Excel
(Redmond, WA). Student’s t-test was used to measure statistical significance
between two treatment groups. Multiple comparisons were done using one-
way analysis of variance (ANOVA), and post-tests comparing different
treatment means were done using Student-Newman Keul's test (SigmaStat,
San Rafael, CA). For survival studies, log rank test was used to determine
significance between survival curves of various 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); PDGFRR (27 nM) and CSF-1R (36 nM) (See the
following Table). To confirm selectivity against Class lil, IV and V RTKs,
Compound 1 was tested against other kinases in the PI3K/Akt and MAPK(K)
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c-MET >3 EphA2 4 TIE2 4 I|IGFRI, HER2, PI- >10 3K Aktl/3, Raf, ERK-1/2,
MEK, p38-a, R Y [0206] The in vitro RTK assays used to prepare the above
table were run with various dilutions of Conmpound 1 in the presence of
purified enzymes and ATP as descri bed above. Phopshoyl ated pepti de
substrates (1 pM were incubated with Europiumlabel ed anti-phosphospecific
anti bodi es and Europi um was detected using tine-resolved fluorescence. 83
Potent Antiproliferative Effects of Conmpound 1 on MW4;11 (FLT3 ITD) Cells
[0207] To determ ne whether inhibition of FLT3 translates into growth
inhibition in vitro, the activity of Conpound |I was tested agai nst W4, 11
and R$4; 11 cells using the MIS assay (FI GURE 5). Conpound 1 potently
inhibited proliferation of M4; 1l cells in a dose-dependent nmanner with EC50
= 13 nM Al though simlar concentration-dependent_ effects on prollferatl on
were observed vnathwaz&anciwaﬁéwr@ tothave nestigiblegativity (eeet 02X (Seg thess
sensitive to Cq:g‘? g Ja[ C50 = 315 nM. Antiproliferative effect of
Compound 1 was SO tested on the FLT3 I TD nmutant cells, MOLML3 and MOLML4
wi th EC50 concentrations simlar to those seen with W4;11 (EC50 6 nM
(data not shom‘b’ablé’hé@éivit&tof@AgﬂBeiS-ﬂmto -Sferibmeathylpiperazin-teyl)ptH- bot h FLT3

more sensi 1 ve TOMGaRA 2 quinblifZ BiFbhe Woaifttyiou RrIGEET T P11

Conpound- t on- FL- T3Medi-at-ed—Si-gaping—in—tpeukenic Cells
RTK |Cso (uM)
FLT3 <0.001
c-KIT 0.002
CSF-1R 0.036
FGFR1 0.008
FGFR3 0.009
VEGFR1/FIt1 0.01
VEGFR2/FIk1 0.013
VEGFR3/Flt4 0.008
PDGFRB 0.027
PDGFRa 0.21

IINSR ]2 ‘

EGFR1 2
c-MET >3
EphA2 4
TIE2 4
IGFR1, HER2, PI- | >10
3K. Akt1/3, Raf,
ERK-1/2, MEK,
p38-a.8,y

[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 4M) were
incubated with Europium-labeled anti-phosphospecific antibodies and
Europium was detected using time-resolved fluorescence.
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[0208] The in vitro cellular activity of Conmpound 1 was investigated on two
human | eukem c cell lines MW4;1 | and RS4; 11 with contrasting FLT3

mut ati onal status (confirmed using RT-PCR, data not shown). M4;1 | cells
have an internal tandem duplication nutation (ITD) in the FLT3 receptor,
resulting in constitutively activated FLT3. Levis M et al., Blood,

99: 3885-3891 (2002); O Farrell AM at al., Blood, 101:3597-3605 (2003).
This activation results in autophosphorylation of FLT3 in the absence of
exogenous ligand stinulation (FIGURE 6, |lane 1). Serumdeprived W4; 11
cells were treated w th Conpound I for 3 hours, and direct effects on FLT3
receptor activation was determ ned by analysis of its phosphorylation

status. Exposure of W4; 11 cells to increasing concentrations of Conpound 1

potently inhi b|IPet;entmﬂrprollferatlmEﬁeetsecmompmnde‘tomMWﬂ@E{ELﬁéﬂm)en 1-10
nM (FI GURE 6). @dll§ 0209] Wile FLT3 I TDs are preval ent in approxi mtely 20%
of AML patient blasts, nost acute | eukem as express WI FLT3. The effects of
Compound 1 on |[8@RENi ¢ R34 detersinbsvhather imhibition ¢ EETS8 ¢ranslatgsHntoyrowih

FI GURE 7) foll ELT3 d 0
(activate %:LTg rgg“gﬂg’ff ;Yﬁ 8?‘[%?% gyot an éﬁé{g nsg eg}-ﬁ_ﬂ ?ga}gs"wfﬁ:)@ﬁﬂound 1
di m ni shed pFLTRSkavedellsiusingiie Mr@glséa?y (FFG@REEsﬁ)Godpr\m Eotethﬂvmar atively,

hi gher concentrations were required for nodul ati'on of FLT3 vs. | TD.

Conpl et e i nhi bi mh@ﬁed@f,oltmaﬁom]@wmw @Qilﬁdréﬁtdoaﬁdwendem rsamn@r With ELiRES 6
and 7). Conpound .3 E)é’fﬁ%}ﬁfe T3
Inhibition [ 0210]1 '#Wf é!jiﬁél@ gﬁg E%er | zeémﬁe efrec @ﬁ%%@ég%@gﬁ%tl ‘lTon FLT3
i nhi bition, rmdwéamhmrvzﬁd withvRS4; thoellsathgytveere fapptokimatel\e24-fad leES and ERK,
whi ch are key pr ot cel | % t| £n nvesti gat ed.
M4t --cells HEREVY Si@é? qujfj %@Wea%ﬁ@”goge{é‘?{f) Wﬁse\%%PF?fjorrpognd- 1 for
3 hours and pr ocempetn®Y WasPHIs6 Ys¥EEbA heAPAT YD ﬁmarw@us,fmowﬁta%I on of

MOLM14 with ECsp concentrations similar to those seen with MV4;11 (EC50 ~

6 nM) (data not shown). These data suggest that Compound 1 is active on

both FLT3 ITD and WT leukemic cells, with the constitutively active receptor

being more sensitive to inhibition (FIGURE 5).

“In Vitro-Effects of Compound:1-onFLT3-Mediated Signhaling in-Leukemic
Cells

[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. et 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 ECso between 1-10 nM (FIGURE 6).
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pERK and p- STAT5 (FIGURES 8 and 9). In W4;1 | cells, due to active
signaling of FLT3, cells have high basal |evels of pERK and pSTATS5 (FI GURES
8 and 9). Conpound 1 inhibited phosphorylation of ERK (FIGURE 8) and STAT5
(FIGURE 9) in a dose-dependent manner. Substantial inhibition of pERK and
pSTATS (>50% was observed at concentrations > 0.1 pM (flow cytonetric and
Western blot). The inhibitory effects of Conpound 1 on pERK and pSTAT5 was
nore potent in M4;11 conpared to FLT3 ligand- stimulated R54; 1l cells (data
not shown). Conpound | Inhibits Autocrine VEG- Production In MZ4;11 Cells In
Vitro [0211] To address the effect of Conpound 1 on VEGF production in
vitro, an ELI SA was perforned on MW4; 11 cul ture supernatants (Fl GURE 10).

In these experinents, WA4; 11 cells were cultured in 10% FBS cont ai ni ng 85

nmedia with inci82@9Ing coMéiletlak3 GRS qre pravalent inapioHifaataly 20% of AWM. hour s.
In the ab . - ‘aptial VEGF
(180 par iy wiighltets; £R60EAe IdiEmiad ofi oo WAL RS PTAY BRbARTES.
dependent mannélompéurid tonfikeniie R8¢t CelRGileraralsdinbdstigdtedh (FLAGNITRt e

B, 2 SRS e s hrbis 0 Ko o SARICHE a5, o LTS
tunor -bearing  Juti¢ate(FiTR0REeHor EHQspho?_\ﬂQtidH‘Fl@@RE mgﬁéh%ezg%&%&wd 1

(10 nmg/ kgld) or vehicle for 5 days. nors were harvested after selected

time points, HodioriahedpFhdleyats ip RS#;1beellsHEIGURRIT o Sfowevearevel s by

observed as. oar Py RlVEhf Bither EBHEABREnG Mefé b @Rt bdiRuo BT 651 2 ot
otal FLT3 or SIAT.nroreln (P CORE S1) . Phospnory| ati on of both FLT3 and
tS'(I)'fA'?'S decl i ned%@f’@?&%é ad 7b<(atsel i ne re?ati:hi ngsg maii mum i nhi bition of -90%
at 8 hour post dose and

Compound 1 Modulates ERK and STAT5, Downstream Targets of FLT3
Inhibition

[0210] To further characterize the effects of Compound 1 on FLT3
inhibition, modulation of downstream targets of FLT3, i.e., STAT5 and ERK,
which are key'proteins in cell survival and proliferation were investigated.
-MV4:11-cells were treated with-increasing concentrations of Compound-1 for
3 hours and processed by flow cytometry and Western blot for detection of
pPERK 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 pSTATS (>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 Cells 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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remai ned suppressed for 24 hours (-85%inhibition). Phospho-FLT3 returned
closer to baseline levels, whereas, p-STAT5 was still inhibited (-60%

i nhibition) 48 hours post dose (Figure 4). Decreases in pERK | evels were

al so observed, indicating bl ockade of downstream FLT3 signalling (data not
shown). In Vivo Efficacy Studi es Dose Response Effects of Conpound | on M4,
11 and RS4; 11 Tunors In Vivo [0213] To ascertain if the in vitro effects of
Compound 1 correlate with tunor growth inhibition in vivo, efficacy of
Compound | was exam ned against WW4;1 | or RS4;1 | tunor xenografts in
SCID-NCD mce. Mce were inplanted s.c., with tunmor cells and Conpound 1
treatnents were initiated when tunors were 200-300 mmB. |In dose-response
efficacy studies, 86 Conpound | was admnistered orally at a dose range of 1
- 30 nmy/ kg/ d fdnedlmmthlmcmaaﬁmgs:ormutrqt@ns (8501 MQQ%HTP@IUHQSJO&&BMWFS

02141 Compound, b el igh 2aknad a1 Al LholdtiRletanf i VERHE 19 2 900

dose-response € I'’cant "t unot growth doses > 5
mg/ kg/ d (FI GJRIE(1BG)pg/r‘6X),5wBe|ebs;3©onmpbkm d lmhlbite:b\ziEGErmoduc:tmrmaajusa- (9/ 10

AT e SR W i S RRBERLON D OEGTRR) SR SRET O 5

after 2 weeks qhhfgﬂ@hrgmﬁ%tmngg@glpm FIGURE 408 m ni mum st at i st ically
effective dose 1 n this nodel .01 vs. Vehicle)" m ce bearing R34; 11

tunors, treatment with Co ound 1 resulted in tunor growth i nhi bition,
however no regr@@ﬂimgdvﬂe%%ﬁ%téﬁmq&%mgie)quhe i nhi bitory effects of
Conpound | were nore potent against Mv4; 11 tunors npared to RS4

tunors, defined08Y2} he r d9p@mioe taroat mﬁul@ﬂ%m Yive M%ééstumﬁr-baemngmdm

(day 8: 100 my/ r%ﬂfeotstaé%ﬁ,ﬁgbg 5 ;%?%ké‘é&ml?ﬁﬁeﬁeﬁ COMBBURd Y10 hghyido/ d:

23% TG ; p<0:01 aga n
or vehicle for 5 days. Tumors were harvested after selected time points,

homogenized and analyzed for pFLT3 and pSTATS levels by IP/Western blot.
Significant reductions in pFLT3 and pSTATS levels were observed as early as
4 hours post dose with either a single dose (data not shown) or multiple doses
of Compound 1 (FIGURE 11), with no effects on total FLT3 or STAT5 protein
(FIGURE 11). Phosphorylation of both FLT3 and STATS declined relative to
baseline reaching a maximum inhibition of ~90% at 8 hour post dose and
remained suppressed for 24 hours (~85% inhibition). Phospho-FLT3 returned
closer to baseline levels, whereas, p-STATS was still inhibited (~60%
inhibition) 48 hours post dose (Figure 4). Decreases in pERK levels were also
observed, indicating blockade of downstream FLT3 signalling (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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Al ternate Dose Schedul es of Conpound | are Equally Potent [0215] The
effects of intermttent and cyclic doses of Conpound 1 against W4;11
xenograft tunors was al so exam ned (FIGURE 14). Conpound 1 was adm ni stered
~orally at 30 nmg/kg daily, every other day (g.o.d.), or céyclically, 7 days
on followed by 7 days off for 2 cycles (FIGURE 14). Simlar to daily
dosing, intermttent dosage regi nens produced significant tunor regressions
Wi thin days of drug treatnment (>94% TG ). Al three reginens resulted in
equi val ent anti-tunor activity (day 29, p>0.05) and nunbers of responses
seen with gq.o.d. (6PR) and 7 days on/7 days off (9PR) were simlar to those
seen with daily treatnent (1 CR, 9PR). Conpound | is Effective Against Large
MV4; 11 Tunors [0216] The effects of Conpound 1 on |large M4;I | tunors of
varyi ng si zes;Cenpoumbt was adiopisterad iallyat adqsevange §hi ed0 ma/kaldfent with

87 Conpound 1 ( / 'r{adﬂf_e Weln Iy . lon in all W4; 11
tunors which V\lgg‘lﬁﬂdtég@g%edn 0 ﬁ?b@%g/#ﬁ&nﬁslfé?gggﬁgi&the start of
treatment (FIGURE 15). Tunor regressions were evident within 3-5 days of
drug treatnent . [0214] tre&aopoundot was dighhynpeteni agahTgt MM#INA tasesssonpl et e

responses and 70% _partial ,r onses. The .repai.ni. % were m nor . esponses
or renmai ned strgﬁ?@%gﬁg&ﬁ%d&%%r%ﬁig%ﬁﬁﬁﬁﬂéﬂ{ﬁgﬁ'g@ﬁ%?Wg\éﬁgmf{ﬂp‘ f'ﬁ%‘i’@ regrew
during the 50-gtajosksed ARIMKg/d (FIGURE RY DeSessBICRgAQA Mdlucédtomemd 1 did

not devel op. The durabjlit responses after discontinuation of treatnent

. of : (

was al so  exani GEESSORLOER émj’réﬁﬂ%ﬁﬁﬁht’v@ﬁh comsistad ehrotbRartigiard qur abl e f or
40 days after ' n doshAg- d\iﬁﬂr' s -grew (to
600- 2000 mm) mﬁ@aféfeel-@rg%ﬁde%m Iﬁ' g%h%glﬂég?% t@ﬁggtn irﬁ]sl%lgﬁ .‘"{?S on study
day 90 (40 daysolsferead atekswikgith (23% Hafteryweaktsdofatnsirigs and Wasridédtifigdyes. Al |
tunors were responsive to.th copd..cycl e of, Co d 2 8,RR
clearly indi cattﬁﬁdﬁlgl I%[EI?t%*s‘ﬁ?%ﬁ'oﬁpﬁcgggg?%%@eth'tsdnn%%gBﬁg?nd 1I vs?&e ¥ ﬁ%) . 88

mice bearing RS4;11 tumors, treatment with Compound 1 resulted in tumor

growth inhibition, however no regressions were observed (FIGURE 13). The

inhibitory effects of Compound 1 were more potent against MV4;11 tumors

compared to RS4;11 tumors, defined by the respective minimum effective

doses in each model (day 8: 100 mg/kg/d; 48 % TGI, p<0.01 against RS4;11

“tumors vs."1 ' mg/kg/d; 23% TGlI, p<0.01 against MV4;11 tumors).

Alternate Dose Schedules of Compound 1 are Equally Potent

[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 g.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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Hi st ol ogi cal Eval uation of Biological Activity In Vivo [0217] In addition to
tunor volume and target nodul ati on endpoi nts, i mmunohi stochem cal readouts
- were used as indicators of drug activity (FIGURES 17-19). Tenporal effects
- of Conpound | administration (30 ng/kg/d) were investigated in W4; 11
~tunors after | or 5 doses (FIGURE 17). Morphol ogi cal eval uati on using H&E
staining, reveal ed that vehicle-treated tunors consisted of M4;11 tunor

- cells with marked hypercellularity indicative of nyeloid hyperplasia
(FIGURE 17-a). Tunor cells stained strongly with Ki67 indicating a tunor
conposition of highly proliferating cells (FIGURE 17-b). By 24 hours after
dosing, tunors treated with Conpound 1 showed a reduction in densely packed
cells and consisted of sparse areas of apoptotic/necrotic cells &ﬂﬁ

FI GURE 17-a vs.Compounei{30mgika/d) indueed sigaifioantsegressiondn all W@m) o8 after

K 67 staini ng (EneouERThadhéitin? be ARAK AR Bist Hind RaRiirtiBiment (i URE! oo

| owered 1 Compoind 1itoateg tinmrs eﬁf?f“nwm'“%“‘mﬁ‘?ff?“nmme“‘g od ety

cor roborat i ng V@%ﬁtﬁﬁ’ﬁ”rﬁ%ﬁ rygggnéd {'_?Emvwﬁ Lﬁngnggt 01‘?8%5‘8‘2 (9°h)
Conpound 1- 'ndul&ﬁﬂ ﬁ‘égﬁérﬁ%‘ssT Ve %ﬂerrﬁrn%aﬁ&cboﬁeéé YPtehshinégspase- 3

- (FIGURE 17-d vs. and eave PARP 7-e vs. 'J) staining in tunors
| on day 5 corrpar@tab Dmmlgwestdman@w@rﬁﬁerr@psiay& iNd fumor@regrewsiuﬁmgd@@r eased

cellularity and e n R4,
11 tunors treat %(gd%' Jﬁg@%oﬁﬁgziw% %6'7‘% ?@ﬁ&wg?“ﬁ[@%ﬁloh '
hi st?)I ogy of t uTi duitabiity mﬁagp@médmﬂ@df&n&tﬂq@mpwftreatmedtﬁdréaﬁﬁo 19- cdd) or
conpl ete responses FI RE 19- were als m_ne ete r onders
were totally de&nd G&M GR a(r@rﬁﬂpr@ﬁﬂn?? g@ Zpﬂfé@‘? ﬁ&s"é%%ﬂ 45,0 of
necrosi s and/ or iy ér'c‘é%é'ét @R 4ifig PFEh tdihord REPROGRY (PBoKet s _of
Ki 67-positive praoli eratl ngltum)r ce (?‘ﬁ‘soe‘)mg?elﬁg bserve Ol:at t he per(i phery of
turmors (FI GURE 2@0Cmen?) were rexjreated with 30 mg/kg/d Compound 1 starting on study

day 90 (40 days after cessation of dosing) and continued for 60 days. All

tumors were responsive to the second cycle of Compound 1 (2 CR, 8 PR),

clearly indicating a lack of tumor resistance to Compound 1 (FIGURE 16).
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89 Conpound 1 Prolongs Survival Tine of Mce Bearing D ssem nated Hunman
Leukem a Cells (0219] Efficacy of Conpound | was tested in the W4; 11

| eukemia nodel in which cells were inoculated into the tail vein of
~irradiated SCID-NOD mice (FIGURE 20). In this nodel, MW4;1 | cells

~dissem nate to the bone marrow (BM, pathologically m mcking a disease
pattern simlar to human |eukema. Mce were injected with M4; 11 cells on
day | and treatnments of Conpound 1 (20 ng/kg, daily or 7 days on/7 days

- off, n=10-12/group) were initiated on day 23, after M/4;11 cells engraft in
- BM Control (vehicle-treated) mce typically elicit hind |inb paralysis as
~a consequence of tunor cells infiltrating the BM with a nedian survival
time (MST) of 51 days (FIGURE 20). In survival studies, daily treatnent

wi th Conpound Higtelggizal EvaluationgfiBiolagieahActivity Vivore to di sease
progression (MST = 134 days) conpared to vehicle-treated controls (MST = 51
days) (p < 0.040217] dermlrnsaddslt@m tumor gglumenanc:taseet medwWatigiaendpairds, (FI GURE

- 20 Strik | -t
200 S na o TR, whrd LR Bcafof PRSP, LT
?fed to quanti fEIGlﬂlRE%ﬁh@JQ)afTe‘mMrabéﬁedté«/dfl (|10mpOleﬂ1d $ daldmuﬁi?tréﬁarquE 21). In
w cytometric ses cells we eptjfie e
Wi oo inalRGl R i eoTiHted bty 4 ot Bhier | 678 doses THEDREIZE ron
MHCI . I'n vehi clpsbhheRbRA éi‘lélﬁ’atlonat%g)ﬂ&@étéihh re\/%%léaf thht)\t/é}hclé-‘h‘ébﬁidEd BM

cells consisted of engrafted cells ay 51, 1-a). This was
al so corrobor att@mots,/conaraiedmf W&hbﬁumwllwth naafkemhvwagllulw ineigative

mouse B mat 11 5! (O REIRerplaa (OBRE i Thinet LR B SRR R SRE . "2

daﬁs isi gni fi Carllhdlgatlrfﬁltlﬂmfzdmlﬂo@l dithigliﬂ’snpl(oﬁfét%d@/éellkJ(F@MRE 17°b BNy st
veni cle treatne nt, restin urvivin ce after
oo 150t etk afis dosiie dusreieatad MR Someetal! sbpuen seodsciofiie.

cell's (seen as densely packed cells and consisted of sparse areas of apoptotic/necrotic cells

(day 1, FIGURE 17-a vs. f), Areas of apoptosis/ necrosis were more
pronounced after 5 doses with significant areas of nonviable tumor coincident
with reduced Ki67 staining (FIGURE 17-g). Target modulation was 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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an absence of anti-human m tochondri al -positive cells on day 167) in the BM
and were defined as "cures" (FIGURE 21-e,f). Cyclic dosing of Conpound 1 90
(7 days on/7 days off, 5 cycles) also resulted in significantly increased
survival tines (MST = 118 days, 131 % ILS vs. vehicle, p = 0.0001), but was
not as effective as the daily reginen (p= 0.007, FIGJRES 20 and 21).

DI SCUSSI ON [ 0220] Targeting aberrant intracellular kinase signaling

pat hways inplicated in tunor-cell proliferation can disrupt cellular
processes and cause inhibition of tunmor growth. This has been exenplified
by the approval of two small nolecule targeted agents imatinib (G eevec) in
CML (Bcr-Abl) and gastrointestinal stromal tunors (c-KIT) and gefitinib

(1 rressa) in refractory advanced or netastatic non-small cell |ung cancer
(EGFR) . ' Druker Geropouishd dyelengs Supdval-Heweof MiveBearing Bisseminated i n Cancer
Res. 10:4233S- 4hamai beokemiBbelHsconpounds target specific nol ecul ar defects
in tunmor cells and this success has driven research on nol ecul ar targeted

t herapi es to of{0&49]oncogEfiicackoh@smpouncht wagitagteslimthelMVAQL igukemiaat i ons in

the FLT3 gene ar he t _gonmmon. generic altecation in arly
355 of | pat: ent el BOvER S MR G g e hetakval ok Freghfted SCIOMAA " hown
to confer a pogiicé (FIGURE 2p). Omrtﬁ‘@lrﬁodéllﬁvummééﬂafdllss&nﬁhét@t@ﬂte?lbdr’ﬂﬁrapeUtlC
~target in AM.. Thiede C. et at, Blood, 99: 4326- 4335 (2002),; Schnittger S,

et at, Blood, pesyrow (RMb gradiwlogiealyyminigking p disaaseaattenn sigiilar tahumanr get ed
| nase "M DY oot RAGTHLA ni e \AAR! 15HIEERY ) Bh sl IO
denonstrat e t hatCotuprqumdrmd(20 mgkg, daityeort7 daytsi an/T ylaagaffrmﬂ Flafgrqupleeref 1
1 e LIV, byl SRTRAE ghol 10 o 8 R B SR e 1 1
(FLT3 WI) . Conpeniosl tybicsily efiCiomndlignty Mﬂryeus%s@cortdméh@é pf fimarieelld a
dose- dependent manner, confirmn ng nolecul ar activi
infiltrating the BM, with @ median survival time MS%') of 51 days (FIGURE
20). In survival studies, daily treatment with Compound 1 (day 23-100)
significantly delayed time to disease progression (MST = 134 days) compared
to vehicle-treated controls (MST = 51days) (p < 0.0001), demonstrating a
163% lncreased I|fe span (ILS) (FIGURE 20) Strlklngly, wnth dally Compound
'1 treatment 4 mice -w-eAre long-term survivors (MST > 160 days) Histological |
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 humah MHCI. In vehicle-treated mice,
approximately 2-19% of total isolated BM cells consisted of engrafted MV4;11
cells (day 61, 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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cells. Invitro, Conpound 1 bl ocked subsequent downstream signalling

nol ecul es in mtogenic MAPK and STAT5 pat hways, both key regulators in cell
proliferative pathways. Interestingly, activity on FLT3 target nodul ation 91
was nore pronounced in MV4;1 | than RS4;11 cells as were the effects of
Compound | in cell cytotoxicity/proliferation assays. Simlar differential
ef fects against FLT3-1TD and wild-type FLT3 have been reported for other
FLT3 inhibitors. It can be reasoned that FLT3 | TD M4; 11 cel |l s have
constitutively active signals (Ras, STAT5) which drive cell proliferation,
and differ fromFLT3 W (RS4; 11) cells which can sustain growh independent
of FLT3 activation and/or may rely on ot her oncogenic pathways. M nam Y.
et at, Blood, 102:2969-2975 (2003); Kiyoi H at at, Oncogene, 21:2555-2563
(2002); Spi eker (mddayskon/Aidags off G cyclés)utsy rdsalted B sigrificatityin¢r2assy survar 2]
The results fromin vivo studi es have denonstrated that Conpound | has

potent acti vi t ytirgaiMst B ?\dgﬁvi"@ﬁ‘) &P Vﬁn‘fﬁrﬁﬁll%'s%ﬁiorﬁ}%d{ biiwasRRias of
| eukem a. The ”Et%ﬁfgb stﬁétd'a)f)'( Fé@itﬂ&g&?{ﬁ%‘?ijiGwlﬁEgﬁéﬁd‘Qﬂ?' model s was

addr essed usi ng ndpoi nts to stu e extent an urati‘on of target
nmodul ation. Compound | was shown to substantially down-regulate both pFLT3
and pERK i n MvVADISGUSBI®ONs. Target nodul ation (pFLT3) was observed by 4
hours and was sustained in tunors up to 24 hours follow ng a single dose or

mul ti pl e doses [228pnpountargeting abertard intrasetl@ae kinage sigaaking patbwayst from

tunmor histopath r ' | S

responses i nt Ut eted B X Bol SO BRI G MYl b8y R HoSERs PRRRbSS

sol ihd tgm)r xfengmitﬂﬂdrsofdtmwgrolﬂih. ﬂhﬂmhas@@m@eel 'r:wpiﬁiemm&habpprovar@frmnced

wi thin days o rug trea nt. It is, possi t hat . po t inhiRitary

o fect's of - Conp Al molsauls FOeE agentsaini yeaee B CRbr@atAbbandni bi ¢ i on

of FLT3 in congi il FM hanh Bhd é}{d’lgé ) b , hot

- shown) i ndi carra ggﬂ%lwgtg t.ﬂ@%%h@ht@%%%ﬁ@ expr efgls r&%?%c%ﬁg}:%R, B,

FGFRI, CSF- 1R advancedmrieetpstatic npy-smetiiaell iung ¢ancen ru und | has
dvarnced tpstati matliaell (GORY Prukes Bpb

<10 Oncogene, 21:8541-8546 (2002); Giaccone G. Clin Cancer Res. 10:4233S-

4237S (2004). Both compounds target specific molecular defects in tumor

cells and this success has driven research on molecular targeted therapies to
other oncogenic kinases, including FLT3 15,20-23. Mutations in the FLT3
-g-ehé are the most common genetic alteration in AML,.V\-/hére ‘hbéérlAy« 35% of
patients harbor activating mutations. FLT3 mutations have been shown to
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, ef al.,
Blood, 2002;100:59-66 (2002).

[0221] Compound 1 is a multitargeted kinase inhibitor with nanomolar
potency against class Ill, IV and V RTKs involved in tumor proliferation and
angiogenesis. Biochemical kinase assays demonstrate that Compound 1 has
potent activity against FLT3 (ICsp 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 STATS pathways, both key regulators in
cell proliferative pathways. Interestingly, activity on FLT3 target modulation
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NnM activity agai nst VEGFI/ 213 ki nases, and the data clearly denonstrates
that Conmpound | can inhibit autocrine VEGF levels in W4;1l in vitro
cultures. In vivo, autocrine or paracrine inhibition of secreted VEG-F or FGF
by tunor cells or tunor stromal cells (including endothelial cells) may
inhibit proliferation and survival of these cells. Ferrara N. at at, Nat
Med. , 9: 669-676 92 (2003); Conpagni A at at, Cancer Res. 60:7163-7169
(2000); Carneliet P. Nat Med., 9:653-660 (2003). Additional activity of
Compound | in solid tunors may arise fromits potent effects agai nst PDGFRp
by inmpacting pericyte recruitnent and maturation of blood vessels during
angi ogenesis. Carneliet P. Nat Med. 9:653-660 (2003); Ostnman A. Cytokine

Gowh Factor  Getmod SyZRSRan IR 1dh REE1AVLIBH. TRAE g Woegpntr ot e

that Conpound survival i'n sone mce eradic
di sease. Thi s Compmedtisintded qytdtexititydproliferaflonessays. | Sintlag difftirertia  bot h

i | ati bl agt d. BM_di i i - |i f ' f ect
Fequl at i onof bENECIS PRGN Lo DO eReLE VR LAS Ry peay rePiadier fiteFast
survival . Car owrCTE.iniibitora! It call stodasSried PROFLPYGTD MABEY 1 cBIsHawy H G
Leukem a, 10:588-599 (1996). [0223% Based on the pharmacol ogy and target

i nhi bition of ceepyiiutivelyiactivetsignals (Ras, SIAJ 5t pighdriveseellqralifaiaties, @1d

Co d1 ' . ' . .

Compound 1 et il oy T PURSE 1751 M iaE et o S8 RO der o
sulggeslti ng t he paT8ractiedtidnoand/dremaipbely odmﬂimg)nc_egémi?:pathwathd\AinhﬁnhYceth f
Mul tiple doses o 0 ta .continu suppr o
tum)rg and any P&gﬁwnwaméﬁ@0%);5§¥@j'gi%ﬁ"ognf’¥%%£§ﬂ%éf ound to

be equally Sen?‘kﬁdw; SiekSmidriak N&Id/., ik TandbrRes. 12540-Dii val(2mpR).ar e rel evant
if translated in the clinical setting, as sone AM patients have been shown

to relapse on treatnent with kinase inhibitors despite continued treatnent.
Fiedler W et al0233]o0d, Themesultsfiem Bvivestudies hapg gleaionstiateddhats 385- 6389

(2000 Wl AREIRD 1B LSy e i st (V12
BM models of leukemia. The molecular activity of Compound 1 in preclinical
models was addressed using PD endpoints to study the extent and duration of
target modulation. Compound 1 was shown to substantially down-regulate
both pFLT3 and pERK in MV4;11 tumors. Target modulation (pFLT3) was
observed by 4 hours and was sustained in tumors up to 24 hours following a
single dose or multiple doses of Compound 1. Biological effects were also
evident from tumor histopathology, where decreased pERK, proliferation and
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. 1t 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, PDGFRg, 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. et al., Nat Med.,9:669-676
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gl ycoprotein), or nutations in the ATP binding domai ns of the enzyne active
sites that interfere with drug bi ndi ng have been shown to correlate with
resi stance to kinase inhibitors. Bagrintseva K. at al., Blood, 103:2266-2275
(2004); Gundler R at at, Blood, 102:646-651 (2003). Conpound 1 is not a
P-GP substrate, and the durable responses throughout the course of drug
treatnent may inply that the devel opnent of resistance may be avoided with
Compound 1. 93 [0224] The clinical devel opnent of FLT3 inhibitors (SU11248
PKC412, CEP-701, M.N518) .-for AML is still in early phases. O Farrell A M
et at, Cdin. Cancer Res. 9:5465-5476 (2003); Fiedler W at at, Bl ood,
(2004); Stone RM at at, Ann Hematol. 83 Suppl 1:S89-90 (2004); Smith B.D.

at at. Blood, —ARaftds ﬁgj A BR81) ol R Bo:7163-786930000) LRfiet B2 052

(2003). Sel ect e agen er apl es as not
significant reApbiMeds, 9 @5346601(520‘030 uAddmbnallmwt)dd\Mmpomm 1 @ sélldT3

inhibitors in depe on,_conbi ni t hese th either

cyt ot oxi ¢ dugs%%ﬁ@y a'p QMg Potef ?gfﬁ g%%mﬁﬂrﬁp?gmrted her e
for Conpound 1, parigyed %Hrmtrﬁéﬂf’-’add]hbﬁirétﬁfn dﬁﬂlébﬁ\%gsblscdlﬁing%{dldqér%s@” RTKs
known to play roI es In pat h ogenem s of warrants’its I ni_cal

eval uati on. ACTCHI’ITMIQ&@AIMM@R (RA03), Ostoera\. | Gyiekime Bret Bacio

Co d f f |

[G?I()Z?nrrefhgl p?per a??nﬂ éqejé@elﬂ bléricgém%@'azg"%gag ?@f%gﬁ%ﬁé?@o ﬁi'rai‘tZ one

(Conpound 1), fh@l?mpgunddtlrrfmm\ved sl?rw_&lglaofmmbebnd”m'_ir E@mblmlcalecbdldémetﬂdrsea*selon and

mai nt enance o ood. vessel.s suppl. t unor s es nds have also

shown oral acti |§>reprﬁsgn(§§ﬁ§ &pngéi ‘5}%&?’83@{{5{51? @ﬁtﬁa?egﬁgtﬁr@rpg BYes

ani mal nodels. pasts Mdisé4dd By diract polifeaftves &S oY Fdgulatiohidtibohe C ass
B difect &R aﬁ gl atidh

11, 1V and V RTKs (See al so Table wth I C50 val ues),; Administration of
Compound 1 to ni@OM argieganass, whicjemay playa folticblasiisirvvalh GaawdsFoft t urmor

xenograf ts provp0qslo LR s oty Dragas b 6! Bhindrfiat 1 R8sb Bog A9 %

[0223] Based on the pharmacology and target inhibition of Compound
1, intermittent and cyclic dose schedules of Compound 1 were studied.
Alternate dosing schedules of C\ompound 1 demonstrated similar activity
compared to daily doses of Compound 1, suggesting the potential for flexible
dosing regimens in the clinic. Multiple doses of Compound 1 were able to
continually 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., Biood, (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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of treated animal s(See FI GURE. 23). [0226] Phase | dose escal ating

mul ti-center open | abel studies were conducted to evaluate the safety,

- phar macoki netics, and pharmacodynam cs of Compound | in subjects with
advanced solid malignancies. Further primary objectives of the studies

i ncluded: 1) determ ning the Maxi num Tol erated Dose (MID); 2) identifying
Dose Limting Toxicity (DLT); and 3) assessing safety provil in subject
wi t h advanced solid tunors. Secondary objectives of the study included: 1)
eval uati ng pharmacoki netics; 2) 94 eval uating pharmacodynam cs in pl asna,
peri pheral blood |ynphocytes, One, and tunor cells; 3) reconmendi ng dose
and schedule for future investigations; and 4) determ ning evidence of

ti-t t RECLST) ... . t I h St I th
bol ow Dooi ng. ReJ2REhs | ndRasinioar devaloum et HLAS dnnlbTors (0¥ 1248 pRGa00" of
repeated (dOSG@E?WOWLNBw’)E&'Sﬂﬂué(éiﬂﬂn'&rl?'bﬁa%@'@'F%frreﬁ ARy 8t an diih. days

off, foll owed bé@mcontl nuous dosing thereafter Escal ation: - 3-4

patients per cobamneer di'ﬁﬁegeﬁﬂ@ﬁl'fPW@ (3993) Fbed@"é’Meeizalb &(QQﬂ 1@004)1 Blonedlil-f i ed

Fi bonacci sche oI al |
dlocurrent :adssol r%%lanoﬂﬁém?{eglraﬁ%;“%oﬁs?é gggﬂ?i%L%ng%y&gér ?Z)gr%\c/\hl CK no
curative stfinga‘r@B :3669-3P76 &OMI)SDéAMGhDF\ymas BIoOEd;CIBZJ%éP(Q(L X8hce status O
-1 * Ha > { ts >

75, oobaeme’ < Selaptigt ofS1R01S SoshEInGIREAS 15t vt PIRBILAGH SDIRENt o 11 1 Ui n

51.5 x ULN, Al k@sPBﬁses"Bﬁélﬂ*i@ﬁﬂ@% cinfeakdddel prisiR @ FLE3 MAIBIRIrS aDAME RaE (AST)
:5 .5 xULN (excep liver

depend on combining these agents with either cytotoxic dugs or other
molecular targeted agents. The data reported here for Compound 1, a potent
FLT3 inhibitor with additional activity on RTKs known to play roles in the

pathogenesis of AML warrants its clinical evaluation.

ACTIVITY AGAINST DRUG-RESISTANT CANCERS IN PATIENTS

[0225] Compounds of formula |, I, and Ili, such as 4-amino-5-fluoro-3-
[6-(4-methyl-piperazin-1-yl)-1H-benzimidazol-2-yl]-1H-quinolin-2-one
(Compound 1), have direct activity against tumor cells and the formation and
maintenance of blood vessels supplying tumors. These compounds have
also shown oral activity in a variety of angiogenesis tumor and metastases
animal models. As shown in FIGURE 22, Compound 1 selectivity inhibits
Class lll, IV and V RTKs (See also Table with ICso 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) determlnlng 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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i nvol vement 55x ULN); Anylase <_ ULN 4 Signed inforned consent 4 Last dose
of antineopl astic therapy (except for hornonal therapy) >21 days Exclusion
Criteria: 95 Q Intracranial oedema, intracranial netastasis or epidural
disease Cinically significant cardiac disease (NYHA Class Il or 1V)
pre-existing arrhythm a; congestive heart failure; cardionyopathy; W

i nterval >450 nsec (mal es) and >470 nsec (females) or >& LVEF (by MJGA or
echocardl ogram) 4 Diabetes nellitus (requiring chronic medication) with
signs of clinically significant peripheral vascul ar di sease O Previous
pericarditis; clinically significant pleural effusion in the previous 12
nonths or recurrent ascites requiring >2 interventions/nonth 4

Mal absor pti on syndrone or uncontrolled G toxicities (>& nausea, diarrhea,
vonmi ting). Prievaluatingpharmadodynamidsan lasaia, pesiphérabblpod ¢frmphatyiesi) Pri or
intra- or extra;hegﬁéic bi liary obstruction mﬁthhr he Egev}?us 12 nont hs or
history of mdingnand (R celis: PlscPrmandingdosesn %BEVdE JRETULYIRI ess stably

treated with i i O . y et i on of
DLT/MD fib & éﬁ'é'%?‘?%”&‘é??2“29%*33@§@“%?*'?§Wﬂ'e“d??’ 5%‘3{2‘?"3/ (?ggé{g'ﬁ.

t hrombocyt operh&qildre %iﬁ%‘miggﬁﬁd %'re 2:L3RnRRIgN decline in ECOG performance
g g na H ?

status a G3 or greater sea and/or vomting despite the use of

adequat e/ maxi ; i i ntion and/or prophylaxis 9 G3 or greater
non- hemat ol og%'nﬁgbi@%nf '?é@é%‘%t fatigue) Q G or greater cardiac toxicity

of clinical significance (e.g. a decline in the resting EF to 40% < 50% or

shortening fraction tal159 0 L i > 0.05 nglM MID:
dose | evel bel ow whi c%&é@fggfl %ﬁ@aﬁggr’fgéﬁ&gﬁbégﬁi ent
characteristics:

-Doses 2100 mg one cycle of 7 days on / 7 days off, followed by
continuous daily dosing thereafter

Dose Escalation:

- 3-4 patients per cohort,dose doubling until > Grade 2 toxicity;
then modified Fibonacci schema

_Inclusion Criteria:

& Histologically or cytologically documented solid tumours, refractory to standard
therapy or for which no curative standard therapy exists

G Age >18 years
& ECOG performance status 0— 1
@ Haemoglobin > 8.0 gm/dL; Neutrophils > 1,500/mm? 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

@ Sighed informed consent

@ Last dose of antineoplastic therapy (except for hormonal therapy) >21 days

Exclusion Criteria:
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96 Patient Characteristics No. of Subjects (22 April 05): 25 Median Age
(range): 57 (30-72) Gender: Male 14 Female 11 ECOGPS: 0 12 1 7 Prior
Chenot her apy Regi nens (Nunber) 0.3 8 4-6 4 >6 2 Tunour Types Prostate 6
Renal 3 G ST 2 Sarcoma 2 Colorectal 1 Breast Parotid | Gastric 2

Mel anoma 2 Cesophageal 2 NET(S[nonasal) 1 Colon Ovarian Liver Dose
Level s: Dose Level No.of Patients DLT(Cccurring in Cycle 1) 25ng 3 0 50ng 4
0

& Intracranial oedema, intracranial metastasis or epidural disease

@ Clinically significant cardiac disease (NYHA Class lil or IV) : pre-existing arrhythmia;
congestive heart failure; cardiomyopathy; QTc interval >450 msec (males) and >470
msec (females) or >G2 LVEF (by MUGA or echocardiogram)

# Diabetes mellitus (requiring chronic medication) with signs of clinically significant
peripheral vascular disease

@ Previous pericarditis; clinically significant pleural effusion in the previous 12 months or
recurrent ascites requiring >2 interventions/month

& Malabsorption syndrome or uncontrolled Gl toxicities (>G2 nausea, diarrhea,
vomiting). Prior acute or chronic pancreatitis of any aetiology

& Prior intra- or extra-hepatic biliary obstruction within the previous 12 months or history
of malignant obstruction requiring a biliary stent, unless stably treated with no prior
obstruction or blockage of the stent

Definition of DLT/MTD:

Q@ G4 neutropenia < 5 days or febrile neutropenia ; G4 thrombocytopenia
& G4 fatigue, or a two-point decline in ECOG performance status

@ G3 or greater nausea and/or vomiting despite the use of adequate/maximal
medical intervention and/or prophylaxis - - -

@ G3 or greater non-hematological toxicity (except fatigue)
@ G2 or greater cardiac toxicity of clinical significance (e.q. a decline in the

resting EF o 40% < 50% or shortening fraction to 15% < 24%; cardiac
troponin T/ > 0.05 ng/MI

MTD: dose level below which >2/6 patients experience DLT
Patient characteristics:
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75mg 4 0 100nmg(7onf70ff) 4 O 100ng(continuous) 6 1(G 3 Hypertension)

125ng(conUnuous) 4 0
events greater than or equal
31115 Anaenmia 3 (2GS) 14 (2 XR)

2 7 (3 G Headache 3 (1 &) 14 (1 X
Hypertension** 2 (1 &3) 2 (1 G - DLT
activity of Conpound 1 has been
stabl e di sease (SD) at their first

parotid glad tunor
- patient (greater than 6 nonths).

"Inroll mnt ongoing 97 Drug-related clinical
to G: AE 25 50 75 100 100 Cont.

adver se

Total Fatigue

N &Vl Darrhoea 1 (1 &) 2 (2 &K) 2
Anorexia 2 2 Reduced LVEF 1 1 2

[ 0227] Evi dence of antitunor

observed as 7/22 (32% of patients had
eval uati on.
than 4 nonths has been reported in 4 patients,
(greater than 7 nonths)
Fl GURE 24

In addition, SD for greater
including a patient with a
and a d eevec-refractory G ST
is a scanned PET-CT i mge of the

patient with deevec-refractory GRatiemtcCharaekerstiosifi cant decrease in

upt ake during treat npplor ¥injebts Z2ApAYRHI 1.

suggesting a treatnent affect of Conpound 1.
this patient and theMedinAsREMIeHr ot ocol is set

conpared tg@stime off therapy
Further information regarding
fort R7 &8, Fenal e pati ent,

with a diagnosis of Gasdef:.0-intestinal Stromal Tunor (faeST)14 Patient had
been previously treated as follows: Drug Dose CommentFsmale 11

ECOG PS: 0 12
1 7

Prior Chemotherapy Regimens (Number) 03 8
4-6 4
>6 2

Tumour Types Prostate 8
Renal 3
GIST 2
Sarcoma 2
Colorectal 1
Breast 1
Parotid 1
Gastric 2
Melanoma 2
Qesophageal 2
NET{Sinonasal) 1
Colon 1
Ovarlan 1
Liver 1

Dose Levels:
Dose Level No.of Patients DLT(Occurring in Cycle 1)

25mg 3 a

50mg 4 a

75mg 4 0

100mg(7on/7Toff) 4 v}

100mg(cantinuous} 8 1(G 3 Hypertension)

128mg(continuous)* 4 0

“snroliment ongoing
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G eevec Total daily dose between 200 to 800 ng BAY43-9006 400 ng tw ce
daily progressive disease Brostallicin 18 ng once daily d eevec 100 ng
alternate drug days resistant Brostallicin 12.8 ng 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. 98 Conpound 1 treatnent
record: Dose Frequency Schedule 75 mg Once daily 7 days on treatnment)/7
days off 100ng Once daily 7 days on treatnment) 17 days off The patient
received a total dose of 9,625 ng (see table enclosed). The patient

achi eved stabl e disease (SD) while on treatnent with Conpound 1 (eight
cycles conpleted). [0228] As shown in FIGURE 25, plasma exposure increases

100 my dose of ol GEH b BRI b et or AR B 00 P hoon

noted. [0229] Studies were carried out to identify a pharnmacodynam c (PD)
mar ker for Conpoundﬁ—bmhom—cahﬁtrrwﬁ—usﬁm—peﬁjﬁﬁfak—m—mﬁ—ﬁukocytes

(PDL) as a surrogatgtissue in gnor f?t'e'ﬂ(fos V\helrogcgnler?otgls limted
access to target- tlFsﬁue Rat i onal e an§ Assay Deve oprren1t K5

phosphoryl ation is 2 U8l -characterized dowhstream

Anaemia 3(2G3) 4(263)
N & V/ Diarrhoea 1(1G3) 2(2G3) 2 2 7(3G3)
Headache 3(1G3) 1 4(1G3)
Anorexia 2 2
Reduced LVEF 1 1 2
Hypertension** 2 (1G3) 2(163)
«DLT
[0227] Evidence of antitumor activity of Compound 1 has been

observed as 7/22 (32%) of patients had stable disease (SD) at their first
evaluation. In addition, SD for greater than 4 months has been reported in 4
patients, including a patient with a parotid glad tumor (greater than 7 months)
and a Gleevec-refractory GIST patient (greater than 6 months). FIGURE 24

' is a scanned PET-CT image of the patient with Gleevec-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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effect of RTK activation and Conpound | nodul ates ERK phosphorylation in
tunor and endothelial cells. To determne if Conmpound 1 affects ERK
activation in PBL, blood fromnormal donors was treated ex vivo with
Conpound 1. No exogenous stinmulation with PMA or PHA was added. Dose
dependent inhibition in endogenous pERK was observed by Western bl ot and
flow cytonetry assays after incubation of PBL with Conpound 1 (See FlI GURE
26), suggesting that this assay may be usefrul in clinical trials to show
Compound 1 is nodulating its targets. [0230] Conpound | was tested against a
panel of kinases, including a mnutant formof ABL (T3151) that has been
found to be resistant to G eevec and other kinase inhibitors. See Shah

N. P. Sci ence, m?ﬁ‘éngrzi@(aﬁﬁ%@dﬁgg‘%d 99 LaRosse, Cancer Res. 67, p.

7149- 7153 (200 I'h ABL is known as the "gatekeeper
resi due" and |sgocat n a hy @@hﬁenb' c pocket in the ABL structure. This

resi due, as we Q:?f of t es| i n ot her Kkinases
- and the like, are
frequently fount?4mg szr? allyy agaYFa%tr?%tﬂPeﬁ)éé egrtal n ki nase

such as, but no

I nhibitors, such as patients that have beconme resistant to certain

chenot her apeuti ¢ agents such as d eevec, |lressa, Tarceva, .and others Thus,
there is a nedl-@'éﬂ afien recaived a tolgldoseof r@étrﬁﬁr@eesﬁ%iq lgse &R?hese
patients that HRalenbaeiiaved stablerdispasedSD)udde ontpatmeph GIQS"HPCWQ Tbeen
found to inhi bi(eighteydessampletedht of ABL with an 1C50 val ue of 0.0184

m cronol ar as con‘gared to > 10 mcronmolar for G eevec and 0.371 m cronolar
for SU 11248. ABR2BE a cyisopioxgnind™IEURIS29eplasma sxpostieingreases t he

conpounds of 't 8?8%;5/?%!!;&9&# Se Bpéoﬁﬁéhh& ¥ if aflé}ﬂéb!’iros n;ﬁq(smé"ﬁﬁﬁé

i ncl udi ng rece rnases and ¢ top asm c I'nases
100 mg dose group approaches the range where precllnlcal efficacy has been

noted.

[0229] Studies were carried out to identify a pharmacodynamic (PD)
marker for Compound 1 biological activity using peripheral blood leukocytes
(PDL) as a surrogate tissue in solid tumor patients where there is limited

~ access to target tissue. '

Rationale and Assay Development:

¢ ERK phosphorylation is a wéll-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.

¢ Dose dependent inhibition in endogenous pERK was
observed by Western blot 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 (T315!) that has been found to be resistant to Gleevec
and other kinase inhibitors. See Shah, N.P. Science, 305, p. 399 (2004); and
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Compounds of Fornmula I, Il, and IlIl may be used in patients with this
mutation in ABL, either as an alternative treatnent, or as a concurrent
treatment with other anti-cancer drugs. Conpound 1 has al so been tested
against a nutant formof FLT3 (D835Y). This residue is frequently nutated
in patients with henatol ogical malignancies. See Yamanoto, Y. Blood, 97,
2434 (2001). Thus, the conmpounds of-Formula I, Il, and Il such as Conpound
lmay also be used to treat patients with this nmutation. Miutation of the

gat ekeeper residue in EGFR has recently been reported in |ung cancer
patients treated wth gefitinib (Iressa). See Pao W, PLos Med. 2(3):e73
(2005) Conmpound 1 is tested againSt other ki nases with nutations in the

gat ekeeper 1 es| giedo (GHROPRAY d LS 74REYYba |4 eFhENS 182088 T RRARERY S Vi L

t hese nutations oW ng ues rrpou
conpared w th Ckeeawreas #al gaﬂﬂ@bﬁéeresm@:" Kndn&lecateden aCydromiobéspdaketinonol ar)

Co dl d Ul t.ant .,Abl T3151 ABL .0.0184 =>10 1 Ak 3.
0 0 803 Aur ol Belo Strdgitee. SR Rosidityak Vi laseeRRIGgRS oSS e resid.

4.54 >10 2.89 Mﬁeﬂknﬁésése@dhﬂ%lb@t ﬁcaitmﬁtea tQ lﬁl333KﬁkPD-t§FRé BGPR, &nd'8
0.0497 Ckl1 amia 2 >10 >10 4.51 Ck2 >10 0O >10 'cRaf >10 4.18 >10 Erkl

>10 >10 >10 Fit thetikeparedeqentp fuou lamauem@cbwd@veaem@m@tmwtam 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 alterative treatment strategies for these
. patients that have become resistant to these drugs. Compound 1 has been
found to inhibit the T3151 mutant of ABL with an ICsp 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 |, II, and 11l may be used in patienté 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 1, II, and lil 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 cancerj patients treated
with gefitinib (Iressa). See Pao W., PLos Med. 2(3):e73 (2OD5). Compound 1
is tested against other kinases with mutations in the "gatekéeper‘residue."
Compound 1 is useful in treating cancer patients with thesé mutations. The
following table shows ICsp values of Compound 1 compared with Gleevec and
SuU11248.
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Hck 0.259 1.8 1.17

Hy |

9 >10 >10 JNK2 al pha 2 >10 >10 >10 M.CK 3.63 >10

0.304 PAK2 >10 >10 >10 PAK4 7.94 >10 9.25 PHK& 8.11 >10 0.535 Pim >10

>10 PKC theta >10 >10 >10 PKCe_

>t 0

>10 >10 >10 Ron >10 >10 >10 RGOS >10 >10
Syk 5.47 >10 >10 TAK1l 0.0359 >10 0.0373 TRKC 0.00923 0.227 0.14

TSSK1 0.982 >10 0.401 ZAP70 >10 >10 >10 CABLCR/ 1//1C50 uMw ABL 0.652

0.428 2.95 FLT3 CR/ 1/11C50 uM 0.000085 1.26 0.000219 nutant Abl
0.0184 >10 777;;:d

was

In a final

gama- | abel ed ATP (specific activity approxinatel y 500 cprﬂ pm)l

concentration

T3151 ABL
[ 0231] The assay for determning the 1C50 of ABL (T3151)
acconpl i shed using the follow ng procedure.
of 25 L, AN (T3151) (h) (5-10 nm)
nM EDTA, 50 M EAI YAAPFAKKK (SEQ ID NO. 7),

reaction vol une
I's incubated with 8 M MOPS pH 7.0, 0.2
10 MM MgAcet ate and 33P

f the

as rnnlu rnrl\ Thn reac JI on | S | Al td hvw tha. ad :+r= oR
“Kinase “Note " 1Cso vé‘lues (mfcromola")
Compound 1 Gleevec SU11248
mutant
Abl T315l ABL 0.0184 >10 0.371
Alk 3.7 >10 0.603
Aurora A 0.162 524 0.287
Blk 0.036 0.475 0.203
CamKIl_alpha 4.54 >10 2.89
Cdk7 cyclinH MAT1 0.622 6.3 0.0343
Ck1 delta 6.05 548 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
Hek 0.259 1.8 1.17
Hvl ] >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" T >10 >10 - >10 |-
Ron . >10 >10 >10
ROS >10 >10 >10
Syk 547 >10. >10
TAK1 0.0359 >10 0.0373
TRKC 0.00923 0.227 0.14
TSSK1 0.982 >10 0.401
ZAP70 >10 >10 >10
CABL_CR/ 1//1C50
(uM) wit ABL 0.652 0.428 2.95
FLT3_CR/ 1//IC50
uM) 0.000085 1.26 0.000219
mutant
Abl _T315I ABL 0.0184 >10 0.371
[0231] The assay for determining the I1Cso of ABL (T315I1) 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 P
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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MJATP m xture. After incubation for 40 mnutes at roomtenperature, the 101
reaction is stopped by the addition of 5 pL of a 3% phosphoric acid
solution. 10 pL of the reaction is then spotted onto a P30 filter nat and
washed three tinmes for 5 mnutes in 75 mM phosphoric acid and once in

met hanol prior to drying and scintillation counting. [0232] Oher conpounds
of fornmula | such as conpounds of formula Il and fornmula Il were prepared
as described above and in the references cited herein. Studies using these
conpounds are carried out using the nethodol ogy described above

for4-am no-5-fl uoro-3-[6-(4-nethyl piperazin-1- yl)-1

- Hbenzi m dazol -2-yl ] quinolin-2(1 H-one. These studies will show that these
- conmpounds are al so, useful in treatin%ﬁgancer, i ncl udi ng drug-resistant

cancer, in ni céadignds stoprgddyibe ageiaaCf anl-ais Herhogakorifgcis solytien | n
combi nation w tf ;%Lh@ftﬁetréé&ﬁnﬂqgfhé# cdSRtd 4 2230 fiter F‘rLa'FanBQ\?a%ﬁbd kAreghoul d be
under st ood that t'he organi c conpounds according to the i1 nvention nmay

exhi bit the phdinesfont nifutesun @GenMphosploridwcid ehd wincaln siethanolprier tai t hi n

ot a ot 1t G009 AR so BT har the i nvent o encompasses any
the formila |1 B2 ohowd I GITRRUTHS GhESTFAIR HER, o CRRRRUAEE O farBkte oz °
N'--j F H= N -and fbrrhlil 111 Wehb PYdpardd bé HBscribed above and in the references cited

herein. Studies using these compounds are carried out using the

- methodology described above for 4-amino-5-fluoro-3-{6-(4-methylpiperazin-1-

yl)-1H-benzimidazol-2-yi]quinolin-2(1H)-one. These studies will show 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 IlIB is shown below with one tautomer,
Tautomer llIBa: |
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N FNHz 121 HNH HNOH Tautoner IlIBa Qher tautoners of the conpound

having the fornmula I11B, Tautoner I111Bb and Tautoner |111Bc, are shown
below. H~(r, N FNH HNI Hp O H Tautomer Mo H HF NH HNH\ NH H/
N OH H Tautoner 111Bc 103 [0234] The contents of each of the patents,

patent applications and journal articles cited above are hereby

i ncorporated by reference herein and for all purposes as if fully set forth
intheir entireties. [0235] It is understood that the invention is not
limted to the enbodinments set forth herein for illustration, but enbraces
all such fornms thereof as cone within the scope of the follow ng clains.
104 CLAI M5

Tl

1B
H
[y
", h\é’ \J
H ~ H R

A
H N OH

Tautomer IIIBa

Other tautomers of the compound having the formula lliB, Tautomer Il1IBb

and Tautomer [lliBc, are shown below:

O

F NH; HN
P
H N OH
H
Tautomer [IBc
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1. Use of a conpound for the preparation of a nedicanment for treating drug
resi stant cancer, wherein the conpound is a conpound of formula Il and R7 is
a substituted or wunsubstituted heterocyclyl group: H HR7 F NH, NH\ NH
H H/ NOH HII 2. The use of claim1l1, wherein the conpound of Formnula II
is to be co- admnistered wwth an anti-cancer drug selected fromimatinib
nesyl ate (d eevec), BAY43-9006, Brostallicin, lenalidomde (Revlimd),

t hal i dom de (Thal om d), docetaxel (Taxotere), erlotinib (Tarceva),
vatalinib (PTK-787), VEGF-trap, fenretidine, bortezom b, bevaci zumab
(Avastin), pertuzumab, and/or rituximab 3. Use of a conpound for the
preparation of a nedicanment for inhibiting a Kkinase conprising a nutant

gat ekeeper residue in a drug-resistant cancer patient, wherein the conpound
is a conpound [aR38pr nul AHe contetes oheach of the patents, patértwpplivations amdnpound, a

salt of the conmpound, . a salt of the tautomer, a nm xture thereof, or a
ot maceut | cal IoUBIA BdiclaR RBM bous A heteRY MR BIRL TGS NERILABY of ¢ he
compound, the bl plfpdsas a8yt foktfith fdlrenfifetiebhe tautomer, or the
m xture. 4. A therapeutic conposition, conprising: an anti-cancer drug and a

conmpound of formula Il as defined in claim1, a tautoner of the conpound, a
salt of the ci9488lind, dtisaindegstoachinat thexipyrntionds nat imiediiathener eof as a

combi ned pr epagAhhiiihd il sotTbii AN Rl SIushEREH Bt enfradibiPdldhbrmise 0 the

treatment of drug-resistant ca
thereof as come within the scope of the following claims.
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5. The therapeutic conposition of claim4, wherein the anti-cancer drug and
the conmpound, the, the salt of the conpound, the salt of the tautoner, the
m xture or the pharnaceutical conposition are provided as a single
conposition or separately as parts of a kit. 6. The use of any of clains |
to 3 or the therapeutic conposition of claim4, wherein the conpound of
formula Il is a conmpound of formula I1l: H H/\ 11 ~IINN N~ F NH2 N\ H
|l NHH H/ NOH H111 7. The use of any of clains 1 to 3 or the

t herapeutic conmposition of claim4, wherein the lactic acid salt of the
conpound is adm nistered to the subject. 8 The use of any of clains 1 to 3
or the therapeutic conposition of claim4, wherein the cancer is resistant
to imatinib nesylate (d eevec), BAY43-9006, Brostallicin, |enalidomde
(Revlimd), thalidom de (Thal om d), docetaxel (Taxotere), (Tarceva),
(lressa), 106 vatalinib (PTK-787), VEG--trap, fenretidine, bortezom b,
bevaci zumab (Avastin), pertuzumab, IMS+t uxi mab. 9. The use of any of
claims 1 to 3 or the therapeutic conposition of claim4, wherein the

anti-cancer drug is S§efheamboa HFeY Ipi‘éﬁbﬂ)lon BP@‘J‘H’G&I@%% féthFb%hf?é"Hﬂ

docet axel (Taxotere), erlotinib (Tarceva vatalinib ( PTK-787) -trap,
fenret rt an noc n
(Avast%eg agtpceag?er ‘%é%ghl%he Laomq% u%ﬂrsa 0 Al'ﬁfre}%ﬂnsl@ i an%(ﬁﬂ 2i i ﬁu \ﬁ}?%elréel n the

conpound, utoner, the salt of the
P unsubstltute& I?eterocyclyl group:

H
R7
F NH, Nl
H
H N N
H N o)
H
H
I
2. The use of claim 1, wherein the compound of Formula II is to be co-

administered with 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

3. Use of a compound for the preparation of a medicament for inhibiting a
kinase comprising a mutant gatekeeper residue in a drug-resistant cancer patient, wherein the
compound is a compound of formula I as defined in claim 1, a tautomer of compound, a salt of

the compound, a salt of the tautomer, a mixture thereof, or a pharmaceutical composition
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conmpound, the salt of the tautonmer, the m xture, or the pharmaceuti cal
conposition is to be admnistered after the anti-cancer drug has been

adm ni stered, before the anti-cancer has been admnistered or at sane tine
that at | east some of the anti-cancer drug is adm nistered. 11. The use of
any of clains | to 3 or the therapeutic conposition of claim4, wherein the
drug-resi stant cancer is selected fromgastro intestinal stromal tunor,
acute myel ogenous | eukem a, chronic nyel ogenous | eukem a, mnultiple nyel ong,
renal cell carcinoma, non-small cell lung cancer, or hypereosinophilic
syndrone (HES). 12. The use of any of claims 1 to 3 or the therapeutic
conposition of claim4, wherein the drug-resistant cancer is a solid
cancer. 13. The use of any of clains 1 to 3 or the therapeutic conposition
of claim4, wherein the drua resistant cancer is selected fromprostate
cancer, co@pabing tReeempo@al tHeGantbinesd i thétompuh® e sdltfolie coddionndmhe ealtlodr ect al
cancer, breast cancer, parotid cancer, gastric cancer, nelanonma, oesophageal

cancer, tiﬁgu&%pgp%%&uﬁ@ncer col on cancer, ovarian cancer, or |iver
cancer. 107 14. ‘The use of claim3, wherein the kinase is ABL, KIT, PDGFRa,

LTS (DBasyy 1§EC;“ 5 Epic Sbbidsh, MRS ah Fs-KNESEl SndBL (T3151),

compound of formula II as defined in claim 1, a tautomer of the compound, a salt of the
compound, a salt of the tautomer, or a mixture thereof as a combined preparation for
simultaneous, separate, or sequential use in the treatment of drug-resistant cancer.

5. The therapeutic composition of claim 4, wherein the anti-cancer drug and
the compound, the, the salt of the compound, the salt of the tautomer, the mixture or the
pharmaceutical composition are provided as a single composition or separately as parts of a kit.

6. The use of any of claims 1 to 3 or the therapeutic composition of claim 4,

wherein the compound of formula II is a compound of formula III:

F NH, N\
H N N H
H N [¢}
H
H
Ui
7. The use of any of claims 1 to 3 or the therapeutic composition of claim 4,

wherein the lactic acid salt of the compound is administered to the subject.
8. The use of any of claims 1 to 3 or the therapeutic composition of claim 4,
wherein the cancer is resistant to imatinib mesylate (Gleevec), BAY43-9006, Brostallicin,

lenalidomide (Revlimid), thalidomide (Thalomid), docetaxel (Taxotere), (Tarceva), (Iressa),
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vatalinib (PTK-787), VEGF-trap, fenretidine, bortezomib, bevacizumab (Avastin), pertuzumab,
or rituximab. |

9. The use of any of claims 1 to 3 or the therapeutic composition of claim 4,
wherein the anti-cancer drug is selected from (Revlimid), thalidomide (Thalomid), docetaxel
(Taxotere), erlotinib (Tarceva), vatalinib (PTK-787), VEGF-trap, fenretidine, bortezomib, a
general monoclonal antibody, bevacizumab (Avastin), pertuzumab, or rituximab.

10. The use of claim 2, wherein the compound, the tautomer, the salt of the
compound, the salt of the tautomer, the mixture, or the pharmaceutical composition is to be
administered after the anti-cancer drug has been administered, before the anti-cancer has been
administered or at same time that at least some of the anti-cancer drug is administered.

11.  The use of any of claims 1 to 3 or the therapeutic composition of claim 4,
wherein the drug-resistant cancer 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).

12, The use of any of claims 1 to 3 or the therapeutic composition of claim 4,
wherein the drug-resistant cancer is a solid cancer.

13.  The use of any of claims 1 to 3 or the therapeutic composition of claim 4,
wherein the drug-resistanf cancer is selected from prostate cancer, renal cancer, gastro intestinal
stromal tumor, sarcoma, colorectal cancer, breast cancer, parotid cancer, gastric cancer,
melanoma, oesophageal cancer, NET (sinonasal) cancer, colon cancer, ovarian cancer, or liver

cancer.
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14. The use of claim 3, wherein the kinase is ABL, KIT, PDGFRa, EGFR, or
FLT3.
15.  The use of claim 14, wherein the kinase is ABL (T315I), FLT3 (D835Y),

or EGFR.
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